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PREFACE

Ed Begle recently remarked that curricular efforts during the 1960's taught us a great deal about how to
teach better mathematics, but very little about how to teach matheniatics,better. The mathematician will,

quite likely, agree wits hoth 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
fruits of the mathematics curriculuni"revolution" were not sweet. Many judge them to be bitter.

While some viewed the curricular chariges of the 1960's to he "revolutionary," others.disagreed. T homas C.
OZ.Brien of Southern Illinois University at Edwardsville recently wrote, "We have not made any fundafnental
change in school mathematics,71 He cites Allendoerfer Who suggested that a curriculum which heeds the ways
i which young children learn mathematics is needed. Such a curriculum would be based on the understanding

schildren's thinking and learning. It" is one thing, however, to recognize that a coneektual model for
athematics,curriculum is sound and' necessary and to ask that the child's thinking and learning processes be

'heeded; it is quite ,another to' ranslate these ideas into a curriculum which can be used effectively by thee
ordinary elementary school teacher working in the ordinary elementary school classroom .

.
, -* . .

sad& Moreover, to, propose that 'c'hildren's thinking processes should serve as a basis for cufriculum development
«s to presuppose that curriculum makers agree on'what these processes are. Such is not the case, but even if it

were, curriculum makers do not agree on the implications whiCh the-understanding of these thinking processes
would'haye for curriculum developm44. . . ; 4 r-'

. -

In the real world of today'dgemeptary school claisroom, where hot 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 mathematics curricu
luin, children's- mathematical thinking' must be tudied intensively in their usual school habitat. Given an
opportunity to think freely., children clearly display certain patterns o hbught, as,they deal with ordinary
,`Mathematical situations encountered fishy in their classroom. A videotap record of the outward manifesto.
tions of a child's thildng, uninfluenced by any teaching on the part of terviewer, proo7ides a rich source.. -
for conjectures as to what this thinking is, what Mental structures the child has developed,,and host the child
use's these structures wijep dealing with the ordinary concepts.of arithmetic. In addition, an intensive anallsis

, of this videotape geqerates some conjectured as to the possijAesources of what adUlts,view as children's
"misconceptions"'and about how the school environment (the teacher and the, materials) "fights" the child's
natural thoughtyrocess'ea. v . .

. 4. ,' , : . . > .
./.. The Project for the Mathematical Development of Children (PMDC)2 set out to create a more extensive and

reliable basis on whicif to build mathematics curriculum. Accordingly, the emphasis in the first phase is to try
to understand the' children's intellectual pursuits, specifically th'ehsattempts to acmitre. some basic mathemati-.

) ' cal skills and concepts. .
' ''c... . ' ...

. - . . .
The PMpC, in ita,initial phase, work, with children in grades 1 and 2. These grades, sew to comprise tie

crucial years for the development of bases for the future learning of mathematics, since. key itiathem
concepts begin to form at these grade leveli. The children's mathematical development is studied bybmeafis of: .

. .
j.. One-to-one videotaped interviews subsequently' analyzed by various individuals.

. .
1 . -. ,. -- - .

. .....

2. Teaching experiments in which- specifiC variables are observed in a group teaching setting with five to
.

fourteen children.' . - * .
--,,

a
.C.

3. Intensive observatiOns of childrenbintheir regular classroom setting. *

Studies designed-to investigate intensively the effect'of a particular variable or medium on communicat- '
ing matheinatics to young children.;. .

.
.

1"Why TetcliMathematicsi" The Elementary School Journal 73 (Feb. 1973), 258-68.

. .

2PMDC is supported by the National Scigce Foundation:, Grant No. PES 74-18106-A03:

yii
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5.__Forrpal testing, both group and one-to-one, designed to provide further insights intbioung
mathematical knowledge. .

' .,
The PMDC'staff and the Advisory Bpard wish tb report the Project's activities and findings toAl who are

.

interested in mathematical education. One means for acbomplishing this. is the PMDC ptOicationprogram.
. . .. .

This publication is intended to share with the readerthe. information obtained frdm the Fall 1974 Testing
Program, including a summary_ of the data collected during the programanalyses and/or interpretations of
selected facts, and the results of selected investigative studies conduct( as follow-ups to the Fail Testing
Program. We hope the reader will find this publication to be a rich source of idesi, about the mathematical
status of first and second grade 9ildren. , . 9 ..90/ 2 <`t

I . . I---

hose 'wishing to consult the noncommelciat testing andresourceriaterielsiused by PMDc in iallieting the
,

data presented hereih are directed to the SMSG Elementary Mathematics PrOject.Technical Reports Nos. 2 trod
,0,9 3, StlinfOrd University, 1971. For a- description of the Hollingsfiead Socioeconomic Index*;refer to Nj.ISMA .
. Reports, No. 9, Non-Test 'Data, 1968. Resource materials, data collections f4irms, Ind reports developed by

; PMDC and referred to in this publication include directions for 'administering the SMSG Scales, Grades 1 and
2, the "Report-On Preliminary Testing Program," Master Record forifis for demographic data, the School and
Class Profile Questionnaiiesoand Siunmaries of First and Second Grade Data ITy..Individut4 Schools. Any wall
matcriali are obtainab1 by writing PMDC; please use bibliography. , .." - ... . ' . :

\ . . -
. ,

Mans, individuals contributed to the activities of PMDC. Its Advisory Board members are: 'Edward Begle,
' Edgar Edwards Wa)ter Dick, Renee Henry, John LeBlanc, Gerald Rising, Charles Salodic, Stephen Willdughby

and Lauren odby. The principal investigators are: Merlyn Behr, Tom Denmark, Stanley Edwanlk Janice
Flake, Larry Hatfield, William McKillii), Eugene D. Nichols, Leonard Pikaart,1411e Steffe, ancIthe Evaluator,
Ray:carry. A special recognition for this publicatiOn is given to,,the PMDC, Publications Cominittee, consisting..
of Mer1311 Behr: (Chairinan), Thomas Cooney and 7,ism Denmark. Thanks are due to graduate, students who

. participated .in the administration of. thetests: Bal Anderson, Pat Campbell, Cynthia Clarke, Marty Cohen,
Marsha Fleming, Max Gerling, Fran f):Tan, Myrtle Manning, Curtii%pikes and Hal Willis.Thanks are also due
to the Project administrative istant, Janelle Hardy, for coordinating the technical aspects of the preparation
of this retort, to Lucy Kaloge for editing the manuscript, and to-Joe Schmedeqor the typing.. .---.
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- . 1. METHODS, RATIONA-LE., AND TESTS

.

-t

, . , . .
,

During the summer of 1974, the PMDC Advisory' Board and the PMDC Planning Committee were
establishing (a). specific objectives for PMDC, (b) operational procedures, and (c) proposals for research
studies. One outgrowth 'of these activities was a deCtsion to obtain a core of descriptive information on all
pupils who might participate in PMDC research studies. I3oth the Advisory card and the Planning COmmittee '.
felt that such data would contribute to the general.PMDC objectives end would .support the work of the
individual piincipal investigators. pecficall3l, the rationale fortollectiogsikit base-line data was threefold: '.

b
4 .

p ,

1. To prowde each principal investigator with Pertinent informa tion for selecting subjects to participate
lit -EM investigative study. ..

,

.
.°-

'2. To provide each principal inxestigatOr with data 'to construct individual andfor class profiles, both of
which might in necessary components of his research report. r

, . .. . '3. To provides the prinlipaltnvestigator and other stirs of the research. reports with a basis fo5 r making
° meaningful interpretations df the research findings. .,c s .

- ..
The data to meet the above needs were obtained from a battery of tests. administeredduring the first six weeks. of the 1974-75 school- year and from information available in school files. After processing, the appropriate \\

st /

rav,c,data were transmitted to the principal investigator's for their immediate us. v

4
t.

DESCRIPTION OF BASE-UNE DATA
. i .

The specific facts.which comprise the core of descriptive data may be classified in one of four general
categories: genetal intelligence, cognitive concepts and skills, socioeconomic status, and school envirmaent.
The composite' information from these four categories provides an adequate, 'although perhaps minimal,

. background for assessing the validity and/or usefulness of the observations and conclusion's reported in the
. . _various research studies. Specifically,:the components of the baseline data core were selected:to furnish the

following types of infontfation: ' e
0

4
.

1. General intelligence: A measure of each child's mentaladap.tability-provides an indication of the pupil's ''

II, academic potential. This information serves as a basis for comparing' the results of an investigaticin against.
predicted outcomes. .. /N

2. Cognitive concepts and skills: Measures of each child's acqUisition of facts and attainment of concepts
as well as problem-solving behaviors Indicate the child's prior success in learning schoolrelated concepts and
skills. Such information offers a Canis for making comparative assessments of the pupil's achievement (past
and future) in academic areas and identifies; for diagndstic purpoei, areas of deficiency, In order to obtain a ,
wire complete picture of the pupirs..eognitive development, reading and/or matheinitical concepts andskills
were assessed. Fo"r beginning first graders, data'rela4ed to cognitive development reflect the child's readiness, .

o for first grade instruction. For beginning second graders, such data reflect to some degree the pupil's academic
. achievement during the precedingschool year.

. . 4
1 4

. 0

P 4 4.
3. Socioeconomic. status.: An index of the- pupil's socioeconemic environment provides a measure of

non-academic factors and variables which putrinfluen4 a child's,ahidemic success:' ,

. . ..
. -71

...
'4. School environment Factual information related to the school 'organizational structures, to the

curriculum:, to the ins ru onal strategies employed by. the regular, classroom teach-Ns, and to the communityQ
served by the school prow e a description of the educational setting in which the research studies wereN :conducted. . .

SELECTION OF ASSE;SSMENTINSTRUMENTS . .
. -

, Once, a decision had beenreaChea on the general classifications of data to be collected,.tnembers of the
PMDC staff considered several alternative procedures for gathering the data The PlanningCOrtunittee decided

_____

to use, wherever pc4sible; existing evaluation instruments. This decision was primarily based on two .
- ..

,, .r sr
,

14 . _
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. .
considerations.' First, an established base was needed to compare the data collected forAhe PJvIDC 1974 Fall

Testing Program; Second, the development of evaluation instruments and procedures had not been identified

as a major thenie for PMDC during the first year of operation. The various instruments utilized in thee 1974 Fall
Testing Program are identified in the following sectionsinclblled in the discussions are a brief descripti of

each instrument and the rationge for its selection:
.

1. The Stanford-Binet Intelligence Scale,. Form 1,..M.fshort version/P196 0 evisio as used to obtiin

. 'Measure ,of general intelligence'. at both the first and second ort version contains foul'
subtests. For qample, the Year VP Scale included the, fol mg subtes vochulary, -differences, number

concepts, and composite analogiOs, For year- VII, the subtests were i clarifies, copying, comprehension, and
repeating-, digits. The Stanford-Binet scale is individually ad steed. It was selected because it provides a

reliable and valid measure of a child's mentaladaptabiliti an the derived IQs are com arahleat all age levels.,.
2. The Metropolitan Readiness Tests, For 1969 was administered to the first grade pupils to obtain p

measure of the defelopment of certa skills and abilities: word meaning,/ listening, matching, alphabet,
numbers, add copying. Each subte rs individually timed, with tests 1, 2, 4/, and 5 timeditem-byitem. The
Metropolitan Readiness Tests group administered and require the pupils to follow directions and handle a'

paper and ptncil test.

( . .

This test Was s cted in preference to other comparable tests because a) thid test was a red as part of

the School ematics Study Group (SMSG) Elementary Mathema cs Project (ELMA , t,hus providing-the

, potential ri making comparison of the PMDC data and the ELMA data; and, (brbver 50% of the schools

parti ating in the.PMDC program administer this test as part of their regular testing program.
/fr

3. The Metrop olitan Achievement Test, Primary I, Form Fy 1970, was'administered to the second grade

pupils to obtain a measure of Wow much the phpils had learned in important content and skill areas Of the first
grade school curriculum. Consisting of four subtests (word knowledge, word analysis, reading, and math'
concepts), this test. is group administered and timed on.each snbtest, and was included hi 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 regular testing program in

over 50% of the participating PMDC schools.

4'r The SMSG klemAtary Mathematics Project test attery was administered at the first and second grade

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

a given setpicture cards; Scale 205, equivalent sets ots; Scale 206, ordering geometric shapes; and Seale
211, classifying. These scales are 'administered. one- -one, but are not timed. The directions for administering
these scales and the test items are cited lathe biblio phy (Item A).

At the setond grade. level, She composite test Included five subtestst Scale 401, number comparison and
order; Scale 402, place value; Scale 40S, compre ension; Scale .404, applications; and Scale 405Pcomputation
addition. These scales are administered to grow of 6-8 pupils, and are not timed. Oral directions are given for
each item on the, first four scales. The pupils work independently on the fiftli,subtest. The procedures for
pdminIstering these stales and the test items cited in the bibliography (gem B).

These $MSG scales were included in the MDC test battery because (a) the concepts and skills evaluated on

, these tests viert import,int to the work of t e various PMDC principal investigators, and (b) the existence of the

SMSG data on these 'scales provided the otential for making comparisons with the .data collected from the

PMDC Testing Program. , ,. '''
los ., - ,i, / ,

, . ,

1- 5. The".Hollingshead Socioeconomic Index (SED"was selected to obtain aneasure of each pupil's social class.
The Hbllingshd scale is a two-factor incle2t utilizing information about parental occupation and education, and

was selected because the pertinent infOrmation was readily available in existing school -recordS. Also, formulae
were available for estinfatifg the SEI4 if information about onbr one of the factors Was available in the school

records (see bibliography, Item C). /

...ici
..- /.

6. Queitionnaires prepired by /tie PMDC staff obtained data pertaining to the school and tlass environ-
ments. Information comprising tie school profile iricluded total school size, gradelevels, the Orga nizatio

classes at each grade level, a detcription of 'the community served by the school, special services available to

teachers in the school, and the source of monetary' support. For each class from which pupils were to

a 1.



participate in a PMDC investigative study, descriptive facts obtained were clLs,size, method of assigning pupils
to the class, textbook(s), themode of instructjoh typically utilized by the regular classroom teachers, the use
of materials- to supplement the instructions prodded in the textbook(s), and the availability of additional
instructional assistance. The school profile and class profile questionnaires are cited_ in bibItOgraphy (Item D).

A -

PROCEDURES FOR COLLLjC:T1NCv AND REPORTING DATA

4 .

Since data for the 1974 PMDC Testing Progratin were obtained from seven schools at four geographical sites '.' by seven principaLin.vestigators, there was ,general concern from the 'outset that guidelines be establithed to . ,

ensure, to the greatest extent possible, uniforni methods of data collection and reporting. Thus, .detailed' zN
instructions were provided for the administration and the scoring of each test, each person involved in `thy,
testing program participated in an appropriate training program, and; special forms were provided for recording

..
'.. data.

.. . . ,,

Other major factors considered in the design of the testing program were the amount of time needed to
. administer the -entire battery of tests and the feasibility of obtaining certain data from school records or from ,

parents. In order to Minimize the additional deinhnds placed on pupils and teachers by the testing program, data
obtained previously fbj other purposes were utilized, For-example, if a'test included in the test bklery had been
previously administered as part of the .regular school testing program, the data from this earlier test were
collected for PMDC purposes,

The rights and privacy of the pupils were ensured by .assigning to each pupil an identification number for
the purposes of,recorit4ttg and reporting ata. Also, parental permission for a child to take certain PMDC tests
anti/or for gathering data from the pupil's manent record was secured. If a parent requested that the child
:not participate in the Testing Program, his request was honored. 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). Afile 141-schools on all data collected as part of the PMDC 1974 Fall
Testing Program is maintained at the Tallahassee site. The data in each school file is recorded on a master
record sheet providing comprehensive coverage of data pertaining to each pupil (see bibliography Item ,F4.

Details on the'administration of the 1974 PMDC TestingProgram follow:

Stanford-Binet Intelligence Scale. At three Of the four PMDC sites, this test was admidstered by aced
graduate students majoring in psychology, each of whom was certified as being qualified to administer the
Stanford-Binet Intelligence Scale. At the fourth site, the PMDC Staff received appropnate training to become
qualified to give this test -'In two schools, an IQ measure was obtained On each pupil in a participating class. In
the Other schools, to obtain such a comprehensive coverage o'f IQ data was not possible incause the size at the
sample, population made the cost of administering the IQ instrument prohibitiye, some parents fefused to grant
permission for the test to be given to their child, and some principals were reluctant to agree to a large-scale IQ
testing program in their schools. However, in situations where IQ measures could not be secured on entire
Classes, the Stpford2Binet 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-Binet, thisIlhase of the testing
program was not completed until February 1975.

I
Metropolitan Tests. The Metropolitan tests, Readiness for g rade one

A
and Primary I for grade two, Were

administe4 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 menial. No special training for
administering these tests was given. Ip 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 Achievement Tests,
Primary I, Form H, had been previously gi,ven as part of the regular first grade end-of-yeah1973-74-) testing
battery. Thereforethe Primary I, FOrm F, test was not given to these second gradestudents in September 1974,
Data obtained from the Metropolitan Primary I tests administered in thisschool were not included in the
statistical analyse given in this report. The administration of this component of thetest battery was completed
by mid - October 4974. . 1

SMSG Elementary Mathematics Project First Grade Scales. Materials for these tests were reprochiced with ,

permission of the SMSG Director. These scales were administered b.), PMDC principal investigators and graduate 7

0

e
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students according.to the instructions prov ided in the SMSG materials; each tester also received special training
._on administering these scales.. At thejallahassee site, the project staff had an opportunity to practice giving the
' SMSG scales in 'a non:partidpating school during the last part of August 1974. Videotapes were mtde 'of this
trial testing experience and were used, along with, other observational notes, to assist each staff member in
analyzing his/her testing behavior. A report on this pilot tes program was distributed to principal investiga-
-tors-at each of the other sites.

The, SMSG first grade tests were administered in two schools in Tallahassee during the rust two weeks of ''
Septebiber 1974. .FL'pliroxiinately one-half of the sessions were, videotaped for latef analyses. Excerpts ft ).
these Ives, highlighting significant pupil anti/of tester behaviors, were used to make a composite tape oT the ,
administration of the SMSG First Grade Scales. Thg tape was distributed to principal investigators at each of
the other sites. i

... to

. . , .
.

The composite videotape, the report on the preliminary k.ating prograrn,..and the SMSG. instructions were
used by principallnyestigators at the other three sites to design a training program for PMDC staff jembers who
would assist in the adniinistratiOn of the SMSG first grade ,tests. The administration orthe 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 ,mertibers to work in that school postponed administration of
this test until mid-Ogiober 1974. 0 ,

ore

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 question were noted by each tester.
Instructions for coding these pupil behaviors are given on the Pupil Score Sheit cited in bibliography (Item F).

1' . .

$MSG .Elementary Mathematics Project - Second Grade Scales. Materials for these tests were reproduced
with' permission of the Director of SMSG, and we administered by PMDC staff members at each of the four
sites, foliating instructions provided in the SMS0 materials. Procedures for training personnel and for scoring
this test were similar to those employed_ for the SMSG first grade tests. However, a videotape for training
purposes was not Rrepared nor were pupils" behaviors recorded, since the second grade tests was group adminis-
tered. The second grade SMSG-teit had been given to all pupils by mid-October 1974.

,
'Socioeconomic Index. The collection of data necessary for the computation of SEIs was the responsibility of,

each -principalinvestigator. Procedores'for gathering this information were available in materials reprintid, with
permission, for NLSMA Reports, No. 9, Ndn-Test Data (bibliography, Ite'm C). The required information was
generally available in school records. However, in one school permission to use this- information was gtanted
only for the pupils involved in the PMDC study, not for every child who participated in the PMDC Testing
Program. Another school did not 'grant permission for the collection of the necessary information. The data
collected for computing SEIs were recorded on forms provided to each principal investigator. These forms were
forwarded to the Tallahassee site 'where the SEIs wire computed, and each principal investigator was apprised
'of the SEIs computed,fdr the pupils in his sample.

.

H. DESCRIPTION OF SCHOOLS
. ,

The battery of PMDC tests was administered in schools.at four sites: Tallahassee, Florida;'?ithens, Georgia;
Austin, Texas; and Athens, Ohio. A total .of seven schools participated in the testing program (three in Athens,
Georgia; two in Tallahassee, and one at each of the other two sites), providing a variety of educational and.
community environments. Pertinent descriptive data on these- schools follow, witheach school' assigned a
number from 1 through 7. . .

Six of the seven schools'were primarily elemen tary schools. Four of these schools served pupils in grades K'
through 5; two other schools, 1 through 5. The seventh was a comprehensive school encompasSing-grades
through 12: The-enrollments ranged from 274 to 887 pupils, The school with.887 pupils included grades K
through 12, with approximately 300 pupils in grades K through 5. Six of the seven schools were part of a local
Public schobi system, The seventh is best classified as a university developmental research school. A summary
of the-data related to school size grade levels and support is-providd in Table 1.4
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Table 1. .

Enrollment, Grade Levels and Suppoit by Schools

School

` 1

(t.nrol hvent . rade ti,,I,P.rt'Level, .-
7 . .

400

2 887

3 5no

4 274

K-I? Iniv

K-5 J PUMIL

.K-5 ihtbi It

341:t . /tint 1,-.

a 6 )81 f
110' 1- 5

r,161 tc

Ark
7 418 1 -5 Pub11,

2

.-' ,

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 pf the corlimunity. The seventh school serves a small city and, its

...

ro
,

surunding rural area. In all seven schools, the Mtpil pOpulation was,diverse with 'respect to familiar omer
that is, the pupils attending each school were drawn fnim neighborlioods,with a range of soctoeco ia.ssi

fications. For reasons previously stated, it was impossible to obtain data necessary for the derivation of a
socioeconomic index (SEI) for each pupil participating in the Fall Testing Program. Table 2 'contains a

-. asumm of the data. ., r. summary

-- lTable

Summary of Available SoFioeconomic (SEI) Data by Ssfinols

,Schoo
Number Of

Observations
Lowest

SEI

Highest
SEI

u

Median
SEI

4

'2

3

5

6
.

7

Tb;a1

48

48

0

. 65

33

74
.

17

285

.

750

580

724

724

629
.

724

750

145

145

152

200

200

200

445

.

.

400

,.252

-
-

. 296

469

.

400

560

...

"360

e .

.

,
The data in Table 2 were obtained fo'r pupils in grades 1 and 2'. (NOTE: The socioeconomic status rani9ng and
the measure of the socioeconomic standing de inversely proportional. That is, the lower sEr measuTes denote
the hig ter socioeconomic classifications; the larger nugrbers refirt a lower socioeconomic status.) .

.

Four schools organized their first and second grades into self- contained classrooms while three other
schools stmctured classes along pod or open:concept lineLln five' of the -schools, the services of a reading
resource teacher were available. Three schools hadsthe service of a mathematics resource teacher, provided by.
Emergency .Sehool Assistance Act' (ESAA) funds. Title I assistance was available to pupils M three schools.
Most of the schools also had a variety of special resource services in such areakas Educable-Mehtally Retarded
(EMR), speech, art, Music, physical education, learning disabilities, and gifted studies. 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
report. Similar information on the second grade follows in the 'fourth chapter. Data reports bytindividual

°schools are cited in bibliography (Item 0).

III. FIRST GRADE TESTING/PROGRAM
,

- ENROLLMENT BREAKDOWNS. .

Pupils participating in the 1974 Fall Fiist2Orade Testing ,Program were selected from h total of 13
mathematics sections in the various schools; table 31ndicatesTthe number o.csections in each school, as well as
the nuijiber of pupils per section.

°

Table 3

'Math Sections and Enrollments bey, Schools (Grade One) .

t .
Scheel Number of

Secp1orib' ,

1

..1 . , 1

er

2 .: i

0 1:

4 .2

. 5 1"

' 6 3 ',I

4

4 SeCt Con

a b c

ti29

23

30

20

41

23

12

.
.

_t

18

24

17

. .9.

-

12

11

:*

t9

\

.

.

The combined first grade population (all-seven schools) for the 1974 Fall Testing Program consisted of 279 .1
pupilq. The sex distribution by schools is given in 'fable 4.

6

*Tailde 4
. ,

- Sex bis'iribution lay' Schools (Grade One)

.

'School Boy.;

1 : 18

2 12

3 .16
I

4 24

5 - 23

6 . 31

30
1

Total 154

Percentages 55.22

Al

lo

4

Girls

. °

11

11

6-aa.
18

28

125 .1

44.82

I "

°

A
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A4e Distributions. In September 19.74, when the battery of tests was administered, the mean age of the

pupils was 6 years 4 months (76 months) with a-stindard. deviationof 4.6 months. The itges"rariged from 5

years 9 months (69 months) to 7 years'? months (91 months). The median age wits 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 tn 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,

a was also 6 years 4 months. 1

. ,

. <

Number

Of

Students

41

62

35

6971 72-74 75 -77 78-80 81-83 84-86 87-89 90-92.

" Figure" 1

Distribution of Students by Ages in Months (Giade One)

Class Descriptions. .All but one of the schools assigned pdpils heterogeneously to-math sect ions. The one

school which grouped pupil; homogeneously did so on the basis of. achievement sand regiEtuped the pupils
, every 2 or 3 weeks. This school followed an open' concept strutture. The modes of instruction were fairly

consistent, with 12 of the 13 sections teaching mathematics primarily in small groups. In only, one section did
the teacher 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 ift one section there- was no principal
textbook; rather, the students worked, in one of several textbooks, according to the assignnient made by the-
teacher.- Various supplementary.materialit were also available in each classroom. Table 5 summarizes the type
of sUpalementary materials available in each, classroom. The data collected on the availabil of supplemen-

t tary materials suggest that manipulative aids, workbooks, and'_various games -Were- generally available.
,Commercial diagnostic tests and 'cassette tapes, however, were available in °lily' a few: schools. The :data
eollectO on the use supplementary materials indicated that such materialswerp frequently used in 8 of the
13 sectiavikonly two sections was the use of supplementary Materials described as infrequent.

.
In 10 of the 13 sections, the regular classroom ,teacher received assistance in implementing the instOctional

program. Eight sections had the services of university studenti, five of the sections Were assigned teacher aides

or pars - professionals, and three sections had assistance of either older pupils or parent volunteers.
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Table 5

Supplementary Materials Available in Classrooms (Grade One)

.4 )

. y

.4 f

°Schou/. Section Workbooks, Manipulative
Rids

Diagnostic Cams
rests

Films/

Cassette Tapes

', ,t

.

2

3

4

4

5

6.

6

6

7

7

7

.7

)

a

a

a

a
b

r

a

r a.

b

c -

a

. 15

c

d ire0

.
4

x

X

X 1

X

x---'

..,

X

X

...

, ,

-'t.'.

...

X

X

I
a,

X

X

X

X.

, X

X

.

N a

.

.
__.

X

X'

At

s s

X

X,

X

X

X,

X

x

f

k

.

X

X

X

x

x
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EStl LTS FROM TfiEFIR,ST GRADE TEST BATTERY'

'The Stanford-Binet Intelligelice Scale was administered to 135 pupils in the combined population. For
reasons disbussed previously, IQ measures could not be obtained on pupils in the sample population. The
mean. IQ for the selected 'sample was 112.8, with a standard deviation of 17.3. ihe IQ measures ranged from
76 to 158; the median IQ was 113.6. The distribution of the IQ data is shown in Figure 2.

I a

Number

agii(; Of

Students.

10

12

20

30

29

1 y

'75-,84 85-94' 95-104 106-114 115.124 125-134

6

3
2

A a

135-144 145-154 155-164

't Figure 2

Distribution of IQ Measures (Grade One)

a
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This distribution of IQ measures suggests that the average mental ability of the selected subpopulation is
4, . slightly higher than the sample Used to establish the Stanford-Binet Norms (1960). .. ". _

. .
One indication of each child's readiness for first grade instruction was obtained (torn the pupil's perfor-

mance or the Metropolitan Readiness Test, which was administered.to 267 pupils. Ten pupils did not take the
test either because they enrolled in the clasg after the test had been given or were absent for an extended
period of time. The distribution of percentile rankings for, those pupils who took the Metropolitan Test is
shown in Figure 3. .

. , .

Niimber

Of
e,

Students [75
1 35 .

16 16

1-10 1-20

10
12 13I

10

20

92

V
21, -30 31 -40 41-50 51-60 61-70 71-80 81-90 91-99

Figure 3

Distribution of Metropolitan Readiness Percentile-Rankings (Grade One)

The mean percentile ranking on the Metropolitan Readiness Test was 69.5. The measures ranged from a low
of 1 to a high o99; the median dleeture was 80.6. This high median measure suggests that, on the average, the
pupils in the composite population ?Jere better prepared for first grade work than the pupil population used to
establish norms for the Metropolitan Readiness Test.

Counting Picture Sets. Pdpils in the composite population were also administered four mathematics achieve-
ment tests developed (for the SMSG Elementary Mathematics Project (see bibliography,. Item ,A). On the first
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 7.8. The distribution of correct
scores is shownih Figure 4.

69

.0

Ainber rrt

of

Student}

7

NS

SMSG Countifig ScaleRap Scores (Grade One) 9'
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.The picture car used in the administration of this scale are reprOtuced below3. A summary of the data
which reflect pupils' performances on a given, item is recorded to the left of the appropriate card. Includtd
the data simurtaiy. are .(a) the number of correct/indorrect responses, and (b) the strategiesused by the pupils
in determining the number of each set. A discussion 'of the problem-solving strategies used by the pupils in
responding to/the counting scale is found on pages 1,6-18.

. C: 259
1:

VC: 123/6
SP: 39/0
RP: 2/2.!

A: 89/7
NI:, 6/2

VC - Visual Counting
SP - Systematic-Pointing
RP - Radom Pointing
A - Automatic
NI 4. No Information

C: 247
I: 30 .
0: 2

VC: 152/10
SP: 49/1
RP: 2/5,
.A: 41/10
NI: 3/4

Iteni 6

Item 8

rats

3Reproduced with permissiorrof the director of, SMSG but without the endorsement of the School ,

10 MithematicsStudy-Gioup. ,.,, .. _.

)
7 4.

C: 196
I: 81
(1: 2

VC: 138/40
SP: 44/5
RP: 3/14
A: 10/14
NI: 1/8

C:=-_207
I:-, 57
0: /c5

VC: 134/31
SP: 61/1
RP: 4/10
A: 5/10
Ni: 3/5

I

Item 7

Item 9



C: 225.
I: 29
0: 25

ye: 140/17
SP.' 63/i
'RP: .176
A: 20/4
NI: 1/1-1

,
VC - Visual Counting
SP - Systematic Pointing,
RP Random Minting
A , Automatic.
NI - No Information

C: 185
I: 49
0: -16

VC: 120/34
SP: 60/0

lo RP: 0/10
A: 4/3
NI: 1/1 .

C: 134
I: 70

. 0: 75

VC: 80/42
SP: '50/3
RP: 3/19
A: 071
NI:

o
1/5

1

Item 10 ,

t: 206
I: 37
0: 36

"-VC:, 135/27
P: 69/2

4/4
A: 2/2

*NI: 2/2,

C: 155
I: 61
O.: 50

VC: 99/43
SP: 55/2
R13, 2/A
A: 1/3

AIAN ; NI: ,1/0

lig .

Item 12
1.

Item 111

C: 85
I: 101
0: . 93

VC: 50/5%
, SP: 30/5

RP: 3/37
A: 1/1
NI: 1/3

Item 11

Item 13

item 15

C

%/V



6

.

The first three ite 6, 7, and 8) and the fifth item (10) on the test involved sets with six or ;fewer
ktalphers; only in item 7.1,iere set members not arranged in an orderly pattern. The sets used iditemi9,411, 12,

d 12,,contained 7; 8 o
untabie_ralbsets; The sets

t p.iiembera of the sets We
pupil 'did not give an answe
pupil gave three ,ennsecutive
marked increase in -the num

.meMbers in each set Is' reflec
Pupil Score Shket.,(bibliography, tem A).

I
,

9 members, but only in item 12 were the elements of the sets grduped in easily
in item..14 and 15 contained 12 and 15.membbrs, respectively, and inLthese items

not arranged in an orderly pattern. A response was recorded asp !'dmit" if the
. In accordance with the SMSG instructions; the test was terminated after the
incorrect responses. Ali administrative constraint accounts largely 'for the
er of omits after item 8. The pupils' success in determining the number of
d in Table 6. The item numbers refer to the numbeting scheme used on the

Table '6

SMSG counting Scale Responses by Items

4

Itese
Number

Number of Members
in the set

Number of Responses

-.

Correc,t Incirrect Omit

'

-6

8

9

10

11

12

13

14

15

.I

.

5

7

5

8

9

12

15

st

4

259

196

247

207

?25,

2;5E

185

158

134

85

'Is

N

81

30

57

2'9

.37

48.

61

101 ,,

J.

3

L5

-25

N6

46

60

03

\+:

. The aatrirlin Table 6 suggest that 80% of the pupils could successfully determine the number of picture sets

' with five or levier members and that about 507o-of & pupils were proficient in counting picture sets with up
to 12 meml?ers, regardless of the arrangement of,thelpictures oh the card.'

o' ta ..

,Equivalent Sets. The results, on the seeVrid test, equivalent sets.; show that 75;9% of the students corre
answered at ;least five of the six items. Thee me/an number correct was 4.8; with a standard de4iation 1..6.

o .
The median numbe5 correct was 5.3. Figure 5 depicts the distribution of correct scores on this test-,---,

, .

41..1.

SMSG Eq

hM

r

Figure 5

t Sets Scale Raw Scores (Grade One)

18,
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dpt cards usea in this scale follow:4

C: 225
I: 52
67.4

1 - 1 P:1 1 /14
1.- 1-NP: 1/

,,VP: 38/
CNP: 59/7
NI: 2/22 \

C: 228
,I: 48
0: 3

- 1 P: 142/16
1 1 NP: 0/0
CP: 3.2/74
CNP: 54/13
NI: 0/12

C: 237
I: 20
0:22

1 -4 P: 145/11
1 . 1 NP: 140
CP: 37/5
CNP: 54/2
NI: '- 0;2

Item 16

1 P - 1 l*Pattern
1 - 1 NP = 1- 1 No Pattern
CP - Counting Pattern
CNP Counting No Pattern,
NI - No Information .

c

Item 18

.

C: 260
I: 17
0:2

1 - 1 P: 165/4. 1- 1 NP: 0/Q
; CP:

CNP: 55/3*-
NI: 1/10

C: 221-
I: -43
0: 15

1 - 1 P: ,121/27
1 - 1 NP: 1/0
CP: 40/4
CNP: 59/5
NI: 0/7

4/0

0.:173
73

0: 33

1 - 1 P: 97/47'
4 1 1 NP: 0/2

CP: . 32/8
CNP: 44/7
NI: 0/9 -

7

1

-1
I

item 17

I

Item 19 ,

Item 21

s
4Reproduced with permisiion of the directt r E,o SMSG `.but withit the enthirsement_ of the School

Mathematies Study Group. !

A 1
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A report on the data, item -bS -item, is given in Table 7.
, : 4,

s
'Tabje 7

.

SMSG EquiVilentSeis Scale Responses by Iteins' I.

Icon ' Number . . Number of Responses
Number0. ^ of -Dots CorrOc.t Incorrect Omit

-16/ 5 225 52 2

A
17 4 2.69 17, 2

14 .

10 8 228
'.

48 3

19 6 43 15

20
Av. 6.

,2h

237 20 22

21 . 9 i 173 73 733

a

SMSG instructions were to terminate the test after three consecutive incorrect responses. These
a dministrative guidelines largely account for the increase in the number of omissions after item "18.

About 90% of the pupils demonstrated on this test their ability to construct a set equivalent to a given set..
The first problem on. this scale, item 16, proved to be more difficult than later problems involving a greatr
number or 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 Smiler in size and placed in one

corner away frpm other dots, making it easy to overlook, and Q.,) the dots were not arranged in an easily
reproducible pattern. In contrast, although item 20 involved six dots, the doti were so arranged that the array
was easy. 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 difficult item
on the kale. This Hein was the last question on the scale and contained the largest number of dots; further-
.mare, the dots on the card were so arranged that for a pupil to overlook one of them was possible..

SeriationAle third SMSG scale was a test on seriation; i.e., ordering objects andgeo metric shapes. On 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 riutiizter correct was 5.7. Figure 6 shows the distribution of
scores on this test.

14

,

A

6

t

Figure 6 ".

SMSG Seriation
\
Scale Raw Scores (Grade One)
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Table 8 gives an itembyitem breakdown bn the pupils'responses on the seriation scale. The directions for
administering this test are cited in bibliography (Item A). , '. . 4,,

.., Tab le.8 .4
,co .

SMSG Seriatio'n Siale Responses by Items

I

Iterri
Nta?bet ot9ects Number of gespOnses

1

.

r

.. ,

. Correct IncoArset , Omit.

22

24

25

27
,4,

29'

31

4,

circlet

triangles

buttolis

blocks

° straws

rectangles

'
.

.
220

223

218 -

223

200

216 ,'

.,

.

155'

54

.60
- .

540.
, , r.'

76

59

:I.
-

2

1

2

3

4

4

I

..?
. ... . i

The 'pu'plls' perforniances on the six items were relatively consistent; approximatelj? 80% of the' nuPils
correctly ordered the objects. The.oature of the materiaistgeometrishapes or oPjects,,didnot seem to affect
a .pupil's _ability to complete successfully a seriation task. One 'possible exception, however, was item 29,'in .
which the pupils were expected to order a set of %trawi of varying,lengthi. Many pupils placed -the straws end
to end, rather than in plane! lines. This technique made it considerably more difficult to discriminate visually
between the different lengths. Thus, there were slightly fewer correct answers for item 29..

. . . ..

Most pupils'who failed to give a correct ordering did, however, produce a partial ordering. T?at is, while the
end objects were correctly arranged, the middle objects were riot. A possible explanitition for this response is.
'that the pupil did not fullj? understand the directions ana picked. out only the largest and smallest objects.
Havingithus identified the extremes, the pupil considered the task-to be completed: .'.

. ..
Classification. The last SMSG scale assessed pupils' abilities to classify objects and geometric shapes by size.

'-'The pupils peiformances on these tasks show that 90% were...successful onat least four of tI34 five Items. The
mean number correct Was.4.6, with a standard- deviation of .0.7. The Median, number correct was 4.8. Th4
distributionof,number correct is displayed in Figure 7. /. .--

,
ip

I I ...ituJent

"
czn E

, ) 4

Figure 7 )

.1

-.0

SMSG Classification Scale Raw ScOres (Grade One) ,.. '. : .

-- Data from pilpils' responses to the five item; on the classifica 'tion scale are reported iri Table 9. Thy
directions for conducting this sectickof tfie SMSG tests are cited in bibliography (Item A).
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Table 'is

-*MSG Classification Scale Itisponscs by kerns

Item
-

Objects.-"' 'timber .
e, !

Number of Responses
Correct Incorrect Omit .

/ , 23 circles , 262 ' - is; o

26 buttons 265 . l4' Q

28 blocks 229 50 0

30 stravis. 255' 24 0,

, 32 rectangles 246 13 0

4.

tn

4

.

''' N \ . 0.
The correct response was given by at least 90%,,of. the pupils on all items except item 28. Also, every child.'-,

attempted to anVer each question. Two explanations for the comparatively poor performances On item 28'a/re

. possible: (a) in thi two, previous questions,, the pupils had been asked tb identify the small'e'st object; some

/ .. children 'Might thereby have been conditioned to respond to the' smallest object and thus answered withovt

.. thinking; (b) sonie children did not consider "largest" to be a Synonymfor "4biggeit." Perhaps to them, "large ",
.

referred to something smaller than "big" or was.a synonym for "smallest." , '. a

,. ---- . , - . . ../.
, .,

e statistical data presented above provide an overview of the pupils' abilities to perform certain talcs.
They do not_provide any inforthation about the problemtolving procedures utilized by the pupils, r about'the
nature of the e--rs- made. Ilonger, such information is provided in the following analysts Of the data from

*

A /..-e . .the SMSG tests. 4,-` ''':-N

_ .-,1^- ,. . .
I.,

Problem-Solving. As a/Pupil's-response to each item on the SMSG Counting Picture Sets Scale was record d, ?

t
. the technique used by the pupil in determining' the numbers of members in the set las alio indica,

lindicated. e t'Clf,

various techniques were then grouped into four basic categories. Some pupils.pmployed a technique classified '5

. as visual counting. Students' using this inethpd exhibited obvious sigAs of a counting process. Other pupils
actually pointed to (touched) the pictures, either systematically of randomly. Thus,wo additiznal'eategories
of counting techniques were pointing systematically and pointing randomly. The rourih category includes.
automatic responses% That is, the pupil' gave a response without any evidence Of counting: Thee summary, of

data collected for this analysis is Oven in Table 10. The item numbers chrrespoocAto -the numbering scheme
Used-in the SMSG test (see bibliography, Rein A). In Tab 10, correct and incorrect responses are broken
down by the four response technique': categories; numbe indicate the, number of pupils using a particular
strategy to solve a given item. If a pupil attempted to nswer the item, but the tester failed to record the
strategy -employed by thespupil,.the pupil's response is included in the "No -Information" category. The '

. "omitted" classification includes those cases in which the pupil made/no' visible attempt,to answer 'the ques:
tion and those-instances in which the item was not given,to the pupil. In accordanee/with the SMSG directioits

for adminittering the counting.teSt, the' testing was terminated when the'pupil did, not correctly answer'thlee ,'

'consecutive Reins. "p ,
' * #

r ' 4.

An atialysii Of- these data reveals several interesting facts and trends. First,,Most Children use 'the yistialo t
counting strategy, While it is true that children using the visual counting technique gave most of .the 5orreet. .
answerii-it is equaltY,true that most errors on the more difficult items were made by childien utitig the visual
technique. It should also be noted that the incidence of correct visual counting tends to decreasfas the
problems become more difficult, whereas the number of cases involving correct systematic pointing 'remains
relatively constant. Very' fed' incoirect,answers are associated with systematic pointing. Apparently, the"visual

counting strategy becomes lest reliable as the items become niore'difficult.That is, as the number of menibers

min the item sets increased; the ratio of correct-toincorrect responses tended to 4ecrease:Studentswiing the
visual counting strategy-seemingly made an _excessive number of errors on items 7 and 9, considering 'the
apparent tack of difficulty of the tasks. Someterrors on ite 7 might be explai ed by the fact that one object
in the set, the flag, could be construed as two objects, e drawings on th r card ded batern 9 were not
arranged in an easy counting pattern; thus, the number of errors is consiste t with the pupils' responses on

: , ,

4 4
,,

5,
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similarly arranged items. 4.

"'Table 10

Counting Picture'Sets: Problem-Solving Techniques

Ittgs
Number

-Visual
Pointing.

Systematic 9. '
. Pointing

Random
-

Automat ic
Na

Infttrmat ion , Total 6

.

...

..

Right Wrong Right' Wrpng Right Wrong ' Right
.

Wrong
. ,

Right Wrong Right Wrong Omit

8 .

9

10

. 11

12

'13

14

15

123

118,

152

.140

435

120

99

80

50

6

40

10

17

27

. - 34

' 41

42

'55

39

.-

44.

:V49

' 61 .

63

63

60

55

50

30

,::,

5e

1

1

1

2

0

2

3

5

.

r .
-

0

.

3

2

4

1

4

0

2

3

3

2

14

5

10 ti
0

4

10

16

_19

37

v''I 89

4' 10

Al

' 5

20

2

4

1.

0

;

14

10

10 y

2

3

6

1

--3

3

1

'2

4. 1

1

1

.1

2

8

4

5

1

2

1

0

5

3

''

s

--,185

259

196

247

207,

225

206.

158.

134 ,

85

.
17

81

430

57 .

29

37

48

_61

70

WI

.
3

2
a

2

15-

25

36

46

60.

75

'93

. .
In terms of the correct-to-incorrect response ratio, the systematic pointing strategy was consistently a more

reliable technique for determining the number of a set. The fluctuations ip the correct/incorrect fatioe for
systematic pointing strategy are attributable in part to the small number of incorrect respOnses resulting from

SI the use of this technique. Vey few correct responses involved random pointing, considerably more incorrect
07 - responses were associated with random pointing, especially on the' more difficult tasks. These observations

indicate that the random-pointing strategy is not an effective means of determining the number of a set.

In addition, autoniaresponses were found to he infrequent, except for items 6 and 8. Children under-
standably could respond withodi counting on these items, since item 6 had only four members and item 6 bad'

* five Members arranged in a familiar pattern. ,
to, .

The problem-solving techniques utilized by the' pupils in responding to the tasks involving the oonstruction
of equivalent. sets were classified into four groups. Pupils responded by matching the buttons to the dots one-
to-one, and in the process reproduced thd dot pattern. In another'eategory, the pupil matched the buttons and
dots one-to-one, but did not reproduce the dot pattern. As a third strategy, the pupil counted the dots, then
counted the buttons', and then reproduced the dot pattern. The fourth category is 4imilar to the third, except
the dot pattern was not reproduced. Recording pupils' response's to a given item included indicating the
preblein-solving techniques used by each pupil. The data related to the problem-solving procedures utilized in
responding to the equivalent set items are given in Table 11.

`,;., The data obtained on the various strategies pupils use to solve tasks involving the construction of equivalent
sets indicate that considerably more polls used the matching strategy than the counting strategy. TIte data

' also suggest that pupils using the =Milling technique have a slightly greater change of giving an incorrect
response than those using the counting strategy. Among the pupils using the counting strategy, the ratio of
those not reproducing the pattezp to those reproducing the pattern was about three to two. The data,
presented in Table 11 also suggest that the pupils were relatively eon in their procedures, regardlest tit4-

.
the difficulty of the item, .

No attempt was made to classify the problem-solving strategies used by the pupils in answering the ques-
tions on.theseriation. and chissificatiOn scales. The seriation scale presented so many variables that a practical

() f)
)

0

17
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Table 11

Equivalent Sets: ProblemSolving Techniques o

O

4
Z I-1 matching 1-1 Matching - Counting I :jouncing . No

Item and Pattern ryr Pattern and Pattern no Pattern Information. Total

Number Right 'Wrong RiOt Wrong Right Wrong Right Wrong Right Wrong Right Wrong Omit

ii.

16 125 18 1 0 38 S 59 ,I

n

2 22 225 , 52 2

17 4 165 4 0 0 39' 1' 55 2 1 10. 260 17 2

18 142 16 0 '0 32
.
7 1,54 13 0 . 12 228 48 3

19 121 .27 1 0 40. 4 59 5 . 0 7 221 43 15 .-

1

\ 20 145 11 1 0 37 54
12

0 2 237 20 22

97 47 0 32 8 _44 7 0 9 173 73 33
J

scheme. for codifying and describing each strategy could not be devised. At the other extreme, the Classifi9- '
tion scale tasks grid not call for the utilization of a problem-solving strategy; Thus, only correct and incorrect
responses were recorded. '

.

IV. SECOND GRADE TESTING PROGRAM
OA

'ENROLLMENT BREAKDOWNS

The 'second grade pupils participating in the PMDC 1974 Fall Testing Program were selected from five
schools with a total of seven sections. At least one school wasiocated at each of the four PMDC sites. See
Table 12 for a breakdown of the number of sections per School-And the enrollments in each section.

. Table 12

Math Sections and Enrollments by Schools (Grp. Two)

School
Number Oi Sections

Sections - a

1 23:

2 I 25
1 .

3 29

2 16 17

6 2 15 12 -.-
N

I

A total of 137# children participated in the Testing Program. Distribution by sex among the five schools is
shown in Table 13 on the page following.

Age Distributions. In September 1974, the mean age of the second grad was 7 years, 4 monthg (88
months). The standard deviation of the distribution was 3.8 months,, with 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 data suggest that the children in the sample population
were of normal age for second grade children. 'The distribution of ages is shown in Fidure 8 on the page,
following.

eat.

18 e'
0

"
J

5'

I

1

.

;



35 6

$
..... .

* .- !s
i . t..1. I I.

I : . I
e.

4IP

ot Table 13 .
.

- , . ,

Q

lV

_

StudeSntsii.'

N

-
...Sex Distribution by Schools (Grade Twp)

School

.

Boys* girls
I

1 18 5

2 13 . 12

3 .
< -

16 '11

4 , 19
. . ,...

.14

-' 6 14
1'.?.,,

Tcftal, - 80 : 57

Percentages 58.4/ % 41.'67.

Note: The 'numbering scheme used to identity schools
with a participating second grade class is identical

- to that used ,with the first grade program., The
Schools assigned an identifyinenumber of either
'6 or 7 in the.above 'Fable did not have second `

, grade students kraelpatingtin the PMDC Fall"
''Testing Program. '''!"

Number.

Of

13

33

. 6143 ° 84-86

28

Or,

87-89 .90-92,

19

,93 -95

4

9.018.

0

Figure 8 .
. .

>, '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 ate basis of mathematics achievement tests constructed
by the reachtrs in that schOol. Since in this school mathematicswas the only subject for which homogeneous
grouping eras employed, the pupils changed classes for the mathematics period.

-The mode- of instruction was fairly consistent, with five of the seven sections teachin mathematics
pipe), ifs 3ma11 Roups. In one section, instruction was organiied along the lines of total el presentation,
while_ In the. other sections an individualized instructional program was employed. A tots] of three-different
textbooks were used in the various sections, but in each section the principal textbook was supplemented with
a variety of materials and aids. Table 14 on the page following summarizes the types of suifilementaiy
materials available in each-classroom.
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Table .14

SupplementarMateriits-Available in Classrooms (Grade Two)

i
. Man( Nisi fve Di agnost tt ef 1ms/

School Sect ton WorAoolcs, 1.A-,di- T, st,s ames Cassette Tapes
,

' .---0
, ...

-.
r .

1 a X X X

2 ;
2 a X X * . 'X

3 a , X'

4, ta' . X , .
. 1

,
G

X' ` X
a

a X X

,6 b X
I . y

. .

4,4

V

. .
. . ..a , - , , a., 4

._

The data collected on 'the availability stipplementary materials 'suggest:that workbooks and manipulative

aids were generally available. Thi other s of materials, such as games and cassette tapes, weremaintained

, in only a few classroo D3ta on the tra of supplementary materialsindicate that teachers genergly, made
only occasional use of these -aids. Frequent use Of available supplementary matgial by pupils or teachers was

jndfcated in only two sections. In 'four df. the seven sections, the regular chissroom teacher received assistance

frohi either university students or teacher aides. Ip one section older pupils were available on airegulathasis to

assist with the mathematiminstructron - ,

- RESULTS' FROM SEC6ND GRADE TEST BATTERY ,..-

This section reports dati {br tiiie total grade sample. The report 6f data by individual schools, is cited in

bibliography, Item.G. , C ,

The Stanford-Binet Integigence'tScale was administered to 97 of the 137 pupils. ThemeanIQ for this group

.was 113.3, with a standard deviation of 16.2. The IQ measure ranged from 74. to 162,1The median IQ measure ,

was 112. Figure 9 displays the distribution of IQ measures.

20
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8

.18

24

9

I I I

.74-83 8493 94-103 104-113114-1i3.124-133 134.14,3 144153 154-163

. 4
Figure 9

Distribution-of IQ Me,asures (Grade Two)
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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 indicated by the
sample used to establish norms for the Stanford:Binet Scales (1960$. 5 .

Thp Metropolitan Achievement Tests, Primary I, was administered to the second grade subjects in order to
obtain a measure of their, achievement on basic reading and mathematics skills. The test was given at only four
schools (three sites) since at the fifth school an 'equivalent, 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 in which'
the Metropolitan test was given ail part of .the 1974 Fall Testing Program. The composite Metropolitan
,Achie0ement Test, Primary I, provides measures ona 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.

Metropolitan Reading. The pupils who took the Metropolitan Achievement Test as part of the 1974 Fail
Testing Program had a mean percentile ranking of 70.3 on the total reading subtest. The total reading score
reflects the pupil's reading vocabulary and comprehension of written material-The percentile scores ranged
from 6 to 98. The median was 78.8. Figure 10 depicts the distribution of these scores.

Number

of

Students

151

[ 3 i

1-10 11-20 21-30

1-71'
i 7 1

31-40 41-50 5160

10

Figure 10

Distribution df Metropolitan Total Reading Percentile Rankings (Grade Two)

The statistical analysis of the reading concepts and skills'data suggests thit the composite population was_
definitely above average when compared to the population used to establish nosh for the Metropolitan

' 'Achievement Tests.

23

[17

126

..__J
61-70 71-80 81-90 91-99

Word Analysis. A related subtest assessed a pupil's knowledge of sound-lettei relationships or skill in
decoding. The) mean performance on this scale was 61.2%, with a standard deviation of 25.6. The median
'ra'nking was 62.3%; the range was from the sixth percentile to the 96th percentile. Figure 11 provides a graphic
display of the distribution of percentile ranking sample population.

4

I

o '

4

Number

Of

Students

1

4=
1-1g 11-20

6

12

9

12

5

24

21-30 41-05 41-0 51-60 61-70

Figure 11

Distribution of Metropolitan Work Analytis Percentile Rankings (Grade Two).
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The pupil's performance on the word analysis subtest was slightly above average compared to the results from

t he Metropolitan sample.

Mathematics. The third scale on the Metropolitan Achievement Test measured pupils' understandings of

basic mathematical concepts and computational skill; related to addition and subtraction. The pupils' perfor
mance on this scale resulted in a mean percentile ranking of 69.7. The perc,entile scores,ranged from,4 to 99.
The median percentile was 77. Figure 12 shows the distribution of measures.

31

s.uriber
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Students

s'

5

1-41

L____J

TO1

5

14

11 -20 22-30 31-40 41-50 >I -DO 61-70 71-80 81-90 91-09

Figure 12

a

4

.

Distribution uf_Metropolitan MathematIcSFercentile Rankings (Grade Two)

The descriptive statistics on the mathematics subtest results suggest that compared to the sample used to
establish norms for the Metiopolitan test the.population was definitely above average in its acquisition of
mathematical concepts and skirls generally taught in the first grade:

d An additional measure of pupil mathematical achievement was obtained by administering selected scales

prepared for the SMSG Elementary Mathematics Project. The composite second grade population (all five
schools) took five of these scales, including number comparison, place value, comprehension, applications, and

computation. Each scale was designed to be administered at the beginning of the second grade.

.10/ Number Comparison. The number comparison scale consisted of seven items. The mean -score wilt 5.8 with

altandard deviation of 1.6. The measures ranged from none to seven correct. There was a median measure of

6A. Figure 13 shows the distribution of the data.
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Figure 13

SMSG Ntimber Comparison Scale Ra'w Scores (Grade Two)
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Approximately 72% of the pupils correctly answered at least six of the seven questions. The pupils' perfbr;
mantes on each item is reported in Table 15.

Table 15

SMSG Number Comparison Scale Responses by items
F ...

"

Item

Number

Number of Responses

Correct .t Incorrect omit

1 123 7 7 t

T.

2 99 32 6

3 102 26 9

4 107 20 10

5 126 * 6 5'

6 . 123 8 6

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
correct answer for the questions involving the concepts of fewer (2) and betWeen (3. and 4). Each lien on the
number comparison sale 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 objects. On both items related to betweenness, about 10% of the pupils selected the
distractor which was smaller than either of the two given numbers.

The items from the tester's guide are reproduced below5. Next to each item, the numbers of correct,
incorrect, and omitted responses are listed. The percentage given below -each answer choice indicates the
number of pupils who selected thatchoice.as the answer to the question.

0
3%

13
90%

8
0%

5
1%

10
1%

WHICH NUMBER IS LARGEST?

No. correct:
No. incorrect:
No. omit:

.0%

wolf

WHICH PICTURE BELOW HAS FEWER DOTS -c

THAN THE PICTURE AT THE TOP?

411

3% 20%

4.
123 C:. 99

7 Iterii 1 30 Item 2
7 0: 6

7 2%

5Reproduced with the permission of the Director of SMSG but withOut the endorsement of the School
MathematicStudy Group.

29
23



WHICH NUMBER IS BETWEEN EIGHT AND FIVE?

1 -2%

C: 1Q2
I: 16
0: 9

5%

Item 3

74%

WHICH NUMBER IS BETWEEN FOUR AND

8
_10%

WHICH PICTURE BELOW HAS MORE DOTS
THAN THE PICTURE AT THE TOP?

2%

C:
I:
0:

126
6
,5

92%

Item 5

6

WHICH MEANS THE GREA'T'EST NUMBER OF
THINGS?

38
90%

4

29
2% 1%

C: *123 .L

s. I: Item 6
0: 6

4

3 %'

-30

- SEVEN?

C: 107
I: 2-Et

6
78%

Item 4

3%

WHICH MEANS THE LEAST NUMBER OF
THINGS?

12

2% 1%

b

a

C: 120
I: 9
0; 8

S.

2
88%

Item 7

53
4%
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Place Value. The "scale on place value consisted of eight items. The meakscorit was 5.2 with -a standard
deviation of-2.1. The median measure was 5.4 in a distribution of scores which ranted from 0 to 8 correct. A
display of the distribution olscores is given in Figure 14.

st
o

Weber

Of

Studant

14

5

19

24

0 2 3 4 5

Figure 14

SMSG Place Value Scale Raw Scores (Grade Two)

23

6

25

19

Approximately one-third (32%) of the pupils correctly answered at least seven of the eight' questions. About
two-thirds (616.4%) selected the correct response for five or more items.

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

Table 16
s-

SMSG Place Value Scale; Responses by Items

e, Ite.m

Number
)

Number of Responses
Correct Incorrect Omit

),

8 29 100 8

9 1i9 10 8

10c 77 40 20

11 110
...t

18 , 9

12 117 12 8

13 93 23 21

. ,
14 lor 26 10 s.

15 70 46 21

Questions which assessed a pupil's ability to relate a given set with specific numerals (9, 13, and 14) werel
correctly answered by more than two4hirds of the pupils. An analysis of the incorrect responses suggests that
most errors were attributable to mistakes in counting the set or to a misunderstanding of the question. Mastery
of the concept 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 rangedlrom.21% (8) to 56% (10f: Low scores suggest that at
least 50% of the pupils do not have an adequate understanding of the meaning (i.e., significance) of the digits
in i two-digit numeral. Items 11 and 12 tested the puriiiis ability to translate an expanded numeral into a
standard numeral; at least 80% of the pupils gave the correct response on both items.

4

The iternswbich,comprise the place value scale are reproduced below6. The pertinent correct/incorrtct data

6Repr6duc5I with the permission of the Director of tneSMSa but without the endorsement of the School
Mathematics Study Group.

.25



are listed for.each item, with the percentage of pupils selecting each choice on the multiple-choice items given
below each response. For the free-response items, the correct answer and the moat frelquently given incorrect
answers arelsted, along with the percentage of pupils giving each response.

26

C: 29
:I: 100
0: 8

C: 119
I: 10

8

WHICH NUMBER HAS A FIVE IN THE TENS PLACE?

15

5

51

Item 8

WHICH PICTURE SHOWS

a

32

N

Item 9

c t



ti

C: 77
1: 40
b: 20

RESPONSE

2 56%
8 7%

28 2%

19 4%
9 2%

C.

C: 110
I: 18
0: -9

28
WHICH NUMBER TELLS HOW MANY TENS?

Item 10

WHICH NUMBER MEANS, FIVE TENS AND TWO ONES'

C: 117
1: 12
0: 8

)

52 25
Item 11

7

4
WHICH NUMBER 'MEANS ONE TEN AND THREE ONES?

I

Item 12

3;3

31

27



. , V *to 44)so, oose oo oo
oo oo

HOW MANY DOTS ARE IN THE PICTURE'?

MARK THE NUMBER AT THE BOTTOM THAT,TELLS HOW MANY DOTS.

(Pause, but not long Pno.ugh tor'th, children to count, all th, )

MARK THE NUMBER THAT TEl DOTS ARE IN TILE PICT.;PF

.C: 101
I: 26
0: 10

2%

36
2%

Item 13

63
68%

LOOK AT THE PICTURE. HOW. MANY TENS ARE .THERE?

RESPONSE,

2 74%
20 3%
10 2%
21 7%
30 2%

Or

n 2%

TENS

r

Item 14

.34

o

70

' 1.

10%



C: 70
I: 46

21

1

RESPONSE

7 51%
3 17%

37. 7%

c.

WHICH NUMBER IS IN THE 'ONES PLACE?

,. Item 15 .

./t

eo)

Comprehension. The scale on comprehension consisted of four item's. The mean score wis 2.3, with a
standard deviation of 1.1. The median score was 2.4. The range was from 0 to'4 correct. Figure 15 giyes the
distribution of scores.

somber

Of

Students

28

( 45

37

18

0 1 2 3 4

Figure 15

SMSG Comprehension Scale Raiv Scores (Grade Two)

V

Almost one-half (46%) of the pupils correctly answered three or more questions on this scale,

A report on the data obtained on each item is given in Table 17.

A

Table 17
,

SMSG Comprehension Stale Responses by Items

'teed Number of Responses.
Number Correct" Incorr,ect Omit

16.

17_

18

-
26

a

.
107 1'5 15 . 4'

90 33

81 18

88 39 10 -

29
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Over three-fourthls378%) of the pupils vorreeity n4ated a NI! traction (minus) statement to a *wl (16)1. tin
the other hand, lass than one-fourth of the sample (24%) could relate a multiplication (limes) statement to a,
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 verbal problem. Almost 60%. of the pupils did this successfully. The last item in
the comprehension scale was related to fractions. By correctly answering this question, over 64%c of the pupfls .

1 . exhibited some understanding of the concept of fractions. s

C: I07
1: 15
0: 15

/

17
6%

WHICH' PICTURE SHOWS RIVE MINUS THy)EQUALS TWO?

787,

Item 16

6% 5%

'WHICH PICTURE SHOWS THREE TIMES FOUL?

.-

.te

247.

11

Item 17.

4

9%

'if r

56%.

1"

TOM AND JIM SHARE A BAG OF MARBLE ONE AY TOM` TAKES ,

TWtNTY-FIVE OF THE MARBLES TO SCHOOL AND 'TAKES THE OTHER,

SEVENTEEN. THE NEXT DAY -,TOM TAKES. SEVENTEEN NiA LES, HOW. MANY:
MARBLES ARE THERE FOR JIM TO TAKE? ior t.

42
Ore

Item 18

7Reproduced wittribe permission, of the Director of SMSG but without the enddrsement of the School
'Mathematics Study Group.

60%

8
237
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C: 88
I: 39
0: 10

ti

MRS. JONES BOUGHT SIX. EGGS. SHE USED ONE HALF' THE EGGS

ID MAKE A CAKE. HOW MANY EG.Gt,S DID SHE USE?

c

2
31% 54%

\Item 26

Applications. The scale on applications consisted of seven items. The mean score was 5.2, kith a standard
deviation of 1.8. The median measure was 5.7 in a distribution which ranged frona) to 7 correct. The distribu-
tion of measures is shown in Flgure -16.

,
QV-

'

01

t nilest

6

2

10

c

4, Figure 16

SMSG Applications Scale Raw Scores (Grade Two)

The descriptive statistics indicate .that 56% of the pupils successfully solved at leag six of the seven verbal
problems on this scale.

An itemby-item repOrt on the data collected on the applications scale is given in Table 18 on the page
following:Items 19, 20, .antl 21 involved simple addition or subtraction problems. The percent of pupils
selecting the correct response for these questions ranged from itlow of 89% to a high of 93%.*Sixty-five
,percent'of the pupils successfully solved the verbal miksingadderid problem (22) and 73% of the pupils solved
the missing minuend (sum) problem (23), Item 24 involVed a comparative subtraction situation; 63% of the
pupils selected the correct response. The last item in this scale (25) involved the concept of Praction. 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 pupils: experience with fractions is limited-

t-N.
4 i

31

37
111 .44

4
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N.
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primarily. to the concept of one-half. This observation is supported in part by .the pupils' more successful
response's to fiem 26 (see Table 17) a problem involving the concept of one-half.

Table 18

.40

< #

SMSG Applications Scale ResponsA by Helm

Item Number of Responses
/ Number Correct Incorrect Omit

/ w

C*T'

19

20

21

22

23

24

25

123 9 5

115 16"
-,

6

e 12Z . -e
5

. . 5

,89 39 .9

100 29 8

86 41 10

74 56 7

..t
The items for the applications scale are reproduced below8 with the available data on the pupils' responses.

C: 103
I: 9
0: 5 46"

SUE HAD ONE CRAYON. MARY GAVE 'HER-. TWO MORE CRAYONS.

HOW MANY CRAYONS DOES SUE HAVE,, OW!

4% 1%

,eItem 19

MARY HAD SOME MONEY. SHE SPENT THREE CENTS FOR' CANDY

C: "i15 AND- ONE CENT FOR A -GUM BALL THEN FIER MONEY WAS ALL
I: 16 GONE.- HOW MUCH MONEY DID MARX HAVE, BEFORE SHE SPE.tIT,
o:

ANY-?

1
2% 2Z 7 . 8% 84%

90% 2%

4
Item 20 ,

h
8 , ......... 4...#.

. ,
.

t# S 8Reproducp d with the permission of the Director of SMSG but without the endorsement of the School
Mathematics Study Group. w

.
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, C 12i
5 PATTI HAS THREE COOKIES. IF `SHE EATS ONE OF THEM, HOW

: 5 MANY COOKIES WILL .SHE HAVE LEFT?

C: 89
I: 33,

9

'\ TONY HAD' SOME BLOCKS. DAVID' GAVE' HIM FOUR MORE BLOCKS.
NOW TONY HAS SEVEN BLOCKS. HOW MANY BLOCKS DID TONY
HAVE BEFOFE DAVID GAVE HIM MORE?

IZ 2
T

93%

Item 21

3 2 X 4

65% 15%

Item 22

6

1,` ' C: 10$
I: 29 JOHN HAD SOME PENNIES. HE LOST THREE OF THEM. NOW HE
0: 8 HAS* 'FOUR PENNIES. HOW MANY PENNIES DID JOHN HAVE

BEFQJtE HE LOST ANY

C 486
I: 41
0: 10

r

7%

Item 23

731r
-si

BILL HAS FIVE PENCILS. JOHN HAS THREE PENCILX HOW MAW(
C MORE. PENCILS DOES BILL HAVE THAN JOHN? -

6%

.1

3 2%

Item 24

,39

21%

27

8

37.

63%

33,
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0'

1

4.

'C:
I:

07
,

74
56

7

.
WHEN $0.MEiHING. IS
ARE THERE?

CUT IN FOURTHS, HOW MANY PIECES

A

a

47.

' <
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Item 25,
, ,- i- °

- Computation. The flt(th SMSG scale of ten items assessed the pupils', proficiencies in performing basic

. computational tasks. The meat score was 8.5 with -a-standard deviation of 2.0. The scores ranged
- _from 0 to 10 correct. The median meastire wits 9.0. The distribution of data is shown in Figure 17:

647.

S

4

a

20X,

(1

St ...Went

I 8

3 pi
2 3 5 6 7.

Figure 17
10

SMSG Computation Scale Raw Scores (Gricle Two)

The data indicate that almost 62% of the pupil's correctly computed the sum for nine of the ten problems.

.
'An Item-by-item report of the data is provided in Table 19.

.

Table 19
..,-

SMSG Computation Seale Responses by Items,

Item,
-Number

Number of Resporises

Correct Inc6rrect Omit.

27 131.

28 44132 0 5

29 130 6

30 131 1 : 5

31 129 2 6

32 120 9

33 - 127 4. 6

^

34 112 10: ,15.

35' 80 36 21

36 79 , 29.. 29

(1
b

-a

t(

A



As the test results show, approximately 95% of the pupils were succtssfbl in computing sums lessthan 10. The
pupils, as a group, were somewhat less proficient in computing sums for basic facts greater than ten. However,
almost 82% of the pupils solved."7 + 7 - ." This problem was more diffi It than the other basic fact
problems,-since both addends were greater than. five; the greater difficulty acc unts in part for the increase in
the number of omissions. Close to 60% of the sample population were success ul in finding the sum of two
digit numbers with no regrouping. Five pupils in the sample did not attempt t answer any of the qtiestions.

The problems on the computation seAtle are reproduced below9. (Each item is a free-response question.)
Listed with each problem are the responses, correct and incorrect, most frequdntl givenhy the pupils; and the
percentage of pupils giving each answer. Random errors are not listed:

C: 131
I: 1

0: 5

RESFONSE:
1 6 NA

C: 130

0: 6

3+

6

C: 132
I; 0

° : 0:.* 5

RESPONSE:
5 96%

C: 1314
c, I: 1 t

0: 5 1

RESPONSE: ' RESPONSE:
9.95% 7 96%

`
C. 129
I: 2

6b:

RESPONSE:.
8 94%

C 127

.

P
0: 6

RESPONSE:
, 1i 93%

7= `,4

SWIM
MINIM

.. , .. _ , _ .
rn[tes 31-34 -

... ..
9Reproduced with the permission of the Director of SMSG but without the endorsement of the SchoolMathemaiks' Study Group. . ,,....

.

Items 27-30

C: 120
I: 8
0: .9

_ z

RESPONSE:
10 88% ..

.4z

ie

C7 112
I: .10
0: 15

RESPONSE:
14 82% ,

4

35

r



JCS

RESPONSE:
C:
I:

79
29

96 -&8 %.
-

9 4%
0: 29 09 3%

89 1%

91 1%

,

1-

, RESPONSE:
C: 80 - 65 58% ,

I: .36 55 or 64 2%*
0: 21 75 or 66 3%

-56 2%

11 4%

dr.

Items 35-36

V. ADDITIONAL OBSERVATIONS

1=111111
MINIM

%N.

In the two previous sections, summaries of descriptive data on nine first-grade variables an&elevedsecond-
graqe variables were presented. The report of the data by individual schools is cited in bibliography (Item G)
In the following. section, relationships among some of these variables are discussed.

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,'fmctions, verbal problems, numeral recognition and betweenness. Only two
items on this test are explicitly related to counting and only one classification item appears. However, none of
these three items tests precisely the same concepts and skills that are measured by the SMSG Counting and
Classification Scales. For example, none ot 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 necessarily be drawn from his perfor-
mance on the other test. However, if the pupil's achievement on -pasic mathematical topics as measured by the
two instruments are highly related, then the data from either instrument could be a 'sufficient predication of a
child's readiness Pi-first grade work,Thus, to investigate the relationships among pupils' performances on the
MRT number subteStfuld 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 fcillowing.
The percentage given in each cell denotes that part of the total PMDC first gradd sample which bad a particular
pair of corresponding scores on the two test's.

,
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 MRT number
spbtestgenerally 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 counting, 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 couldreflect 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 appean'to be the most reasonable explanation, because the counting scale was the first scale

.4 2
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Table 20 *%,

Scattergrams: MKT Nuniber Raw Scores vs. SMSG--First Grade Scales

o 21 -26

0
:,.1 16-20

11.1s
0

I 6 -10

0-5

21-26

16-20

11-15

6-10

0-5

0% 3%. 10%

1% 8% .29%

.,.

3% 9% 13:

5% 5% 5%

5% 3% 11

1:43 4-7 ,8-10

SMSG Counting

In" 1% 12%

2t 2% 34%

4% 3% 18%

6% 2% 7%

7% 1% 1%

0-2 3-.4 5-6

SMSG Ordering

0 n-20

v. 16-20

0% .12%

2% 341

11-15 1.%% 3% 22%

2 6.10 % 5%

0-5 5% 3% '1%
ff

0 2 3-4 5-6

P

-c

21-26

I6-220

6-10

0-5

SMSG Equivalent Sets

0% I% 13%

01 1`,

0% 1% 24`..

0, 4% 11%

2% .

1 2-3

&tS1, f,catrort

administered in the SMSG component and many children at first se ed uneasy working in a new situation."
Regarding content, the four SMSG scales measured 'dist' ct 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 possible combinations among the Jour variables (counting, eqUivalent sets,
ordering, classification) were constructed. Data which summarize the results from these scattergrams are
reported in Table 21 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 counting scale (correctly answered at least eight of the ten items),
also performed excepticnially 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 Italie acquired this level of proficiency with cAnting
skills stand a 9 to 1 chance of also doing well (80% level or above) on the equivalent sets scale, an over 5 to 1
change. that they will do 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 understated and therefore do not reflect
accurate relationships among these variables. The data reported in Table 21 indicate that from or-fourth to
one-third of the pupils had scores on the counting scale below the 80% level and were at the 80% perlormance
level on each of the other 'tests. Thus, it is possible that under different conditions many of these pupils could
have scored at the 80% level or above on the counting scale making the odds sated 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. ,

The odds that a pupil performing very well (80% level) on the equivalent sets tale would perform at the
same level on the counting test were less thqs 2 to 1, less than 5 to 1 on the ordering test, and 37 to 1 on the
dassification -test. For those pupils having low scores oil the equivalent sets test (0-2-range), the likelihood of
having a similarly low score on the counting test was about to 1, 1 to 2 on the ordering test, and.1 to 4.on

a

:3

37
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Table .21 _

Scattergrams: First Grade SMSG Scales

cf.
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7.n

11%

7....c

c

0
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0-

8 -10

4

0 -s
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10;2%
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SASC Classification
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2% 4% 52%

3% 5% 207.

6% 4% 47.
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0-2, 3 -4 S 6

SMSG &dc r Inc

6% 17.3% 4.

4% IS

2; ;
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SM% pi dor trig
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0% "0%

0% , 2%

2% 4 0 13%

0-1 2-3 4-5'

SMSG C14ssi ficat ion

An interpretation of the data with respect to the ordering scale shows that 2 out of 3 pupils who performed
at the 80% level on this test pdrforrned 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 odd that a pupil
performed-, very poorly on both the ordering scale and the counting scales were about 1 to 2. About 2 out 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 lbw scores on the ordering scale performed better on the classification scale.

The data reported in Table 21 indicate that most pups (80%) performed at:the 80% level on theclassifica-
tion scale. The ratios of success (80% level) on the clasirification scale to success on the counting-, equivalent
sets, and ordering scales were less than 2 to 1, 5 to 1, and 4 to,l, respectively. However, those'pirpils scoring
low on the classification scale (0-1 range) also scored low on the other scales.

Overall, the data from the scattergram analyses of the results from the SMSG tests indicate'that the vast
_.--.-intiority of the pupils who did quite well (80 %) on the counting, equivalent sets, and ordering scales also had

high scores on the classification scale. While the converse relationships among these, variables are not as
evident, it was observed that those pupils with very low scores on the classification scale alS
on the other tests. The data also suggest 'that a high score (80% level) on the counting, e

38'
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scored very low
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ordering scales generally implies a similar score on each Hof the other scales; however, in each case a sizeable
part of the test population did well on one fest and less well on one or both of the othei tests. Pupils who had
a verylOw score on either the counting, equivalent sets, 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 bbtb of the other tests. It should also be noted (see
center cell of scattergram) that very few pupils performed modeiately'well on two or more tests. These
observations' suggest considerable variation among the pupils' acquisitions of readihess skills related to
counting, equivalent sets, and ordering as measured by the SMSG tests.

Since girls generally develop schoo aj Wed skills sooner than boys, the data obtained from the 1974 PMDC
Testing Program,were analyzed by sex to de berexiste.r1 differences in boys' and girls' readiness to,
do first grade work. A summary of the data obtained from tne 3 - 3: -- t.. e sorted i Table 22.

Table 22

Means of Major First Grade Variables by Sex

Variable Roos Girls

Age In '.1',nths 76.3 76.4

IQ 113.4 112,1

SEI. 390 418

MRT Percentile 68.6 70.5

Counting Pidture'Sets Raw Score 6.8 6.8

Equivalent Sets'Raw Scores 4.7 5.0

Ordering Raw Scores - 4.6 , 4.7

,Classification Raw Scores 4.6 4.6):-

I--r

4*,
-11

-74

The data reported in Table 22 indicate only slight variances in the boys' and the girls' acquisitions of
readiness concepts and skills measured by the instruments used' in the PMDC Testing Program. The girls had
slightli' higher scores on the MRT, the SMSG Equivalent Sets Scale, and the SMSG Ordering Scale. These
differences, however, dq not indicate that the girls have a marked advitntage over the boys in any one readiness
area.

In section Id of the report, it was noted that certain children used a physical pointing strategy to determine
the number of a picture set, but that most of the other pupils.employed a visual counting techniqud. It was
also observed that the pointing strategy was considerably more reliable than a visual counting technique. To
determine whether or not the children inone of these two groups-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 Table.23 on the page following.

, The data reported in Table 23 indicate that except for their ability to determine the number of picture sets,
the pupils who employed a pointing strategy were slightlyless ready to pursue first grade work. Since the non
pointers are generally the more able group, it is quite likely'that the results on the SMSG Counting Scale
would have been somewhat higher had the test directians explicitly stated that the pupil could touch the
pictures.

. 4 5
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1 Table 23
..

......

k a

Means of Major .First Grade Variable by Counting Techniques'.

t

Variable POinters Non-Pointers

...

Age In Months 75.7 76.7

IQ .
r k.

110.8 114.1

SEI 444.0 379.5

IiRT Percentile 66.9 :" 70:8

NRT-Math.Subtest Raw Scores 1. .13.7 15.0

Counti Picture Sets Raw Scores

Equivale t Sets Raw Scores

9rderin Raw Scores

Classificatioai 'Raw Scores

8.1

4.6

4.4

4.i

6.1

4.9

4.8

4.6

Readiness for Second Grade Work. The instruments used in the PMDC test-battery measured, for the most
part, what the pupils 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 subtrac9on, problems With three addends and_problems with missing addends. The
SMSG test places more ernphasid-on applications, verbal prOblems, number properties, betweenness, and the
relationships between sets and numbers, especially in connection with more than, less than, and place value.
Although in some respects the topical coverage on both tests is somewhat similar, considerfable 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 Regornuinces on the other test, scattergrams were constructed to show the
relative distribution t.,.of scores on the two tests. Since the SMSG test if sub-divided into five parts, five separate "
scattergrams wereconstructed. Each scattergram relates the pupil's,percentile ranking on the MAT mathema-
tics subtest add the pupil's raw score on one of the five, SMSG scales: number comparison; place value,
concepts, applications) and computationi. Summaries of these distributions are reported in Table 24 an the
page following. The percentage in each cell denotes that part of the second grade sample, which took the MAT, ',--
with.a particular.combination of scores on each test pair.

The data presented in Table 24, indicate a somewhat positive relationship between the scores on the MAT
and:the SMSG scales. The only deviati6n from this general trend is the relatively few of the students with high
scoreS\turthe MAT had a top score on the SMSG Concepts Scale. A possible explanation for thispception is
that one item on the concepts testarwas related to multiplication. Thusr,it is to be expected that most begin-
ning second graders, regardless of overall achievement, woUld miss this item. Pupils who did quite well on the
farions SMSG Scales gen ly had MAT Percentile ranking at the 50% level or above. The most notable
exception to this trend w 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' hat first
graders are likely to spend more class tine on this skill than on any other topic. The data in Table 24-also

. indicate that pupils with high scores on the MAT also tlid well on the place value and applications scales. This
suggests that owledgt of place value and applications (verbal problems) accounts for much of the differen-
tiation among. ores on the-MAT,

.

By definition, the fiye.scales which comprise,the SMSG second grate 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 oilier areas. These analyses were made
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Table 24

S-cattergrams; MAT Math vs. SMSG SemiaGrade Scales
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60-79

40-59

20-39

0-19

0% 7% 31% 80 -91
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C.. I,
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It 14% 23% 80-9,k

60-79
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YF 20-39
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20%
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0% .1
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by constructing scattergrams for each test pair. Summaries of the data from these scattergrams,are reported in
Table 25 on the page following. The percentage in each cell denotes the part of the second grade sarhple with
that particular pair of scores on the two tests.

Interpretations of the data presented suggest a somewhat strong positive relationship 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 grain also exhibited
more diversity in scoreson the place value and concepts scales. However, the pupils who exhibited evidence of

,only moderate achievement on the number comparison 'scale generally had low scores on the place value and
concepts scales, but relatively high scores on the applications and computation scales, especially the latter.

Dverall,-the pupils' achievements on the place value scale were not as high as they, were on-the other tests,
excepting the concepts scale. Pupils whose 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.

27%

16%

18% 2% ,
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SnSt. Concept,;
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2% 36%

I
8% 17%

15% I 1-0!,

'4$ r 61.
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SqSC, Application, SMSC Computation

I

The concepts scale, contained only four items, one of whichiwas related-to multipliCation; Since the vast
majority of the second graders-missed this item, the mean percentage score on this test was somewhat lower
than the mean percentage scores on the other scales. However, almost airof the pupils who correctly'answered

-the multiplication question had very high scores on each of the other scales. Pupils whose achievements on the
concepts scale were, low did' not, in most caseschave low scores on the other scales.

The pupils' achievement patterns On the applications and-computation scales-were'sornewhat parallel. In
both cases, pupils with high scores on one test also exhibited high achievementron thtfother test and on the

410 , number comparisOn scale, with somewhat lower means on the place'value and, concepts scales. Furthermore,
the pupili who hid lOw scores on either the applications or the computation scale had correspondingly low
scores on the place value and concepts-scales, but generally their achievements on the other scales were mush

o higher.'
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Table 25
Y

Sca tergrams: SMSG Second Grade Scales
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The data reported' in Table 25 also indicate that the. pupi with an achievement score in the middle range

on one test generally had a similar score' on the number com:t:rison, place value, concepts and applications
scales. However, most pupils whose achievements were in the middle range on the other tests scored in the

high range on the computation scale.

From the data obtained in_the-seattergram analyses, it appears that most pupils in the 1974 PlYLDC second

grade testing sample were able to acquire proficiency in\ the areas of nurnber comparison, applications and
computation without attaining a similar level of proficienc , as measured by the SMSC'scales, in the areas of
place value and concepts. This gap is-especially evident in the rea stlf computation, suggesting that many pupils

can and do learn computation skills by rote methods.
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Most. of the instruments used in the PMDC lest battery tended to measure the pupils' achievements in the
first grade, Since the degree of success in learning the concepts find skills usually taught in the first grade might
not be uniform for both boys. and girls, the data obtained from the 1974 PMDC Testing Program' were
analyzed separately for each six:'Asunkmary of the data from these analyses is reported in Table 26.

1...-- .- ..,... p

,Table 26
-. -. ,

-7' . 'Means of Major Second Grade Variables -

Variable . -86Y§' Girls

..,...
Age In Months 88%6

.e
- 88-2-'

. ,

IQ 112.2 .1`1415...
1

SEI 328.4 40.i, ...

MAT-reading percentile 65.1 78.4

MAT -math percentile 71.8 664

SMSG Numbetl Computation Raw Scares 5.8 5;9.
.

SMSG Place Value Raw Scores 5.3 5.2

SMSG Concepts Raw Scores 2.2 '2,3

SMSG Applications Raw Scores 5.2 5.2

SMSG Computations Raw Scores., 8.6 8.5

The data presented-in Table 26 indicate that both groups were approximately .equivalent with respect to
age, IQ, SEI, and performances onlhe five SMSG scales. The girls as a, group exhibited somewhat higher-4N, .

achievement in the area, °treading on the MAT, whereas the boys had slightly higher scores on the ,MAT math
subiest.

' VI. CASE STUDIES AND FOLLOW -UP STUDIES

The data obtained from the SMSG First Grade Scales left unanswered certain questions pert fining to the
pupils' Understandings of and proficiencies with the concepts and skills being assessed. In an effort to explore
further the depth of the children's Imowledgp in these areas, several PMDC principal investigators conducted
follow-up studies to'the regular testing program. Reports of four such studies are presented in this section.
Two of the reports are Mated to sedation tasks and two to equivalent sets.

.

10. - ;
I

CASE STUDY 1: P'S ABILITY TO,SERIATfi

AlOng with other first Oitiiti4:iii-;;C'1.:studies, P was tested with the sedation ,items under .

the standard conditicrii47(Whj§ggitialilikl-A.1.ftesponding to directions, P consistently choseltily two -the
smallest gild the largestof the fotir or five objects handed to him and placed there froni left to right before
him on the table, in the order Mentioned by the e eri enter,(E). He simply ignored the remaining two or
three objects. For example, after being given the f
they go from largest to the smallest?" he did thi

10By. Eugene D. Nichols

3

les and being asked, "Can you put these on a line so s.,

,
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/He was successful each time when asked by E to himdlim either the largest or the smallest object.

During thes'argdysis 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 senate (arrange objects
from largest. to smallest, or vice versa) or whether P responded to the oral directions as he.understoOd them.

That is, while P might have the concept of seriation, he did not know that he was being asked to Sedate.

To. explore this, E reinterviewed P.,tio weeks later. There is no evidence that P could-have received any

instruetyn about serif:don during the interim. The second interview was open-ended; the standard directions

were not followed. 4 .

During the second in rview, P was handed four Circles and told to do with them whatever he liked. Quickly

and without hesitation, P arranged them on theitable before him like this:

4.

0

When .asked to describe' what he had done, P pointed to each circle, starting pith the largest,.anciiideseribed
them as Big, middle size, little, teeniest."

Next P was given four triangles.

E. Can you do the same thing with the triangles as youdid with ttiecircles?

P. Yeah- [quite confidently J.

After P had arranged the triangles asTws,
0

vs

.
4

" 4 kr7
. sc.

(4

dieit jitt)e, littlest," ,' When asked to
4 8

,- I
0

!.

he was asked to describie- what he had done.
4o the same thing with four buttong, P-arrange

paid, "Bigge
em thus,

,,,?1,
-, ..0 0. Al.

O.° .
71:L

and described them as "Biggest, middle seize, little, teeny."

. On the basis of this open-;ended interview,,one is justified in concluding that
of sedation, seeniingly.insontradiction of the[conclusion of the testing two
conditions and directions were used.

44 t'
does indeed have the t'onicept
eks earlier-when standilrd test-

s c5°. ':"'

AO
' this episode poses several important-questions about the effectiveness of communication between adult's

and children. Do the oral directions to which children respondcommunicate whatwe NVishlhe children to do?

Are we drawing erroneous conclusions about children. and their particular concepts because children respond
to the directions as theynot weunderstand them? Are there mine- effecteve non:verhal,wayS- to communi-r. .
cite With chillr

.
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CASE STUDY 2:)!S CONCEPT OF EQUIVALENT SETS 11

As part of the total PMDC Testing Program, all first graders who were involved in PMDC studies and tilltse i.

in the corresponding control groups were administered the SMSG Equivalent Sets Test. In order to checkout
the concept bf equivalent sets acquired by second graders, some second grade students were administered the
same test, but in an open-ended interview. In hie' responses, J is typical of the several second eiders 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 course; only
finite -sets Were considered.

.
. / ..

The experimenter (E) interviewed J in the Fall of 1974 todiscover w t the term "equivalent sets "meant
to J. E -began the interview_ using materials from Grade 1 test batteries eveloped by School Mathematics
Study Grouilk (see pp. 12.14). Since the specific intention was to administe the test not in accordance with
the standard conditions, the prescribed directitms were not followed.

A rectangular-shaped piece of cardboard (10"x 13") and about 20 buttons w re placed on the table before
J. Then Card 1 was placed,before him.

Scale Diagram of
first seriation
task, vvith;Card 1

. buttons
403%

cardboard'
.

E gave the following directions: t
,

1 .., . .
I want you to make on this payer,here with these batons a set which is equivalent to this set [pointing to .

...
. .,

N.
Card 1]. .,

r ,

O

b

Rather thoughtfully, duplicated with the buttons the configuration found on Card 1. Then E said:

Now I am going to move this button here.

E moved one of the buttons to obtain the following configuration:

o,.
\

Eugene-D.- Nichols-

51

E's arrangement of buttons /.
from.tbe Card 1 pat rn
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The interview. continued:

E. Is-this set bore [points to the cardboard' equivalent to this set [ points to Utrd I I?

J. No.
OP

E. Would you fix It so it is?

J. [Slides the button back to its original position.]

E.. Now this set [points to the cardboard] is equivalentto this one [points to Card 1]?

J. Yes.
.

O.K. Do you know what "equivalent" means?

J. Equialent? [Shrugs his shoulders.]

E. Did you-ever use this hi any class?
.

J. In first grade.

E. Did you use it in math?

J. Yeah.

J was then presehted with Card 2. [
Card 2

/ [ *.

J4gain reconstructed meticulously the pattern oT the test card. When E moved one of the buttons out of the
pattern, J said that the sets were po longer equivalent. Then E spreadthe buttons by placing them in the four

...
comersokhe cardboard.

0

E. Now I will change it like this. [Spreads the buttons apart; he, no longer needs to repeat the question..],

,

O 0

J. Sort of.

E. Sort of but not quite:

J. NO, no.s

.E. Would you fix it so it Is not sortof?4

,

E's rearrangement of buttons
from the Card 2 pattern -

*Mane.

f

411

\41. Um.:.maybe it's a little smaller. [Puts the four buttons into their original position, so they accurately
- duplicate distances between the dots on the card.] . Ar -, .

_ - '
. t

lb
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By this time, it was rather clear that J's, concept of equivalent sets called_ for theobjects cif two sets to be
arranged according to the same pattern. Of course, he demonstrated all along that they must have-the same
number of elements. One wonders whether these two conditions constitute all of the .conditions for the
equivalence of sets for him.

'The interview continued. J was presented with Cards 3 and 4; each time one button was moved out of the
Configuration, knit it back to restore the "equivalence" of the Sets.

AI,

Card

Next J was presented with Card 5.
.

I

IVI

1

Card 4

Caid 5

;

I

After he constructed the,set, reprod cing the pattern on Card 5, E turned the cardboard clockwise approxi-
mately 90 degrees, so that the button et appeared to J as follows: ,

New po on of buttons .

from s viewpoint, after
c was turned by E

E. Is-this-set [points to the cardboard] equivalent to this [points to Card 5]?

J.'- Doesn't look like it.

/fDoesn't look like it?

J. No.

E. Would you want to fix It so 'that it is equilent to this?

J turned the cardboard-90 degrees counterclockwise to restoik It to the original position and nodded his head
"yeti" when asked, "Now it is?" . .

Atthis point, E asked J to tell him whit was meant by "equivalent sets." J, very thoughtfully, stated that -

they have the same 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."

.

This interview revealed that J had internalized his own notion 9f equivalent sets and lie was able to act-
... ....._.

__won this notion quite Consistently. Later in the Interview, hen JJ was asked to pretend that two sets are
if. equivalent " they have the same number, and that's all," r declared two sets with the same,number but

different configurations to be equivalent, but the videotapes reveal he was reluctant to doso. Apparen4, it is
not easy for him to act uponir hypothesis which does not agree with the ,cOncept of equivalent sets he has
developed on his own. This case study ,raises an important question for teachers to consider: How different are
the concepts which children form from the concepts that the teacher intends them to have?

47
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FOLLOW-UP STUDY OF PERFORMANCE ON '
SMSG FIRST GRADE EQUIVALENT SETS SCALE

Viat would the term "equivalent sets" mean to a child who has not been explicitly taught, as in the SMSG
frindergirten curriculumt that in order for two sets-to be equivalent they must have the same number of
members? Prior to the administration of the PMDC test battery, in particular the SMSG test on equivalent sets
(pp. 12.14), several PMDC principal investigators hypothesized that the answer to the above question would be,
"nothing." Nevertheless, while most of..the pupils whoparticipated in the PMDC Testing Program had not
been exposed to an explicit treatment of *equivalence, their.performance on the SMSG Equivalent Sets Scale
did not bear out the principal investigators' conjectures. Eighty-five percent of the PMDC simple population
correctly answered at least one-half of the items, with 75% of the total sample giving.torrect response to at
least five of the six items in the scale. Furthermore, it was necessary to give th'e alternate direction, ke a
set with the same number," to only a small fraction of the pupg Even fewer pupils aske , "What is
`equivalent'?" pus, without hiving studied a forinal definitibn of equivalent sets, the pupils in the PMDC
testing population were able to do remarkably well on tasks involving the construction-of a set equivalent to a
given set. A secondary question was thus formulated; 3:e., What did the term equivalent sets" mean to these
pupils? t

. '
In, accordance with the scoring guidelines used by PMDC testers, the method used by a pupil to solve an

equivalent sets task was recorded on the pupil answer sheet (bibliogiaphy Item,A). Basically, the problem-solv-
inetechniques were grouped into two major categories: a matching strategy and a counting strategy. In solving
the six items on the scale, the counting strategy was used approximate4 35% of the time and the matching
strategy in about' 55% of the cases. The counting,strategy was slighlly more effective, having a correct/incor-
rect ratio of 8 to 1 compared to a 6 to 1 success ratio for the matching strategy. 411.

By utilizing a counting strategy to construct a set equivalent to a given set, the pupils exhibited an under-
Standing that equivalent sets had to be equal in number.Approximately one-third of the pupils using a count-
ing strategy attempted to 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 number. The other pupils who used a counting straNgy, about 25% of the total sample population,

_made no effort to reproduce the dot configuration. For these pupils, then, equality in number was the sole
criterion for establishing the equivalency 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 setts scale. Therefore, a fikrtherstudy was
undertaken in an effort to uncver possible menningi of "equivalent sets" among beginning first grade Chit-
dren. The 'study was conducted four Weeks after the completion of the PMDC testing program. During the
interim, the.chilciren had completed exercises in their textbook drawing lines to pair the xnembels of two sets
and then deciding whether or not the sets were equal in number. However, throughoukthe unit matching,e
sets the term "equivalence" had not been used.

.St

-: .
The follow-up study was conducted in a school which serves ,a predominately loW socioeconomic commu-

nity. ,However, the eleven Rppils (six boys, five kids) involved in this study were from varied socioeconomic
backgrounds. The median SEI for the group was 400. This measure was close to the median VI of 323 for the
entire' PMDC sample. -The pupils also varied in their readiness for first grade work as.rneasured by., their
performances on the Metropolitan-Readiness Test and for the SMSG scaks. The data from these instruments
are reported in Table 27, on the page following, along with the corresporiling data for the total PMDC'testing
sample.

Although the pupils in the follow-up sample did not exhibit readiness concepts and skills on a par, with
those of the total PMDC testing population, their average achievement was slightly above that of the pupils in
their class who did not pititiCipate in the follow up study. (See l4bliography, Item C). Of the eleven pupils, six
used a counting strategy in solving the 'tasks on the SMSG Equivalent'Sets Scale. Four of these six pupils

.eattempted to reproduce the dot configuratipn after they counted the&buttons. The remaining five pupils inllit'
follow -up sample employed a matching strategy to solye the problems. c

, :4 --
The regular classrOom teacher randomly selected the pupils to participate in the followitip interviews, Each

interview was individually adniinistered, and averaged about ten" minutes in length. The interviews were
structured aifolloyis:

'.
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Table 27

Data on Follow-ttp Study and PMDC Sample

;"*.i

Mean Measures
Instrument Follow-up Sample Total ?MDC Sample ..

. .

Metropolitan Readiness

SMSG Counting

SMSG Equivalent Sets

SMSG Ordering

SMSG Classification

7.1

, 3.9

3.5

4.3-

p

69%
Si)

-7;78

4.8

4.7

4,6

- .

(a)The tester gave the pupil about 20 one-inch cardboard squares, some white and some black.

(b) The tester used similar squares to construct the following pattern;

and then asked the pupil to use his/her squares to make an equivalent get. When the pupil had con-
structed a set, the interviewer asked the pupil why the was equivalent.

_(c) The pupiL was asked to make asset and was told that the interviewer would make an equivalent set. In
"ConstrUcting_the set, the interviewee used the same number of squares, brit with a different combina-
tion. of black and white squares aid in a significantly different design. For example, one pupil made the
following set, a al - -0

"and the interviewer responded as follows:

°

The pupil was asked,4"Did I niake..ii set equiValent to your set?" If the pupil answered, "No," the
interviewer asked the pupil.tp explain how the set could be changed to make it equfialent.

.

(4) The task was simile to, the first (b);except that the interviewer made the fallovaing,patterh:

0
:P". PP ..a.,:

...
, , k,

VA
'

,

(e) The fodith and final tagik-was a replication
/

of the second (c), except that the interviewer used a diffe,r-

.
Exit number andail or combination to make a.design similar to-the pupil's. For example: , . ( ..

t ..
: d . .. . Pupil

. -Interviewer

D Ill
CI ,

,,

.
-f:' . .

,
,

Thtis, the pupilewere presented with four siluittionlin which they had to explain,vih$ two sets wereidr.
. , . , .0: . were not eqUivalent. . , ..,

,
. . .

t

- * - . - -
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The explanations given by the pupils were quite clear. In each case, the pupil cited specific reasons as to
Why the sets were or were not equivalent. One of the eleven pupils based his justifications solely on the design
(arrangement of objects) of the set, giving no indication that equality of number was a condition for equiva:.
lenee. For example, in response to the lit 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. . Y

,
These ten pupils, however, differed inthe way they used the number property. Two of the pupils focused

on the 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 place one more square in the row
with only two squares. He then was satisfied that the sets were equivalent. The remaining eight pupils focused
their attentions' on the number properties * subsets of the given set. For example, in justifying his fesnse to

).. the first question (b), one pupil said, "You have dne black and I have one black. You have 3 whiteand I have
L' 3 whiter." Another pupil gave this explanation: "I ,hale 2 here [pointing to topirow] and yob, have,2;

[poihting to bottom rowand you have 2." When presented with a 4ituation similar to the example in (e), one
f pupil ansperett "No. I have 3 [pointed to a subset with a squaresl, &ft you fiave 2 [pointed to a subset with 2

- squares]." Thus, this group of 8 pupils established the equivalence or non -equivalence of two sets by
comparing the number property of their subsets. In each case,'the pupils partitioned the sets into-sufiie ts with
four or fewer members. While four of these- pupils usually insisted that the Squares in both sets be arranged in
the same pattern, oily one ,pupil identified equivalent subsets, regardless of the arrangement of the item.
Although none of the eleven pupils indicated thatiameriess in color combinations was a necessary condition
for equivalence, the eight pupils-Avbso compared subsets frequently used color in identifying subsets.

. .
Not all Of the pupils who

'
made comparigons with subsets were always successful in identifying equivalent

sets. Three of these pupils consistently foCused on only one pair of subsets:1f that particular pair ofsubsets
were equjyaient,then they responded that the sets were equivalent. nit example, in responding to the second

- task (c), one pupil placed only 3 squares in line and said, "Three here, thiee here; they are equivalent." The
interviewer, pointed to the entire set he had made and asked, "Is my set eq'uivalent to your set?" 'Die pupil
reaffirmed that the sets were equivalent. Ti another case (the fourth task), ,the pupil made a set with severi
squaresATheinterviewer made a set similar in diesign, but,with onlYsix squares The pupil identified a subset of
three squares in each :arrangement And responded that the sets were equivalent: In a sense, the pupil had a
correct answer because his attention was focused on only one pair of subsea, each with three members;

The data from% this investigation into whit the ternio`equivalent sets" means to first grade pupils suggest
that similarity in the arrangement of objects within iset is likelyto be a necessary condition for equivalence.
This° requirement, which is self-imposed by the pupil: Could be an adverse factor in .the learning of Other
mathematical concepts and skirls such as addition and subtraction. The data also suggest that many pupils have
developed-ren their own a technique for comparing the number property of seta by pvtitioning a laiger set
into subsctsgThis)capability on the pupil's part could be. capitalized'upou in teaching addition and subtraction.
Howeverrthe teacher must- exercise caution by, insuring that the pupil follows this technique-through to

completion, and does not terminate the process -after one or two Comparisons, es some pupils did in the
exampleg cited above.

io
FOLi,OW-UPSTUDY OF PERFORMANCE ON SMSG FIRST GR4DE<ORDE.R.ING SCALES

Approximately 72% of the first grade piiPils in the PMDC testing sample successfully completed at least five
of the six seriation taski in the SMSG Ordering Scales. At the other extreme however.11% of the, did I

not succeed with any of the items. Further, alfnost 24%of the pupils in the testing population failelitorreetly
:to answer At least one-half of the seriation items. There are several possible explanations as to Why-certain

,pupils did not exhibit, in their performances' on the 'SMSQ scaleIan understanding of seriation concepts.
Included among the most probable are: (a) the child had not developed a concept of sedation, (b) the,child '
did not understand the directions and/or the vocabulary used in presenting the tasks, or (c) the conditioned , 1

the testing situation could have. adversely affected the child's willingness to respond. The study described
below was conducted fry the pose of obtaining additional insights as to whysome children did,not exhibit
a greater knowledge of seriation concepts andskills Jhan their: performances on the SMSG scale indicated.

,
. ,

All twelve students selected to participate in this follow-4'44 were,from one first grade class and
. represented 41% ot the class. With the exception of two pupils, inlinidual ritrikings, on a socioeconomic scale.

'
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could be described as low. For this group,.the median-socioeconomic index on the Hollingshead Scale was 650,
with an Index of 750 representing the lowest socioeconomic status. ,The group's average perfolmance on the
Metropolitan test was also low. On this test, only four pupils hadtest scores above the-twentieth percentile.

On the SMSG'Counting Scale, eight of the twelve pupils gave correct respo s toat least seven of the ten
items. The other four Pupils correctly answered, at most, two.questions, O r 1, this group of children did

Wt.
quite poorly on the .SMSG Equivaleeimbets Scale. Only two students success .y completed a total of five or
sbataska. The remaining ten pupils-,gave correct responses, at most, to two of the six items on the scale. Eight
of the pupils 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
pinrils in the PMDC sample population.

1.

.(

$

.4

The follow-up study was conducted through one-to-one interviews with the twelve pupils. The typical
interview, took about five minutes, with only two interviews extending to twelve minutes. The same basic -

format was followed' in conducting all interviews. Howeverfniodifications were Made to accomodate different
pupil responses. A description of the interview procedures and a summary of the pupils' performances on each
taskifoildw. . .

, .. ,. , 1.. .
...

, ...

Eich ikterview began with administration of the first item on,the SMSG Ordering Scale whichthechild'had.
missed during the regular testing program. For nine pupils it was the first item (circles)12, for two pupils it was
the second item (triangles), and for one pupil it was the third item (buttoni). Only three pupils successfully
performed their first tasks in.the follow -up study. *4.

.
.

The next Step was to, place the ski of five blocks in a pile on the tableand to instruct the pupil to put them
in order. Ten of the twelve pupils did not perform this task correctly. Of the threepupils who were'successful
on the first test, two-Were successful on the second task. At thii point, the interview structure was modified'
for the 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 sedation tasks. Oitftrthese
pupils hail correctly answered three *f the six items during the °original SMSG test 'administration and the
other pupil hadcorrectly ordered two sets of objects..Apparently, the performance of these two pupils on the
sedation tasks administered during the original testing program can bei attributed Iiirgely to conditions of the
testing situation, such as the presence of video equipment, thkone-to-one interview, the unfandliar interview-
er, and/or the ufifamiliar room. - . .-- \ . ,' .

4 The follow-up procedure for the ten pupilswho did ,not respond to the instructions "Put these in order"
was for the interviewer tkorder the itraws longest to shortest on the table and to say to the child, "Order the
blocks like I hale ordered the straws,:' Six of the'remaining ten,pudils, we're successful in this.t.a.sli. To these.
children, the interviewer give each remaining set of objects (buttons, circles, straws, rectinglei and triangles), .
and said, "Put these in order," Each ofthe six pupils was stile 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 therhad not understood the'directions. One pupian..this group hacicoriectly answered three items on
the, SMSG test. Fot this child, the conditions of the testing, situation may have been thg major factor
influencing his priviotis responses.

. ..: e. .
For the pupils who had notaucceisfully completed the above tasks, the interviewer ordered the buttons

from largest toTsmallest, gave the child the set o'f circles, and said, "Order the circles like I have ordered the
buttons." 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. correctly the objects 'kat least four of-the six sets. One
child did not',correctly order the rectangles and straws, the extremes were correct, _buttwo of the middle
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 4th. Although these two pupils were eventually .
successful in performing sedation tasks, the explanation foetheir inability to do the prior seriation tasks is not
clear. It could be that these children needed the'reinforcement of several model's before they gained sufficient
confidence to respond, or that the serration test itself could in :fact have beena learningsituation.for them.

. . .

. .
For the two pupils who, were not successful on any of the above tasks, the follow-up interview continued

with the interviewerprdering thee straws and asliing the pupil to place the rectangles on thetablg

12see pp. 1445.
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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 waa 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 in order. The "'''

child did so and explained why the arrangement was correct Further, this pupil was able to order correctly the
objects in each. of the other sets when instructed to think of the objects as a family. This technique was also
used In testing the other child with the nine results: Thus, these two children apparently did in fact possess
the essential seiiition concepts and skills in the context of a concrete situation. .

Fronilthe results of this follow -up study, one can conclude that the data from the originalTad test
.
did

not give a totally valickassessment of these twelve children's understandings o seriation concepts. Rather, it
,appears that the testing situation and/or the test directions ike the root causes for the pupils' poor perfor-
mances. Teachers should be reluctant to accepts child's poor

w
Performance on a typical seriation test as a valid

indication that the' child does not possess the basic seriation concepts and skills. Rather, in these situations, the
teacher should vary the mode of presenting the tasks to determine whether some external factor, such as
vocabulary, g obscuring the child's real abilities. . , ---
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To obtain any or a ll of the above materials, please write to:

. , Project for the Mathematical
Development of Children

716 ,fohnston. Building or

Florida State University
Tallahassee, Florida 32306

4 '
Please refer to letter designation4s when requesting materials, and enclose a

... check for the appropriate amount made payable to Florida State University.....
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