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4 .. . o PREFACE |,

Ed Begle recently remarked that curricular efforts during the 1960’s taught us a great deal about how to
teach better mathematlcs, but very little about how to teach mathematics, better. The mathematician will,
*“quite likely, agree with poth parts of this statement. The layman, the parent, and the elementary school
. teacher, however, question the thesis that the ‘“‘new math** was really better than the “old math.” At best, the
fmlts of the mathematics curriculum “revolution” wel’g not sweet. Many judge them to be bitter.

While some vlewed the cumcular changes of the 1960 s to he “xevolutfonary,” others disagreed 'I'homas C.
0’Brien of Southern Tlinois University at Edwardsville recently wrote, “We have not made any fundafhental
change in school mathemxiltlcs,”1 He cites Allendoerfer who suggested that a cumculum which heeds the ways

-in which young childrén leam mathematics is needed. Such a curriculum would be baséd on the undelstandlng
% children’s thinking and learning. It" is one thmg, however, to recognize that a congeptual model for
athematics curriculum is spund and necessary and to ask that the child’s thinking and learning processes be

.. ordinary elementary school teacher workmg in the ordlnary elementary school classroom‘
A i a
Moreover, to, propose’that c'hxldren ] thmlung processes should serve as a bagis for cufnculum development
e c-*s to presuppose that curriculum makers’ agree on ‘what these processes are. Such is not the case, but even if it
were, curricuium makers do not agree on thg lmpllcatlons which the~undelstandmg of these thinking processes
would'have for cumculum developméhl: . . e ~ -
L 1 »
. In the real world of today s'elemeptary school classroom, where not much hope for drastic changes for the
, better can be foreseen, it appears that in order to build a realistic, yet sound basis for the mathématics curricu-
" . ‘lum, children’s. mathematical thinkingsmust be Studied intensively in their usual school habitat. leen an
opportunity to think freely, children clearly display certain patterns o hought as they deal with brdlnary
‘mathematical situations encountered Haily in their classroom. A videotap® record of the outward manifesta-
*tions of a child’s thmla’ng, uninfluenced by any teaching on the part of tervxewer provldes arich source-
© for con]ectures as to what this thinking is, what mental structures the child has developed,and hovg the child
uses these structures wllep dealing with the ordinary cqncepts.of arfthmetic. In addition, an Mtensive analysis
, of this videotape generates some con]ectures as to the possnble‘ sources ‘of what adults,view ag children’s
- “mlsconceptlons” and about how the school énvironment (the teacher and the materials) “fights” the child’
, natural thought Processes. S o . e . . .‘.v ,
-~ . The Project for the Mathematlcal Development of Ch|ldren (PMDC)2 set out to create a more extensive and
reliable basis on whicH to build mathematics curriculum, Accordingly, the emphasxs in the first phase is to try
to understand the"children’s lntellectual pursuits, spegifically th\eu'attempts to acqul're' some basic mathematl
) ‘ calslulls and concepts. “ ‘ \,\; S . . ° *
'I'he PMPC in its_ lnltlal phase, works with children in grades 1 and 2. These grades seegn to compnset
. crucial years for the develgpment of ‘bases for the future leammg of mathemat‘lcsf sinck, key mathem
concepts begin to form at these grade levels. The children’s mathematical development is studled bxmeans of
4 . ' . ,
. ) 1. 0ne~to-one wdeotaped 1nterv1ews subsequently’analyzed by various mdlvlduals.
. ‘ Q -l

’

2 ’l‘eachmg expenments in which- specific vanables are observed ina group teaclimg setting W|th ﬁve to

‘ ' . {ourteen children.* - . N - - °
KRN 0 0 3. Intensive observati(;ns of childremin- their regular classroom sgtting. few
S L 4. Studies deSIgned~to mvestlgate 1ntens1vely the effect of a particular vanable or medium on communicat- *
’ T ing mathematlcs to young chlldren , - . . -
. \ . . . . ) : :
. . ' — - ~ ‘

-, 1“Why Teach Mathematlcs"” The EIementary ' School Journal 13 (Feb. 1973), 258-68. r

A 2PMDC is supporte‘d by the Nxtlonal Scidilce Foundatlom Grant No. PES 74- 18106 A03 =
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‘heeded it is quite another to” translate these ideas into a cumculum “which can be uséd effectively by the®
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"' ' Edgar Edwar
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. mathemahcal knbwledge. © ’ . . .
e . .

The PMDC staff arid the Advisory Board wish to report the Pro;ect s actmtles and findings to}l who are

5 Formal testing, both group and orie-to-one, desngned to provnde further msnghts mto young chlldren s )
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mterested in matﬁematneal education One means for acéomphshmg this, is the PMDC 'pu,[ﬁtcatlon ptogram o

v

Program, including a summary. of .the data collected during the pro

_Status of first and second grade children. , . .

. selected facts and the results of selected investigative studies conducteé
Program We hope the reader will find this publication to be a rich source of: ldeas about the mathematlcal -

;f'hose ‘Wwishing to consult the non-commeXciat testing and.resource matenals‘used by PMDC in ga'thetmg the * =

This publicatlon is intended to, share with the reader.the, mformatlon obtained frdm the Fall 1974 'I‘estmg : T

analyses and/or mterpretatxons of
as follow-ups to the Fall Testing ) .

¢ .

R A
. dl
' A1) lf

.
s b
. N

data presented herein are directed to the SMSG Elementary Mathematics Pro;ect Techinical Reports Nos. 2 #nd . -

3, Stanford Universi

, 1971, For zrdescnptlon of the Hollingshead Socloecomomm Index, refer to NLSMA
Reports No. 9, Non-’I‘est Data, 1968. Resource materials, data collections fqrms.,

&nd teports developed by

.’ PMP€ and referred to in this publication include directions for‘admmlstenng the SMSG Scales Grades 1 and

2, the ““Report Qn Preliminary Testing Program,” Master Record forms for demographic data, the School and * '
Class Profilé Questionnaires,.and Summaries of First and Second Grade Data B’y,IndmduaJ Schools Any Q’ all -

- matgnals are obtamable by writing PMDC' please use bibliography, - |

Many mdmduals contributed to the activities of PMDC. Its Advnsory Board membexs are: Edward Begle e,
ds, Wajter Dick, Renee Henry, John LeBlanc, Gerald Rising, Charles Sﬂiock Stephen Willfughby - - ’
\fodby The principal investigators are: Merlyn Behr, Tom Denmark, Stanley ‘ErlwanfRr, Janice .

Flake, Larry Hatfield, William McKillip, Eugene D. Nichols, Leonard Pikaart,-Lefile Steffe, and the Evaluator,
Ray.Carry. A special recoghition for this publication is given $o the PMDC Publications Cominittee, consisting

» and Lauren

4‘ -
-

of Mexlyn Behr (Chairman), Thomas Cooney and T&m Denmark. Thanks are duq to graduate, students who L Y

. participated dn the administration of. thetests: Bili-Anderson, Pat . Campbell, Cynthia Clarke, Marty Cohen, o

Marsha Fleming, Max Gerling, Fran {dgan, Myrtle Manning, Curtis’ Splkes and Hal Willis.Thanks are also due )
istant, Janelle Hardy, for coordinating the technical aspects of the preparatlon
far edfting the manuscnpt and to Joe Schmeﬂer.‘for the typmgk ‘. v / \

to the Project administrative
of this report, to Lucy Kalogea%I

.. ) . 1

- -
- . [3 » .

Eugene D. Nichols
* - Director.of PMPDC ~
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... L METHODS, RATl()NALb AND TESTS .

13 s . .
. : o During the summer of }974 the PMDO Advrsory Board and the PMDC Planning Committee Wwere “’
. establishing (a). specific objectives for PMDC (b) operational procedures, and (c) proposals for research

studies. One outgrowth 'of these activities was a deéision to obtain a core of descriptive information on all
pupils who might partrcrpate in PMDC research studfes. Both the Advlsory’ﬁc’)ard and the Planning Committee
. felt that such data would contribute to the general, PMDC objectives-dnd would _support the work of the
“ individual p\'mcrpal mvestrgators Specrﬁmlly, thé ratronale for‘collectmm base line data was three,fold‘ ',
- l
' l " 1. To provide each pnncrpal mvestrgat‘or with pertment mformatron for selectmg sub)ects to partrcrpate
. ‘hran investigative study - , . ,

.
. . s
v

{
‘ "2. To provide each principal m'(esttgator with data to construct individual and/or class proﬁles both of
which might be ngcessary compongents of his research report . \ ’ -,

1 - h . 1
'

- ' 9 LI ]
3. To providg the pnn%mal'mvestrgator and other u{gm of the research reports with a basis fot making
. meaningful mterpretatlons of the research ﬁndr ings. £ . o -
- ". - " r'es - .
< 7 The data to meet the above needs were obtained from a battery of tests administered: durmg the first six weeks
® .+ of the 1974-75 school yegr and from information avarlable in school files. After processing, the appropnate

-ra“gdata were transmitted to the principal investigators for their rmmedrate use. - v . R
~ > v . . ]
- . ‘ . . . L. - »> - 4 ’

> .

¥, - DESCRIPTION OF BASE-LINE DATA - T - L

The specrﬁc facts .which_comprise the core of descriptive data may be classxﬁed in one of four general
mtegones general intelligence, cognitive concepts and skills, soclogconamic status and school enviroqment.
The composit¢ information from these four categorjes provides an adequate, although perhaps minimal,

. background for assessing the validity and/or usefulness of the observations and conclusions reported in the )
.various research studies. Spécifically, the components of the base line data corg were selected.” 'to furnish the -, .8
following types of mformatron e 8 - - . °,

.
» - . -

¢ .

1. General mte]lrgence A measute of each child’s mentalndap’tabrlrty provrdes an indication of the pupil’s *” .t
academic potential. This mformatron serves s a basis for companng the results of an mvestrgatr against -

predicted- outcomes " . . RN A

-

) ’ . ot R
’ . o2 Cogmtrve concepts and skills: Measures of each child’s acquisition of facts and attainment of concepts oL
‘ as well as problem-solving behaviors : mdrcate the child’s prior success in learning school -related concepts and
,skills. Such information offers a hasis for making qomparatrve assessments of the pupjl’s achievement (past
" - .and future) in academjc areas arid identifies, for diagndstic purposes, areas of deficiency, In order to obtain a
;o mare complete prctute of the pupil’s.eognitive development reading andfor matheiatical concepts andskills . . .
: ] were_assessed. For beginning first graders, data‘relased to cognitive development reflect the child’s readiness
s for first grade instruction. For begmmng second graders, such data reffect to some degree the puprl s academic’
* . achieverent durmg the precedmg school year, - - c, .
N ; . ~ S
3. Socroecononﬁ('. status.. An index of the puprls socroecon mic envrronment provides a measure of .
non-academrc factqrs and variables which may‘mfluénée a child s ac dbmic success: <
~ LN .

‘4. School environrrg:\Factual mfomratron related to tlpschool orgamzatronal stru'ctures, to the

.

~y

- . ‘ ” .

: curriculum, to the insfructional strategies employed by. the regular classroom teachves, and to the community {3

served by the school provi e\ description of the educational s@ttmg in whrch the research stydies werer

e conducted. ~ °
P - :f‘ . ’ - » R Ay " . . .u . <

. . , . R K u

" . SELECTION OF ASSESSMENT 'IN.STRUMFNTS o ' PRI '

;u, L4 - : v
A .
’g:g ., Once.a decision had been’ reached on the general classrﬁcatrons of data to be collected inembels of the.’ .

PMDC staff considered several alternatrve procedures for gathenng the data, The Planning ‘Committee decided 1
. L_i use, wherever pussrble, exrstmg evaluatron mstruments Thrs declsro/n was prlmanly hased on two .

a

A ruText provided by Eric 4 a . ’ £y N -
7 ' ” - -
R . v
. . . .
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. considerations,’ First, an established base was needed to compﬁre the data collected for.the PMDC 1974 Fall
4. Testing Program. Second, the development of evaluation instruments and procedures had not been identified
‘asa major theme for PMDC during the first year of operation. The various instruments utilized in the 1974 Fall -
. Testing Program are identified in the following sections.’dncm'ded in the discussions are a Erief descriptionof R
* each instrument and the rationale for its selection: " < .

. / . ~ R
! 1. The Stanford-Binet Intelligence Scale,- Form L-M ‘(short vemiﬁwm used to obtain & LN
. measure of general intelligence at both the first and sécond grade-fevels. Theshort _ve;siori contamns fouf
. subtests. For example, the Year VI Scale included the following sub‘?x/g‘cgbulnary,/-differences, number ° oY
) concepts, and composite analogiés. For year Vii, tﬁ’é?ubtests were siffilarities, copying, comprehension, and ..
* + tepesting- digits. The Stanford-Binet scale is individually ::ilp.i istered. It was selected because it provides a -
th /

_reliable and valid measure of a child’s mentakadaptability e derived IQs are comparahle-at all age levels. |
. /. < ‘ [ N -
.. 9. The Metropolitan Readiness Tests, Form-A, 1969 was administered to the first grade pupils to obtain a '
)V measure of, the development of certajnskills and abilities: word meaning, listening, matching, alphabet,
’ ‘ numbers, arid copying. Each subtest-is individually timed, with tests 1, 2, 4,’and 5 timed’' item-by-item. The S
® Metropolitan Readiness Tests group administered and require the pupils to follow directions“and handle a
paper and péncil test. - . . . o

- -~

p)

- .
P

This test-was s ¢ted in preference to othey comparable tests be/caus‘e a) this test was admifitstered as part of
-the School ematics Study Group (SMSG) Elementary Mathemafics Project (ELMAY), thus providing-the
. , potential fori making comparison of the PMDC data and the ELM;\’ data, and, (b) ‘over 50% of the schools ;
icigating in the. PMDC program administer this test as part of thfir regular testing program.  ° . . .

3. The Metropolitan Achievement Test, Primary I, Form F, /1970, was administered to the second grade -
. pupils to obtain a measure of Yow much the plipils had leamet? in important content and skill areas of the first < .

/ grade -school curriculum. Consisting’ of four subtests (wor%r knowledge, word analysis, reading, and math’ |
){ - concepts), this test. is group administered and timed op each § btest, and was included in tHe PMDC test battery |
“ because (a) it is one of a series of tests covering grades K-9, and (b) it is part of the regulgrtesting program in .

over 50% of the participating PMDC schools. ’ .t .

’ & The SMSG Eleme\htary Mathematics Project test Battery was administered at the first and second grade

N levels. The composite test given at the first grade level ¢onsisted of four scales: Scale 204, counting members of ' -

a given set—picture cards; Scale 205, equivalent sets/dots; Scale 206, ordering geometric shapes; and Scale - .
211, classifying. These scales are ‘administered. one-86-one, but are not timed. The directions for administering

‘these scales and the test items are cited in the bibliography (Item A). - -

e * <

- At the setond grade-level, he composite test included five subtests} :Scale 401, number companson and
) order; Scale 402, place value; Scale 408, comprehension; Scale 404, app'l_icétions; and Scale 405 computation--
* addition. These scales are administered to groups of 6-8 pupils and are not timed. Oral directions are given for T
R each item on the, first four scales. The pupils/work independently on the fifth.subtest. The procedures for ’
administering these stales and the test items are cited in the bibliography (Item B). ‘ R

. These SMSG scales were included in the PMDC test battery .bécquse (a) the concepts and skills evaluated on ¢ ‘e
. 4 " these tests were important to the work of tHe various PMDC principal investigators, and (b) the existence of the -
" .. SMSG data on these scales provided the #otgntial for making comparisons with the .data sollected from the
' ?PMDC Testing Program. ’ . o o RS .
SRR Cow [ L
'S 5. The-Hollingshead Socio8conomic I/zdex (SEI) was selected te obtain a measure of each pupil’s social class.
. The Hbllingshdad scale is a two-factor index utilizing information about parental occupation and education,and ,
\ ‘s . . ’.. . . . sat -
. was selected because the perfinent infgrmation was readily available in existing school records. Aiso, formufae
. ~* were availdble for estimfatiflg the SEL, if information about only one of the factors was avajlable in the school
. " records (see bibliography, Item C). /, . . . ) :
- . T / , . ‘
f.ot 6. Questionnaires prepared by the PMDC staff obtained data;pertaining to the school and ¢lass environ-
' ments. Information comprising the school profile*included total school size, grade*levels, the organizatiof~of
. clasges at each grade level, a d cription of ‘the community served by the schoo_l,'special serviges available to
4w . teachers iWe school, and th/q source of ,gﬁone'tary support. For each class from which pupils were chosen to
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" participate in a PMDC mvestigative study, descriptive facts obtaimed were class size, mettiod of assigning puptls
« . to the class, textbook(s), the-mode of mstructjoh typically utilized by the regular classroom teachers, the use
»- of materials- to supplement the instructions prowded In the textbook(s), and the a»allablllty of additional v

lnstructronal assrstance The school profile and class profile questlonnanes are c|ted in biblrography (Itcm D).
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PROCEDURFS FOR COLLEC FII\'G AND REPOR"[IN(; DA IA . .

g LY ¢
v

»

1

. Since data for the 1974 PMDC Testing Prograth were obtalned h’om seven schools at four geographlcal sites
.! by seven principal Jnvestjgatom there was general concern from the outset that guldellnes be established to = .,
e e ensurey to the greatest extent possible, uniform methods of data collection and reporting. Thus, detailed’ /-\
’ instructions were provided for the administration and the scoring of each test, each person involved inY
+ _ testing program participated in an approprmte tralnlng program, and specml forms were provrded for recording .
.data L . . ) . ) e
{ ' ‘ ° )
Other ma)or factors considered in the design of the testing program were the argount of time needed to
« admimister th® entire battery of tests and the feasibility of obtalnlng certain data from school records or Trom (
* parents. In order to minimize the addrtronal demands placed on pupils and teachers by the testmg _program, data L
obtained previously for other purposes were utilized. For-example, if a‘test included in the test battery had been ‘
previously adrplnlstered as part of the regular school testing program, the data from this earlier test were
. »  collected for PMDC purposes ‘ . . :

.. -
> . L4

The rights and privacy of the puplls were ensured by assigning to each pupil an identification number for T
. . the purposes of, recordmg and reportmg ata. Also parental permission for a child to"take certain PMDC tests
and/or for gathering data from the pupil’spermanent record was secured. If a parrmt requested that the child
.. .. .hot participate in the Testing Program, his request was hoiiored. In addition, each principal investigator was
* responsible for gathering data related to school and class environments and for recording same on forms
supplied (see bibliography, Item D). A‘file bi*schools on all data collected as part of the PMDC 1974 Fall
Testing Program is mamntained at the Tallahassee site. The data in each school file is recorded on a master
recor’d sheet providing comprehenslve coverage of dats pertaining to each puplil (see brbllograph\ Item .E).

s

Detalls on the administration of the 1974 PMDC ’l‘estlng‘Prograrn follow ' - S

. . ’

.

' Stanford-Binet Intelligence Scale. At three of the four PMDC sites, this test was admfmstered by ach_a)\ced
graduate studemts majoring in psychology, each of whom was certified as being quallﬁed to admnister the
Stanford-Binet lntelllgence Scale. At the fourth site, the PMDC Staff received appropnate trainyng to become
. quaglified to give this test. "In two schools, an 1Q measure was obtained on each pupil in a partlclpatmg cass. In - 4,
the other schools, to obtain such a comprehensive coverage of 1Q data was not possible bgcause the jize “of the |
sample. population made the cost of administering the IQ instrument pl‘Ohlbltl'Ve some parents fefused to grant '
permission for the test to be given to their child, and some princrpals wete reluctant to agree to a largescale IQ
testing program in their schools. However, in situations where 1Q ‘measurds could not be secured on entire
classes, the St‘anford'Blnet was given to most pupils in either an experimental or control group. Due to delays in
securing permission from parents and. schopl officials to administer the Stanford- Brnet thls-phase of the testing
program was not completed until February 1975. : T
Metropolztan Tests. The Metropohtan tests, Readiness t‘or grade one and Primary I for grade two, were
- administerdfl by the regular classroom teacher or a graduate student working for PMDC. In each case, the tester
was instructed to follow the directions provided in the appropriate instructional manpgl. No special traming for
adrmnlstenng these tests was given. In four schools, these tests were part of the regular testing program and were
. scored by PMDC Staff members at the yarious sites. In one sehool, the Metropolitan Achlevement Tests,
Primary I, Form H, had been prevrously given as part of the regular first grade end-of- yeau(1973 -74) testing
battery. Therefore the anary I, Form F, test was not given to these second grade- students in September 1974, p .
Data obtained from the Metropohtan Primary I tests administered in this-school were not included in the L PR
statistical analyses given in this report. The administration of this component of the‘test battery was completed
by mid-October 1974. . . s .

[

~e .
D) -

- SMSG Elementary Mathematics Project - First Grade Scales. Materials for these tests were reprodiced with |
. permlsslon of the SMSG Drrector These scales were administered by PMDC principal investigators and graduate j
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sytudents accordlng to the-instructions provided in the SMSG materials; each tester also received special training
.. 0n adnunlstering these scales.. At the Tallahassee site, the project staff had an opportunity to practice giving the
* SMSG scales in'a non:participating school during the last part of August 1974. Videotapes were mgde of this
trial testing experience and were used, along with other observational nhotes, to assist each staff member in

. analyzing his/her testing behavior. A mport on this pilot tes program was distributed to principal investiga-
ton; at each of the other sites. o . . o - ’,\ .

'I‘he SMSG first grade tests were adnunrstered m two schools in 'I‘allahassee during the first two weeks of
September 1974 Approximately one-half of the sessions were, videotaped for latef analyses. Excerpts frogn
these tapes, hlghllghtmg slgnlﬁoant pupil and/or tester behaviors, were used to make a composite tape of t|
administration of the SMSG First Grade Scales This tape was dlstnbuted to pnncnpal lnvestlgatom at each of
the other sltes o - . °

8 L ¢ AN

’I'he composite videotape, the report on the prelmunary kstlng program, and the SMSG lnstructlons were

used by principal-investigators at the other three sites to design a training program for PMDC staff xpembels who

would assist in the adniinistration of the SMSG first grade tests. The administration of the SMSG First' Grade:
Scales was completed in all but one school by the end of the first week of October 1974. A delay in reaching an,
* agreement with school officials for PMDC staff , mefhbers to work in that school postponéd admiristration of
thls test until mid- Oc,tober 1974 o MY
. . A

The tests were scored according to SMSG instructions. In addition to SMSG scoring procedures, the problem.
solving strategies or techniques used by pupils in responding to each quesfjon wer? noted by each tester.
lnstructlons for coding these pupil behaviors are given on the Pupil Score Shedt cited in blbho%nphy (Item F).

SMSG FElementary MLthematim Project - Second Grade Scales. Materials for these tests were reproduced
with' permission of the Director of SMSG, and weye administered by PMDC staff members at each of the four
sites, following lnstructlons provided in the S materials. Procedures for training personnel gnd for scoring
this test were smular to those employed. for the SMSG first grade tests. However, a videotap&ifor training
purposes was not prepared rior were pupils”behaviors recorded, since the second grade tests was group admlnls-
tered The second grade SMSGstest had been given to all pupils by mid-October 1974.

Y
¢

Socweconomlc Index The collectlon of data necessary for the computatlon of SEls was the responslblllty of .

each 4 prmcxpalomvestlgator Procedures ‘for gathering this information wepe available in materials repnnted with
permission, for NLSMA Reports, No. 9, Non-Test Data (bibliography, Item C). The required information was:
generally available in schoo! records. However, in one school permission to use this information was tanted
only for the pupils involved in the PMDC study, not for every child who participated in the PMDC estlng
Program.. Another school did not “grant permigsion for the collection of the necessary information. The data
collected for tomputing SEIs were recorded on forms provided to each principal investigator. These forms were
forwarded to the Tallahassee site ‘where the SEIs were
“of the SEIs computed for the pupils in his sample, . "y

¥ .
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‘ i DESCRIPTIO‘N OF SCHOOLS _ A .

P

cgmputed and each principal investigator was apprised *

* The battery of PMDC tests was adnumstered in schools_at four sites: Tallahassee, Florida; Athens, Georgla, .

Austln, Texas; and Athens, Ohio. A total of seven schools participated in the testing program (three in Athens,
Georgia; two in 'I‘allahassee, and one at each of the other two sites), providing a variety of educational and.

community environments. Pertinent descnptiVe data on these schools follow with- +each schoql assigned a ' )

Six of the seven schools‘were primarily elementary schools. Four of these schools served puplls in gradesl(
through 5; two other schools, 1 through 5. The seventh was a comprehensive school encompassing-grades K
throygh ‘12 The- enrollments ranged from 274 to 887 pupils, The school with.887 pupils inclu }led grades K
through 12, with approximately 300 pupils in grades K through 5. Six of the seven schools were part of a local

public school systenr, The seveith is best classified as a university developmental research school A summary

. of the data related to school snze grade levels and support is provided in Table 1 R 4 "
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Table 1 .‘}
" Enrellment, Grade Levels and Support by Schools
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Six of the seven schools draw pupils from either urban or suburban communities. Three of these schools
serve an inner-city or an ethnic minority of the corpmumty The seventh school serves a small city and its
surroundmg rural area. In all seven schpols the pupil populatlon was_diverse with ‘respect to family 4 ome
that is, the pupils attendmg each school were drawn frqm nelghborhoods with a range of soctoeco classn
fications, For reasons previously stated, it was meosslble to obtain data necessary for the derivation of a
socioeconomic index (SEI) for each’ pupll partlclpatmg in the Fall 'I‘estmg Program Table 2 ‘contains a .,
summary of the ava|lable data " . ‘ L,

o

N ‘(TableZ

Summary of Available Sogioeconomic (SEI) Data by Schiopls

v ™
D) Number Of ¢ Lowest , Highest Median
,School, Observations SEI SEI SEI

L.

48 ' T 750 - 145 . 400
48 s . 252
0 : . -
‘- 65 152

33

Togal

e
g .

The data in Table 2 were obtamed for phpils i in grades 1 and 2‘ (NOTE The socxoeconomxc status ranking and
the measure of the sociceconomic standing are inversely proportional. That is, the lower SET measuges denote
the hlgiler socioeconomic classmmtions the larger numbers refl&ct -a lower socioeconomic status. )

Four schools organized thelr ﬁrst and second gradés into. self-contamed classrooms while three other
schools structured. classes along pod or open-concept lines.*In five’ of the schools, the services of a reading
resource tgacher were available. Three schools had ‘the service of a mathematics resource teacher, provided by,
" Emergency ,Sc¢hool Assistance Act'(ESAA) funds. Title I assistance was available to pupils jn three schools.
Most of the schools’ also had' a variety of special resource services in such areas as Educable’Mentally Retarded
(EMR), spéech, art, “music, physical educatxon, learning disabilities, and glfted studles Only ‘one school

. reported that no special resources were available, :
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Detailed information on the first grade population and test"batteries is given in the third chapter of this
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- ENROLLMENT BREAKDOWNS.

) mathematics sections in the various schools, Ta
* the nuphber of pupils per section.

\
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*
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TESTING’PROGRAM

\
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report, Similar information on the second grade follows in the fourth chapter. Data reports byﬁndividual
°schools are cited in bibliography (Item G). ' ’

Pupils' participating in the 1974 Fall Fifst’Grade Testing Program ‘were selected from 1 total of 13
ble 31ndicates’_the number o{‘sections in each school, as well as
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The combined first grade ptpulation (all seven schools) for the 1974 Fall Testing Program censisted of 279 -
.. pupilg. The sex distribution by schools is given in Table 4. , e : ¢
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*  Age Distributions. In September 1974, when the battery of tests was administered, the mean age of the
pupils was 6 years 4 months (76 months) with a-stindard deviation ‘of 4.6 months. The ‘ages ranged from 5
years 9 months (69 months) to 7 years™ months (91 months). The median age was also 6 years 4 months (76
months). The distribution of ages is shown in Figure 1. The date of birth was not available for four children.
‘. The data suggest that the children fn the composite population were of average age for first grade children,
since the median age of the pupils in the sample used to establish norms for the Metropolitan Readiness Test

- was also 6 yegrs 4 months. . . . / *
- “ . - ’
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L Distribution of Students by Ages in Months (Grade One)
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Class Descriptions. All but one of the schools assigned pupils heterogeneously to-math sections. The one
school which grouped pupils homogeneously did so on the basis of. achievement and regrouped the pupils
every 2 or 3 weeks. This schoo! followed an open concept structure, The modes of instruction were fairly
consistent, with 12 of the 13 sectians teaching mathematics primarily in smail groups. In only one section did
the teacheér generally organize the mathematics instruction along the lines of a total class presentation. A total
of six differeqt textbooks was used ‘in the various sections although in one section thére- was no principal
textbook; rather, the students worked, in one of several textbooks, according to thé assignment made by the’
teacher.” Various supplementary, materials were also available in each classroom. Table 5 summarizes the type
of supmlementary materials available in each. classroom. The data collected on the ayailabil . of supplemen-
tary materials suggest that mianipulative aids, workbooks, and’_various ‘games “were. generally - available.

.Commercial diagnostic tests and ‘cassette tapes, however, were available in only a few: schools.” The «data °
. collecw; the use of supplementary materials indicated that such materials'were frequently used in 8 of the

13 sectiong-In only two sections was the use of supplementary naterials described as infrequent.
T~ . ¢ . f
\ - .

In 10"'of the 13 sections, the regular classroom feacher received assistance in implementiné the instrictional

.

program. Eight sections had the services of university students, five of the sections were assigned teacher aides

" or para-profgssionals, and three sections had'assistance of either older pupils or parent volunteers,
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Table 5

- Supplementary Matenals Avallable in Classrooms (Grade One) ;,

! Hlms/

" ‘Schoot  Section WOrkboo\s Manipu]acive !)1agnost1c Games i
L) thds Tests Cassctte Tapes

Al ‘

RESUL'[S FROM THE" FIRST GRADE TEST BATTERY'"

“The Stanford- Bmet Intelligehce Scale was admmistered to 135 pupils in the combined populatlon For

: reasons distussed previously, 1Q measures could not be obtained on -all pupils in the sample population. The

ean IQ for the selected sample was 112.8, with a standard deviation of 17.3. The 1Q measures ranged from
16 to 158 the median IQ was 113.6. The dlstribution of the 1Q data is shown in Figure 2. \
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Distribution of 1Q Measures (Grade One)
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‘This dlstributiou of IQ measures 4ug;,vsts Lhat the average mental ability of the selected subpopulatlon is
slightly higher than thé sample used to esgabllsh the Stanford-Binet Norms (1960). .. _
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One’ mdxcation of each chlld s readmess for first grade instruction was obtained from the pupil’s perfor-
mance orf the Metropolltzin Readiness Test, which was administered.to 267 pupils. Ten pupils did not take the

test either because they enrolled in the ‘clas¢ after the test
period of time. The distribution of percentlle rankings for,

.shown jn Figure 3.

had been given or were absent for an extended
those puplls who took the Metropolltan Test is
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The medn perdentlle ranking on the Metropolitan Readiness Test was 69.5. The measures rang’éd from a low
of 1to a high ofs' 99; the median rﬁeasure was 80.6. This high median measure suggests that, on the average the
pupils in the composnte populatlon Were better prepgred for first grade work than the pupll population used to

,establish nomls for the Metropohtén Readmess Test.
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Countzng Picture Sets. Pdplls in the coﬁ\posne population were also administered four mathematics achieve-
meiit tests developed for the SMSG Elementary Mathematics Project (see bibliography s Item A). On the first o
test, counting picture sets, 67.3% of the pupils correctly answered at least seven of the ten items. The mean,’
score was 6.8, with a.standard deviation of 2.9. The median measure was 71.8. ’l‘he dlstnbutlon of correct

scores is shown'in Figure 4. “} o , .
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P which reflect pupﬂs performances on & given item is recorded ta the left of the appropnate card. Included in
”e ’ the data summaty are (a) the number of correct/mcorrect responses, and (b) the strategies used by the pupils
* in_determining the number of each set. A discussion of the problem-solving strategies used by the pupils in

ey responding tofhe counting scale is found on pages 16-18, L. .
o / L o .
' VC = Visual Counting . = .
. ! SP = .Systematic-Pointing _
. RP = ‘Random Pointing -
. N - A = Autotnatic ° ;
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The first threé ltemax@ 7, and 8) and the fifth item (10) on the test mvolved sets with Sl;(‘ or fewer
umbers only in item 7. were set members not arranged in an ordeﬂy pattern. The sets used in items’ 9,,11 12,

v}‘ d 13.contained 3, 8 or 9 members, but only in item 12 were the elements of the sets gi'ouped in easily
untab}e gubsets The sets\in item.14 and 15 contained 12 and 15 members, respectively, and in these items
the i@embers of the sets wete not arranged in an orderly pattern. A response was recorded as an “drmt” if the
pupil “did not give an answer. In accordance with the SMSG instructions; the test was termmated after the
pupil gave three .consecutive| incorrect responses. This administrative constraint accounts largely for the
marked increase in the number of omits after item 8. The pupils’ ‘success in determining the number of
. members in each set is' reflected in Table 6. The item numbers refer to the numbenng scheme used on the

Pupil Score Slcct(biblioguphy,\ltem A). e v .

.

v

" Table 6 )

SMS@, Counting Scale Responses by Items

N . :
= v T T T, Bl

Item” Number of Members Number of _Responses
in the set , Corregt !ncqrrect o L Omat

0

o % w
196
247
207

T35,
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. The daﬁ!gn Table 6 suggest that 80% of the ‘pupils could successfully determine the number of picture sets
*  with five or fewer members and thaf about 50% of tﬁe puplls we):e proficient in counting plcture sets with up
to 12 membels, regardless of the amngement of the pxctures on the card :
,Equwalent Sets. The resulj.s on the se gld test, equivalent sets; show that 75.9% of the students con'e y
answered at least five of the six items. The m éan number correct was 4.8; with a standard deviation ef 1.6,
'I‘he median number con'ect was 5 3. Flgure 5 deplcts the dtstnbutlon of f£orrect scores on this test"*v
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~The dot cards used in this scale follow:4 ‘ . - X
L . e ¢ ~ . v -
- . : . 1.1P = 1.1Pattern . !
s 1-1NP= 11 No Pattern ) N
. CP " = Counting Pattern .
. = . CNP = Counting No Pattern, o,
' . " . . e . NI = No Information . e
’ ~ - o ) ° . : .i ' .‘r !

. €225 . C: 260 , ‘“ - :

R f : 52 . - I: 17- P .
o>\ e e e

P . ° . ‘I, R i. . l

,1-1P:\‘ 135/18 | : . 1-1P:. 165/4- |
- ‘E-PNP 1/ | . .+ "1-1NP: olqi ® .
2P 38/5 - : . sCP. 3oyl - ;
CNP: ' 59/7 - ' + CNP: ; 55/2"- .
NI: 2/22 \ P ‘ NI: 1/10 . ‘ }
o0 - @
‘ ‘ ) v ftem 17 .

s . .: *
C:228 C: 221 * ‘ 7 °
L 48 1:~4g X \ i
03 \ 0:15, ' oo ¥ i

-1P:  142/16 . 1-1P: s12127 | . — T
» NINP: 0/0 1-1NP:<1/0 | e
cP  32/7% CP: 40/4 . ERS b
CNP: | 54/13 : A CNP:  59/5 . ‘ |
"NI: 0/12 P ® NI: 0/7 [ % ‘ |
] |
— oo ‘“‘"‘“} * t - .
. Item 18 Item19 N
“ciest ., ‘ ® ' .cin @ o
I 20 o I. 73 Ty '
0:22 - @ ; 0:33° - : -
. o : - * ’ 4
1.4 P: 145/11 . : s 1-1P:  97/47 - ; ‘
1.1NP: 1JO - o S0 1-1NP: 02 . '
C: 315 @y | ) cr: . 328 i@ C
CNP: _ 54/2 . \ : CNP:  44/7 N .
N0 o .. L NI: 0/9 - .')

. . | ' o ’ L ‘~‘ : . . ‘w .

. ‘ L LoD Ji' L, 0 e el L
T © Item 20 - © . Item2l

4Reproduced with permission of the direct
. Mathematlcs Study Group. *
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- scores on this tlest. )
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A report on the data, ‘item-by-item, is given_in Table 7.
v, 7 v P

%
; .
o o A

o s “Table 7

.6

+

L :SMSG Equivéler.lt-Set's;_Scale Responses by, Items

L ¢ - -

Iten fos Number <« o __ - Number of Responses

Numbera - af Dots Corrdct, Incorgect omit
- e S - i -

5

5 - | 223

&

FANE
R N
}
7

The SMSG instruétions were' to terminate the test after three consecutive incorrect responses. These
administrative guidelines largely account for the increase in the number of omissions after item 18. -

>

o .

A'b;mt 90% of the pupils demonstrated 'on this test their ability to constYuct a set equi»:alent to a given set..
“The first problem on. this scale, item 16, proved to be more difficult than later problems involving a preatr
number of dots. Several' possible explanations for this exist: (1) several pupils did not understand the
ditections since this was the first item, (2) one dot in the set was considerably smaller in size and placed in one
corner away -from other dots, making it easy to overlook, and @) the dots were not arranged in an easily
reproducible pattern. In contrast, although item 20 involved six dots, the dots were so arranged that the array
was edsy to reconstruct. Thus, there were over 60% fewer errors on item 20 than on item 16. The last
question,’item 21, was answered correctly by only 62%:of the pupils, indicating it to be the most difficulf item
on the scale. This item was the last question on the scale and contained the largest number of dots; further-

.more, the dots on the card were so arranged that for a pupil to overlook one of them was possible.

.Seriation."The third SMSG scale was a test on seriation; i.e., ordering objects and ge'ometric shapes. Qn this
test, 71.7% of the pupils successfully completed at least five of the six tasks. The mean number correct was
4.7, with a standard deviation of 2.1. The median number correet was 5.7. Figure 6 shows the distribution of
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3
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Figure 6
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?MSG Seriation \Scale Raw S;:ores ’(Gré.de One)
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! Table 8 gives an item-by-item breakdown on the puplls responses on the seriation scale. The directions for
’ admlnlstermg this test are cited in blbllography (Item A). T . o e
C ' * - Table8 LY Toa
N o, Ed ~ . - t , 7 ' ° o ‘@ D P
. SMSG Seriation Scale Responses by Items . N .
.- M . » R ’
’ . N P ’
L - . Item b : Number of Respdnses - L ! V\ ‘.
- Numbet bjects Correct Incorrest ,Omita e o
22 ctreles * . "6 - R ’ L .
. . ‘ ‘ 24 Lo triangles .o s, 2, o ‘.
) * « 25 %, buttohs | © 8. . . 60 1 o :
Ce o bjocks : 223 " T 2 R
i L, 29 T Y vtraws 200 . 76 3 o s
¢ . . LI * . .
, . 31 *, rectengles 216 * .59 4 ,
R N s 3 - . (R ’ o i L ~
Thé “pupils’ performnnces on the six items were relatively consistent; approximately 80% of the” puplls
s ) correctly ordered the objects. Thenature of the matenals,geometnc shapes or opjects, did \not seem to affect "
‘ a .pupil’s_abilitp to complete successfully a seriation task. One possible exception, however, was item 29,in.
. : whlch the pupils were expected to order a set of Straws of varyinglengths. Many pupils placed-the straws ‘end -

to end, rather than in parallel lines. This technique made it considerably more difficult to discriminate visually
\between the different lengths Thus, there were sllghtly fewer correct answers for ltem 29,
" Most puplls\vho failed tq glve a correct orclermg dld however, produce a pqrtml ordenng 'I‘hat ls while the
. . €nd objects were correctly arranged, the mljdle objects were rfot, A possible expla;rzitxon for thijs response is.
that the pupil did hot fully understand the directions ana picked.out only the largest and smallest objects.
Havmg'thus ldent,lﬁed the extremes the pupil consndered the task to be completed : i

. .
«

. Classification. The last SMSG scale assessed pupils’ abilities to classify objects and geometnc shapes by size.
~'The pupils performances on these tasks show that 90% were. suecessful on at, laast four of tl}g‘ ﬁve ftems. The

. mean number Correct was. 4. 6 with a standard devmtlon of ' 0.7. The meqlan number correct was 4 .8. Thé
fy - distribution.of number correct is displayed in Figute . o /. : o .
- « - - 3 ! N . *
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. CoL L SMSG Classification Scale Raw §corés (Grade One) . ‘ .

~ Data from puplls responses to the flve ltems on the clusslflca‘tion scale "are refported m 'I‘able 9. The
directlons for conducting this sectlon of the SMSG tests are cited i in blbllognphy (Item A)
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-i— = Table9

. "' ~SMSG Classification Scale Responses by Items
i . e e

- - W

S Ttem
'Y Number

Objects. Number of Responscs
Correct Incorrect

&

S

_ia - circles . - 262 T
26/ e hutcéns 265 »
% - " blocks 229

- 30 ” straws - 255°

32 .~ ., * rvectangles 286
v wels . A - -

L) .\‘ ‘ ) v “ B i - . . . B
- The correct response was given by at least 90%_of. the pupils on all items except item 28, Also, every child
attempted to angver each question. Two explanations for the comparatively poor performances on item 28“8/
"possible: (a) in the- two previous questions, the pupils had been asked to identify the sinallest object: some

* childten Might thereby havé been conditioned to respond to the’ smgllest'#_object and thus answered withoyt
« * thinking; (b) sorie children did not consjder “lgrgest” to be a synonym for “biggest.” Perhaps to them, “(arge”‘
referred to something smaller. than “big” or was.a synonym for “smallest.” . S

N
- - . -

iy A N . ’ ' o
thg statistical data presented above provide an overview of the pupils’ abilities to perform certain tdsks.
They do not.provide any inforfhation about t’he’pljoblem5§olving procedures utilized by the pupils or about the
nature of the ﬁm; made. Howeyer, such information is provided in the following analyses of the data from
the SMSG tests.” &0 .,;1‘,“ S . - . . /

:
‘ . .
Pl A LS N ” L] - . .

1 <

a . Y

Proplem-Solving. As a’.%upil’s’ response to each item on thé SMSG Counting Picture Sets Scale was récord¢d, =
.the technique used by the- pupil in determinifig the numbers of members in the set -was difo indicated. The ¥
various techniques were’then grouped into four basic categories, Some pupils.employed a féchr_xique classified
as visual counting. Students using this method exhibited obvious sighs of a counting process. Other pupils
_ actually poinf.ed to (touched) the pictures, either systematically or randomly. Thus, {wo z{dditioqgl‘éategqﬂes .
of counting techniques were pointing systematically and pointing randomly. The oux;(h cai?z'gory inclutes P
. automatic responses, That is, the pupil gave a response without any evidence of counting. The summary. of =
* /data collected for this analysis is given in Table 10. The item numbers correspond™o the numbering scheine
fised in thé SMSG test (see bibliography, Item A). In T?é 10, correct and incorrect responses are broken - -
down by the four response technique:categories; numberg indicate the, number of pupils using 4 particular ~
strategy to solve a given item. If a pupil attempted to gnswer the item, but the tester failed toj record the
strategy -employed by the pupil,-the pupil’s response is included in thé' “No-lnformation" cat:;gory. The -
. “omitted” classification includes those cases in which the pupil made/no' visible attempt .to answet the ques-

« tion and those-instances in which the item was not given to the pupil, In accordanée/ with the SMSG directions , _
for adminittering the counting est, the testing was terminated when the pupil did not correctly answer three “
consecutive items. s Lo ’ e -

An analysis of these data reveals several interesting facts and trends. First, most children uge the visual

_ ~counting strategy. While it is true that children using the visual countifig technigue gave most of the porr‘éi:tf
answers; it is equally,true that most errors on the more difficult items were'made by children u¥pg the visual
technique. It should also be noted that the incidence of cormrect visual counting terds to decrease’as the
probifins become more difficult, whereas the number of cases involving correct systematic pointing témains
relatively constant. Very few incotrect answers are associated with systematic pointing. Apparently, the kisual
counting strategy becomes lesé reliablé as the items become more Wifficult. That is, as the number of members
in the item sets incresed, the ratio of correct-to-incorrect responses tended to ﬂecrease.'Studen;s\uéing the

“visual counting strategy -seemingly made an excessive number of errors on items 7 and 9, considering ‘the
apparent lack of difficulty of the tasks. Some errors on itepr 7 might be explained by the fact that one object
in the set, the flag, could be construed as two objects./The drawings on th¢ card uSed in‘item 9 were not

arranged in an easy counting pattern; thus, the number of errors is consisteit with the pupils’ responses on
Y . , . —_— K h v = "

o , . . N

v . -
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s?mllarly‘ arraiged items. ‘ P
TN “Tablc 10

o d

Counting Picture Sets: Problem-Solving Techniques

c - Pointing . Potnting - : N3
teeh -Visual Systematic - Random - Automatic Infdrmation . Total
Number Right Wrong Right Wrong' Right Wrong *© Right Wrong Right Wrong Right Wrong Coit
- . -

2

6

- ———
’

123 6 39 o 2 . o2 Ny oz
. . v

138" 40 Y 5¢ “ « 10
10 4 ° T A S|

v .
©s

" .
- . ‘ * . _ A

- ) v , 1y . i

In terms of the correct tQ- incorrect response ratio, the systematic pointing strategy was conslstentl) amore ‘
reliable techmque for determining the number of a set. The flfctuations ip the correctllncorrect ratios for . .
systematic peinting strategy afe attributable in part to the small number of incorrect responses resulting from |
theuse of this technique. Veﬂ'y few correct responses involved random pointing, considerably more incorrect |

_ responses were associated with random pointing, especially on the more difficuit tasks. These observations - . -
indicate that the random-pointing strategy lS not an effective means of detemumng the number of a set. ) v

) I - .

In addltlon autonﬁﬁc/ responses were found to be rnfrequent except for items 6 and 8. Children under- . "‘
standably could _respond withoidt counting on these items, since item 6 had only t'our members and rtem g had )
fi ive nembers arranged in a familiar pattem. . . Ce e T

» - 8 ‘
L ‘
.

- 'I'he problem: solvmg technxques utilized by the pupils in responding to the tasks involving the eonstruction .
of equivalent. sets were classified into four groups. Pupils responded by matching the buttons to the dots one- Lot
to-one, dnd in the process reproduced thé dot pattern. In another eategory, the pupil matched the buttons and .
., dots one-to-one, but did not reproduce the dot pattem. As a third strategy, the pupil counted the dots, then
counted the buttons and then reproduced the dot pattemn. The fourth category is gimilar to the third, extept .
the dot pattern was not reproduced. Recording pupils’ responses toa given item included indicating the . -
problem-solvmg techmques used by each pupil. The data related to the problem~solv1ng procedures utlhzed in )

* responding tq the equlvalent set items are, given in Table 11. w7

”

. -
+ The data obtained on the various strategies pupils use to solve tasks involving the construction of equivalent
sets indicate that considerably more pypils used the matching strategy than the countlng strategy. TRe data
>, also suggest that pupils using the matthing technlque- have a slightly greater change of giving an incorrect X
~ response than those using ‘the counting strategy. Among the pupils using the counting strategy, the ratio of R S
those not reproducing the patterp to those reproducing the pattern was about three to two. The data.
presented in Table 11 also suggest that the pupils were relatrvelyxconélstent in their procedures, regardlem ot’*

. the dlfﬁculty of theitems . . . .- v
P v e - - . a A . "g )
No attempt was made to classify the problem- solwng strategles used by the pupils in answering the ques- ""f - *
tions on’the senation and ClBSSlf catxon scales. The seriation scale presented so many variables that a practlcal ' ',
. - - . - '—M ® .'4 .
v > - . o - - . 17‘ o
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. e ) , 1oL .0 ' ’
) Y . .




Table 11

Elquivalcﬁt Sets: Problem-Solving Techniques '.

" 1-1 Matching
and Pattern R

1-1 Matching
._m Pattern

(ounting ?
,_and Pattern

Gounting
no Pattern

L)

) No

Information.

Total

Right Wrong

Wrong Right

Wrong

Right

Wrong

Right Wrong

Right

Wrong Omit

125

165

18

4,

16

’

27

47

T

38
39°
32
40
37

32

59

22

10

225 .

52.
17
48
43

20

73

s

scheme, for codifying and descrlbmg each strategy could not be devised. At the other extreme the classmcg
tion scale tasks did not call for the utlllzatlon ofa problem solving strategy Thus, only correct and incorrect )
responses were recerded. ’
L s . . CLy L
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g ) V. ShCOND GRADE TESTING PROGRAM

r”

ENROLLMENT BRFAKDOWNS - . -
The Second grade pupils partlclpatmg in the PMDC 1974 Fall ’l‘estmg Program were selected from five
schgols with a total of seven sections. At least one school was, located at each of the four PMDC sites. See
-7 Table 12 for a breakdown of the number of séctions per s’chooLand the enrollments in each sectlon

\ . .',TabIBIZ . .

Math Sections and Enrollments by Schools (Gr_a_q\fwo)
. b o N " ,;7 s

Number Of Sections
School \

Sections  * a b

’
2%
25

29 .

t6

15

-

ra

17

12

’ ¢

(oY

: - N
© A totat of 13 children partlmpated in the Testing P%ogram. Distribution by sex among the five schools is
shown in Table 13 on the page following. ~ _ « \ : .

Age Dtstnbutlons In September 1974 the mean age of the second grad¢” was 7 years ‘4 months, (88
months). The standard deviation of the distribution was 3.8 months, with 4 range in age from 6 years 9
months (81 months) to 8 years 1 month {97 months). The median age w years 5 months (89 months). The .
date of birth was not available for five children. The dafa suggest that the children in the sample populatlon

were of normal age for second grade children. "The distribution of ages |s showp m Flgure 8 oi the {)age

e~

following. \
. @ .- .
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- . "L *Séx Distribution by Schools ((-radc Two)
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T, ) School ’ Boys” Qairls ,
"4 e . £ b - .
» ) - 1 - . 18 - 5 Py
N ’ ' L) \ A
. e , 2 — 13 12
) o . . - ‘13 .
* ’ 3 16 1
3 ~
~ . . N '
a/ ~ . . ’
.o 4 19 14
' o . . \ ; ~ - ..
~ . N \l
. N S 6 14 RN ERRURR
’ . - ? - . . N - it
~. . Tdeal, - 80 -, .57 .
. t . 1 . ~
' - N N N
- Y Percentages * & S84/ % 4l »

.. Note: The numbering scherpe used to identify schools
« ' with a participating second grade class is idehtical

- to that used with the first grade program. The

‘schools usslgned an identifying'number of either

. . % or 7 In the.above Table did hot have second ™. -
. _7\ s . grade students pqrtlcipating,,in the PMDC Fall .
S . “Testing Promm * -
T N - N
. . . Co
« = M 4 - -
\ ~ , L e~ . ) .- .
- ¥ : SR B " . '
. A S . 28 -
Number : T . . ) e . ..
of
t - < 2, . e v g 19 ~
* - . Students ™ ; -
< o PSR I ' : A . e ;
! ., - - » . '- v -
. T, T o . -81-83 *  84-86  87-89 . 90-92 ,93-95  95-98, , .
. o : , o Figure 8 T
* . . ¢ . e .-
* > - ) ‘Distribution of Students by Ages in Months (Grade Two). *
‘ -’ ' : . ) % .
-, Class Descriptions. All but one of the schools assigned pupils heterogeneously to math sections, The one
school which grouped pupils homogeneously did'so on tlie basis of mathematics achievemént tests constructed
by the teaeﬁen in that school. Since in this school mathematics.was the only subject for which homogeneous
. grouping was employed the pupils changed classes for the mathematics period .
]
, Thé mode of irutructlon was faldy consistent, with five of -the seven sections teachin mathematncs

_-. . textbooks were used in the various aeetlolu.but in each section the principal textbook was supplemented with °
& variety of nnterlals and aids. Table 14 on the page following sumnnrlzes the types of S.llpplementary
‘materials available in each claséroom.  ° -
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Table .14

AN . ‘

Sl Supplementary-Materials. Available in Classraoms (Grade Two) .
s * - . . - 7 T
- . Manipulative Diagnostic <t £ilms/

Sctool  Section Workbooks, Ads Tests Games  Cassctte Tapes
< . i - D

.

. -, . W oo. o, < I -

The data collected on the availability of supplementary mateﬁds'suggest,'tﬁal workbooks and manipulative
aids were generally available. Thé other’ Wpes of materials, such as games and cassette tapes, were maintained
.1h only a few classroomsData on the ide of supplementary materials.indicate that teachers generdlly. made *

_only occisiénal use of these-aids. Frequent use of available supplementary matgrlal by pupils or teachers was
jndicated in only two sections. In'four of, the seven sections, the regular cldssroom teacher received assistance
frol either university students or teacher aides. Ip one section older pupils were available on arregular basis to
assist with the mathematics,instruction. = - . - ' . . ' -

. RESULTS' FROM SE‘CbND GRADE PEST BATTER )_’o ' ce e L.

. This section reports dats for t}'le total grade sample. The report 8f data by individual schoolsis cited in
bibliography, Item G. S o U L .

. ' The Stanford-Binet IntelligencetScale was administeted to 97 of the 137 pupils. The mean'lQ ?o; this group

.was 113.3, with a standard deviation of 16.2. The 1Q méasure ranged from 74 to 162.>'I'he median 1Q measure .
was 112, Figure 9 displays the distributign of IQ measures. - P S e -
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Distribution.of IQ Measures (Grade Fwo)
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The data collected on these students suggest that this group was not a representative sample of second grade ,
pupils; the, children evidenced ability slightly higher than might normally be expected as jndicated bx the
sample used to establish norms for the Stanford:Binet Scales (1960} ” Coa .

Th; Metropolitan Achievement Tests, anary 1, was admimstered to the second grade subjects in order to
obtain a measure of their achievement on basic readmg and mathematics slulls The test was given at only four
schools (three sites) since at the fifth school an equlvalent form of this test had been administered at the
completion of the first grade. The data reported below were obtained only from those four schools i in which’
the Metropolitan test was given af part of .the 1974 Fall Testing Program, The composite Metropolitan
\Achiefement Test, Primary 1, provides measures onsa number of subtests, among which are (a) total reading
measure; (b) word analysis, and (c) mathematics. These scales provide a comprehensive picture of a pupil’s
abilities in these skill areas.

.

‘
- . e
. . N

« Metropolitan Reading. The pupils who took the Metropolitan Achievement Tést as part of the 1974 Fail
Testing Program had a mean perceiitile ranking of 70.3 on the total reading subtest. The total reading score

« reflects the pypil’s reading vocabulary and comprehension of written material. The percentilé scores ranged

¢

from 6 to 98. The median was 78.8. Figure 10 depicts the distribution of these scores,
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Fi igure 10 .

¢

Dlsmbuuon of Metropohtan Total Readmg Percentlle Retnkings (Grade Two)

The statistical analysis of the reading concepts and skills” data suggests that the composite populatign was_
definitely above average when compared to the population used to éstablish normk‘for the Metropolltan

. Achievement Tests.

’

.I
- .

.

Word Analyszs A related ‘subtest assessed a pupil’s knowledge of sound- letter relationships or skill in
decoding The» mean performance on this scale was 61.2%, with a standard deviation of 25.6. The median
‘ranking was 62.3%; the range was from the sixth percentile to the 96th percentile. Figure 11 provn,des a graphic
_ display of of the dlstributlon ‘of percentile ranking sample population,
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The pupil’s performance on the word analy5is s:ubtest was slightly above average compared to the results from.

- the Metropolitan sample.

Mathematics: The third scale on the Metropolitan Achievement Tes

»
-
. v

t measured pupils’ understandings of

basic mathematical concepts and computational skills relz(ated to addition and subtraction. The pupils’ pegfor-
mance on this scale resulted in a mean percentile ranking of 69.7. The percentile scores ranged from 4 to 99.
The mediani percentile was 77. Figure 12 shows the distribution of measures.
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. Distribution of Metropolitan Mathematics-Percentile Rankings (Grade Two)

The descriptive statistics on the mathematics subtest results suggest that compared to the sample used to '

establish norms for the Metropolitan test.the.population was definitely above average in its acquisition of

. mathematical concepts and skills generally taught in the first grade,

L2
-

s An additional measure of pupil mathematical aéhievgment was obtained by administering selected scales -

prepared for the SMSG Elementary Mathematics Project. The composite second grade population (all five
schools) fook five of these scales, including number comparison, place value, comprehehsion, applications, and
computation. Each scale was designed to be administered at the beginning of the second grade.

6.4. Figure 13 shows the distribution of the data. .
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’/' Number Comparison. The number comparison scale consisted of seven items. The mean.score was 5.8 with
. gstandard deviation of 1.6. The measures ranged from none to seven correct. There was a median measure 0
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SMSG Nitmber Comparison Scale Raw Scores (Grade Two)
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Approximately 72% of the pupils correctly answered at least six of the seven questions. ’l‘he pupils’ pertbr
> mances on eacﬁ item is reported in Table 15, .

-

¢ .

. C . . Tabl.e 15 ' _‘ . -t

SMSG Number Comparison Scale Responses by Items

N - ey o

—

Item Number of Responses . . \

o S, . Number (orrect « Incorrect Omit R
+ -
. - .
. . 1 123 7 7
N . . . ’ <y .
. 2 99 32 6 )
. . . €
' . 3 . 102 26 9 -
& . © 107 20 10 .
\_ - s, 126 6 s
' - 6 123 8 6 ~
. s . - - \
. o - 7 120 9 8 .

Each of the items which assessed the meaning of largest (1), more (5), greatest (6), and least (7) was.correctly ,

answered by more than 87% of the pupils., However, approximately one-fourth of the sample failed to find a T
correct answer for the questions ‘involving the concepts of fewer (2) and between (3 and 4). Each item on the
number comparison scéale was a multiple-choice question. The errors were generally distributed over the
various distractors, except for questions 2, 3, and 4. On item 2, 19% of the pupils selected the square with the °
- greatest number of ob)ects On both items related to betweenness, about 10% of the pupils selected the
dlstractor which was Smaller than ‘either of the two given numbers. .

A

te

. 'I'he items from the tester’s guide are reproduced below5. Next to each item, the numbels of correct
. incorrect, and omitted responses are listed. The percentage given below -each answer choice mdlcates the |, T
numbet of pupils who selected that choice.as the answer to the question. * ~ }

’ . 37 . b‘s .- . \ N
i 3 8 ° WHICH PICTURE BELOW' HAS FEWER DOTS 7
) 0% ‘ THAN THE PICTURE ‘AT THE TOP? o T
- = - , 1@ (} : )
"‘r_.\ . 90% . '0% « f ... R . '
' ®0 . e _ °
1% . . =
L R s T 3% 20% . T2% e
) WHICH NUMBER IS LARGEST? v -
No. correct: 12§ N N o Y C..99 . . 0
No. incorrect: 7 Item 1 X L. I 30 Item 2 . Y
No. omit: * 7 N 0: 6 )
- L 5Reproduced with the permissnon of the Director of SMSG but without the endorsement of the School \
Mathematlc&Study Group - s
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WHICH NUMBER IS BETWEEN EIGHT AND FIVE?

.
e

'WHICH NUMBER IS BETWEEN FOUR AND

, . - SEVEN?
1% 5% 4% \ 10% 8% . 3%
(-3:‘ i02 v R c: 107 K <
e* . L 16 . Item3 - * I. 28 Item 4 .
0: 9 0:: ‘10 - C]
’ 000 P . ‘
- 00 . ‘
‘ . WHICH PICTURE BELOW HAS MORE DOTS - - = v
" THAN THE PICTURE AT THE TOP? . a4
- . - ‘ ' ’ : ‘
() L ) [ . . . : . |
(] o0 @ - |
. @I o0l ® O l
: N 2% 92% To% ‘
— . |
[ { -
i C: 126 » - ¢ 4.
I: 6 Item 5
_ ~ 0: 5 - ‘-
1 % - ¥ : : -~
WHICH MEANS THE GREATEST NUMBER OF WHICH MEANS THE LEAST NUMBER OF |
THINGS? . . s THINGS? . - i
k) .
- . . . e 1
38 (29| 5] |04 ‘, 2] (9] [2 53
90% 2% 1% . 8% ‘ 2% * 1% 88% @
. N R .~ = M |
TTTC: w123 e ) s ‘ _C: 120
T 48 Item 6 - I 9 Item 7- ;
‘ 0: %6 _ » ’ -~ 0-5 8 .
NS 0 ) .
‘s ’ - f -
- 3 B . . P . ‘;' !
‘ - S ‘ ‘. . - ) .
- :
- : »
. . N N : -
- 24 - - é 5
‘ - ST A
~ - =7 :‘7 s .




Placc Value. The ‘scale on place value consisted of eight items. The mean scor¢ was 5.2 with-a standard

o ] deviation of 2.1. The median measure was 5.4 in a dis&nbutlon of scores which ranged from 0 to 8 correct. A
dhplly of the dlstrlbutlon ot scores Is given in Figure 14. ,
. ‘. BN s » — .
. N - ) '
" o . - C ’7 r_-;; 'i ’ - -
o ol '
. - - “ t‘\-b:r- -1 ' , . )
ot 4 ~ T " § e k ©
Studante ( '
¢ . ’ ; o
? . . ’ 1 A1 Voo -
| ‘ | D B ' .
T - T T T s vy v )
. o, Fxgure 14 . o,
’ . RN SMSG Place Value Scale Raw Scores (Grade Two) \ a

Approximately one-third (32%) of the pupils correctly answered at least seven of the eight’ questions. About
two-thirds (66,4%) selected the correct response for five or more items.

.
'

Table 16 shows,the correct/incorrect responses to each item.

e - . Table 16 + - .
& > Lot
N « SMSG Place Value Scale, Responses by Items
k4 . . i o I:e:n * thnber of Resm‘ nses ' -
. Number Correct Incorrect Omit - !
r N 3
d . Y .
8 29 100 8 - .
) . 9 119 ‘_ 10 8
' - S 10 77 ) 40 - 20
) ) 1 . 110 .18 .9 s
* At
’ . 12 , a7 12 8 - - -
‘13 . 93 Y 21
. t om0 R .
\ 14 J10r 26 0
S ‘ ) 15 o 46 21 .
., ) L < . -
. . Questions which assessed a pui;ﬂ's ability to relate & given set with specific numerals (9, 13, and 14) were
. correctly answered by more than two-thirds of the pupils. An analysis of the incorrect responses suggests that

_ most errors were attributable to mistakes in counting the set orto a misunderstanding of the question. Mastery
of the eonce”pt of place value was assessed in items 8, 10, and 15. As a group, the pupils did not perform well

-~ _on these items, The percent of correct responses nnged fmm 21% (8) to 56% (10} Low scores suggest that at
- - least 50% of the pupils do not have an adequate understagtding of the meaning (i.e., significance) of the dlglts
- - in a twodigit numeral. Items 11 and 12 tested the pupil’s ability to translate an expanded numeral into a

+ standard numenl at least 80% ot the pupﬂs gave the correct response on both items. .

The itenu which. compnse the place value scale are reprodueed below6 The pertinent correctfincorrect data - .

v 6Rl!producgd with the permiuion of the Director of the SMSG but without the endorsement of the School
Mathematlcs Study Group.
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c: 29 '
’ ‘It 100 N
’ O: 8
-~
. ’ L 4
»q % \
L4 1 '
., Item 8
PR i
_ 1 .
C: 119
I 10

.. .'\‘ ‘

are listed for.each item, with the percentage of pupils selectmg each. choice on the multlplechmce items given
below each response. For the free-response items, the correct answer'and the most fnfquentl) given imcorrect.
angwers are-listed, along with the percentage of pupils giving each response.
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WHICH NUMBER HAS A FIVE IN THE TENS PLACE?

WHICH PICTURE SHOWS
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WHICH NUMBER TELLS HOW MANY TENSN?

-

RESPONSE

2 56% ) - ' T
8 1% - _ - .
28 + 2% . L

¥ 4% s '

9, 2% ~ \

» -
‘

Item 10

WHICH NUMBER MEANS, FiVE TENS AND TWO ONES?

c: 110 - . _ _
I: 18 . , ,
Li52) 25| |7
4  Item 11 . N\,
. Lo - » .
. / . _') ‘ - é _
WHICH NUMBER ‘MEANS ONE TEN AND THREE ONES? -
c: 117 - . . / R e N
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HOW MANY DOTS ARE IN THE PICTURE?
- v » - “
- - MARK THE NUMBER AT THE BOTTOM THAT /TELLS MOW MANY DOTS. v
(Pause, but not long ~nough Y‘or\;m- chi};}x‘en 1o count. all '~h‘ d ) . .
L3 AR THE NOMBER THAT TELLS "HOW MY DOTS ARE IN THE PICIUEF N
- ’ s S . R -
. . \ ~ , . . ‘
- ? .2 , “
. . LI .
2% ) 2% 68% 10%
~ Item 13 .
» Ao ’ ) )
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- Comprehension. The scale on comprehension consisted of four items. The mean score wis i._S, with a L
standard deviation of 1,1. The median score was 2.4. The range was from 0 to 4 correct. Figure 15 gives the
distribution of scores. ° . ¢ ~
L g Q.
L] 45 - B .
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< hd - Students s . . *
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. Figure 15 N : N )
.. ’ SMSG Comprehension Scale Raw Scores (Grade Two) ' ) .
' - s . . : . N )
-7 4 Almost one-half (46%) of the pupils correctly answeéred three or more questions on this scale, p \
A report on the data obtained on each item is given in Table 17. . . e
. N ]
i ) Table 17 S ) i
~ . , - s - - A -
SMSG Comprehension Stalé Responses by Items - e e
L . - - -
3'. N . ' '/’ ' N . a‘ -
. Ttea Number of Responses- ‘. *
N . Number Correct’ Incorrect Omit L.
\ - 3 D B . . ‘w
- 16. iy, 107 15 L1157, ° ) ‘
- IR . {% 90 LI (' ' . S
. .18 81 N~ g “ .
- . 26 7 88 39 10 . Ly . .
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. exhibited some understanding of the concept of fractions.

Over three- fourthig?ﬂ%) of the pupils corree uV mlm-d a subtryetion (nunus) slat( ment to a picture (lb)‘ “On
the other hand, ldss than one-fourth of the sample (24%) could relate 8 multlpllcatmn (umos) st,atenwnt toa, -«

. model (17). In response to.this item, most pupils (56%) selected the model which depicts “‘three plus four.”

The solution to item 18 required the pupil to identify an instance of the commutative property of addition
embedded in the context of a vetbal problem. Almost 60% "of the pupils did this successfully. The last item in .
the comprehension scale was related to fractions. By correctly answenng this question, over 64% of the pupfls -

‘¢.¢ -#

WHICH - PICTURE SHOWS' FIVE MINUS THREE £QUALS. Two? <

“ o ¢ + - - -
N ) ~ '
Y 2 U S DR g : o
L 15 - ’
0: 15 | ° . °
X R 7 - 6% : 5% C
, ) , . . . ’ . . s
» :
Item 16 ) "
[y ‘\‘ ¢ -
g ) " 'WHICH PICTURE SHOWS THREE TIMES FOUR? .
; . ' l o \ / ‘ . .i_.:f° - . . ? *"
‘ . . . . :
eode | e < S
coeo R YYTYY] 000
LY ITY Y] esdeo| :
(XN N . ) ' o J
! . ! “ e
249, : 9% - 56% . " o "
> . . ’ - . e . L]
& B - . e
< Item 17. ‘ L Wl " >
| - ’ . * e * g
. > - 8,
“ oy *

TWENTY-FIVE OF THE MARBLES TO SCHOOL AND AKES ‘THE OTHER

_ JOM AND JIM SHARE A BAG OF MARBL £S: ONE DAY TOM TAKES
. I 49 : L3

i o: 9 SEVENTEEN. THE NEXT DAY -JOM TAKES SEVI-;}NTEEN LES, HOW MANY'
- ' MARBLES ARE THERE FOR JIM To TAKE? G N

\ -
. - »

V4R 42 25 |8/
® g - 5 ~1° ‘ ‘ h
6% 6% 60% ’ 23 —

7R£produced with the permissnon of the Director of SMSG but ,w;i'thout the end(irsem;nt ‘of the School
Mathematics Study Group. '-._ . _ ‘ ‘ . - -
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- L 39 MRS. JONES BOUGHT SIX. EGGS. SHE USED ONE HALF THE EGGS
" ’ 0: 10 10 MAKE A CAKE. HOW MANY EGGS DID SHE_ USE ? . —
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B ’ Apphcattons The scale on apphcatlons consisted of seven ltems The thean score was 5.2, %ith a standard .
L deviation of 1.8. The median measure was 5.7 in a distribution which ranged from 0to 7 correct. The distribu-
e ’ tion of measures is shown in Figure -16. .- . ,
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. : _ SMSG Apphcatxons Scale Raw Scores (Grade Two)

N The descriptive statistics lndicate -that 56% of the puplls successfully solved at least six of the seven verbal
S S protﬂemson this scale,

,-

¥x
.

“An item-by- item report on the data collected on the appllcatlons scale is given in Table 18 on the page |

llcming.Jtems 19, 20, and 21 involved simple addition or subtgactnon problems. The percent of pupils

e selecting the correct response for these questions ranged from z?low of 89% to a high of 93%."Sixty-five
percent ‘of the pupils successfully solved the verbal migsing addend problent (22) and 73% of the pupils solved |

- the missing minuend (sum) problem (23). Item 24 involved a comparative subtractlon sntuatlon 63% of the
pupils selected the correct response. The last item in this scale (25) involved the concept of a'fraction. Fifty-
four percent of the pupils were able to answer this question. However, almost one-third of the pupils selected

“2” as the correct response suggesting that for many of these puplls expenence with fractions is limited

. X .
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‘ prim'aﬁly. to the concept of one-half. This observation is supported in part by the pupils’ more s'uccessful._"‘
.. Tesponsésto ftem 26 (see Table 17) a problem involving the concept of one-half. ‘ R
) : ) " Tablel8 < v, . L
. ~ . ( L ‘ - .
. #  SMSG Applications Scale Responses by Iteims .
. ;'/- T Item ) Number of Reséons‘e‘s )
/ s ' Number Correct Incorrect . Omit
e / . v .
r~ . . - ‘ -
. - ) 19 123 9 . 5 .
o, (\ 20 1is g AR .
L o C o2 e, 4. s vTe s )
~ o 22 89 39 .9 .
. - . 23 100 29 8 : :
oL % 86" 4l .. 0 ..
p - ’ .
25 74 56 7 -
r ) ) ° e s . > )
The items for the applications scale are reproduced below8 with the available data on the pupils’ responses.
o108y, . - " .
I: 9 / ' , . »
e s O: - ) ,
2 S a : ,
e - - o SUE HAD ONE CRAYON. MARY GAVE HER. WO MORE CRAYONS. - .
! .. . . HOW MANY CRAYONS DOES SUE HAVE/NOW? .
C Tl ) . ' 4 2 ‘ )
. . \ . /\\ ‘ a7 P B
| - ? i ' . ” 4 . ¢
I Y : Z 1% 3 1907 4 2%
L - A ,_ltem 19 . ‘ .
L3 . MARY HAD SOME MONEY. SHE SPENT THREE CENTS FOR' CANDY
~C: 115 AND- ONE ,,)CENT FOR A -GUM BALL THEN HER MONEY WAS ALL
: L 1 GONE- HOW MUCH MONEY DIp MARY HAVE, BEFORE ‘SHE SPENT .
© 77 ANY? R . I
. ’ P > ° *®
! y 2N . ) .
v 71 .. N >
B & - 2% ., N 2% o <l ’ . 8% 84%
i ‘ SRS Item 20 . N -
e *  8Reproduced with the permission of the Director of SMSG but without the \endt‘nsement of the School
A Mathematics Study Group. L R 1 ‘ ) -
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27,
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IF “SHE EATS ONE OF THEM, HOW

4

—

6

MANY PENNIES DID JOHN HAVE

\

”

T

21%

4

JOHN HAS THREE PENCILS’ HOW  MANY

a

. ’ o '
. . -
R .. E /’w _‘ . e .
- 4 . o
. G127 o . S
. 5 ~PATI-HAS THREE COOKIES,
& 5 MANY COOKIES WILL .SHE HAVE LEFT?
- | [V 2 937, 3 .
» L - N v - ' o~
N . ‘ ltem 21
) e .89 9 '
~ I 33 ’
, 0:< 9 -
- TONY HAD" SQME BLOCKS DAVID' GAVE HIM FOUR #ORE BLOCKS.
R . A NOW TONY HAS SEVEN BLOCKS. HOW MANY BLOCKS DID TONY
: ° HAVE BEFORE DAVID GAVE HIM MORE?
A} -
S 3 65% 4 15 # : ; i
= - ] Y - )
ﬁ.——— ? !
- - e - v Item 22
Al - [
. %7 Ct 108 c -
I: 20  JOHN HAD SOME PENNIES.- HE LOST THREE OF THEM. NOW HE
. N 0: 8 ' HA% FOUR PENNIES. HOW
- BEFORE HE LOST ANY?
h ) P '-a . = v .
\_/ X )| 10% | 1 7% -
|"‘—’ ' » . .
i > . ’ Item 23
' = C:* ‘86 : -
‘. ‘ L 41 s
. - 0 10 N
° BILL HAS FIVE PENCILS.
- CMORE PENCILS DOES BILL HAVE THAN JOHN?
* . '
! I3 v . 3 o ‘
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; . — ’
* - - ~ 7 * ” .
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WHEN- SOMETHING IS Cut IN FOURTHS HOW MANY PIECES

3

ARE IHF;_RE? o~ - , ‘ [

4% . 20%,

Item 25, -

-

@ v . .

) Computatxon The ﬁ{{h SMSG scale of ten items assessed the pupils’ proficiencies in performing basic
o computational tasks. The meaft score was 8.5 with a-standard deviation of 2.0. The scores ranged

from 0 to 10 correct. The median meastire wis 9.0, The dlstnbutlon of data is shown in Figure 17:
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Students

Figure 17
SMSG (;omputanon ‘Scale Raw Scotes (Grade Two) . .
The data indicate that almost 62% of the puplls correctly computed the sum for nine "of the ten proplems.

"An item-by-item report of the data is provided in Table 19. ) b
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puplils, as a group, were somewhat less proficlent in computing sums for basic facts greater than ten. However,
almost 82% of the pupils solved.“7 + 7 = " This problem was more difficult than the other basic fact
problems, since both addends were greater than» five; the greater difficulty accdunts in part for the increase in
the number of omissions. Close to 60% of the sample population were successful in finding theé sum of two-
digit numbers with no regrouping. Flve pupils in the sample did not attempt to answer any of the questions.

, As the test results show, approximately 95% of the pppils were successful in computing sums less than 10. The

The problems on the computation scale are reproduced below9. (Each item is a free—response qyestlon.)
. Listedewith each problem are the responsss, correct and incorrect, most frequeéntly given'by the pupils, and the
o. percentage of pupils giving éach answer. Random errors are not listed: o
. e . ' C: 132 _
=Y D CER | o M 0. —
e BEdER | v 4+ =
. B T y R
. RESPONSE: . e RESPONSE: . o
* 6 96% . ® ‘ 5 96% . S
- , T SR
L . T om e T \ )
} . ; W

, o .+9 E . g 135( 2%5: §

.

) . RESPONSE:* - ) RESPONSE: Voo
- 9+95% . T 96% \ :
* M ¢ ” -
- ) ' : .
B o . . Items 27-30 \
s o . N \ .
) A - C 9 .’ . .
P ' C: 120 e
CETIZEL ] o 6+4
: . ' 0. .9
. ] . T - \: s
. RESPONSE:  _ - : " ' RESPONSE: . - .
g 8 9% . oo 10 8% . \ .
’ ' e ‘ oA " ‘.
. C: 127 - A ;  Cr 112
: i 4,9 :!_ SR AT -h?:
. . 0 6 + 0: 15 .
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e o (V .
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RESPONSE: .t -
C: 179 90 .—5'8%. -
B 3 29 9 4% .
: 29 09 3%  co—
, > s: - 50+40=| |
91 1% . N .
. R ' * ‘ (:'
.‘. . . . )'

.

. RESPONSE:
65 58% .
55 or 64 2% *

‘0: 21 5 - 750166 3% . : 23
‘56 2% . P
, 11 4% +

Items 35-36 . ’ K

v ) V. ADDITIONAL OBSERVATIONS
In the two previous sectlons, sumimaries of descrlptlve data on nine first- -grade variables and-eleven’second-
grade variables were presented. The report of the data by individual schools is cyted in bibliography (Item G)
In the follownng,sectlon relatlonshlps among some of these variables are discussed. s

Readiness for First Grade Work. Measures or indicators of entering first graders’ knowledge of certain basic
_mathematical concepts and skills were obtained through' the administration of two instruments, the Metropoli-
tan Readiness Test (MRT) and the SMSG scales. The items on the MRT number subtest cover a wide variety of
topics including' time, money, fractions, verbal problems, numeral recognition and betweenness. Only two
items on this test are explicitly related to counting and only one classification item appeals However, none of
these three items tésts précisely the same concepts and skills that are measured by the SMSG Counting and
"Classification Scales. For example, none of the items on the MRT number subtest assesses a child’s proficiency .
in the areas of equivalent sets and seriation. Since the common content coverage of the two instruments is
‘minimal, inferences about a child’s* performance on one test could not fiecessarily be drawn from his perfor-
mance on the other test. However, if the pupil’s achievément on pasic mathematical topics as measured by the

two instruments are highly related, then the data from either instrument could be a‘suffitient predication ofa *

child’s readiness | for” Tirst grade work“'l'hus to investigate the relationships among pupils’ performances on the
MRT number subtes"t” and their performances on each of the four SMSG scales, appropriate scattergrams were
constructed. Summaries of the data from these scattergrams are "reported in.Table 20 on the page following.

The percentage given in each cell denotes that part of the total PMDC first gradé sample which had a partlcular

palr of corresponding scores on the two tests.

Analyses ‘of the data from the scattergrams (Table 20) suggest that there is, to some degree, a moderately
high association between the pupils’ performances on the MRT number subtest and each of the four’ SMSG
scales. However, it must be noted that those pupils who had a raw score of at least six on the MRY mumber
spbtest .generally did quite well on the SMSG scales. That is, a relatively high score on a SMSG scale does not
imply a similarly high score on the MRT number subtest. The implication is that many “pupils who score
relatively high on the MRT number subtest have in fact acquired a reasonable level of competency with
concepts and skills related to countln}, equivalent sets, seriation, and classification. The distribution of points
on the MRT-SMSG counting scattergram suggests a lower association between these variables than among MRT
and the other SMSG variables. The scattered distribution of measures could-reflect a greater degree of real
variability in the counting skills possessed by the pupils in the PMDC sample. Or, this distribution could reflect
the affects on the pupils’ performances attributable to the testing situations. Regarding the 1974 PMDC test
data, the latter appears “to be the most reasonable explanation, hecause the counting scale was the first scale
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Table 20 o~

Scattergrams: MRT Nuniber Raw Scores vs. SMSG-First Grade Scales
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16-20

MRT number raw score

11-15

6-10
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L} g y
MRT number raw score
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SMSG Counting

~

21-26

10-20

11-15

o-10

0-5

ki MRT number raw score
MRT number raw score

0-2 34 5-6 - 2-

M6 6rdering : ’ . AMSG lassifacatan

administered in the SMSG component and many children 4t first segrfied uneasy workfng in a new situation.
. . ’ ~ -

Regarding content, the four SMSG scales measured distifict variables. To determine the extent to which
children having acquired one concept or skill have also attained a satisfactory,level of proficiency in.another
area, scattergrams for the six bossible combinations among the four variables (counting, eq"ﬁivalent sets,
ordering, classification) were constructed. Data which summarize the results from these scattergrams are
reported in Table 2] on the page following. An analysis of the data presented in Table 21 suggests that about
50% of the pupils who did quite well on the eounting scale (correctly answered at 1éast eight of the ten items),
also performed exceptionally well (80% or above) on each of the other scales, Pupils scoring at the 80% level
or above on the counting test demonstrated a mastery of counting picture sets with more than 10 members.
. The scattergrams suggest that entering first graders who have acquired this level of proficiency with c('ﬁmtmg
" skills stand a 9 to 1 chance of also doing well (80% level or abové) on the equivalent sets scale, an over 5 to 1
change. that they will de well on the ordering scale, and'a 23 to 1 chance that their performances on the
classification scale will be at least at.the 80% level. Since the testing situation ‘had some adverse effects on the
pupils’ performances on the counting scale, these odds are probably undefstated and therefore do not reflect
accurate relationships among these vanables The data reported in Table 21 indicate that from ope- -fourth o
one-third of the pupils had scores on the counting scale below the 80% level and were at the 80% performance
level on each of the other ‘tests. Thus, it is possible that under differént conditions many of these pupils could
_ have scored at the 80% level gr above on the counting scale making the odds stdted above somewhat higher.
, Generally, pupils who scored low on the counting scale (scores in the 0-3 range) were as likely as not to
perform very well on the other tests. . . ) '

'I'he odds that a pupil performing very well (80% level) on the equivalent sets seale would perform at the
same level on the counting test were less thag 2to1, less than 5 to 1 on the ordering test, and 37 to 1 on the
classification test. For those pupils having low scotes on the equivalent sets test (0-2range), the likelihood of
having a similarly low score on the counting test was about'1 to 1, 1to 2 on the ordeting test, and.1 to 4.on

b o i .
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An interpretation of the data with respect to the ordering scale shows that 2 out of 3 pupils who performed i
at the 80% level on this test pérformed similarly well on the counting scale. Likewise, about, 5 out of 6 pupils .
. performed at the 80% level on both the ordering and equivalent sets tests, while 7 out of 9 pupils had equally
high scores on both the ordering and classification scales. At the other extreme, the odds that a pupil
performed; very poorly on both the ordering scale and the counting scales were about 1 to 2. About 2 ouit of
_every 3 pupils with low scores on the ordering scale did better on the equivalent sets scale. Similarly, 8 out of
- 9 pupils with 16w scores on the ordering scale performed better on the classification scale. ' .
- The data reported in Table 21 indicate that most pupils (80%) performed at.the 80% level on the:classifica: ; N
_tion scale. The ratios of success (80% level) on the classification scale to success on the counting; equivalent ";
sets, and ordering scales were less than 2to 1,5 t0 1, and 4 fo 1, respectively, However, those’ papils scoring A
low on the classification scale (0-1 range) dlso scored low on the other scales. = a
. } Overall, the data from the scattergram analyses of the results from the SMSG tests indicate ‘that the vast .
T = majority of the pupils who did quite well (80%) on the counting, equivalént sets, and ordering scales also had \
high scores on the classification scale. While thg converse ;elationsh'lps among these, varigbles are ot as .
evident, it was observed that those pupils with very low scores on the classification scale alsofscored very low T '
on the other tests. The data also suggest that a high score (80% level) on the counting, equivale! , OF .
, .
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ordenng scales generally implies a similar score ‘on each of the other scales; however, i m edch case a sizeable
part of the test population did well on one ‘fest and less well on one or both of the other tests. Pupils who had
a very” “low score on either the counting, equivalent sefs, or ordering tests did not necessarily have a low score
on the other tests. In fact, the opposite was usually the case. That is, pupils not performing well on one test
were more likely to have performed better on one or bbth of the other tests. It should also be foted (see
center cell of scattergram) that very few pupils performed moderately well on two or more tests. These
observations” suggest considerable variation among the pupils’ acquisitions of readihess skills related to
counting, equlvalent sets, and ordering as meastred by the SMSG tests.

.

Since girls generally develop schooLre\ted Skllls sooner than boys, the data obtained from the 1974 PMDC * -
i hgre%xnste.d dlfferences in boys’ and glrls readmessto,

Testing Program,were analyzed by sex to detért:

do first grade work. A summary of the data obtained from theses eported 12 Table 22.

. ", Table 22

Means of Major First Grade Variables by Sex :

Variable N By o Girls - , R

4 -

Age In ¥onths 76.4

112.1

SEi. 418
. MRT Pe,rcentile

Couhting Pidture’ Scts Raw Scoré

. Equivalent Sets’Raw Scores 4.7 5.0 .

%
- Ordering Raw Scores - e - 4.6 \ 4.7

.Classification Raw Scores 4.6 4.

] - . -L

The data reported in Table 22 mdlcate only slight vanancés in the boys’ and the girls’ acqunsntlons of
. readmess concepts and skills measured by the instruments used'in the PMDC Testing Program. The girls had

slightly* higher scores on the MRT, the SMSG Equivalent Sets Scale, and the SMSG Ordering Scale, These’

differences, however, do not indicate that the girls have a marked advantage over the boys in any one readiness

area. . .
) . & , ‘

“

In sectlon I of the report it was noted that certain children lsed a physwal pointing strategy to determine
the number of a picture set, but that most of the other puplls‘employed a visual counting technique. It was
also obse;ved that the pointing strategy was consnderably more reliable tham a visual counting technique. To
determine whether or not the children in one of these two grqups.were better prepared for first grade work as
determined by the pupils’ performances on the PMDC test battery instruments, analyses of the data pertaining
to each of the major variables were done for both groups. A summary of the results of these analyses is
»reported in 'I‘able 23 on the page followmg v, . ) !

. .

, The data reported in Table 23 indicate that except for their abihty to determine the number of pictute sets,
the pupils. who employed a pointing strategy were slightlyless ready to pursue first grade work, Since the non-
‘pointers are genera.lly the more able group, it is quite likely* that the results on the SMSG Counting Scale
would have been' somewhat hlgher had the test directidns exphcntly stated that the pupll could touch the
pictures. - . ,

- ' " - -
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‘ \ ' : 4 ) . »
- Means of Major First Grade Variables by Counting Techniques '

4

Vartable Pointers Non-Pointers
. Age In Months 75.7 76.7
. Q . | [ 1\10.8 114.1
SEI . 444.,0 379.5
MRT Percentile 66.9 70,8
... MRT-Math.Subtest Raw Scores 13,7 15.0
x . Counting Picture Sets Raw Scares 8.1 6.1
[N .
‘- Equivalent Sets Raw Scores 4,6 4.9
Ordering Raw Scores H 4.4 4.8
‘ ‘ ' - /r
Classificatiog Raw Scores 4.3 4.6

Readiness for Second Grade Work. The instruments, used in the PMDC test'battery measured, for the most
part, what the puplls had learned during the first grade. Two tests were used to assess a child’ s acquisition of
mathematical concepts and skills. One instrument was the Metropolitan Achievement Test, Primary I (MAT),
and the other was prepared by SMSG. These two tests cover somewhat similar content-areas. Topics unique to
the MAT include time, money, ordinal number names, measurement, and a variety of skills which are usually
taught during the first part of grade one. Also, the MAT includes a more comprehensive coverage of computa-
tion problems, including subtraction, problems With three addends and.problems with missing addends. The
SMSG test places more emphasid on applications, verbal problems, number properties, betweenness, and the
relationships between sets and numbers, especially in connettion with more than, less than, and place value.
Although in some respects the topical coverage on both tests is somewhat similar, considexable variance in the

items used within each overlapping strand exists. To determine the extent to which the pupils’ performances

on one test were related to their performances on the other test, scattergrams were constructed to show the
relablve distribution of scores on the two tests. Since the SMSG test is sub-divided into five parts, five separate
scatterg'rams were constructed. Each scattergram relates the pupil’s percentlle rankmg on the MAT mathema-
tics subtest afd the pupil’s raw score on one of the five, SMSG scales} number companson place value,
concepts, applications, and computatlons Summaries of these distributions are reported in Table 24 on the

page following. The percentage in each cell denotes that part of the second grade samplcp which took the MAT,
with.a partlcular combination of scores on each test pair. ,

The data presented in Table 24 mdlcate a somewhat, posmve relationship between the scores on the MAT
and‘the SMSQG scales. The only dev1at|6n from this general trend is th\at relatively few of the-students with high
scores the MAT had a top score on the SMSG Concepts Scale. A possible explanation for this pxception is
that  one item on the concepts teststwas related to multiplication. Thusyit is to be axpected that most begin-
nmg second graders, regardiess of overall achievement, wotld miss this item. Pupils who did quite well on the
varioys SMSG Scales generally had MAT Percentile ranking at the 50% level or above. The most notable
exception to this trend wds on the SMSG Computation Test. On this test, pupils at all achievement levels on
the MAT exhibited some |mastery of'basic addition skills. This trend is probably due to the fact that fi rst
graders are likely to spend more class time on this skill than on any other topic. The data in ’I‘able 24" also

» indicate that pupils with high scores on the MAT also did well on the place value and agplumions scales. This

.

_ tiation among
.

owledgé of place value and appllcanons (verbal problems) accounts for much of the differen-
ores on the MAT‘ , ,

suggests that

+ By definition, the five. scales which c‘omprise'\the SMSG second gra‘dé test assessed different concepts. and
skills. Since all of the topics covered by those scales are included in most first grade curricula, analyses of the

data obtained from these scales were made to determine to what extent the pupils’ acquisitions of concepts

and skills in one area were related to their achievements in each of the other areas. These arfalyses were made

40 . »

'.w"é
e
[ 3




]

¢ . Table 24

‘Scattergrams: MAT Math vs. SMSG Secqnd Grade Scales
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SMSG Applications

* . number compu‘lson scale, with somewhat lower means on the place’value and, concepts scales. Furthermore,
the pupils ‘who had low scores on either the applications or the computation scale had corfespondingly low -

. hlpler. ‘.

" SMSG Computation
L]

by constructing scattergrams for each test pair. Summaries of the dat@ from these scattergrams,are reported in .-

Table 25 on the page following. The percentage in each cell denotes the part of the second grade sample with
that particular pair of scores on the two tests, )
Interpretations of the data presented suggest a somewhat strong positive relntionship between the pupils’
achievements in each of the five areas. Pupils with high scores (80% level or above) on the number comparison
scales -also tended to have high.scores on applications and computation scales, but this group also exhibited
more diversity in scores.on the place value and concepts scales. However, the pupils who exhibited evidence of
.only modérate achievement on the number comparison scale generally had low scores on the place value and
concepts scdles, but relatively high scores on the applications and computation scales, especlally the latter,

= Overall,.the puplls achievements on the place value scale were not as hlgh as they were on'the other tests, _
éxcepting the concepts scale. Pupils whase achievements were at the 80% level on the place value scale tended
to shdw similarly high achievements on the other scales, excepting concepts. Pupils with low scores on the

place value scale, hoWever, generally had much better scores on ‘each of the other tests excepting concepts, —

The concepts scale contained only four items, one of whicthas related-to multiplication Since the vast *
ma]ority of the second graders«missed this item, the mean percentage score on this test was somewhat lower
than the mean perceritage scores on the other scales. However, almost all of the pupils who correctly’ answered |

- -the multiplication question had very high scores on each of the other scales. Pupils whose achievements on the
concefts scale were low did not, in most cases; have low scores on the other scales, .

_— ,.:_, ¢ '

The pupils’ achievement pattems on -the npplications and- computation scales*were somewhat parallel. In
both cases, pupils with high scores on one test also exhibited high achievements on théother test and on the

" scores on the place vafue and concepts-scales, but generally their achievements on; the other scales were much
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with an achievement store i;1 the middle range

e areas of number comparison, applications and
as measured by the SMSG scales, in the areas of
ea 6f computation, suggesting that many pupils
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Scattergrams: SMSG Second Grade Scales
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The data reported'in Table 25 also indicate that the pupi
on one test generally had a Similar score on the number comfgrison, place value, concepts and applications
R scales. However, most pupils whose achievements were in the middle range on the other tests scored in the
high range ori the computation scale. ' '
’ '
, From the data obtained in the-scattergram analyses, it appears that most pupils in the 1974 PMDC second
+ . grade testing sample were able to acqujre proficiency in\ th
computation without attaining a similar level of proficiency,
place value and concepts. This gap is especially evident in the
- ~ can and do learn computation skills by rote methods.
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) Most-of the instruments used in the PMDC test battery tended to measure the pupils’ achievements in the
-~ first grade, Since the degree of success in fearning the concepts nd skills usually taught in the first grade mlght
not be uniform for both boys and girls, the data obtained from the' 1974 PMDC Testing Program” were
ana.lyzed sepmtely for each sex.’ Axummary of the data from these analyses is reported in Table 26.
. a ST T Table2s S I
.S . ’ . ¢ EN
-t J e, - *Means of Major Second Grade Variables - . - e
L - Variable - * o o B0V ' Girls— - .
- R - . - - ., et 3% \
oot Age In Months = 886 .- 88.2 L * ;
PR 112.2 ‘Yw . |
. . sEr ' 328,46 i88.6 '-.“3
I', : . - . )
’ MAT-reading percentile 65.1 78.1
- - 1] oy .
. ' MAT-math percentile 71.8 668 . :
' . ' SMSG Number Computation Raw Scores 5.8 5.9 ”
: . " SMSG Place Value Raw Scores 5.3 5.2
- SMSG Qoncept;s Raw Scores 2.2 ';2‘.3
b . SMSG Applications Raw Sc¢ores 5.2 52 ’
SMSG Computations Raw Scores 8.6 8.5 - ) ®
- ’ - rd

z ;

. .The data presented-in 'I‘able 26 indicate that both groups were approxnmately equlvalent with respect to
" age, 1Q, SEI, and performances on the five SMSG scales. The girls as a.group exhibited somewhat higheF¥,_ °
* achievement in the ares of reading on the MAT, whereas the boys had shghtly higher scores on the MAT math

- . subtest. ’

- . -
L

¢ VL CASE STUDIES AND FOLLOW-UP STUDIES

The data obtained t‘rom the SMSG First Grade Scales left unanswered certain questions pertainmg to the
pupils’ tinderstandings of and. proficiencies with the concepts and skills being assessed. In an effort to explore
further the depth of the children’s knowledge in these areas, several PMDC ptincipal inveStigators conducted
follow-up studies to ‘the regular testing program. Reports of four such studies are presented in this sectlon
Two of the e reports are related to seriation tasks and two to equivalent sets

o i

CASE STUDY 1: P'S ABILITY TO.,S_ERIATEIO: ey

,030

g, Along with (other first gndqxs c:pating

they go from lnrgest to the smnllest”” he did thi

» 10By Eugene D. Nichols

P ..
N . /
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P . »
v
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.‘ -

. -4in- PMDC studies, P was tested with the senatlon ifems under .

N *the standard conditlons.’(SeefbiB ography-A.) Responding to directions, P consistently choss™0fily twothe -

. smallest and the iaxgest—of the foiir or five objects handed to him and placed them from left to right before . _
him on the table in the order tmentioned by the eyperimenter-(E). He simply ignored the remaining two or
three objects. For example, after being given the f r circles and bemg asked, “Can you put these ona lme SO My
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. /He was successful each time when asked by E to ha‘uid_him either the largest or the smallest object. te

- X

. During thevanalysis of the videotape made of P's behavior under the standard-testing conditions, the main
©/ question, which cannot be completely answered, was whether P 'was in fact unable to seriate (arrange objects e
S e / _ from largest. to smallest, or vice versa) or whether P responded tothe oral directions as he understood them.
- That is, while P might hive the concept of seriation, he did not know that he was being askeg! to Seriate. . o

.

|~ o, explore this, E re-interviewed Ptwo weeks later. Thereis no evidence that P could-have received any
oo instruetion about serigtion during the interim. The second interview was open-ended; the standard directions

were not followed. - \ - - 4 .
e 3

' ‘.

/
During the second i%trview, P was handed four tircles and told to do with them whatever he liked. Quickly
~ and without hesitation, P arranged them on the {able before him like this: -
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When asked to describe what he had done, P pointed to each circle, starting with the largest, and®described
them as ¢Big, middle size, little, teeniest.” : i -

. ( ] . - ,
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. . . - . .
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Next P was given four triangles,
E. Can you do the same thing with the tridfigles as you'did with the circles? &

P. Yeah'[quite confidently]. . . .

. After P had arranged the triangles asToflows, - S, P .

et o 2 -
s »©; < ] . P /': . > 5 . .
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Y he was asked to descrihfé what he had done. pid, ¢ Bigge%, L’nﬁ(ﬂé ,‘_}itt,le., !ittlést.!’ When aske
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- Ao the same thing with four buttons, P-arrangedthem thus, Y 2 57 ,
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and described them as “Biggest, middle size, little, teeny.”
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On the basis of this opén-ended interview,,one is justified in concluding that%
e _ of seriation, seemingly.in_contradiction of the/conclusion of the testing two wheks earlier-when standard test-

5N conditions and directions were used. .t / R AP R
’ N ¢« ‘o Ve

. % . . .
o * 'This episode poses several important‘question;?bout the effectiveness of communication between adults
. and children. Do the oral directions to which children respond communicate what we Wish the children to do?
Are we drawing erroneous conclusions about childrerr and their particular concepts because cirtidren resgond
< to the directlops as they—not we—understand them? Are' there more- effective non‘verhal ways to communi-
.- cate with chih’reh? If s0, how can they be employed in classroom situations? SRR
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CASE STUDY 2: J;S CONCEPT OF EQUIVALENT SETS 11
. .

As pa& of the total PMDC Testing Program, all first graders who were involved in PMDC studies and tiose
in the corresponding control groups were administered the SMSG Equivalent Sets Test. In order to check,out
the concept bf equivalent sets aoquired by second graders, some second grade students were administered the
same test, but in an open-ended interview. In hi§ responses, J is typical of the several second grade:s inter-
viewed. J is judged by his teachers to be a good student. In the first grade, he was taught the usual concept of
equivalent sets: i.e., two sets are equivalent when they have the same number of elements of coulse, only
finite sets were consldered -

-

The expenmenter (E) mtemewed Ji in the Fall of 1974 {0 dlscover w t the term “‘equivalent sets”'meant

Scale Dxagram of
first seriation | .
task, withiiCard 1 \/’ . ‘.
© ) ... buttons
. . t @
Y o
e . ] .
L - }
oo cardboard’ ' /
. . : { h
E gave the followmg dlrectlons ‘ oot ) - t —

' 3

I want you to make on this paper here wnth these buttons a set whlch is equivalent to this set [pointingto

Card 1}.

e

. [ ]
Rather thoughtfully', Jduplicated with the buttTns the configuration found on Card 1, Then E said:
Now I am going to move this button here. N

P

E moved one of the buttz)ng to obtain the following configuration:
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The interview continued: . . o .
'Y .
s . 4
E. Is'this set here [ paints to the cardboard | equivalent to this set | points to Card 1]7 R -
J. No. . . A , ) s
E. Would you fix it soitis? - ' .o -

. ° . - i,
_J. {Slides the button back to its original position. ]

I ) . . - - 3

e
E.. Now this set [ points to the cardhoard] is equivalent to this one [points to Card 1]?

J. Yes. B ) ’ . ) .
E.:O.K. Do yog know what “‘equivalent” r;1eans? . T oo - =
J. Equivalent? [Shrugs his shoulders.] .« ~ "
E. Did you'ever use this in any class? N .
. - - = '
J. In first grade. <L ) .
.. ) -
E. Did you use it in math? : .
. . 3 4 ‘ ’
s . Y . R\ kg N \. -
e : o o N\, S
J was then prgsehted with Card 2. i ., ‘ - N
. o t *
— - | i -
- Card 2 \
- / Lo lj -~

Jegain reconstructe'd meticulously the pattem of the test card. When E moved one of the buttons out of the
pattern, J said that the sets were po longer equlvalent Thén E spread.the buttons by placmg them in the four

corners.ofthe cardboard. %ﬁ ,
E. Now I will change it like this. [Spreads the buttons apart; he no longer needs to repeat the question:]
[ - |
! . - . : -. -
LN . /_' ) ‘A . . . > o -
. o o . o -
K : E’s rearrangement of buttons v
- : from the Card 2 pattern '
Q Qo . ' )
f; . - s ~ , _
{ A __\\ t - —
I ‘ 0% ) . ~
- J. Sortof. - . B : ‘
. - : - T
E. Sort of but not quite. . . LA o, ’
- J. N8, ng, . . . ) 5 - - ~
@ - . o ‘j) ‘ -
E. Would you fix lt s0 it is not sort ot" ( C . Lo A ‘ \
J: Um. .maybe it'sa little ‘smaller. [Puts the fqur buttens into their ongmal position, so they accurately ~
- duplicate distances between the dots on the card.] & - .
i . " N ' . N . . .
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By <his time, lt was rather clear that J’s concept of equivalent sets called for th¢’objects of two sets to be
arranged according to the same pattem, ot course, he demonstrated all along that they must have-the same
numher of elements. One wonders whether these two conditions constitute all of the xondntn&ns for the
equivalence of sets for him, .

/

» “The interview contmued. J was presented with Cards 3 and 4; each time one button was moved out of the\’
configuration, Jput it back to restore the “equivalence’ of the sets. .
Do ®e | - ¢ .. ‘ .
- N et i . e i
- \ .t r. ° : - :
- ' . .‘ ’ (X 2 - . ' . ,
. = Carei 3 L pa Card 4 e | ‘
- . . .
Next J was pre?nted with Card 5. ‘ ) ° . ' . 4
[N - . Val 3
— . R \ .
. ' CardS ' @ ™ oo .
. 1 - . ~ / 4
. [ ) _ [ 3 ‘ .

After he constructed the set, reproducing the pattem on Card 5, E tumed the cardboard clockmse approxn
mately 90 degreés so that the button Set appeared to J as follows: ) L.

2N

e - ———

.

O ' .

e o o on of buttons - . ° .
. = s viewpoint, after
o o o was turned by E
- A\
m
. .

" E. Isthisset {points to the cardboard) equivalen% to this [points to Card 5]?

~

/ _J.~ Doesn’t look like it. <

E. Doesn't look like it?

.
R .
. : .
d ﬁ ’ . M . Q
- . 4 - .- L )

J. No. ’ ) )

E. Would you want to fix it so that it is equf?ilent to this? - .
J tumned the cardboard-90 degrees counterclockwise to restoi it to the original position and nodded his head ‘
“yes” when asked, “Now it is"” .o

’

At -this point, E asked J to tell him what was meant by “‘equivalent sets,” J, very thoughtfully, stated that -

o they have the sanmie number and .the same shape and they are in the right order and are circles. After enumer- ‘

ating these four conditions, J said, “That’s all.” r -

' - b
A - -

'I!hls interview revealed that J had internalized his own notion f equivalent sets and he was able to act-

"7 "__upon this notion quite consistently. Later i in 8 the interview, ?hen J was asked to pretend that two sets are

. equivalent “if they have the same «number, and that’s 4ll,” J declared two sets with the same number but .
different conﬂ.gurations to be equivalent, but the videotapes reveal he was reluctant to do so. Apparenfly,itis _

.. not easy for him to act upon a hypothesis which does not agree with the concept of equivalent sets he has
developed on his own. This case study rgises an important question for teac;xers to consider: How different are

the concepts which children forg; from the concepts that the teacher inténds them to have? = N
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FOLLOW-UP STUDY OF PERFORMANCEON  * T y

_SMSG FIRST GRADE EQUIVALENT SETS SCALE ) - .

* What would the term “‘equivalent sets” mean to a child who has not been explicitly taught, as in the SMSG
Eindergarten curriculum that in order for two sets~to be equlvalent they must have the same number of
members? Prior to the admlnlstration of the PMPC test battery, in particular the SMSG test on equivalent sets
(pp. 12-14), several PMDC principal investigators hypothesized that the answer to the above guestion would be
“nothing.” Nevertheless, while most oUhe pupils who:participated in the PMDC ’l‘estmg Program Had not

been exposed to an explicit treatment of equwalence, their. performance on the SMSG Equivalent Sets Scale

did not bear out the principal mvestlgatom conjectures. Elghty -five percent of the PMDC sample population
correctly answered at least one-half of the items, with "15% of the total sample giving.correct response to at
least five of the six items in the scale. Furthermnore, it was necessary to give the alternate direction, Make a
set with the same number,’ to only a small fraction of the pupils. Even fewer pupils-asked; “What is
‘equivalent’?” Thus, wnthout having studied a formal definitidn of equivalent sets, the pupils in the PMDC
testlng population were able to ,do remarkably well on tasks involving the constructlon- of a set equivalent to a
given set. A secondary question was thus formulated;-i’e., What did the term equwalent sets’ mean to these
pupils? .

» (4

In accordance with the sconng guidellnes used by PMDC testers, the method used by a pupil to solve an
equiyalent sets task was recorded on the pupil answer sheet (bibliography Item,A). Basncally, the problem-solv-
ingftechniques were grouped into two ma]or categories: a matching strategy and a counting strategy. In solving
the six items on the scale, the counting strategy was used approximated 35% of the time and the matching
strategy in about'55% of the cases. The counting strategy was slightly more effective, having acomctllncor-
rect ratio of 8 to 1 compared to a 6 to 1 success ratio for the matching strategy. L R

By utilizing a counting strategy to construct a set equivalent to a given set, the pupils exhlblted an under-
standing that equifalent sets had to be equal in number. Approximately one-third of the pupils using a count-
ing strategy attempted tor reproduce the configuration of dots on the card. This last suggests that for these
pupils, equivalent sets must have the same design (members of the sets arranged in identical patterns) as well as
be equal in nuniber. The other puplls who used a gounting strategy, about 25% of the total sample population,

-made no effort to réproduce the dot configuration. For these pupils, then, equality in number was the sole
criterion for establishing the equivaléncy of two sets. = . . :

—

The meaning that*“‘set equivalence” had for the pupils who used a matching strategy was not entirely clear
. from the data obtained during the administration of the -equivalent se{s scale. Therefore, a further study was
undertaken in an.effort to uncbver possible meanings of “equivalent sets”’ among begmnin
dren. The study was conducted four weeks after the completion of the PMDC testing program During the

interim, theochildren had completed exercises in their textbook drawing lines to pair the membeiaf two sets

and then demding whether or not the sets were equal in number Howeyer, throughout the unit
sets the term “equlvalenee” had not been used. . .

* i
-y . .

The foiloW-up study was conducted in a school which serves a predominately low socioeconomic commu-
nity. However, the eleven pupils (six boys, five girls) involved in this study were from varied socipeconomic
backgrounds. The median SEI for the group was 400. This measure was close to the median §EI of 393 for the
entire" PMDC sample. -The pupils also varied in their readiness for first grade work as.measured by their
performances on the Metropolitan-Readiness Test and for the SMSG scales, The data frem these instruments
are reported in Table 27 on the page following, along with the corresponding data for the total PMDC testing

sample

matching

< > -~

Although the pupils in the foilow-up sample did not. exhibit readxness concepts and skills on a par, with

. those of the total PMDC testlng population, their average achievement was slightly above that of the pupils in

-their class who did not ptirticipate in the follow-up study. (See bjbiiography, Item C). Of the eleven pupils, six ¢
used a counting strategy in solying the ‘tasks on the SMSG Equivalent’Sets Scale. Four of these six pupils
sattempted to reproduce the dot canfiguration aftey they counted the‘buttons. The rémaining five pupils in'the™™

follow—up ‘sample employed a matching strategy to solye the problems. o

o

The regular classroom teacher rar‘idomly seiected the pupils to particlpate in the follow p interviews, Each
interview was individually admmistered and averaged about ten’ minutes in length, The interviews were
structured as'follows: . . -
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2 . - . 4
, Data on Follow-up Study and PMDC Sample .
2 . h . ~ N ~ A 0
“ . : ~ Mcan Mcasures N
LN Instrument ’ Follow-up Sample | Total PMDC Sample .
. . . v
Metropolitan .Readlness 51% Ve 69%
- e SMSG Counting ", . 7.1 ! 618
PR T ¢ SHSG Eqivalent Secs .39 " - 4.8 .
O ® N 1‘:3' - ’ "‘f’?ﬁi - . X r o . 2 .
R > . o SHSG Order:ing . 3.5 e, 4.7 - = L.
o , i ) SMSG Classification - °*° 4.3« E 66, o
£ T . o T . . , Kol ST, 4
o v % R T 7 ° PR .
. - Ty - ea ; R . - v .. K
. PR . e . . . . .
) 7% . a(a) The tester gave the pupil about 20 one-inch cardboard squares, some white and some black.
B L. Yo, c . . ' o
-, ']+~ (b) The tester used similar squares to construct the following pattern; D - .

' . ° .
. Y S ‘ : ~ .
S LA | ]
» 'b| *

) \\ g - . and then asked the pupil to use hisfher squares to make an equivalent set. When the pupll had con-
Y Ty ., structed aset, the mterviewer asked the pupil why the'set was equivalent.
L (c) The pupil,wu asked to make aset and was told that the interviewer would make an equivalent set. In
LN e ‘constrilcting the set, the mtemewer used the same number ‘of squares, bht with a different combina.
. \1 . tion of black gnd white squares arld ina slgniﬁcantly dll’ferent design. For example one pupll made the
. A S SN following set, i
. .. iAo g ﬁ
, , . andthe intemeWer responded as follows . . . ,
U T DIDIl.xr.“
" [ ' The pupll was asked *Dig 1 ms,ke"a set equwalent to your set"” If the pupil answered, “No,” the
. P interviewer asked the pupil.to expltun how the set could be changed to make it equivalent :

N

T C)) Tlie third task was simila.r to the first (b), except that the interviewer made the following pattem.

T Rl ) (e) The fourth and ﬁnal tqk was a repllcanon of the'second (c), except that the mterv iewer used a dlffer
N - .. ént number and color combination to make a deslgn similar tovthe pupil’s. For example° e

PR A . N .

'Interviewer N

o ""‘ - D D iy v
. 4~ T e . el . .

. , . O D oo D/—a. .

Thus, the pupils wero presented with four sgtuutlons in which they had to explam why two sets werepr
were not equivnlent -
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’ The explanatjons given by the pupils were: quite clear. In each case, the pupil cited specific redsons as to R
why the sets were or were not equivalent. One of the eleven pupils based his justifications solely on the deslgn
- (arrangement of objects) of the set, giving no indjcation that equality of number was & condition for gquiva-’
lence. For example, in response to the fjrst task (b) this pupil made a square array with.nine members and said
that the sets were equivalent. All of the other pupils cited a number condition as being necessary for the
, equivalence of two sets, . - ) - L . .
These ten pupils, however, dlffered in- the way they used tbe number proberty Two of the pupils focused
on thé number of the whole set. That is, in responding to the fourth task (e), one pupil said, “They are not’ . .
equivalent because this set has 6 and yours 5.” He directed the interviewer to placé one more square in the row
with only two squares. He then was satisfied that the sets were equivalent. The remaining eight pupils foqused
their attentions'on the number properties # subsets of the given set. For example, in justifying his fesponse to .
f) the first Questlon (b), .one pupil said, *“You have &ne black and I have one black. You have 3 whitesand I have
3 whites.” Another pupil gave this explanation: - “I-have 2 here [pointing to top row] and you. have.2; )
o [pointing to bottom row}+and you have 2.” When presented with a gituation similar to the-example in (e), one -
7+ pupil apsyerég, “No. I have 3 [pointed to a subsef with 3'squares'} t you Rave 3 [pointed to a subset with 2 <
. squares] " Thus, this group of 8 pupils establlshed the equlvalence or non-equivalence of two sets by fooN
comparing the number property of their subsets. In each case . the pupils partltioned the sets into-subsets with
P four or fewer mémbers. While four of these pupils usually insisted that the squares in both sets be arranged in ™
the same pattern, only one ,pupil ‘identified equivalent subsets, reéardiess of the arrangement of the item. .
Although none of thé eleven pupils indicated thatjameness in color combinations was a pecessary condition .
for equlvalence the eight pupilMo compared subsets frequently used color i m identifying subsets. . *
I
Not all of the pupils who made companson,s wlth sub’sets were always successfu‘l in ldentlfylng equlvalent
sets. Three of these- pupils consistently focused on only dne pair of subsets”) It that particular pair of subsets ,
were eqlmlalent “then they responded that the sets were equivalent. For example in responding to the second
_, * task (c), one pupil placed only 3 squares‘in g line and said, “Three here, three here; they are equivalent,” The
4 interviewer, pointed to the entire set he had made and asked, “Is my set equivalent to your set?” The pupil
~ reaffirmed that the sels were equivalent. Ip another case (the fourth task), the pupil made a set with severi '
squares.The interviewer made a set similar in dﬁ;gn but with on!"six squares, rI‘he pupil ldentiﬁed a subset of ,
& three squares in zLach .arrangement -and respondgd | that the séts were equivalent. In a sense, "the pupil had a . /
. correct answer because his attention was focused on only oné pair of subsets, each with three memigers, y )
The data fron% this investigation lnto whlt the term+*‘equivalent sets’ means to first grade pupils suggest
that simxlanty in the arrangement of objects within a set is likel to be a necessary condition for equivalence =~ .
This requirement whtich is self imposed by the pupil; ¢ould e'an adverse factor in .the learning of other . s
, mathematlcahconcepts and skills such as addition and subtraction. The data alsos ggges’t that many pupils have ’
developed-—on their own—a technique for comparing the number property_of sets by pagtitioning a lafger set —y
. Jnto subsetse This capabqny on the pupxl’s part could be capitalized'upon in teaching addition and subtraction.
- Howeverwthe teacher must® exercise caution by. insuring that ‘the pupll follows this technique through to
completlon and does nok termiinate the process “after one or two compansops, as sofmne pupils did in the . .

>

examples cited above ) oo v, T — . , . -
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S FOL‘;,OW upP STUDY OF PERFOR(MANCE ON SMSG FIRST GRADE, QRDEB.ING SCALES

", Approxlmately 2% of the ﬂrst grade pupils in the PMDC testing sample successfu-lly completed at least ﬁve Ry
’ . of the six seriation tasks in the SMSG Otdering Scales. At the other extreme however, 11% of the pupils dd - . -
f . not succeed with any of the items. Further, almost 24% of the pupils in the testing populatlon farled\’orreetly ’ N

o answer at least one-half of the seriation items. There are several possible explanaﬁons as to why certain
supils did not exhibit, in their performances on the 'SMSG scalestan understanding of seriation concepts.
" Included among the most probable are: (a) the child had not developed a concept of seriation, (b) the child

did not understand the directions and/or the vocabulary used in presenting the tasks, or (c) the conditiénsof , , .

" - the testing situation could have adversely affected the child’s willingness to respond. The study described
) below was conducted far the pydose of obtaining additional insights as to why some children did not exhibit ;
Y | greater knowledge of seriation conceepts and skills than theu: performances on ‘the SMSG scale mdlcated -
-All twelve students selected to partncnpate in this follow up ,,si;udy were, . from one f’ust grade class and . .°;,.
. represented 41% of-the class With the exception of two pupils, iniiividual rankings on asocloeconomlc scale\ A
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 blocks like I have ordered
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could be delcribed as low. For this group, the median socioecononiic index on the Hollingshead Scale was 650
with an index of 750 representing the lowest socioeconomic status. The group's average performance on, the
Metropolitan test was also low. On this test, only four pupils had test scores above the-twentieth percentile.

.On the SMSG' Counting Scale, eight of the twelve pupils gave correct responses to.at least seven of the ten

items. The" other four pupils correctly Answered, at most, two.questions, O 1, this group of children did
quite poorly on the 'SMSG” Equrvalel“ets Scale. Only two students successfdfly completed a total of five or
sixstasks. The remaining ten pupils gave correct responses, at most, to two of the six items on the scale. Eight
of the pupi[s correctly identified at least half of the five objects in the SMSG Classification 'Scale; the other
pupils answered, at most, one question. Based on the data provided by these various evaluation instruments,

* this group of twelve pupils appeared to be less ready or capable of doing first grade math than most of .the
pupils in the PMDC sample populntion \ &N f

>

9
The follow-up study was conducted through one-to-one interviews with the twelve pupils. The typlcal
interview took about five minptes, with only two interviews extendmg to twelve mir\utes The same basic

format wbs followed in conducting all interviews, However¢ mochtications were made to accomodate different

pupil responses. A descaiption of the mtemew procedures and a summary of the pupils’ performances on each

0 A N ‘ -
. <

task dolldw. - ‘ . . , , . IR

Each m\terview began with administration of the first item on the SMSG Ordering Scafe which,the childhad. -
missed duting the tegular testing program. For nine pupils it was the first item (cireles)12, for two pupils it was
. the second item (triangles), and for one pupif it was the thizd item (buttons) Only three’ pupils successfully
‘ performed their first tqsks in the follow-up, study

"
.

The next step was to place the se§ of five blocks in apile on the tahleand to mstruct the pupil to put them

. in otrder. Ten of the twelve pupils did not perform this task correctly. Of the three'pupils who were successful

on the first test, two Were successful on the second tgsk. At this point, the interview structure was modified
Tor these two pupils. They were given the \remaining sets of objects (objects not used in task one or task two);
and told “Put these in order.” Both pupils successfully completed all remaining seriation tasks. Oheof thes these
pupils had correctly answered three~pf the six items during theoriginal SMSG test a;lministration and the
other pupil had .correctly ordered two sets of objects.. Apparently, the performance of these two pupils on the
seriation tasks administered during the original testing program can be; attfibuted largely to conditions of the
testing situation, such as the presence of vndeo equipment tlzgone—to-one mtemew, the unfanuhar interview-
er, and/or the ufifamiliar room, -

v, D . - (1
~ . - .
. - -
B

The follow-up procedure for the ten pupils‘-who did not respond to-the instructions ‘“Put these in order”
was for the interviewer tb%rdef the strawslongest to shortest on the table and to say to the child, “Order the

and said, “Put these in order,” Each-of the six pupils was able to order correctly the objects in at least four of
the five sets. The correct responses suggest that these children were unsuccessful in previous seriation tasks

because they had not understood the’directions. One pupil_m,this group had correctly answered three items on )

the-SMSG test, For tbis child, the conditjons of the testmg situation may have been the major factor

inﬂuéncing his previous responses. ,

- i »

For the pupils who *had not*’successfully Comipleted the above tasks, the mterviewer ordered the buttons g

from largest to-smallest, gave the child the set: 5( circles, ‘mmd said, ““Order the circles like I have ordered the
buttpns.” Two pupils correctly performed the task in response to this model, Further, given the directions
“Put these in order,” they were then able to order correqtly the objects in,at least four of-the six sets, One
child did not’ correctly order ‘the rectangles and straws; the extremes were correct, but two of the mlddle
objects were interchanged. A possible reason for these errors is that the child placed the objects end to-end,
thus making it more difficult to detect differenges in le . Although these two pupils were eventually

. successful in performing serlation tasks, the explanation f their inability to do the prior seriation tasks is not
. clear It could be that these children needed the’reinforcement of several- models before they gained sufficient

confidence to respond, or that the seriatmn test itself could in fact have been- a leamingesituation. for them.

. For the two pulpils who, were not successful on any of the above tasks, the follow-up intemew continued |
with the interviewer .Srdering the straws and asKing the pupil to place the rectangles on the” table ina like L

12seepp1415 ‘ B L

e straws,” Six of the'remaining ten pupils were successful in this fask. To these, -
- ehildren, the interviewer gave each remaining set of ob]ects {buttons, circles, straws, rectangies and triangles),



— . .

manner. Neither of the pupils performed this task successfully. In the basic plan for the follow-up study, the
" interview was to be terminated at this point. However, during the follow-up session, one child commented that
* the longest rectangle was_the “daddy” and the shortest rectangle was the “baby.” Following up this lead, the *
interviewer asked the child to think of the rectangles as members of a family and to place them i in order. The & . e F
. child did so and explained why the arrangement was correct, Further, this pupil was able to trder cerrectly the -
objects in each of the other sets when instructed to think of the objects as a family. This fechnique was also
“used in testing “the other child with the saine resuits, Thus, these two chxtdren apparently did in fact possess. -
the essenhal seridtion concepts and skills in the context of a concrete situation. ) " .
Fromythe results of this follow~up study, one can conclude that the data from the original SMSG test did
not give a totally valid, assessment of these twelve children’s undelstandmgs of seriation concepts. Rather, it
,appears that the testmg situation and/or the test directions were the root causes for the pupils’ poor perfor-
mances, Teachers should be reluctant to accept-a child’s poowBerformance ona typical seriation test as a valid

-

indication that the child does not possess the basic seriation concepts and skills. Rather, in these situations, the P
teacher should vary the mode of presenting the tasks to determine whether some external factor, such as, T e .
y vocabulary, 5 obscunng the child’s real abilities. R , . z '
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/ A. Scale and Tes.t Administration Directions for First Grade Test,iné coals ~'J RENE. 1)
y ) i > IS e
. B. - Scale and Test Admifistration Directions for Second‘Grade Testing e $ .50
T C. Dgscription of Hollingshead Socloeconomlc Index-—NLSMA Reports, No. 9,
Non-TestData ..............:...... P et i e Veeeaan $ .50
D. School Profile Questionnaire and Class Profile Questionnaire O B $ .25
. E,~s Master Record Forms ............ P .‘ ...... . e e v e e . $ .25
3 . s - ) ) 4
F.  Pupil Score Sheet—Report on Preliminary Testing Program ,........ eeeeaie.. 820
G. Spmmaries of First and Second Grade Data by Individual Schoofs .. ............ $ .50
: A T $3.00
) ” .
. ., 'I‘o obtain any or all of the above materials please write to
\ N . . Pro;ect for the Mathematzcal . . ¢ _ ’
. . . . . Development of Children ,
. ¢ . " 716 Johnston Building i .
V- . Florzda State University
N > ’ Tallahassee Florida 32306 .
Plegse refer to letter designations when requesting materials, and enclose a
. s -, = check for the appropriate amount made payable to Florida State University.
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