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Chapter 1

'INTRODUCTION

- ‘fhe Elementary Mathematics Study (EIMA) was designed to assess children's
learning of mathematical ideas during -the beginning school years. -Mathematical
achiévement of a.sample of children from two~curriculi:|m groups and from twc
socio- economic groups was measured, at reg'ular intervals, from the t1me 1:he)r
cubered kindergarten in the fall of 1966 through their third grade year. 1In
addition _to mathematical achievement, periodic assessments were made of general
ability or intelligence, of progress in reading, and ovf attitudes toward school
subjects. ) A follow-up test in mathematics was administered to this sample at

the end of their fourth grade year‘.(l

- ' _ 1. ﬁackground of Present Study

- The two areas of work previously undertaken by the School Mathematics
Study .Group which led up to this longitudinal__research were the Special Curric-
ulum Pro,ject(,'?f), and the National Longitudinal Study of Mathematical A‘Dilities.(5 )
I . .

" The latter stud:;, NLSMA, ,“ollowed the'mathematics achievement of a large
' population of beginning fourth, seve\1th » and tenth graders over a five-year
period "to obtain some quantitative 1nformation on the cumulative and compara-
tive effectiveness of mathematics curricula, as well as to identifde measure
variables. associated with the development of. mathematical abilities. (h) Thus s
EIMA is an extension downward into the primary school years of systematic,
- longitudinal study of mathelnatics achievement. B ‘

The critical nature of the early school years for learning becomes more. '
apparent whe.n'atter.j;ion is turned toward children coming from areas- variousl:{r )
.designated a8 culturallyr deprived or disadvantaged. These children enter school
- with fewer experiences ~fhich enable academic su_ccess"‘ than- do children from more

_ (l)The immediately forthcomlng ELMA . Reports will cover kindergarten through
grade three only. Fourth grade data are preserved on tape for future analysis.

&
{2 )Leiderman, Gloria F., Chinn, W, G., & Dunkley, M. E. Thé Special Cur-
riculum Project: Pilot Program on Mathematics Learning of Culturallx Disadven-
taged Primary School Children, School Mathematics Study Group, Stanford

University, 1966.

(B)Wilson J. .y Cahen, L. 5., & Begle, E. G. NLSMA Re orts, No. 1, Part
A, X-Population Test Batteries, School Mathematics Study Group 3 Stenford
University, 1968 '
Q (h)Ibid., Foreword, p. iv, S
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advantaged homes. In addition, their early disadvantage appears to increase
through the course of their schooling such that the deficit becomes .cumulative,
- It was in this context that the Special Curriculum‘Project-hadfbeen undertaken
to study the readiness of disadvantaged children for learning, at school en-
trance, and to assess their progress in mathematics'in the beginning school
years. o
The Elementary Mathematics Suudy, then, was. developed to study children's
achievement in ithe primary grades with special attentioniboth to better under-
standing of the developmental process of mathematics learning and to ascerta1n

the ef“ects of differential early experiences on that learnlng.

.2, Theoretical Position P Ca

Current thinking and research in cognitive dﬂvelopment(5) suggest that
- children move through certain regular and specifiable stages of thinking even--
tually cmhninatingjin‘abstract”or“hypothetico-deductive thought. . During”the
course of this development, children first rely on direct perceptual experience
and manipulation of councrete objects: From this, progress is to. abstraction of
properties from perceptual activities and manipulating these abstractions w1th—'
in the context of presently occurring events., At this stage, both visual imag-
ery and words may represent the concrete experiences, Beyond this, there is
the process of comprehending regularities, then’categorizing those regularities
. which we refer‘to‘as attributes, developing generalisatipns,.and forming con- .

cepts.; . S ‘ ‘ S 1 .

- Whether mathematics is viewed as a spec1al 1anguage with its own symbol
system or as a body of" knowledge with 1ncreas1ngly complex concepts to be mas-
tered, this developmental view of abstract thinking appears appllcable. In.
formulating tests for the early school years, this view of cognitive develop-
ment was relied upon. The development of NISMA tests had utilized the concept,
of cognitive levels rather than a developmental process view, These levels,
according to which test scales were classified, were computation, comprehension,
application, and analysis, and were based upon a modification of the' taxonomy
formilated as cognitive educational objectives by Bloom, (6) -

“

(5)Aﬂ examples, see Bruner, Jey- nt al,, Studies in Cognitive Growth, New
York: Wiley, 1966, and Piaget, J., & Inhelder, Barbel The Pszchologx of the
Child, New York: Basic Books, 1969,

6 | ¥
( )Bloom, B. S. (Ed.). Taxonomy of’ Educational Objectives, Handbook I
Coggitiv Domain, New York: David McKay Company, Inc., 1956

o
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Although the process and taxonomy views mean two different conceptual
appféaches,'thgre is a similarit& if one uses as)the reference point éhild;en's
cognitive capabiiities.‘ That is, the level of éomputatibn may -be thought to
merge with.thé-stage'df thinking which utilizeé abstraction of physical proper-
ties and manipulation of these abstractions, e.g.; 'size, number, within the
context of the chiid's limitations of having to refer back to actual concrete
objects. At this saﬁe stage, the child may be able to comprehend the principle
that he is using, possibly apply it to other- similar problems, and to make
certain generalizations. It would not be expected -that he could<handle the‘
analysis level until he reached the stage'of abstract thinking previously

described,

Thé‘priméry emphasis in the EIMA study, then, ﬁas on mathematics achieve-
. ment--a cogﬂitive rariable, The sets of variables that were predicted to in-
‘fluence achievement were- curriculum, socio-economic level, and tegcﬁer training
invmaﬁhgmatics. _Thése will be'discussed in greater detail in the following
'chapters_as will‘the research design, methodology?fsample, and factor analyses
of tests employed. ' o ‘

4
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Chapter 2°

DESIGN OF THE STUDY -

1. Research Design

The phllosophlcal approach to test development relled on two major com-

(7)

ponents: first, that there are cognitive stages or levels to be assessed 1n
children's learnlng, and, second, thatﬂmathematlcs "achievement fs not a uni-

variate outcome but has many component parts.

Tae areas of measurement can be stated, broadly, as student variables and
treatment variables, Student achievement was expected to be affected by experi-

ences both within and outside - the- school situation. The major out-of-school

- influence, cons1sting of many speciflc components that could not be 1nd1v1dually

and directly measured in this study, was soclo~-economic level of the communlty

‘from which the school population was drawn. The pr1mary in-school influence

was that of curriculum used for teach1ng mathematlcs.

Measures of student var1ables ‘were obtained through the EIMA tests, through

1ntelligence +=sts admlnlstered in kindergarten, first and second grades, and

- through readiness and- ach1evement tests administered by the schools _The puplls'

attitudes toward school and toward the1r own competence in reading and mathe-

matics were measured by scales in second and -third grades.

Scme of the major. questlons posed in undertaklng th1s ‘study were:

1) Will the differential 1evel of readiness between SOClO economic groups
expected at the time of enterlng kindergarten be maintained so that
children from-the middle group will ma1ntain superlorlty by the end of -
third grade9 If yes, on what?

5

12) What are the effects of @ifferential curricula on progress in varlous

components of mathematics achievement°

3) 'Can long~-term changes in perfonmance be assessed through regular’ measure-
ment over a four-year perlod which could not be validly assessed by a o
brief study?

4)  Are children's attitudes toward mathematlcs affected by d1fferent

curr1cula9

5k What are the relatlonships of attitudes toward ‘school, and toward mathe-
matics in particular, to achlevementv '

Mgor the philosophy underlying test development in NISMA which contri-
buted, in part, to that of EIMA, see NLSMA Reports, No. 7. [Further, two indi-
viduals were common to both advisory panels--R. Dilworth and J. F. Weaver,
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' 6) ‘Will the differential curriculum and soc1o-econom1c effects be maintained
through fourth grade, an important transltlon p01nt in mathematics Learn-
1ng for many puplls?

7y  will ‘retention of concepts ~ the summer vacation be differentially
affected by the curriculum us. &s well as by the socio-economic level
. of the community? . ’ - .

.

‘ 2. Student Varisbles
Achievement

Since the Llearning of mathematics wes the primary concern of the EIMA
project, ach1evement in mathematics was measured systematlcally at the end of
each school year, The design included testing the same skills and concepts at
increasing levels of complexitj throughout the course of the study. . The excep-
tion to this plan was at kindergarten since the content taught at this level is

based upon those ab111t1es hypothes1zed as- pre-mathematlcs learnlng from which

- later formal mathematlcs is developed Therefore, the children were tested at

both the beglnnlng and end of the klndergarten year on a wide range of skills
and knowledge thought to contribute to mathematlcs learnlng.

Table 2.1 presents a comprehenslve calendar of tests administered during
the four years of the study by'the area of competence measured and bir'o::i.ty.(8
Unless specified-as City 1 or City 2, each test. was administered in both centers.
A more complete descrlptlon of .the test contents w1ll be found in a later sec-

tion of th1s chapter.
r‘ Vo )

It can be seen from~th1s table that a readiness test was given by ELMA at
"the beglnning of the klndergarten year, and the Metropolltan Readlness Tests (9)
were gliven by each school system prior to the beg1nn1ng of formal-lnstructlon

"in the first grade, although at different>times in the.two citiesq

¥

The tests labeled as "General Abilit ty" include three 1nd1v1dual standard-
‘ized tests of 1nte111gence admlnistered by EIMA. These were the Wechsler™ .-

o

".(s)To_the date of this writing, data @Halyses have been undertaken'only i
for City 1. . The data for City 2, as well as for Clty 1, have been Preserved
for poss1ble future analysis, ' - N .

(9)Hildreth, Gertrude H, Grlffiths, Nellie L., & McGauvran, Mary.E.
Metropolitan Readiness Tests. New York: Harcourt, Brace and World, Inc., 1965.
See EIMA Technical Report No. 1, K1ndergarten Test Batteries, Description and
Statistical Properties of Scales, for a descrlption of the scales used and the
scale statistics for the e City 1 sample. '

O
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(10) given during the middle

school and Primary Scale of Intelligence (WPPSI) e
11
ad

of the kindergarten year, the Raven Coloured Progressive Matrices Test
ministered during the middle of the first grage year, and the Wechsler Intelli-
gence Scale for Children (WISC)(lg) administered during mid-year of second

grade, In addition, each of the two school systems administered group intelli-
gence tests, City 2 utilizing the lorge-Thorndike, Primary I, (13) near the end

(1%)

of the first grade year, and City 1 giving the Kuhlmann-Anderson early in

the second grade year.

Achievement in components of mathematics learniﬁg was tested near the end
of each school year by ELMA as can be seen in the row labelled "Achievement" in
Table 2.1, The Stanford Achievement Test(lﬁ) was- administered by the two school
systems at the end of grades 1, 2, and 3 as part of a State testing program to

evaluate progress in reading.

Attitude was measured by questionnaire items at the end of grades 2 and 3.
Retention of material taught during a given school year was measured by retest-
ing a subsample of children in City 1 at the!beginning of each school year from
first through third grade as can be seen from the last row of Table 2,1.

(lo)Wechsler, D. Wechsler Preschool and Primary Scale of Intelligence.
New York: The Psychological Corporation, 1 -—37. See EIMA Technical Report No, 1
for a des ription of the scales used and the scale statistics for the City 1

sample.

(ll)Raven, J. C, Guide to Using the Coloured Progressive Matrices, Sets A,
Ab, B. Beverly Hills, Calif,: Western Ps: Psychological Services, 1965, See ELMA
Technical Report No. 2, First Grade Test Batteries, Description and Statistical
Properties of Scales, for a description of the scales used and the scale sta-
tistics for the City 1 sample,

(12)Wechsler, D. Wechsler Intelligence Scale for Children. New York: The
Psychological Corp., 1949. See EIMA Technical Report No. 3, Second Grade Test
Batteries, Description and Statistical Properties of Scales, for a description
of the scales used ard the scale statistics for the City 1 sample.

(li)Lorge, I.,, Thorndlke, R, L., & Hagen, E. The Trrge-Thorndike Intelli-
gence Tests. Boston: Houghton Mifflin Company, 19

(lh)Anderson, Rose G. Kuhlmann-Anderson Test, 7th Ed., Booklet B, Princeton,
N. J.: Personnel Press, Inc,, 1933. See EIMA Technical Report No. 2 Tor a de-
seription of the scales used -and the scale statistics for the City 1 sample,

: (ls)Kelley, T. L., Madden, R,, Gardner, E. F., & Rudman, H. C. Stanford.

Achievement Test. New York: Harcourt, Brace & World, Inc., 1964, Primary I
Battery, Form.w, was used at first grade; Primary II, Form W, at second grade-
and Primary I II Form X, at third grade, See EIMA Technical | Report Nos. 2, 3,
and + for descriptions of the above scales by year and scale atatistics for the
City 1 sample,
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The following sectiors in this chapter will deal with student and treat-
ment variables, Within the student variasble section, achievement will be dis-
cussed first, by year, general abilities or intelligence measures will then be

covered, and attitude and retention will be dealt with‘last; ‘The treatment

~ variables section will include descriptionsqof teacher training and curricula

used. .

Administration of Achievemedt Tests

Tester selection and training. Since the achievement tests were developed
to minimize the advantages the middle.socio-economic group night have over the
lower socio-economic group in skills related to test taking, and since the
kindergarten and portions of the first grade tests were to be individually ad-
ministered, the qualifications and training of testers became crucial, Recruit-

ment of testers was done through psychology and elementary education departments

- of local universities., The individuals selected were primarily graduate stu-

dents, although in a few instances advanced undergraduates in school psychology,
child development, clinical psychology, or elementary education were employed.

The.one other source of testers was from listings of qualified elementary,school

~ teachers who were not, at the time of testing, teaching regularly. Both men

and women were hired, and there was no control on sex of tester by sex of child,

Orientation meetings were hFld prior to each testing period during the

first two years of the study (1966-67, 1967-68) to increase reliability of test-

ing across testers. At these meetlngs the test batteries were discussed, test

administration demonstrated, and both qpestlons and practice time allowed. In

addltlon, school regulations regarding the testers‘ respons1b111ty for the chil-
dren and the1r own behavior in the schools were reviewed. Further, procedures

for returning the test booklets and materials were covered.'

During the last two years of ELMA'(1968-69, 1969470)'written communications

with testers were adequate to cover the above topics because the majority of

testers hired at this time had already worked with the project and were familiar

with the testing, schools; and the necsysary administrative procedures. In

V addition, as the children were more sble to comprehend.printed materials, the

tests were given in small groups rather than individually, and the chances for
variagbility in children's performance as a function of the tester's familiarity

with the test content and Procedure were decreased.’

Time of testing. Achlevement test1ng was undertaken at the end of each

school year. The test1ng was generally started at mld-May ‘and was completed
by the end of May.

O
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(16)

done during the second and third weeks of schoo’ Jeptember. The testing.

For those students included within the reténtion.sample5 testing was
could not be done during the first week after s opened because cléés'gs-
signments were still in flux, and both teachers and principals were unwilling

“to have testers in the schools until after the- initial adaptation and class

assignments were more stable.

EIMA Kindergarten Year Tesfs

(17)

The beginning-of-kindergarten battery was conceived as a;readiness
battery to evaluate each ¢hild upon his entrance to formal schooling, and pér-
ticularly upon those Gevelopmental processes and knowledge predicted to facili-~
tate mathematics learning. Both the beginning (K-01) and énd-of-kindérgarten
(K-02) tests were individually administered and required minimal verbal ability,

either in comprehension of instructions or in production of responses.

.Several of thé tasks within these batteries were éonsidered indices of cog-
nitive processes. TFor K-01l, these were color-matching, naming, and identifying;
classifying; ordering; geometric shapesfmatching, naming and identifying; vocab-
1lary; and visual memory. TFor K-02 the co;or tasks were deleted ané conserva-
tion added to thé battery. The remainder of the tasks were included, but simplér

items were deleted and more difficult items added.’

The tasks within K-Ol1 and K-02 considered to be more direct measures of
- early mathématics achievement were ecounting objects, counting members of a given
' set, formation of equivalent sets, numeral identification and writing, and or-

dinal number,

[,

Aloﬁg with performance on the specific scales of ¥-01 and K-02, ratings on
two four;point scales of each child's behavior during the testing were made by
the testef@ The behaviors rated were "Attention to Tasks" aqd_"Response to Ver-

‘bal Directions," the former measuring atfenti?ene;s_and the latter, compliance.

In éddition to tests developed by EIMA to measure achievement in mathe-
matics across the ?rimary school years, certain of the,teéts administered by
the two school districts were considered useful for our research Purposes.’ Ohe
of these was the Metropolitan Readiness Tests administered in May; 1967, .in
City 2, and October, 1967, the beginning of the first:grade year in City 1.

The MRT was. designed to measure children's development in certain skills and

.(16)The retention study will be discussed in 'a later section.

(l7aiﬁﬁ3re detailed description of eack of the scales within this battery

is given in Chapter U4, Factor Analysis of Kindergarten Tests. Statistics for
o the scales developed from this battery can be found in EIMA Technical Report

. No. 1. . : '
EMC - ‘ 10
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.members of a given set, ordering by size, and conservation

aoilities contributing to readiness for first grade. Five of the six tests
within the MRT measure skills and abilities related to reading. A 26-item

numbers test taps a wide variety of knowledge relevant to early mathematics,

"-including counting, knowledge of money, recognition of numerals, size concepts,

and telling time. The numbers test is discussed in more detail here than the

other stbtests because it was a very strong predictor of achievement in mathe-

(18)

garten year factor analytic studies to be discussed in Chapter k4,

matics .at the end of first grade and also appeared prominently in the kinder-

EIMA First Through Third Grade Tests

- The EIMA tests developed fof grédes one through.three are discussed together
because t@e same elght areas of mathematics knowledge'were measured at the end

cf each of these grades.

Small portions of the test batteries for first and second grades were
afticulated with the.end-of-kihdergarten tests. Counting objects, counting
(19) were measured
at both kindergarten and first grade through individual testing. These tests
were, however, given to only a part of the sample since. the full battery was
too long to be gifen in its entirety. Certain scales were assigned to one of
four test forms for the kindergarten and the first grade tests.(ao) For those

scales, such as counting. objects, etc., listed previously, data are available

~ for only one-fourth of the sample since-they were included in only éne of the

four alternate forms. Some .scales were common to all four forms of each test
battery, and therefore, were administered to the entire sample.

The kindergarten scales adapfed for inclusion in the second grade battery(21)

were vocabulary, counting, and ordering pictured sets. These scales, although
administered individually in kindergarten,. were modlfied for small group admin-

istration at second grade.

-,

(18)

The datavanalyses upon which this statement is baseéd can be found in

' ELMA Report No, 2, A Longitudinal Study of Mathematical Achievement in the

Primary School Years: Curriculum and Socio-economic Comparisons and Predictions
from Previous Achievement. Stanford University, 1971.

(19)Since.da£a on thése scales are available'for appfoximately one-fourth
of the sample, and since there was a ceiling effect on them, the scores are not
included in the first grade factor analyses reported in Chapter 5. :

(20)

See ELMA Technlcal Report No. 1 for a description of the four forms .of

-the klndergarten battery and EIMA Technical qu;rt No. 2 for the first grade

battery.

2]')See EIMA Technical Report No, 3 for the second grade battery.

P

o _ 11

RIC

Aruitoxt provided by Eic:



(22)

constructed for administration at the end of first grade and then modified

Tests for eight areas of mathematics knowledge and understanding were
through the following two years, The areas tested were place value; number
comparison - érder; nunber line; application - word problems; computation -
addition, subtraction; and multiplication; rational‘numbers; tomprehension cf-
the basic structure of arithmetic; and geoﬁetry. In the first six of the areas
listed, the tests were similar from grade to‘grade, the -only differences being
deletion of items that were too simple and inclusion>of more difficult items.
In the last two areas, comprehension aﬁg'éeometry, the types of items used dif-

fered from year'to year.

As with the kindergarten year, testers made ratings of attentiveness and
compliance on the individually administered porticns of the first grade ELMA

tests. . ) T

The Stanford Achievement Tests DPro--ided an index of reading'gchievement.

‘.The two subtests utilized by the schools at each grade from first through

(23) can

tﬁird were Word Reading and Paragraph Meaning. A total reading score

be obtained by summing the scores on the two subtests. The Word Reading sub-

test, according to the test's authors, measures the ability of pupils to ana-

lyze a word without contextual cues. The Paragraph Meaning subtest measures
comprehension from simple recognition to drawing inferences and ut111z1ng

reading for reasoning.

General Ability Tests

The Wechsler Preschool and Primary Scale of Intelliggpce (WPPSI) was
selected after consideration of several stendardized tests for measuring gen-
eral ability at the kindergarten level. The WPPSI wgs selected in preference
to the Stanford Binet because it included a greater number of performance sub-

~ tests as contrasted with the Stanford Binet which contains more verbal items.

O
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It was expected that the performance tests of the WPPST might be more highly
related to certain areas of mathematical achievement than tests more dependeﬁt

upon verbal ability.

(22)The constructive suggestions of the ELMA Advisory Panel in defining
these areas and the work of Helen McCullough in developlng test items were
part*cularly helpful. .

(25)Although the two clties administered the same subtests, different
scores were obtained and recorded, Therefore, directly comparable data ‘on
this test for the two cities are not available. See EIMA Technical Reports
Nos. 2, 3, and 4 for scale statistics,.first through third grades, respectively,
on Clty 1l subjects.
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The WPPSI consists of eleven subtests eech of which is considered to mea-

sure a different ability and, when combined, provide a measure of intellectual

" capability. Of these subtests, six are verbal and five performence; however,

only five of the six verbal subtests are used in determining the verbal score,

The full-scale IQ is obtained by combining the wverbal and performance scores.

Since it wes not financially feasible to test every child on the full-
scale WPPSI, a sample of 30% of the EIMA population was given the full-scale
test.(gh)4 This 30% sample was selected from those schools in the two cities
that had lower mobility rates according to the responses of the school princi-
pals to a questionnaire dealing with pupil turnover in their individual schools.
Within the lower mobility schools thus identified, a random semple of pupils
was selected for the full-scale test, '

The remaining 70% were given & short form consisting of two verbal sub-
tests, Vocabulary and Similarities, and two perfonmance,sﬁbtests, Block Design
and Picture Completion. The choice of these four gubtests was based partially
on previous research with the Wechsler Intelligence Seale for Children (WISC).
Since the WPPSI had just been published in the spring of 1967, no studies had

yet been done on short forms of this scale.

Vocabulary (verbal) and Block Design (performance) are two of the eight
subtests of the WPPSI modified from subtests of the WISC to include items for
younger cﬁildren. They were selected for iriclusion in the short form becsuzz
of the high reliability of each and because, as part of the WISC, they had been
(25) The other
two subtests, ‘Similarities (verbel) and Picture Completlon {performance) were
selected because they seemed to be measurlng important parameters of intellectual

shown to have high loadings on & general intelligence factor.

function different from the aforementioned subtests and because each requires

a short admlnistration time.

Table 2.2 presents the correlation coefficients for the indlvidual sub-
teésts and for the verbal, performance, and total scaled ‘scores. - Table 2.3
shows the means and standard deviations for the sample of pupils from whose -

scores the correlations were obtained, It can be seen that the total scaled |

(éE)See EIMA Technical Report No. 1 for scale statistics for the City Ll.....=+
sample,

(25)U S. Department of Health, Education, and Welfare, Public Health
Service, National Center for Health Statistics. Evaluation of Psychological
Measures Used in the Health Examlnation, Survey of Children Ages 6-11, Series
2, Number 15, 1966,

13
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scores for the long and short fohns are very well correlated with r = ,92.
The cotrelations of the verbal and performance scores between the long and

short forms are, respectively, r = .90 and r = .88,

TABLE 2,2

Prdduct Moment Correlations
between Short and Long Form Scaled Scores
of WPPSI, Cities 1 and 2

N = 471
Subtests Long Short
.Neec, Sim, P.C. B.D, Verb, Perf, Tot. Verb., Perf, Tot,
M112 Vocab. 1.00 .50 .40 k2 B2 .50 .73 87 .48 .80
ML1L Simil. 100 .2k .30 .73 .36 .60 .86 .3 .70
ML17 Pict. Compl. 1.00 .45 L7 70 L6k S7 .85 .70
M120 Block Des, 1.00 . .53 .80 .73 b2 .85 .73
M12k Long - Verb. 1.00 .65 .91 .90 .58 .87
M126 Long ~ Perf. : 1.00 .90 .50 .88 .80
M128 Long - Total ' l.co .17 .80 .92
M121 Short - Verb. : ' _ 1,00 .46 .87
M122 Short - Perf. : , -~ 1,00 .8k
M123 Short - Total : 1.00
TABLE 2.3

Means and Standard Deviatiors "
for WPPSI Scaled Scores, Cities 1 and 2

N = 471

MY SD

M1l1l2 Vocabulary 9.4 3,0 -
"M11h Similarities - 9.8 2.9
ML117 Picture Completion 9.6 2.8
M120 Block Design 10.3 2.8
ML24 Long - Verbal 48.9 11.4

M126 Long - Performance kg.5 10.9.
N M128 Long - Total 98.4 20.2
M121 Short - Verbal 19.3% 5.1
M122 Short =~ Performance 19.9 L7
M123 Short - Total 39.1 8.4
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The Raven Coloured Progressive Matrices Test ﬁas selected for use at first
grade as a non-verbal measure of general ability. It was expected that thg ‘
items of this test would relate to mathematical achievement requiring spatial
manipulation and perceiving part-whole relationships. This test requires the

ability to perceive relationships of a missing portion of a pattern to the whole.

According to Raven, the sets of patterns are designed to assess mental de=-
velopment of children ages five through elefen, or up to the stage when a person
is sufficiently sble to reason by analogy to adopt this way of thinking as a
consistent method of inference. A minimum amount of verbal instruction is
given. items have Been arranged in order of q;fficulty within each set so that

subjects can learn about the nature of the test while doing the items.

The format of this test presents, on a page, a colored pattern with a piece
missing. At the bobtam 6f-the same page are six possible pieces to fit the
blank space within the pattern. The possibility of the format itself increasing
the difficulty of this test led to pr?testing a formboard version in which the
pieces could be manipulated and actually placed in the blank space within the
pattefn. The preteét_results indicated, however, that many children did not
physically manipulate the pleces. In addition, this form increased the adminis-
tration time by a factor of two; and the attendant decreased attention appeared

to cancel any gains in performance expected to accrue from this version.

~ Although a group-administered form has been used with first grade chil-
dren,(26) these tests were administered individually to all of the ghiidren in
City 1(27) in order ‘to eliminate any advantége that children better able to

comprehend verbai instructions in a group setting would have.

The Wechsler Intelligence Scale.for Children was embloyed as the test of
general intelligence in second grade. As with the WPPSI, it consists of both
verbal and pgrfoimance subtests, Although at kindergarten some full-scale tests
were administered, no full-scale WISC's were given, The subtests of the shoft
form, given to all the ELMA pupils in City 1, correspond td those included in
the short form of the WPPSI, i.e., the verbal subtests used were Vocasbulary and
Similarities, the performance subtests were Picture Completion and Block Design.

(26)Freyburg, P. S. The efficacy of the coloured progressive matrices as
a group test with young children. British Journal of Educational Psychology,
1966, 36, 171-177. '

- (27)See EIMA Technical Report Ko. 2 -for scale statistics.

O
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(28)_

The Lorge-Thorndike Intelligence Tests were administered by City 2 in
the spring of the first grade year. The subtests that comﬁrise the Primary
Battery of this group-administered test utilize pictorial items and measure
abstract thinking in oral vocabular&, pictorial classifigation, and pictorial

pairing,

The Kuhlmann-Anderson Test was administered by City 1 in early fall c¢f
the second grade. As with the Lorge-Thorndike, this test was administered by
the classroom teachers in a group situation. This test is” considered a mea-
sure of academic potential. It consists of eight timed subtests none of which
requires any reading by the testee. Three of these subtests deal directly with
mathematics, uhlike any of the other general ability tests. Because it was
administered in the early fall of second grade, the IQ scores obtained from
City 1 schools are included in the analyses of first grade rather than second

grade results.
Attitude

Achievement in school is dependent upon a number of vari;bles, some of
which are inherent within the teaching situation, namely, the curriculum and
the teacher, and others of ﬁhich'emanate from the learner himself. The child
enters school with certain standards of how he should behave and certain ex-
pectations of how the teacher w111 deal with him,(zg)as well as with certain
experiences and competencies which may either facilitate or impede 1earn1ng.
As he progresses through school, he will develop attitudes about his own abil-
ities to learn and will formmlate more or less positivé predispositions toward
various -schocl subjects. These predispositions, or attitudes, are likely to

affect his motivation and his perfbrmance.

Much of the research undertaken on the attitudes of elementary school

‘children toward school has used fifth and sixth grade pupils(3o)by which age

attitudes toward school and particular school subjects have been developed and
can be measured by written questionnaires. In the EIMA study, our position is .

that attitudes toward school are developing during the primary school years,

(ZB)AS noted earlier, these data have been retained on tape, but no
analysis has been undertaken of Clty 2 results,

(29)Hess, R., & Shipman, Virginia C. Early experience and the socializa-

.tion of cognitivgﬁmodes in children. Child-Development, 1965, 36, 869-886.

Q
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(Bo)There is a body of. literature on self-concept in young children;
however, it is a broader area of personality than could be tested within this
project.

16 " ‘ :



E

‘frown to a broad smile.

that the curriculum may make a difference in the development of more or less
positive attitudes, and that it is possible to measure, with validity, young
children's attitudes toward school work. Further, it is predicted that an

interaction exists- between attitude and achievement in mathematics.

In order to articulate the attitude scales developer for the primary grades
with those used in NLSMA,(31)attitude measures were not cmployed until the end -
of second grade, at which time the tests were administered in groups of five or
six children simultaneously. Three formats were utilized in the attitude in-
strument (Form 2-02), the first two of which had stick figures above the state-
ments of affect or preference read aloud by the tester; and the last displayed
drawings of a series of five faces with expressions panging from an extreme
(32) The scales developed from this test designated
such parameters of attitude toward arithmetic as easy-hard, liking of the sub-
Ject, and academic self-image, which ercompassed motivation to do well and
evaluation of his cwn school performance. One further scale measured the child's
likiné of reading as a possible measure of perference for verbal activities

rather than quantitative activi’ .¢s.

At the end of third grade, a revised form of the second grade attitude
test was administered (Form 3-03).(33),
strument, utilizing items from the NLSMA fourth grade "Ideas and Preferences

In addition, a separate attitude in-

Inventory," was administered. These items have a five- or six-point multiple
cholce format and are primarily positions of agreement or disagreement on the
preceding statement. The scales from this test include arithmetic as being

fun or dull, easy or hard; a self-concept scale; and a scale sampling anxiety '

. about arithmetic.

Retention
‘ Pugpose. The purpose of the retention testing portion of the ELMA study(3h)
was to measure differential patterns of gain or loss in mathematics over the

summer vacation,

(31)See NLDMA Reports, No. 1, Part A, pp. 3-22, for the "Ideas and Prefer-
ences Inventory and NLSMA Regorts, No. 7, Chapter 12, for a description of the
rationale and procedures used in constructing this test : ,

(32)See ELMA Technical Report No. 3 for the test booklet, administration
1nstructions, and scale properties. i s

(33)See EIMA Technical Report No. Ut for the test booklet, administration’
instructions, and scale properties, ’ ’

(3h)Results of the retention data analysis are not included din this report,
mhey will be reported in a subsequent publication.
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* Achievement tesfing/is generally undeftaken during the spring in order to
assess gains in particulér subjeét argas over the school year. It is important
to obtain end-of-year measurements of children's performance for comparison to.

. a set of national norms and for combarison with their own performance of previ-
ous years. The question remains, howeﬁer,'of what happens to the gains achieved
over the school year during the non-school portion of the year, i.e., the summer

vacation months.

There are many factors that could Pe expected‘to influence retention.
Among those most. relevant to the study here reported are curriculum, socio-
economic background of the sample tested, and the character of the test used.
Another variable, likely related to socio-eéonomic status but not studied,

would be the nature of the children's summer vacation experiences.

Curriculum differences in retention might be attributed to differential
emphasis on understanding or application of concepts between curricula, to dif-
ferential amounts of drill (practice) on particular arithmetic operations, and
to built-in review. Another variable predicting reten%ion is. placement of .
material in the text. It may ﬁell be that the principle of recency is appli-
cable and, therefore, that the material the teacher éovers toward the end.of
the school year is best remembered by the children when the new school year

begins.

The implication of children's gains or losses ovér-the summer are critical

for both teaching and curriculum development.

Methodologx.' The entire EIMA population was tested in May of each of the
four jears of the stﬁdy. In order to measuré retention over the summer months,
a small éample from City l'was_selected to be retested in-Septeﬁber immediately
after the opening of the schools. This latter testing was always completed
within the first two weeks of the school year in order to ﬁinimize teacher re-

.

view or instruction effects,

The sample selection for the end-of-kindergarten to hegimning-of-grade-one
testing was done fhrough a random number program. Two-hundred twenty-seven
children, selected by school-and sex through random number assigmment, were re-

tested on certain parts of the K-02 test administered the previous May.

For the following two years, end of first grade to beginning of second
grade, and end of second grade to beginning of third grade, the sample selec-
tion procedure differed from that pfeviously described;, Instead of selecting
a random sample from the pool of all schools within each socio;economic"by'
curriculum classification as had been done for fhe first retention testiné,

certain schools were selected from each cell and all children within those

ERIC | 18
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schools were testéd, The same children tested in the fall of the second grade

year were retested in the fall of third grade,

‘The schools selected for retention testing were those most reprcsentatlve
of the entire cel) on WISC scores. In the two low socio-economic cells, only
one school was selected because there was a large enough number (> 50) of

" children reﬁaining in each of these schools to reach the total of approximately
200 children planned for the retention sample. .In the middle socio-economic
cells, however, two schools per cell were selected to reach the desired number

~

of students.

.The rationale for this change in sample selection was primarily adminis-
trative, The amount of time required to brepare for testing in each school was
very large, and the efficiency of testing a small number of childron in each
school extremely low.(35) In order to test the full retention sample (N > 200 )

' within the first two weeks after the opening of schools, a hlghly efficient

operation was required.

Knowledge tested. Selection of content areas to be retested each fall from

first through third grades had to be made without analysis of the spring (end-
of-year) achievement test results., The overall policy, however, was to select
‘one test from each of several areas of competence rather than concentrating on

a single area. In all instances, the test selected was administered in the fall
in the same form and with the same directions as administered the previous
spring. No alternative forms were developed; therefore, the retention test is

a re-test situation for the child. . N

Figure 2.1 shows the areas of knowledge inoluded.within the retention tests
by year. At each year,_retontion testing was planned to include those concepts
" or operations.stressed in both curricular programs. It can. be seen in Figure
2.1 that comprehenslon and application were measured at second grade but only
application was included in the third grade retention test. - The comprehension
scales developed from-the ond—of-first-grade test were based on understanding
of the relationship of set manipulation to arithmetio operations. ‘By the end
of second grade, the aritﬁmetic operations were stressed without reference to
set manipulation, Thus, the ability to perfofmvthe operations directly was mea-
sured, ané the arsa referred to as Comprehension was omitted for testing and
was, therefore, excluded from the retention tests at the beginning of third grade

- as well.

(35)Given the mability of this population, the number of children remaining
in some schools by the end of the third year of the study was less than 35%
of the original number.
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September 1967 September 1968 September 1969
Beginning 1st Grade Beginning 2nd Grade Beginning 3rd Grade
Geometry ‘Place Value o Place Value
Counting . : Computation - Computation -

Addition Subtraction
Equivalence of. Sets Number Comparisdn - Number Comparison -
: Order : Order '
Ordering by Size Comprehension
Classifying by Application Application
Shape ‘ .
Test Behaﬁor

Figure 2,1, Retention Testing by Year and Topic

3. Treatment Variables

Teacher

Since particular schools were chosen for inclusion in ELMA by the admih-
istra;lf,;'n_'.on of the two school sys.te'ms-involved, no selection of specific teachers
could be made. The teachezjs'aSSigned to the participating schools vﬁried,
therefore, on many parameters. The one control that could be exercised for the
broadly-described "teacher vafia.ble“ was that of training in teaching primary
grade methematics. . '

Tnservice courses. Inservice courses were orgenized so that all of the
teachers teaching EIMA pupils"throughout the four years of the study would re-

ceive treining in mathematics and applications for té_aehing mathematic_al_ ideas .

and operations to primary schoolchildren. Arrangements were made that the tea-
chers receive credit from their respective school administrations for their

'participation in this' course,

To achieve this gbal of compareble knowle_dge for all the teachers; each
- inservice course was taught by a team composed of & mathematician' and an expef-
anced elementé.ry school teacher witﬁ considerable knowledge of modern mathe-
matics. The mathematician's role was' to Present the math_ematic'al ‘background
‘underlying a given topic, and .th‘e teaé:her then developed poséible pedagogy, in-
cluding demonstrations of materials, for commnicating this to fhe children,

O
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A separate course was conducted for each cell in each of the two cities
so that tle concepts dealt with could be made more relevant to the curriculum
being tauéht, SRA or SMSG,(36)and to the particular socio-eccnomic group being
taught. '

The plan was to conduct courses during the 1966-67 school year for both
the current kindergarten teachers and the first grade teachers to whom the chil-'
dren would be assigned the following,year. Also included as participants in'
these courses would be aides who were to assist in the SMSG curriculum elasses
during kindergarten and first grade. The next courses would then be held during
the 1968-69 school year for:the second and third grade teachers. Some modifica-
" tion of this plan wasAmade, however, becaqse of teacher mobility and the neces-
sity to provide for training of teachers new to the school at first and third
grade who had not participated in the previous year's inéervice course. Through~
out the four years of the study, the only teachers not required to attend a
course were those who had had training in teaching new mathematics, either in

college level courses or inservice programs, during the prior three ‘years,

By September, 1967, a number of the first grade teachers who had partici-
pated in the course conducted during the kindergarten year'had left the ELMA
schools. Of sixty-four first grade teachers in City 1, tweive inrthe two SMSG
groups ﬁere new to the schools, and eleven in the ?RA groupe had not been in .-
the inservice classes the previous year. In City 2, of thirty~five first grade
teachers, eight were new in the SMSG cell, and three in the SRA' cells. There-
fore, arrangements had to be made for provi&ing them with inforﬁal'training to

’ make their preparation equlvalent to that of the teachers taught the previous

year.-

The inservice:proéram, as implemented, then, inciuded a course in 1966-67
consisting of .fifteen weekly classes of one and one-half hours in length, meet-~
ing from September through January after school hours, for klndergarten and .

first grade teachers, plus aides in SMSG classes,

For those teachers new to the EIMA classes at f1rst grade, 1967- 68 who
had not had recent courses in modern mathematlcs, faur formal sessions were
held with curriculum supervisors in each of the two‘cities.: Agaln, these ses-
s1ons were held separately for those teachers teaching SRA and those teaching

(36)The text used by the teams teaching the SMSG teachers was SMSG, Studies
in Mathematics, Vol. XIII, Inservice Course in Mathematics for Primary School
Teachers: Stanford, 1965. The text used for SRA Leachers was SMSG, Studies in
Mathematics, Vol. IX, A Brief Course in Mathematics for Elementagx School

. Teachers: Stanford, 1963. Both are available from A, C. Vromen, Inc., 2085
East'Foothill Blvd., Pasadena, Calif. 91109.

[mc .
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SMSG first grade'classes. In addition, the supervisors met individually with

these teachers to work with them on specific topics or applications.

Inservice training for the second grade teachers consistea of eight two-
hour meetings conducted between September{ 1968, and January, 1969, with classes
running parallel for the two cities and two curriculum groups within each city.
The format was the same as that of the 1966-67 inservice program, with a mathe-
matician and a teacher experienced in teaching modern muthematics jointly teach-

ing the courses.

N For the third grade teachers, - the format of the inservice course was the
same as that conducted for the second grade teachers the previous year.

(37)

The results of a questionnaire sent to each of the mathemstican and
teacher consultants conducting the inservice course for the kindergarten and
first grade teachers suggest very similar handllng of material across the seven
.elasses (four in City'l and three in City, 2), with the mathematicians maklng a
relatively formal presentation of a particular topic for approximately forty-
five minutes to one hour. The next forty-five minutes were -used by the teacher
consultant to demonstrate ways of 1mplement1ng this topic, including presenta-
tion of relevant games.and materials, This latter portion of the meeting was
likely to involve more discussion and questioning by the participating teachers,

In general, the same beginning topics were covered across classes.‘,These'in-

_ cluded sets, -set comparison and operations on sets, place valué, and addition,

More variability in co#erage occurred‘with such topics as the arithmetic opera-

tions of subtractlon and multlpllcatlon, geometric ideas, and measurement

4

Teacher's use of curriculum. To evaluate the teacher's use of the currice
ulum mater1als, two kinds .of data were collected, First, both the klndergarten

and first grade teachers were requested t6 complete questionnaires(js) at the

"close of the respectlve school years to provide information on the top1cs they '

O
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(59)frequency and length of mathe-

had covered, their use of pupil workbooks,
matics instruction, and their use of the teacher aide for those classes that

had the services. of such an additional person,

{37)
June 1967.

58)See Appendlx 2.2A for a copy of the'Klndergarten Teacher Questlonnaire
and Appendlx 2.2B for a copy of the first grade teacher questionnaire.

(59)Since there is no pupll book for the- SMSG klndergarten program, the
extent of use of teacher prepared worksheets was requested from all the teachers,

See Appendix 2.1 for a copy of the Inserv1ce Consultant Questlonnalre,
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The second kind of data was obtained by observations of each teacher during
mathematies instruction. These observations were made by the EIMA coordinators
in the two cities. Ratings were made on. such variables as adherence to the cur-
riculum, use of the particular program's teacher commentary, availability of '
manipulable objects to the children for mathematics instruction, clarity ?io)

presentation, use of aide, and children's involvement during -astruction.

These observations were made shortly after the middle of the school year
in both centers to avoid the beginning and end of year conditions that may make

a single observation period less typical of a teacher's instructional behavior.

Curriculum

Differences between SMSG and SRA.(hl)
ricula studied are, in many ways, greater than the differences. Both are of

The similsrities between the two cur-

the mathematics broadly labeled "new" as contrasted with "traditional." A major
purpose of the Greater Cleveland Mathematics Program(hE}was to develop ‘a curric-
wlum that could be presented in a logical way so that basic mathematical con-"
cepts would be understood before the teaching of computational schemes was under-
taken., The plan of the curriculum was to make use of a discovery approach to

3 .

learning.:

For SMSG, also, understanding of the basic concepts and structure of mathe-
matics is central to the curriculum. Upon this understanding the use and appli-
cation cof mathematics rests. Proficiency in computation is predicted to proceed

simultaneously with greater understanding of concepts.

(ho)See Appendix 2.3 for a copy of the form used by the coordinators to
observe and rate teachers.

(hl)School Mathematics Study Group, Mathematics for the Elementary School,
Books K and 1, Special Edition (Revised), Stanford University, 1966. School

g Mathematics Study Group, Mathematics for the Elementary- School, Books 2 and 3

(Revised), - Stanford University, 1965. Available from A. C. Vroman, Inc., 2085
East Foothill Blvd., Pasadena, Calif. 91109. A detailed comparison of the SMSG
and SRA curricula, by topics tested, is in Appendix 2.k,

(hE)This is the program published by Science Research Associates and is
referred to throughout this report as "SRA" or "State" because it is the cur-
riculum adopted for use in the elementary schools of the state 1n which the
EIMA population was located,

Greater Cleveland Mathematics Program, California State Series 1965,
K- 3, Educational Research Council of Greater Cleveland, 1961-62,

(43)

For a more complete description, see Deans, EdWina, Elementary School

Mathematics, New Directions Washington: U.S.'Government Printing Office, 1363.

.
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One difference beiween the two curricula involvgs the role of the teacher
in using the published materials. SMSG is predicated upon greater.teacher re-
spbnsibility for developing practice and matbemﬁfics-related activities in the
primary grades. SRA, oﬁ the other hand, prpvides more structure in the printed
materials, particularly in the form of a large number of pupil workbook pages.
For teachers usinngMSG, the pﬁpil pages provided are meant as suggestions and
not intended to be the total practice experience. 1In this sense, teachers using
SMSG are expected to do more planning and implementing of the curriculum de-
pending upon their evaluation of pupil progress. The SMSG teacher books at the
primary grades explicitly state that the crder of topics presented can be varied

from the order in which they are introduced in the printed materials.

A difference between the two sets of curriculum materials mentioned briefly
above is the absolute number of workbook pages., SRA, in essence, provides a
more structured program by its provision of extensive pupil, practice pages. In
addition, the workbook pages differ noticeably, with SRA consistently including
more problems per workbook page. The philosophy of SMSG, in develcping printed
materials, was that young children's attention could be enhanced by minimizing
distracting elements on a single page and that distractions could be in the form
of othef problems presented in proximity. Therefore, larger type and illustra-
tions were used for eaeh problem, and fewer examples or problems'were printed

per workbook page.

A notablé ﬁifference between the two curricula was the employment of teacher
aides in thé SMSG classes to assist the teacher. Aides were considered part of
the curriculum implementation éince earlier work had indicated that teachers
felt they could enable the learning of the SMSG curriculum at kiqdefgarten_and
first.grade, expecially with children from less advantaged homes, by teaching
them In small groups. To better control the curriculum variable across socio-
economic groups, aldes were utilized in all SMSG classes as part of the instruc-

tional program,

The plan to utilize aides also included their participation in inservice
training as noted earlier. Suggestions for how their services could best be
used by the teachers were made by -the teacher consultants at the inservice

meetings,

Aides were placed in the kindergarten classes at the beginning of the
second term. They assisted during mathematics instruction, generally on a daily
basis for one-half hour, On the basis.of & questionnaire sent to the kinder-

garten teachers in June, 1967, and to the first grade teachers in June, 1968,
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it was reported that the aides were used primarily to work with small groups

of children to reinforce work taught to the entire class by the teachef.

Cther, less frequent, uses of aides were in preparing materials for in-
struction, in administering teacher developed mathematics tests, and working
with individual pupils. In no instance reported did the aide instruct the

entire class in mathematics,

ERIC
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Chapter 3

DESCRIPTION OF THE SAMPLE

1, Initial Selection

The sample of children included in this study was drawn from the public
school systems of two cities within the same state. All children entiring
kindergarteﬁ in the fall of 1966 in selected elementary schools were initially
pert of the sample. The particular schools chosen for inclusion in ELMA were
selected by administrators in each school system and were to meet four criteria:

(1) each group of schools would draw its pupils from a residen-

tial area that could be readily classified as either a lower
or middle income group;

(2) within each of the two socio-economic classifications given
in (1), there would be two groups of elementary schools,
each group feeding into a’ common junior high school;

(3) within each of the two socioc-economic classifications, each
comparable group of schools given in (2) would agree to use
a designated mathematics curriculum, either SMSG or the
State-adopted SRA texts, throughout the four years of the
study; o

(4) within each of the two socio=-economic Elassifications, each
comparable group of schcols would include no less than 200

pupils. .

The outcome of the specified criteria for school selection was to achieve

a two-by-two design for each city as shown in Figure 3.1.

Curriculum

A C
SMSG State
Socio=- Low Low
‘economic
" Level B D, .
SMSG State
Middle | Middle

Figure 3.1. Population Groups for
Each City.

Within City 1, it was possible to achieve such a design. Within City 2,
however, only three of the four cells could be filled. The omitted cell in
City 2 was B, the SMSG middle income group.
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The number of entering kindergarten children tested in the two cities in
the fall of 1966 was 2,0&5.. Of these, twenty-two were excluded from the
study because the testers' ratings indicated either that they had so littie
knowledge of English that their school progress could not be'evaluated by our
testing; that they presented severe emotional or mental development problems;
or that they were repeating kindergarten, The fall, 1966, test results could
not be used for an additional twenty students in City l.becausé of tester un-
‘reliability, although these children were continued in the study. Of the total
number of children tested in September, 1966, then, 2,021 remained in the
EIMA study.

Table 3.1 presents the number of schools by c@ty and cell from which
pupils- were included as well aé the number of pupils and percent remaining
after one calendar year. It can be seen that for roughly comparable numbers
of pupils, more schools are included within the middle socio-economic cells

than within the lower socio-economic cells,

TABLE 3.1

, Number of Schools and Pupils by City and Cell
at the Beginning of Kindergarten and First Grade

| City 1 " City 2 )
: Number of Pupils Number of Pupils
; % Remain- _ ' Remain-
No, of | Fall | Fall No, of | Fall | Fall :
Cell Schools| 1966 | 1967 ix;{g ;‘ei::r Schools| 1966 | 1967 11;8 Yaef;, trer
SMSG
Low S.E. 5 566 | 241 | 65.84 I 175 | 126 72.00
SMSG -
Middle 7 384 255 66.40 . - - - -
S.EI ] :
_ State 3 355 | 221 | 62.60 i 196 | 132 67.34
Low S.E. * : *
State :
Middle 6 292 172 58,90 6 | 235 97 k1,27
S.E.
Total | 20 | 1395 | 889 | 63.72 14 606 | 355 58.58

.The above table further shows & smaller number of entering kindergarten
children per school in City 2 than in City 1. There is an extenuating circum~
stance, however, that maekes these numbers misleading. City 2 had a practice of
half—year‘promotidns, vwhile City 1 did not, Therefore, children ndt old enough
to enter kindergarten in Septembér could enter at the beginning of the second




term of the school year. The only children from City 2 included within ELMA

were those entering as beginning kindergarteners in September, 1966.

It can further be seen from Table 3.1 that between the beginning of kinder-
garten and the beginning of first grade only 1,244 (889 in City 1, and 355
in City 2) of the original 1,995 (1,395 in City 1, and 606 in'City 2) pu-
pils tested remeined within the total sample, The loss of children was greater,
however, between spring and fall of 1967 than between fall of 1966 and spring
of 1967, as indicated by 1,712 of the initial number (2,021) being tested in
the spring. The wreason for this large loss over the summer months was attribut-
able to the transfer of many children from kindergarten in public schools to

parochial schools at first grade.

Methoé of Updating Student Rosters

In order fo follow the original group of students through the four years
of the study, each school was contacted in the fall and spring of each school
year to request that our rosters‘of students be updated. If a child who had
previously béen registered in the school, at the appropriate grade level, was
no longer a pupil in either that grade or school, information on the date of
his withdrawal plus %he reason for‘his being changed or leaving was requested.
Table 3.2 presents the numbers of pupils lost from the EIMA study, by city, as
of February, 1967, i.e., the beginning of the second term of the kindergarten
year, by the reasons for being dropped. This table illustrates the reasons for
dropping given by the schools in the yearly roster updates,

It is apparent that the frequencies in various categories will change from
year to year. For example, there were no childr -~ at the second term of the

1

kindergarten year in the category "Repeating Sar. Jrade,” although there were

in later years.

The first two categories in Table 3.2 indicate the mobility of the urban
populations from which the EIMA sample was drawn, The rate of transfer from
one school to another for this particular group over the six-month period noted
is T7.6% for City 1 and 8.2% for City 2. The changes in the original sample
aver the course of the four years of the study will be dealt with in detail in
the next section. -

The relatively high frequency (N = 14) in the category "Promoted to a
Higher Grade," for City 2, reflects the mid-year promotion policy of that city

noted earlier.

It should be noted that if a child moved from the school in which he was
initially enrolled to another included within EIMA and also within the same city
and cell, he was kept in {he sample. '

1 .
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TABLE 3.2

Number of Pupils Dropped by Second Term
of Kindergarten Year, By City

Reason for Drop City 1 City 2
Transfer to a School Not Included 96 19
in ELMA
Transfer to a School in & Differ- 10 0
ent Cell in ELMA L
Promoted to a Higher Grade ) 14
Repeating Same Grade 0 0 -
Sent Home - Immature or Too 0
Young 5
Language Problem ' 7 s 0
Eliminated - No Reason 4 .1

TOTAL 123 6Y

2. Loss of Sample Over Time

An approximate 30% loss of the original sample during the course of this
four-year longitudinal study was expected, given the mobility of the urban U.S.
population. By the fall of 1967, one year after the study had begun, however,
only 63.7% of the sample remained in City 1 and 58.6% in City 2,

Table 3.3 presents the numbers of original students remaining within the
samble over the four years of the study. The numbers given are the children
tested at the end of each school year; therefore, the N's for the kindergarten
year columns will be smaller than shown in Table 3.1, which presented the be-
ginning-of~-kindergarten-year samples.

An effort was made to test all children remaining in each school at every
testing period. Table 3.3, therefore, shows the number of children actually
remaining in ELMA at the end of each successive school year; With the excep-
tion of one school that dropped out of the study from Cell C of City 2 between
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TABLE 3.3

Number of Original Pupils Tested
at End of Each School Year,
by City and Cell

City 1 City 2
Cell |Kndgtn First|Second|Third ?ngeﬁzi:- Kndgtn First |Second{Third ?nzeﬁﬁi:-
Grgde Grade |Grade Study Greade | Grade |Grade Study -
| SMSG -
Low S.E. 304 | 199 | 150 121 39.80 1k 108 84 52 | 36,88
SMSG '
Middle | 347 | 245 | 184 | 153 | k.09 - - - - -
S.E. :
State | o599 [ 195 | 128 | 103 | 35.52 | 152 | 96 | 60 | 2% | 17.76
Low S.E. . ) ‘ ‘
State _ ' 7
Middle 245 | 14k 117 93 | 37.96 162 88 76 59 36.42

S.E.

Total 1186 | 783 579 | 470 | 39.63 kss | 292 | 220 | 138 30,33

*
One school in this cell dropped out of ELMA after second grade.

the second and third grade year, all cell N's are based on the number of
schools as shown in Table 3.1, Table 3.3 further shows the peréentages of orig-
inal pupils remaining 1tor the entire four years of the study in each cell of
the two cities. It can be seen that more than one-half of the sample was lost
in every cell and, in most instances, the remaining group was but slightly
larger than one-third of the original group who had been tested at the end of

the kindergarten year.

3, Addition of New Pupils

Because of the rapid rate of loss, 761  new students were added to the
study, in City 1 only, in March of the first grade year. Thig-new sample con-
gisted of all children enrolled at first grade in the schools included in ELMA
but who ﬁere not in the original sample., Thus, these children had transferred
into the ELMA schools either during the kindergarten year -or during the first
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term df first grade. Of these, 595 were tested at the end of first grade

and, therefore, continued within ELMA, as can be seen in Table 3.4,

If the "Percentage Remaining" column, as showm in Table 3.4, is compared
with the equivalent columnlfor City 1 in Table 3.3, the percentages look quite
similar. It must be noted, however, that these figures are based on three years
for the original pupils and two years for the new students. Therefore, the per-
centage of loss appears to be somewhat higher for the new pupils. In the anal-
yses reported in ELMA Report No. 2, the "longitudinal sample" includes only
original pupils, selected from those children who were in ELMA throughout the
full four years, thus excluding the new pupils added in grade one. The "se-~
lected sample"” does include children added in grade one.(hh) No analyses of

City 2 data are included in Report No. 2.

 TABLE 3.k

Number .of New Pupils Added During First Grade
and Tested at End of Each School Year,
_by Cell for City 1

. . % Remain-
First |Second| Third
Cell  |Kndgtn| . -de| Grade | Grade | 108 thru
Study
- 8MSG ‘ _ . : ‘
| zow 5.E. 108 | 65 38 | 35.18 )
SMSG ) . )
Middle - 169 | 105 78 46.15
S.E.
State
Low S.E. - 152 86 55 36.18
State ]
Middle - 166 | 102 66 | 3%9.76
S.EO N

Totals - 595 | 358 | 237 39,83

(hh)The Basis of selection of schools for bot'. the longitudinal and the
selected sample is discussed in ELMA Report No. 2,
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Further, it can be seen from Teble 3.4 that the total number of pupils
added who remained through third grade (N = 237) was about one-half (N = 470)
of the original pup&ls remaining in City 1 through third grade. A comparison
of the original and new pupils on the WISC is presented in a later section of

this chapter.

L, Qualitative Changes in Original Sample

With the rapid mobility of the research sample, the question arose as to
whether selective migretion was occurring. The population in certain neighbor-
hoods in meny urban centers is changing rapidly with a movement to the suburbs
of more affluent sections of the population and an in-movehént of groups to the
vacated housing from more densely-settled parts of the urban centers} To ascer-
tain whether the children remaining each year were significantly different on
an independent varieble from the sample who started out in EILMA, the hean WPPSI
scores of the original sample in City 1 were compared with the mean of all the
children remaining each successive year. In the tables and discussions to fol=-
low, the WPPSI scores referred to are those obtained from the édministration of

this test during the kindergérten year,

Table 3.5 presents the means and standard deviations of WPPSI scores for
all of the original pupils in City 1, by school, remaining in EIMA for each
year of the study. The WPPSI scores used are the Short Form Total Scaled
Scores. For the school means, the differences in scores between kindergarten
and third grade are within two IQ points, with the exception of two schools.
School 4 showed & decrease of 2.3 between kindergarten and third gfade, and

School 9 showed an increase of 3.4 points.

The results of t-tests performed, by cell, on the scaled ‘scores of the
four subtests of the WPPSI separately, the Verbal and Performance Scaled'Scorea,
and of the Short Form Total Scaled Score are shown in Table 3.6. '

In Teble 3.6, NL is the original sample in City 1 who remained through
third grade. N2 denotes_ those children in the original sample at kindergar-
ten who did not remein beyond kindergarten. The column labelled "WPPSI Scales”
presents, by scale number, the scaled scores for the subtegts, vocabulary (M112),

- 8imilarities (M11k), Picture Completion (M117), Block Design (M120), and con-
~secutively,'the Short Form Verbal-Scaled Score (M121), The Short Form Perfor-
mence Scaled Score (M122), and the Short Form Total Scaled Score (M123). None .
of the values of t are significant which indicates that the character of the
original sample &id not change, &s measured by this varigble, between the be-

. ginning and end of the four years with the high mobility noted. It further
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TABLE 3.5

Means and Standard Deviations
of WPPSI Short Form Total Scaled Scores
by School, Cell, and Grade - Original Pupils, City 1

School Kindergarten First Grade Second Grade Third Grade

Number |y T T fl Mm [o | v M ] o] nfl v | o]n

SMSG, Low S.E.
10 35.4) 8,00 88 3L.617.57 591l 35.116.6| 45 35.0]7.0] 35

1k 3h,7| 6.71 52| 3.3 (7.2 391l 3L,01 6.4] 281 33.6 {6.6| 22

15 38,6] 8. 4| 47 || 36.6 [9.0] 24 |{ 38.1| 8.5 15|l 39.019.0 | 12

20 |l37.2] 7.5|110 || 38.3 {7.5) 73| 38.2| 7.9] 60} 38.5|8.0| 51

Total 297 : 195 148 120
SMSG, Mid S.E.

1 40,91 7.3| 76 || L1.5 [6.91] 50 {| k2.1 | 6.6] 37|l 0.9 5.3 24

B} bs5.21 6.7 4k )| sh.2 {7.5 | 29| ub.6] 8.8| 20| u3.6(9.2]| 16

5 42,91 6.4 56 i k2,3 16,2 42| ¥1.8 | 6.1} 35| 4ki.5 6.1 33

6 3,3 6.8 32| k2,8 |7.L ] 22|l 43,2 6.9| 18{ uk.116.5] 12

12 50.017.1] 31 )l 50,1 |7.2 ] 24 || 51.7 | 7.2| 13|l 5L.8 (7.6 12

13 w341 7,40 59 || b2.9 [7.5 | bu il U3,61 6.7 35| 4k.6|6.5| 28

19 15,91 6.9¢ 36 |l 6,5|7.0| 291 4.8 7.1{ 26| WB.1{7.0] 24

Tot 1l ) 33k [ 2k0 180 149

State, Low S.E, . :
39.3) 7.3| 96 || 38.4 (6.3 67 38.6] 6.1 u3|[ 39.3|6.1| 33

38,60 7.8{ 8L || 8.4 16,0 47| 38.2] 6.4| 30|l 37.8|6.1]| 23

18 35.71 6,41 96 ll 35.7 16.4 | 774 36.7 | 6.4] 52]| 37.L|6.5] Lk

 Total . 1873 191 . 125 100

State, Mid S.E. '
4 43,91 6.6 43 || 43,6 17.3] 35| 4.3 7.8] 251 L1.6 (7.7 23

39.44 7.1] 29 39,8 | 7.0 2014 38.4] 7.3} 1k 38.% | 6.3 9

9 b2.5| 7.81 66 || Lh.2 (8.1 31| uk,5( 6.3 32| 4.9 [6.1] 21
11 L5.5)1 5.11 22 || 45,3 (5.1 | 2L || ¥5.1 | 4.7f 17 Jj w8 ' h,7 | 16
16 L1 8,31 25 ) bh218.8) 1h 41,6 5.8] 9 k.7 |ko| 7
17 4.8 7.81 30 fj .1 (7.5} 21§ 42.3| 8,11 17 |} 13.0|8,1] 1L
Total 215 _ . J1uo 11k . 90
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and Remaining at Third Grade, City 1

TABLE 3.6

© Student's t-Test
- of WPPSI Scaled Scores by Cell -
Original Pupils at Kindergarten

. : Mean SD Mean SD
WPPSI §cales N1 N1 NL N2 N2 N2 t
SMSG, Low S.E.
M1ll2 120 8.50 | 2,41 102 8.80 | 2.62 |-0.8946
MLk 120 9,70 | 2.78 102 9.49 | 3,01 | 0.535L
M1l7 120 8.73 | 2.66 103 8.94 1 2.55 [-0.5970
M120 120 9,67 | 2.55 103 9,84 | 2,43 [-0.5321
M121 120 18,20 | b, 40 102 | 18,29| 4,76 |-0,1528
M1l22 120 | 18,40 | 4,47 || - 103 { 18.79 | k.03 [-0.6761
M123 120 36.60 ) 7.79 102 | 37.06 | 7.64 |-0.4k420
SMSG, Mid S.E. ‘ :
M112 149 | 11,17 | 2.9%4 9k [ 11,%0 | 3.27 [-0.5551
MLlh 149 | 10,58 | 2.65 95 | 10.73 | 2.69 [-0.40%5
M117 149 | 10,787 2,56} . 95 | 10.58 | 2.55 | 0.5956
M120 149 | 11,46 | 2,4k 95 { 11L.13{ 2.79' | 0,9434
Ml2l 149 21,76 | 4,74 ok | 22,17 | ¥,95 |-0.6k429
M122 149 | 22.23 | 4.15 95 | 21,71 | 4.05 | 0.9879
M123 149 43,991 7.23 ok | 43,90 | 7.39 | 0.,0922
|State, Low S.E,
M1l2 100 8.97 | 2.56 83 9.67 | 2.88 }-1.173k
M1lk 100 9.79 | 2.67 84 9.80 | 2.79 [-0.0197
M117 100 9,20 | 2.48 84 |.9.56 | 2,38 |-1.0039
M120 100 10,17 | 2.49 83 9.83 | 3.33 | 0.7672
Ml21l 100 18,76 | 4,28 83 | 19.%9 | 5,00 |-1.0556
Ml22 100 19,37 { 3.84 83 | 19.45 | 5,03 [-0.11%0
M123 100 38,13 | 6,28 82 | 39.01 | 8,99.|-0.7507
State, Mid S.E.
M112 ) 10.40 | 2,51 71 | 10.38 | 3.17 | 0.0L43%5
M1llk 90 10.83 | 2.9k )| 71 | 10.15 { 2,95 | 1.4501
M117 90 10.59 | 2.60 71 | 10.11 | 2,53 | 1.1694
M120 90 11.33 | 2:26 71 | 11.20 | 2.6k | 0.3452
Ml21l 90 21,23 | L.bh4 71 { 20.53 | 5.12 | 0.9107
Mlo2 90 21,92 | 4.09 71 | 21,31 | k.17 { 0.9%26
M123% 90.. | 43.16 | 6.84 71 | 41,85 | 7.60 | 1.1353
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supports the interpretation that the population mobility did not operate as a

selective”factor on this general ability measure.

5. Differences between Original and New Samples

In order to ascertain whether th2 new pppils added in first grade performed
differently from the original pupils and, further, whether a selective factor
was operating in the loss of new pupils,'Tables 3,7 and 3.8 are presented, As
with the analysis of sample changes in NPPSIiscores, these analyses of changes
in WISC scores refer to a single administration of the WISC. The-WISC was given
to all the children in City 1 during the second grade year.

Table 3,7 gives the means and standard deviations of the WISC Short Form
Total Scaled Scores (M31l) for the original pupils at second and third grade

ond for the new pupils at these grades, by school.

Two observations may be made in Studying this table, 'First, in comparing
the scores for the original and new pupils at second grade, in all but three of
the twenty schools, the mean of the original pupils is higher than that of the
new pupils although the absolute a.fferences may be small. Second, in noting
the direction of change in mean IQ by school between second and third grade,

there is little difference in the direction of change between the original and

the new pupils. For both groups, there is a tendency for the pupils remsining

at third grade to have slightly lower WISC scores than the group tested at
second grade. Tﬁis decrease in schocl mean occurs in twelve schools for the -
original pupils, and in twelve schools for the new pupils as well, With the
exception of two schools (2 and 18 for the original pupils),-the schools in.
which mean scores are higher at third gradelthan at second, for both the orig-

inal and new samples, are in the middle socio~economic cells.

Table 3.8 presents the results of t-tests performed, by bell, between the
original and new pupils remaining through third grade on the scaled scores of
the WISC. The scaled scored subtests are Vocabulary (M305), Similarities
(M306), Picture Completion (M307), and Block Design (M308). The remaining
three scales in the table are the short form Verbal Scaled Score {M309), the
short form Performance ‘Scaled Score‘(M310), and the WISC Total Scaled Score
(M311),  The t-values show significant differences between the original pupils
and new pupils who remained throughout the third grade, with the original pupils
(NL) consistently showing higher means than the new pupils (N2} added at first ‘
grade, although these differences are morelnotewo;thy4in the State cﬁrriculum

cells than in the SMSG curriculum groups. For the lower socio-economic SMSG
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TABLE 3.7

" Means and Standard Deviations
of WISC Short Form Total Scaled Scores
by School, Cell and Grade -
Original and New Pupils, City 1

Original Pupi.ls New Pupils
School Second Grade Third Grade Second Grade Third Grade
Number M {0 N M o N M g N M o | N
SMSG, Low S.E. -
10 | 39.0]l6.2| 46 38.3[5.0] 3637.0]6.7 | 24[37.0[6.5] 13
1k 36.91 6.7 28| 36.7|7.0| 22 36.9]16.3 | 2k{|35.4|5.6] 17
15 42,118.,6| 16| w2.0|7.0 | 12| 35.2| k4.3 6i[32.5] 2.1 2
20 39.5[6.91 59 |[ 39.4|7.1 51 || 37.7 | 6.b 9|f37.k|6.3
Total . _ 1llg _ 121 63 o 37
SMSG, Mid S.E. '
1 43,6 |7.5] 33 || b2.6|6.8 | 24| 41.5|6.8 | 13|{L1.3]|8.0 6
.3 v5.2(8.0| 19 w.117.5] 15 u5.1[ 8.4 | 11][45.6 8.6 10
5 48.518.7 | 36| 48.7(8.9 | 34| 48.3]7.2] 18|/48.9 7.k} 16
6 18,918.2 19 k9.818.8| 13| u6.1/8,3| 11|{49.8 ] 5.0 L
12 53,9 6.3 12 55.1{5.1 | 11 49.5[8.3{ 11| 48.6{8.1| 10
13 5.3 8.L.| 35 [ 52.2{ 6.5 28] 41.9| 9.1 | 13[[41.3 [12.0] 7
19 53.8[ 9.2 27 [[52.908.8] 5([52.3[7.2| 22(|52.2]7.5] 20
Total . 181 . 150 _ 99 T3
State, Low S.E, . - : : :
.2 4.9 (7. 43 (1 4.1 8.8 [ 33| 37.419.3| 37{35.0[6.7| 2k
39.5 7.0 30| 39.0]6.3] 23] ¥1.4|7.9]| 17{[38.5]|7.2] 10
18 28.3|7.3| sufll 38.5|7.5| ur|l 36.1|7.6 | £8({36.117. 4] 20
Total . 127 103 | 82 1 su
IState, Mid S.E. .
S fju1j7.5| 23| w.2|7.1| 21 ko.k|7.0| 13[|k0.2]6.6] 9
4.6 6.6 | 15 |l L0.3| 6.4 | 10([.37.8| 5.1 | 35| 38.4)5.2] 23
W3 7.4 | 33| w.98.31 22| 39.9(7.2| 15| %.2|6.8| 10
1 50.L 6.2 17| 49.9| 6.1 16| 5L.0| 9.7 | . 9||53.0[8.3] 6
16 48.4[9.7| 9] 50.7][7.8 7 47,61 9.5 13||u6]7.7( 8
7 " || w.6|8.3| 16| w.2|7.8 | 13( 41.6) 48| 11{[s29|5.0] 8
Total 113 | 89l 96| 64

31




TABLE 3.8

Student's t-Test
of WISC Scaled Scores by Cell -
Original-and New Pupils
Remaining through Third Grade, City 1

WISC Scales || N1 M;in 32 N2 M;;n gg %
SMSG, Low S.E. _
M305 120 9.49 | 2,42 38 9.05| 2.54|-0.9L07
M306 120 | 10.27 | 2.59 38 9.74| 2.37| 1.17L45
M307 120 9.33 | 2.36 38 T.61) 2.6L| 3,60LL*xxx
M308 120 9.78 | 2.32 37 9.59| 2.33! 0.3270 -
M509 12¢ | 19.76 | L.26 38 18.79{ 4,13} 1,2508
M310 120 | 19.11 |} 3.79 37 17.24 | 4,10} 2,4735%**
M311 [l 120 | 38.87 | 6.62 || 37 | 36.08| 5.85| 2.L616%**
SMSG, Mid S.E.
M305 148 | 12,74 | .3.11 75 12,47 3.21| 0.6123
M306 148 | 13,25 | 3.29 75 12,43 3,08| 1.8Leo*
M307 147 | 11.06 | 2.75 75 10.89| 2.u42| 04661 .
M308 147 | 12,03 | 2.95 Th 11.86| 3.,01{ 0.3797
M309 48 | 25,99 5.60 75 24.89| 5.68] 1.273%0
M310 147 | 23.09 | L.76 N 22,84 L,49] 0,383%0
M311 . 147 | 49,07 | 8.69 || Tk ¥7.85| 8,72} 0,9856
State, Low S.E. :
M305 102 9.32 | -2.93 55 8.4k | 2,72] 1.8985*%
M306 102 | 10.58 | 3.021 55 9.6L| 2,54| 2,0702%*
M307 102 9.47 | 2.68 55 8.69| 2.32] 1,9055*%
M308 102 | 10.03:[ 2.8L4 5 9.13| 2,60} 1,9891%*
M309 102 | 19.90°) 5.08 || 55 18,07 | 4.4l | 2,3475%=
M310 102 | 19.50 ] k.50 54 17.87 | L4.18 2,25u6%*
M311 - 102 | 39.40 | T.72 5L 36.02 | 7.03 | 2,761l2%%*H
State; Mid S.E. : '
M305 87 | 12,18 | 3.37 I 66 | 10.82| 2,71 2,7813%xx¥
M306 87 | 11,76 2.88 66 10.17 | 3.15 | 3.2L47*x*xH
M307 87 | 10.23| 2.28 65 9.661 2.49 ] 1,4375
M308 : 87 | 11.91| 2.59 |l 65 11,32 3.32)1.1790
M309 87 | 23.94| 5,47 66 20,98 | ‘L.95 | 3.5000%**¥
M310 87 | 22.1L| 3.96 an 20,95 | 4,18 ] 1,758L*
M311 87 | 46.08| 7.99 || 64 | 41.95| 7.36| 3.282h4xxx
* 05
*¥ '02
E 33 .Ol .
*xXX 005 - .
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poﬁulation, the only subscale on which the two samples differ is Picture Com-
pletion (M307) and this, in turn,lgontributes to the significant differences
found in the Performance Scaled Score {M310) and in the Total Scaled Score

(M311), Again, in the SM3G middle socio-economic group there is but one sig-
nificant difference, this time on a verbal scale, Similarities (M306), This
difference is not large enough, however, to make for significant differences

in the verbal or total scores.

The pattern of significant differences is not consistent for the two State
populations since the original and new pﬁpils in the low socio-economic group
are different on both verbal and performance subtests while the middle socio-
economic State pﬁpils differ 6nly on verbal subtests. Given the above state-
ment, it should be noted, however, that a_significanf difference is seen be-
tween the original and new pupils within the State middle socio-economic group
on the Performance Scaled Score (M310), as well as on the Verbal (M309) and’
Total Scaled Score (M311), despite the lack of difference on the two perfor-

mance subtests contributing to the performance score.

It appears, then, that some selective factor was operating in the mobility
of populations, particularly into those neighborhcods from which the State
gamples were drawn, using the WISC as a criterion.

o
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Chapter 4

FACTOR ANALYSES OF KINDERGARTEN SCALES

1. Description of Scales

Mathematics Test Batteries

The initial test battery given in September of the kindergarten year,
referred to as K-01, was planned as an evaluation of readiness for learning
mathematical doncepts.. K-02, given in May, was planned to assess gain over
the school year. Both K-0l and K-02 were individually-administered inventories.
The decisicon to develop and use individuslly administered tests had been made

during the previous pilot testing period(h5)

after reviewing published group-
administered tests of mathematics achievement available for kindergarten and
grade one. The judgment was made that the group tests demand that the chil-
dren give careful selective attention to a directed portion of a complex printed
page {albeit pictorial representations rather than words), that they be able to
follow somewhat difficult verbal instructions directed to the entire group, and
that they be able to make responses to these directions by manipulating a crayon

or pencil in an appropriate manner. Since these skills tend to be less well

1.developed in children from disadvantaged backgrounds, their perfcrmance on the

test is likely to be adversely affected by the test format and situation, apart

[Y
from their competence in handling the substantive material.

K-01 ana K-02 were developed to minimize possible differential hetween
disadvantaged and more advantaged children in handling the test situation and
materials, The tests were devised soAthat the children responded, in most
tasks, to cdncrete materials, When printed drawings were employed as test
materials, they were used as parallel forms to those tests utilizing concrefe
objects., Verbal'directions given by the tester were brief, simple statements,
and verbal responses were necessary in few of the test items. For those items
requiring the children to make a verbal response, a single word or short phrase

was sufficient,

Although each test took about forty minutes to administer, both the task
and the materials varied frequently during this period of time. Thus, the re-
quirement of a long attention span for good performance on K-Ol and K-02 was

a

(45) Leiderman, Chinn, & Dunkley, op. cit., p. 7.

O
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considerably reduced.

All of the tasks included within the K-0Ol inventory were given to every
child within the study sample. For K-02, however, certain tasks were given to
all of the children, and each of the remaining tasks was given to one-fourth
of the group (designated by the letters W X, Y, and 2). This proceduré was
necessary since the length of the test was approximately doubled because of
extending certain tasks, developing parallel forms, and adding new tasks to

the K-01 inventory.

Cognitive process measures. Several tasks within the X-01 and K-02 inven-

tories were used as indices of cognitive processes. These were color - match-
ing, naming, and identifying; classifying; ordering; geometric shapes - match-
ing, naming, and identifying; vocebulary; visual memory; and conservation. The
color inventory was included only in K-0l1 and conservation included only in
K-02. All of the others were given both at the.beginning and end of the school

year.

We assume that abstract concepts develop partly through awareness of cer-
tain regularities of events and, later, the categorization of these regulari-
ties. At the level of the five-year-old, such physical attributes of objects
as size, shape, and color are used to systematize and categorize a wide range
of perceptual experiences, The matching portions of the Color (019)( 46 ) and
Geometric Shapes (00l) tasks were employed solely as perceptual tests to as-
certain vwhether the children were able to match two cards embedded within two

displayed sets of cards on the basis of shape or hue alone. The matching‘tasks

‘were not repeated in the K-02 battery since they proved to be too easy for the

children at the beginning of kindergarten.

The naming portions of these same tasks required the children to give
names to specific colors {020) and simple geometfic shapes (002 and 102Y).
Accurate performance on these items depends upon the children's experience in
having had a particular label (e.g., red or circle) consistently attached to

:a particular hue or shape, and being able to say that word when the appropri-

ate perceptual stimulus is presented. The naming section was always given

@T)

Throughout the discussion of factor analyses, specific scales devel-

' oped from the tests administered will be referred to by & number in parentheses,
‘Those scales with numerals only refer to SMSG-developed tests, Those scale

numbers preceded by "M" refer to general ability test scales (e.g., WPPSI);
those preceded by "R" refer to readiness test scales; and those preceded by "A"
refer to achievement test scales. When the scale number is followed by the
letter W, X, Y, or Z, it refers to the appropriate parallel form administered
in the K-02 inventory. - .
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before the identifying so that the child would have to provide the color and

shape names which were provided by the tester in the identifying section,

The identifying portions of the Coler {02l) and .Geometric Shapes {003 and
10k4) tasks required the children to identify and select a color or shape re-
quested by the tester from a displayed set. This task demands, in addition to
having the particular color or shape name attached to certain perceptual stim-
uli, that the child "keev ° mind" the requested object while scanning the pre-
sented set to locate tb- priate object, whose only property differentiating

it from the others is it: ..lor or shape, according to the specific task.

The ordering and classifying tasks required that the child rely on percep-
tual cues, and in addition, that he have certain concepts of shape and of size
relationships. The difficulty of the classifying items was varied by the num-
ber of attributes upon which classification was required. In K-0l, the test
materials for both Ordering (Olh) and Classifying {015) were geometric shapes
of varying size and color. In K-02, Ordering (147) required the child to ar-
range by size a series of objects, of pictures, and of geometric shapes. Clas-
sifying (129Y) in K-02 had items using objects and pictures as materials as
well as the shapes that were used in the Classifying scale in K-Ol, The items
of Classifying (129Y) were regrouped to form two additional scales, Classify-
ing S-2(130) was givén to all the children and included items that reqpired
“the children to hand the tester the smallesf or largest object ordey.d for )
Scale 147. The remaining items in Scale 129Y (administered only to Sample Y)

were designated as Classifying S-1 (128Y).

Two kinds of mediating processes that appear necessary for symbol manipuia-
tion, and that were measured as cognitive process variables, weré¢ vocabulary
and visuel memory. When the child is able to manipulate words and visual imaéey
representing objects or experiences, rather than having to have the concrete
object in pis presence, then he 1s better able to use his experiences for more

ebstract symbolic thinking.

Although there are many facets of language learning relevant to cognitive
development, the most relevant for the EIMA study wes the vocabulary necessary
for understandingkmathematical concepts and relationships, Mathematics has &
precise language. At this age level, however, perhaps more important than the
precise. language of mathematics, is some vocabulary which the children can use
as labels for certain manipulations. 1In developing the concept of sets, for

" and "as many as" ere

example, such expressions as "more than," "fewer than,'
crucial. For the early pre-geometry ideas, such words as "inside," "outside,"
and "on" are needed. The ability to understand these words, as shown by appro-
priate manipulation of blocks, was the means used to assess the vocabulary.of
Q ' .
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the kindergarten mathematics program (0l0 and 117X).

N \

Our definition of visual imegery is the mental representation of objects

and actions that stand for actual objects or events experienced by the child,
and that can be manipulated in thought, as a step beyond the necessity of man-

ipulation of the concrete, here-and-now events.

The usefulness of visual imegery in concept performance is a moot issue,

(47)

envirorment and the conservation of these properties through imagery seem to

but as Bruner states, "The concentration upon surface properties of the
2onstitute a state of grcwth that bridges the gap between the rigid serial
representation of earlier enactive representation and the language-saturated
phase of later childhood ... ." {Ibid, p. 28).

The measurement of visual memory within the K-0l and K~-02 batteries was
 through recall and recognition responses to a removed objéct that the child

had been shown.' To minimize the possibility of disadvantaged children not suc-
ceeding on this task because of a language handicap, simple familiar objects \
such as P toy car or dog were used in the form which will be referred to as
Visual Memory - Objects (008 and 11MW)., In the parallel form, denoted as
Visual Memory - Pictures {017 and 131Z), drawings of familiar objects were used.
In K-02, two additional visual memory tests were included, Visual Memory - Pic-
ture Cards (133W) and Visual Memory - Shapes {135W).

Abllity to conserve number was measured in a test modeled after one devised
by Herbert Zimiles.( ) Conservation {146) measured the child's ability to
recognize equalities and -inequalities between two sets when conflicting percep- _
tual cues were present, To achieve correct answers, the child had to.disregard
spatial arrangement and size of set members, which sometimes conflicted percep-
tually with number, and to utilize number only. The task required in this con-
servation-like scale was to determine in which of two rows on a card there were
more pictures, or whether there was the same number in both rows. Test materials
vere dots, shields, end flags.

Mathematics achievement measures. The separation of those tests identified:

as "Cognitive Process Variables" from those included as "Mathematics Achievement
Measures" was somewhat arbitrary; the two are clearly not disjoint sets. The -

(Y )Bruner, J. S., Olver, Rose R., Greenfield, Patricia M., et al.,
Studies in €Cognitive Growth, New York: John Wiley & Sons, Inc., 1966.

(48 )Zimiles, H, The development of conservation and differentiation of
mmber, Monogr. Soc. Resch. Child Development, 1966, 31, No. 6.
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major criterion for calling a specific task a measure of cognitive process was
that, in addition to being a learned relationship or understanding, its pres-

ence indicates & certain level of cognitive development,

Those tasks here called mathematics achievement measures included counting
objects and counting members of a set, forming equivalent sets, numeral writing

and identification, and ordinal number,

Cardinal counting was assessed in two different ways. In the first, the
child was asked to count out a specified number of buttons from & large - set
of buttons provided him, Counting Buttons (0O4 and 106X). In the other type
of task, the child was provided a set whose members he had to count. For the
scales Counting Members of a Given Set - Picture Cards (006 and 110), each set
consisted of pictures on a card. Counting Members of & Given Set - Objects
(111), which was included only in K-02, had objects stapled on & card in each

set,

Manipulation of set materials prior to operations on numbers is the ap-
proaéh used in both the SMSG and SRA kindergarten books. Among the activities
included is that of set comparison employed to establish the concept of equiv-
alence and to provide practice with the vocabulary and the idea of sets haVing )
more or fewer members. This activity, in turn, leads to work with numbers
greater than, equal to, and less than other numbers. Some of the set coﬁpari-

" son ideas were assessed in the Vocabulary test discussed previously.

Thé concept of equivalence was tested in both K-Ol and K-02. In K-Ol it
was tested by requesting the child ¢o form a set equivalent to that represented
by a group of pictured dots on a card, Equivalent Sets - Dots (012). In K-02
it was retested in this form (119). In addition, a parallel form was included
in K-02, with the given set consisting of concrete objects presented in the
same patterns as were the dots on the cards, Equivalent Sets - Objects (118).

To compare sets and arrange them by the number of members within each set,
it is useful; though not imperative, for the child to have some concept of or-
dinal number. The vocabulary of ordinality is part of the everyday language ,
of the kindergarten teacher, e,g., teking turns, the first child in line, and
references to the sequencing of activities during the school day. The meaning
of "first," "fourth,"” ete., mgy be more explicitly teught through the ordering
of sets by the number qf;members contained within each set or through establish-
ing and naming positions of objects within a set. Ordinality wes tested apart
from cardinality‘by requesting the child to place marbles in specified (e.g.,
second) toy trucks that were lined up in front of him, Ordinal Number (013 and
120).
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The &bility to write and to identify numerals is a clear prerequisite for
work in mathematies, A certain amount of eye-hand coordination is necessary
for a five or six-year-old to be able to form numerals. In order to identify
them, he must have a number name associated with_fhe written symbol, The ex-
plaﬁation for the identification portion df this task was so phrased that the
aumeral the child had to identify stood for the number of discs within a sealed
envelope on the front of which the numeral was printed, Identification of Num-
erals (007 and 113X). On the numeral writing portion the child was asked to.
write the numeral that showed how many buttons were in a box, Writing Numerals
(005 and 108X). '

The ability of a young child to concentrate on a task and to respond to
directions given him by an adult can be expecteﬁ to affect performance in school
as well as in a testing situation. To obtain some index of these behaviors,
two scales were rated by the testers administering X-0Ol and K-02. Response to
Verbal Directions (022 éﬂd 143) was a rating of the child's attempted or actual
compliance with the directions given‘him. Attention to Tasks (023 and 1h4) was
a rating of the child's ability to attend without losing interest or needing

reminders.

Intelligence and readiness tests. The verbal tests of the WPPSI included

"in the short form administered during the kindergarten year were'Vocabulary
(M112) gnd Similarities (M11lk); Picture Completion (M117) and Block Design (M120)
were the two performance tests. The Vocabulary subtest measures the child's’
knowledge of the meaning of a series of twenty-two progressively more difficult
words, with a maximum score of U4k, The Similarities test consists of ten
items in which the child mﬁst complete simple analogies‘énd an additional six~-
teen items in which he must.explaiﬁ ways that two objects named are alike, The
maximum score on Similarities is 22,

The Picture Completion test contains twenty-three pictures each of which
has some part missiny, The child must néme or otherwise clearly indicate he
knows the missing portion. The maximum score is 23. Block Design consists
of ten designs that the child must construct with blocks. In the first seveﬁ
designs, the tester constructs models which the child than attempts to repro-
duce. On the last threé items, the child must construct the designs from
pr;nted models., The maximum score for the Block Design tést is 20 points,

The Metropolitan Readiness Tests were designed to measure the development,
in beginning school students, of skills and abilities that conﬁribute to readi-
ness for instruction in first grade. The first of the six subtests included
is Word Meaning (R201), a sixteen-item picture vocabulary test, in which the

child marks the picture that illustrates a word named by the tester.
O ‘ : P
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Listening (R202) is a sixteen-item test of ability to comprehend phrases and
sentences, The child selects from three pictures the one showing a situation
described by the tester. Matching (R ‘s a fourteen-item- test of visual
perception involving recognition of si. ‘ities, - The child marks one of three
pictures'that matches a given picture, Alphabet (R20k4) is a sixteen-item test
of ability to recognize lower~case letters of the alphabet. The child nmust
mark, from four alternatives, the letter named by the tester. Numbers (R205)
is a twenty-six item test of numbef knowledge and includes items relating to
éounfing; money, nﬁmeral recognition, size concepts, and telling time. The
last subtest,(h9)Copying (R206), is a fourteen-item test that measures both
visual perception and motor control. The task is copying letters, numerals,

or geometric designs,

2, Results of Factor Analyses

Factor analyses were performed separately for each of the two individually-
administered test batteries given in kindergarten, the K-Ol test given at the
beginning of the year and the K-02 test given at the end of the year, These
analyses are based on the City 1 sample only. In some of the factor analyses,
scales were also included from the WPPSI and the MRT.

In all factor analyses described in this rewort, the Squared multlple cor-
relation was used in the diagonal of the correlation matrix and the Varimax
method was used to obtain simple structure with orthogonal factors.(so) The

number of factors rotated was determined by using either the criterion that
the number of factors equalled one-half the number of variables or that the
eigenvalue was < 1, vhichever number was smaller. In the tables which show
factor loadings, all loadings less than +30 have been omitted, Factors are
not included in the tables unless they have at least two variables with load-
ings of ,30 or higher, In the tables within this chapter and Chapter 5, the
- original factor numbers obtained in the IBM printouts have been retained, 1In
the tables of Appendices 4 and 5 which show the reduced correlation matrices,
the squared multiple correlations afe given in the diagonal, and product moment

correlations are shown in the remainder of each table.

(15)

City 1.
(50)F6r“a descrlptlon of the computer program used to compute factor

analyses, see BMDO3M - General Factor Analysis in Dixon, W. J. (Ed. ), "BMD

Biomedical Computer Programs," University of California Publications in Auto-

matic Computation, No. 2. Berkeley: University of California Press, 1970

nin - 169~180.,
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Factor Analyses of Beginning-of-Kindergarten Scales

Two factor analyses were performed for the scales from the beginning-of-
kindergarten test battery (K-0l). In the first of the factor analyses discussed
below, only the scales from K-Ol are included. Only children who were still
preéent et the end of kindergarten were included in this analysis. In the
second factor analysis, scales from the WPPSI and from the MRT are included,
together with the scales from the K-Cl test. Although the WPFSI was given
during the second half of the kindergarten'year and the MRT was given at +he
beginning of. first grade, these two tests were included with the beginning-of-
kindergarten mathematics scales to provide a picture of the relation between

the mathematics scales and scales measuring more general gbilities.

Factor analysis of K-Ol battery. The number of items included in each

scale and the means and standard deviations obtained for the sample are given
in Table 4.1A. The number of items in the scale is equal to the maximum score
attainable for all scales except Rote Counting (0l6), Response to Verbal Direc-
tions (022), and Attention to Tasks (023). For Rote Counting, a code was used
to indicate how far the child could count without error: 0O represented less
than 10, 1 represented 10-19, efc. Response to Verbal Directions and At-
tention to Tasks were four-point rating scales, with a 1 representing non=-
compliance on the former scale, éhd full attention on the latter scale. For
the remaining scalgs, a scoré of 1 was given for each correct item, and the

scale score was the total of the correct responses,

As can be seen by inspection of the statistics in Table L4.1A, the aQerage
score obtained was very close to the maximal possible value {less than one
standard deviafion from the maximm) for Geometric Shapes - Matching (oo1),
and for the three scales measuring knowledge of colors (019, 020, and 021),

For all scales except Geometric Shapes - Neming (002) and the Visual Mémory
scales (008 and Ol7)}, the values obtained for Cronbach's alpha(5l) were greater
than ,60, For Geometric Shapes ~ Naming, < = .58 ; and for Visual Memory -
Objects and Visual Memory - Pictures, o = .43 and & = .38, respectively.

Factor loadings for scales of the K-0l test battery are shown in Table
L.1B. The last row of the table shows the percent of total variancé accounted
for by the factor. The correlation matrix on which this anal&sis.is based is
given in Appendix 4 in Table A4.l. -

(5L )Cronbach, L, J., Coefficient alpha and the 1nternal structure of tests.
Ps chometrika, Sept. 1951, 16, pp. 297-33k. :
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TABLE 4.1A

Means and S{;andard Deviations for Scales Used in Factor Analysis
of Beginning-of-Kindergarten Scales
Total Sample

K-0l Scales Ttem N MN SD
Geom Shape: Match Q01 -t 3,83 0.58
Geom Shape: Name 002 Y 1.45 1.15
Geom Shape: Ident 003 "l 2.h9. 1.25
Count Buttons ° ook 7 4,40 2.56
Write Numerals 005 7 1.04 1.92
Count Set: PC 006 8 4,15 2.90
Ident Numbers 007 8 4. k9 3.02
_Vis Memory: Obj 008 5 - 3,21 1.27
Vocabulary 010 20 14,82 2,94
Equiv Sets: Dots 012 6 3.16 2.13
Ordinal No. 013 8 3,64 1.82
Order Geom Shapes Olk .. 2 | 0.83 0.86
Classify 015 9 k.29 1.98
Rote Cow ting 016 1 1.53 1.60 '
Vis Memory: Pict 017 i 1.12 1.04
Color: Match 019 6 5,87 0.58
Color: Name 020 7 5.87 | 1.83
Color: Ident o2l 6 5.21 1.60
Resp Verb Dir 022 1* 1 3,66 0.57
_Attn to Tasks 023 | 1,63 0.91

N = 1,058

*Test behavior scored on a h-point scale, with 4 as high.
**Test behavior scored on a h-point scale, with 1 as high.
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Table 4,18

Factor Loadings for Beginning-of-Kindergarten Scales
Total Sample

Factors
KTOl Scalés 1 2 3 4 5 7
Geom Shape: Match OOl 32
Geor Shape: Name 002 .60
Geom Shape: Ident 003 | .58 s
Count Buttons ook 65 !
Write Numerals 005 .59
Count Set: FC 006 48
Ident Numbers 007 .68
Vis Memory: Obj 008 ' o .3k
Vacabulary 010 .39 .30
 Equiv Sets: Dots 012 40 ) .30
Ordinal No. 013 .60
Order Geom Shapes Ok .38
Classify 015 .%h _ .36
Rote Counting o6 | .63
Vis Memory: Pict  O17 _ . .32
Color: Match 019 : 1o.32
. Color: Name . 020 .79
Color: Ident 021 ;80
Resp Verb Dir 022 | | 67
Attn to Tasks 023 -65 |
Percent of '
Total Variance - 16 8 6 6 2 2

N = 1058

Note: Factor loadings of less than ;30 haﬁe been omitted from this
table. - .




The first factor, a general mathematics factor, accounts for a consider-
ably higher percent of the total variance (16%) than any of the other factors.
All scales in thé K-01 béttery have léadings higher than .30 on this factor
except the geometry scales (OOL, 002, and 003), the scales dealing with color
(019, 020, 021), the visual memory scales (008, Ol7), and the two ratings by
the testers (022, 023), The highest loadings on this factor occur for those
scales most directly related to knowledge of numbers and counting, e.g., Count-'
ing Buttons (OO4), Writing Numerals (005), Identifying Numerals (007), Ordinal
Number {013), and Rote Counting (0l6). A somewhat lower loading was obtained
for Counting Members of a Given Set - Picture Cards (006), a scale that requires

counting pictures arranged irregularly on cards.

The remaining factors are rather specific ones and are marked by a very
small number of variables. The secohd factor has load%ngs only for two color
scales, Colof - Naming {020)..and Color - Identifying (021); these two scales -
appear on nc 6thefmfactof. -Test-taking behavior ié measured in factor 3. TFac-
tor_h, a geometry factor; has the highest loadings for Geometric Shapes - Naming
(002) and Geometric Shapes - Identifying (003), and very low loadings for Vocab-
ulary (010) and Classifying (015). (The latter two scales have some items using
georietric shapes.) The remaining two factors, a matching factor (factor 5) and
a visual memory factor (factor 7), accounted for only a small perggnt of the

variance; and very low loadings occurred for the variables™on these factors.

Factor analysis of scales from K-Ol together with scales from WPPSI and

MRT, Means and standard deviations obtained for variables included in the
factor anelysis of the scales of K~-0Ol with those from'WPPSI_and MRT are shown
"in Table 4,24, and factor lcédings are given in Table 4,2B, (Tﬁe correlation
matrix is in Teble A4.2 in Appendix b,

All the principal factors found previously in Table 4,18 appear again in

Table 4.2B, and the variables have similar loadings on factors in the two anal-
yses. Again, & general mathematics féctprvappears (factor 5) which corresponds
to factor 1 in the previous analysis. The total percent-of variance accounted
for by this factor is not aé high, however, as was the general mathematics fac-
tor obtained when the scales from K-Oi:were fgctor analyzed separately. The
pattern of factor loadings on factor 5 is very. similar to that obtained for
‘factor 1 for the“previous.analysis, but the loadings tend to be slightly lower
on factor 5. Two variables, Equivalent Sets - Dots (012) and drdering Geometric
Shapes (01k), do not abbear on the general mathematics faétor in Teble 4.2B al-
though they did sppear on the comparable factor ( facto? 1) in Table 4.1B. None
of the scales from the WPPSI appear on factor 5, but three scales from the.MRT

' appear here, The scale from the MRT having the‘highest.loading is Numbers (R205),

o ‘
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Table 4,24

Means and Standard Deviations for Scales Used in Factor Analysis
of Beginning-of-Kindergarten, WFPSI and MRT Scales
: : Total Sample :

Scales Item N MN__ | 8D

K-Ol Scales
Geom Shape: Match OOl L 3.83 0.57
Geom Shépe: Name 002 4 1.52 1.16
Geom Shape: Ident 003 4 2,52 l.22
Count Buttons 00k 7 L 44 2.55 |
Write Numerals 005 7 0.92 1.87
_Count Set: PC 5| 8 4,12 2.92 |
Ident Numbers 007 8 4,43 3.01 ]
Vis Memory: Obj 008 5 3.29 .27 |
Vocabulary 010 20 14.91 2.96 |
Equiv Sets: Dots 012 6 3.17 2.13
Ordinal No. 013 8 3.57 1.77
Order Geom Shapes 01k 2 0.83 0.86 j
Classify 015 9 4.37 1.96
Rote Counting : 016_? 1 53 |7 1.59
Vis Memory: Pict OL7 i 1l.11 1.03 L
Color: Match 019 6 5.90 0.47
Color: Name 020 7 5. 94 "1.73
Color: Ident ol | ¢ © 5,28 1.50
Resp Verb Dir 022 | 1x 3.65 0.57
Attn to Tasks 023 1wx 1.60 0.91

- WPPST Scales '

WPPSI Vocabulary - Mil2 DORR¥ 92.95 2.92
WPPSI Similarities MLl4 16%%% | 10.36 2.78

- WPPSI Pict Compl  ML17 P 9.89 2,73 |
'WPPSI Block Design ML20 | 1ow*x | -10.6) 2,62 |

.M_R_'I_'_-Scales ‘ .
MRT Word Meaning - R201l _16 9.32 " 3.00
MRT Listening R202 16 10,74 | 2.58
MRT Matching R203 L 9.01 3.32
MRT Alphabet R204 16 12,12 3.86
MRT Numbers - Réo5 26 13.11 L, 07
MRT Copying R206 1L 5.h2 | 251 -

N = 600 . ’

*Test behavior scored on a 4-point scale, with L ;.s high,
_#¥Test behavior. scored on a 4-point scale, with 1 as high,
*%¥¥WPPSI means and standard deviations are from scaled -scores
EMC ‘ with a range of 1 to 19. :
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Table -4+,28
Factor Loadings for Beginning-of-Kindergarten, WPPSI and MRT Scales
Total Sample

S‘cales | T 5 3Fac‘tori 5 7
K-0l Sc¢ales ‘ ) : ’
Geom Shaype: Match 001
Geom Shape: Name 002 | : .60
Geom Shape: Ident 003" . . ST
Count Buttons ook .30 .30 Y
Write Numerals - 005 _ .52 -
Count Set: PC 006 | .30 : ' e
Ident Numbers 007 .63
~ Vis Memory: Obj 008 ,
Vocabulary 010 ' .35 .33
Equiv Sets: Dots 012 .37 .30 '
Ordinal No. ' 013 . : «50
) [ order Geom Shapes o+ .| .32 - \
Classify 015 e - 34 | .35
Rote Counting 016 : . .59
Vis Memory: Piet 017 ' > '
Color: Match 019
Color: Name 020 .78
Color: Ident co2r | . | .78 ,
Resp Verb-Dir = o022 | o - ;69
Attn to Tasks ~ 023 |- _ -.66
WEPSI Scales ' .
'WPPSI Vocabulary Ml12 ' .]""'.63
WPPSI. Similarities ML14 |- o .51
WPPSI Pict Compl  ML17 | .50 :
~ WPPST Block Design M120 | .62
N |MRT Scales
| MRT Word Meaning Reol | .36 | - | .47 |
- MRT Listening. . R202 | .38 | A7 Al .
MRT Matching ~  R203 | .55 , -
MRT Alphabet Reok | .33 | - - .39 )
- | MRT Numbers ~ R205 | .47 NN b7
MRT Copying -+ R206 | .56 | - S T
‘. Percent of . ) - L ‘
Total Variance - 4 9 6 . 6 | & 10 L
= 600 - ' '

Q Iote Factor loadings of less than .30 have been omij:ted from this table.
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and those scales having low loadings are Alphabet (R204) and Copying (R206).
The appearance of Alphabet on this factor can be attributed to the relationship
between the ebility to recognize letters of the alphabet and the ability to
identify numerals. Identifying Numerals (007) which had the higheat loading
on factor 5 has a correlation of r = .51 with Alphabet (R20L).

Again, factors appear'for color (factor 2), behavior during testing (fac-
tor 4), and geometry (factor 7). These three factors correspond to factors 2,
3, and 4, respectively, in the previous analysis, The two factors in the first
analysis that were characterized by extremely low loadings did not appear in

the present analysis.

The two new factors (1 and 3) which were obtained in the present analysis
had scales from the WPPSI and the MRT as the principal markers. Factor 1,
characterized by ability in performance of tasks, includes the two performance
scales from WPPSI: Picture Completion (M117) and Block Design (M120). All the
MRT scales are also found on this factor, with the highest loadings obtained -
by two performance scales, Copying (R206) and Matching (R203), and a moderately
high loading for‘NuMbers (R205). Factor 3 is g factor measuring verbal ability
and includes the two verbal scales from the WPPSI, Vocebulary (M112) and Sim-
.ilarities (Mllh),vand the two scales from MRT measuring word knowleﬁge, Word
Meaning (R20l) rand Listening (R202). The EIMA scale measuring knowledge of N
vocebulary related to mathematics (010) has a loadlng on factor 3, although
the loading is low.

3

) As noted in the discﬁssion’above, thefe were some.minor differences between
the factor snalysis on K-0l1 scales alone and the factor analysis ont K=-O1l scales
'together w1th WPPSI and MRT scales. These differences could result either from
-.the difference in the total set of variables used in the two analyses or from
differences in correlations obtained for variables in the two analyses. The
sample size fer the correlation matrix in the second analysis was'considerably
smaller than that wsed in the first analysis since the.inclusion of the MRT
eliminated all etudents who dropped out of the study between the end of kinder-
garten and the begimning of first grade. Inspection of the correlation matrices
in Tebles Ab,1 and A%,2 of Apperdix 4 shows quite a few changes in correla-
tions caused by the change in sample size used in the two analyses,

. Factor Analyses of End-of-Kindergarten Scales

A factor anaiysis was performed -for the common scales of K-=02, iae;, those
given to the total population, together with . the WPPSI and MRT scales._>In ad-
dition, factor analyses.were perfermed for the scales eommon to the four sub-
populations to evaluate the results obtained for those scalss giveh to
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approximatély one-fourth of the sample. Further, the scales from K-02 given
only to subpopulations were factor analyzed together with the common K-02 scales
and the scales of the WFPSI and the MRT in each subpopulation.

Factor analysis of end-of-kindergarten common scales in the total

population. The means and standard deviations obteined for the common end-of-
kindergarten scales in the total population are given in Table L.3A. As can

be seen from this table, the average scores obtained on all the scales of K-02,
except CountinglMembers_df a Civen Set - Picture Cards (110), are less than one
standard devistion from the meximum possible score. Although the scales from
K-01 had been extended for K-02 so as to include more difficult items, the
scores on K-bz scalés are restricted much more at the high end of the range than
had been the case for the K-0Ol scores. The values of Cronbach's alpha for the
K-02 common scales were all at least .60.

Factor loadings obtained in the faector analysis of common K-02 scales are
shown in Table %.3%B, and the correlation matrix is given in Teble A4,3 in Ap-
pendix k. The second factor obtained in the'analysis was a general mathematics
factor. The highest loadings on factor 2 were obtained for the two scales re-
quiring counting of sets (110 and 111), and slightly lower loedings were cbtained
for.the two scales requiring formation of equivalent sets (118 and 119), Num-
bers (R205) from the MRT also had a low loadlng on factor 2,

Factor 1, a performance factor, has as the variables with highest loadings,
the K-02 scale Ordering Composite (1L7), two WPPSI scales, Picture Completion -
(ML17) and Block Design (M120), and MRT scales Copying (R206), Matching (R203),
and Numbers {(R205). Low lnadings on factof 1 were obtained by Classifying S-2
(130) and the MRT scaies Word Meaning (R201), Listening (R202), and Alphébet
(R20Y4).

_ On the remeining factors, no high loedings are found for any K-02 scale,
Factor 7- is a verbal ability factor with the highest loadings occufring-for
the two WEPSI verbal scales, Vocabulary (Mll2) and Similarities (MLlk), and
the two MRT scales measuring vocabulary, Word Meaning (R201) and Listening _
(R202). Low loadings were obtained on factor 7 by the K-02 scales Classifying
8-2 (130) and Ordering Composite (147). Factor 5 appears to be a factor spe-
cific to performance on the readiness test., Test-taking behavior appears in
factor 3, separate from performance, as it was in the factor analyses of the
beginning-of-kindergarten scales,

The remaining two facfors, b and 6, account for a very small percent of
the total variance, Geometric Shapes - Identifying (104) and Alphabet (R204)
appear together on factor 4; the scales Equivalent Sets - Objects (118) and
w5ivalent Sets - Dots (119) are ‘found on factor 6.

EKC | o 5

e

wll Toxt Provided by ERIC




Table-b4,3A

Meane and Standard Deviations for Scales Used in Factor Analysis
. of End-of-Kindergarten Common Scales
Total Sample

l Scales ITtem N MN sD

K-02 Common Scales

Geom Shape: Ident 104 5 L.50 0.88
Count Set: PC .- -110 10 5.60 2.86
Count Set: Obj” 111 10 7.49 2.63
Equiv Sets: Obj 118 6 L.z 0 191 _
Equiv Sets: Dots 19| . 6 - L4.85 1.52
Classify S=-2 130 6 5.3k 1.18 |
Resp Verb Dir 143 1 3.82 0.1k |
Attn to Tasks 144 1x¥ 1.32 0.74
Order Cowp 147 9 5.82 3,72
| WEPSI Scales .
'WEPSI Vocebulary  ML12 opexx 9.85 2.9k
WPPSI Similarities ML1L 16%** | 10.23 2.82
WPPST Pict Compl MLL7 oz | 9,85 2.73
WPPSI Block Design M12C 10%%* |  10.59 2,66
MRT Scales - _
MRT Word Meaning _ R20l 16 9.24 3.02 |
. MRT Listening R202 .16 10.58 2.70 |
< | MRT Matching Roo3 | 1k 8.96 3.h2
" |  MRT Alphsbet R2O4 16 11,96 - 3.96
MRT Numbers . . R205 26 . 12,96 l¢.I18
' - . 2,56
MRT Copying ‘112064= ik 5.38 56
= 671 . -

#*Test behavior scored on & 4-point scale, with 4 as high,
*#Test behavior scored on o 4-point scale,' with 1 as high.

***WPPSI means and standard deviations are from scaled scores
with a ra.nge of 1 to 189. :




Table 4,3B

Factor Loadings for End-of-Kindergarten Common Scales:
Total Sample

Factors
Scales : 1 5 ’ 3 } 5 & 7
K-02 Common Scales
Geom Shape: Ident 10k ’ .34
Count Set: PC . 110 .66
Count Set: ObjJ 111 | 70
Equiv Sets: Ob] 118 "¢58 _ ¢33
Equiv Sets: Dots 119 «59 «33
Classify S5-2. 130 | .33 [ . 433
Resp Verb Dir 143 . 72 |
Attn to Tasks 144 -.72
Order Comp S 17 - 50 | .30
WPPSI Scales
WPPSI Vocabulary ML12 , A . .63
WPPSI Similarities M1lk : S +50
WPPSI Pict Compl ML17 .51 - .30
WPPSI Block Design M120 .58
ggg-Scaies . ] ', .
MRT Word Meaning R201 1 .32 .56
MRT. Listening =~  R202 .30 .30 5k
MRT Matching R2Q3 A5 ' .37
MRT Alphabet R204 30 33 | «37
MRT Numbers - R205 Ak | .37 9 R .38
MRT -Copying - Rzo§ .55 ‘ ' .
Percent of .
Total Variance 12 12 71 2 ok 1 10

N =671

Note: Factor loadings of less thanm .30 have been omitted from this table.
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Factor analysis of common K-02 scales in subpopulations. The cormmon XK-02

scales were factor analyzed separately for each of the subpopulations W, X, ¥,
and Z to determine whether the factor pattern obtained in the total sample would
be maintained in the smaller subsamplés. The results are presSented in Tables
AL,h through AL.8 in Appendix L4, The factor patterns were basically the same
in the subpopulations as they had been in the total sample except in the Z-
population, In the lattef, Counting Members of a Given Set - Picture Cards {110)
and ObJects (111l) appear on a separate factor from Equivaient Seté - Objects
(118) and Dots (119). Also, the factor marked by the WFPSI perforumncé scales,
MlIT and M120, and Ordering Composite (147), which had been found for the total
populeation, féiled to appear in the Z-population., Results obtained in the fac-
tor analysis ofvthe scales given only to the Z-population, to be discussed sub-
sequently, must be considered tentative since the factor pattern for the common
K-02 scales for this population differed from the other subpopulations, There
was also some inccnsistency in the pattern of loadings for the scales from the’

MRT in the four suopopulations.

Factor analyses of subpopuwlation scales in K-02. Factor analyses were per-

formed for the subpopulation scales in K-02 together with the common scales in
K-02 and the scales from MRT and WPPSI. The means and standard deviations for
the scales given only t. a part .of the total sample are shown in Table L.k,
Statistics for the common scales in subpopulations are shown in Table Ah.h of
Appendix u,iﬁnd are quite close to those obtained for the total sample shown

in Table L.3A. The results of the factor analyses are shown in Table h.5 (W
population), Table 4.6 (X-population), 4.7 (Y-population) and 4.8 {Z-population).
The correlation matiices obtaeined in conjunction with these factor analyses are
‘presented in Tables AL,9 through AL.12 of Appendix k.

The three scales in K-02 given only to W-pdpulation measured visual memory.
The values obtained for Cronbach's alpha ‘for these three scales were quite low
(.26 < @< .34} . Two of these sceles, Visual Memory - Picture Cards (133W) and
Visual Memory - Shapes (135W), appear by themselves on factor 4, as seen in
Table 4,5; while Visual Memory - Objects (11LW) does not Wﬁve loadings on any
factor that are high enough to be included in the table.

The four X-population scales had satisfactory ‘values for Cronbach's alpha
(@ > .60); but the average scores for these scales, except Writing Numerals (108X),
were close to the maximum possible value, as can be seen in Table 4.t. Counting.
- Buttons {106X) and Identifying Numerals (113X), the average value was less than
one standard deviation from the meximum score. In the factor analyses for the
X-population, presented in Table 4.6, three of the X-population scalesy Counting:
Buttons, Writing Numerals, and Identifying Numerals, appeared together on factor
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Table 4.4

Means and Standard Deviations for Scales Used in Factor Analyses
of End-of-Kindergarten Subpopulation Scales

Scales Item N MN SD

W-Population Scales (N = 163)

Vis Memory: Obj 114 5 3,53 1.15
Vis Memory: PC 133 4 1.56 1.10
Vis Memory: Shapes - 135W 4 2.45 0.98

| X-Population Scales (N = 180)

Count Buttons 106X 39 7.83% 1,97
Write Numerals . 108X | 9 4,72 | 2.95.
Ident Numerals 113X 10 8.73 .28
Vocsbulary ’ 117X 19 15.36 12,99

Y-Population Scales (N = 162)

Geom Shape: Name  102Y 5 L.20 1.05
Ordinal Number 120Y 8 5,57 - 1.95

Classify S§-1 128y ' 9 6.23 1.67

 p-Population Scales (N = 164)

1.3 | - 0.95

Vis Memory: Pict 13172 L

Order Sets: Obj 1372 3 1.66 1.29
Order Sets: PCl 1397 "3 1.77. | 1,28
Conservation 1462 -6 8.62 || 2.93




Table 4.5

Factor Loadings for End-of-Kindergarten Scales for the W-Population
. -

Factors
Scales , 1 o 3 Ty 5 6 7 g
K-02 W-Population Scales
Vis Memory: Obj 11hw
Vis Memory: PC 133w Sl
Vis Memory: Shapes 135W 18
K~-02 Common Scales .
Geom Shape: Ident 104 : .36
Count Set: PC 110 B 6l
Count Set: Obj 111 . .69 i ,
Equiv Sets: Obj 18 - |- .60 .32
Equiv Sets: Dots 119 .63 : : .35
Classify S-2 130 ;1+5
Resp Verb Dir 143 o .76
Attn to Tasks = 1hk -4 _
Order Comp 147 46 .30 ' A5
|WPPST Scales . .
WPPST Vocabulary ML12 . .61
WPPSI Similarities MIlh ' .58
"WPPSI Pict Compl  ML17 «55
. WPFBI Block Degign M120 .67
MET Scales
MRT Word Meaning R201 B R - .35 | .57
MRT Listening =~  R202 : o 032 | 47
"MRT Matching R203 2 [ .38 | |
MRT Alphebet - R20% . .32 1 «39 .38
'MRT Numbers R205 . A9 A7
MRT Copying R206 .58 | W42
Percent of - .
Total Variance : 10 6 12 3 6 6 2 Iy
N =163

Note: TFagtor loadings of less than .30 have been omitted from this table,
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, Table 4.6
Factor Loadings for End-of-Kindergarten Scales for the X-Population

Factors
Scales 1 2 3 % 5
K-02 X-Population Scales
%ount Buttons 106X 13 .53
Write Numerals 108% .63
Ident Numerals 113X .71 )
Vocabulary 117X | ' .62
K=02 Common Scales
. Geom Shape: Ident 10k
Count Set: PC 110 q .71
Count Set: Obj 111 .72
Equiv Sets: Obj 118 32| .61
Equiv Seps: Dots 119 32 | 53
Classify S-2 130 30 ] .48
Resp Verb Dir o143 . .72
Attn to Tasks 1hih , -.73
_ Order Comp U7 .19 . .36,
"WPEST Scales
WPEST Vocsbulary ML12 .31 | e
WPPSI Similarities Mk . | - | — 1 | .36
WPPSI Pict Compl ~ML17 .60 .
WPPSI Block Design ML20 6L
MRT Scales .

. MRT Word Meaning R201 - S| .72
MRT Listening R202 .61
MRT Matching - R203 . 37| .30 .32 | .32
MRT Alphabet R20L4 B .60 | .3%
MRT Numbers R205 TR W R I
MRT Copying R206 50 | .32 | .36

Percent 6f ' i :
Totel Variance ’ 9 1 6 11 13
N = 180

Note: Factor 1oadings of less than_ .30 have been omitted from
' this table.
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Table 4,7 )
Factor Loadings for End-of-Kindergarten Scales for the Y-Population

" Factors
Scales 1 o 3 N 5 6

K-02 Y-Population Scales

Geom Shape: Name 102Y ' _ .63
~ Ordinal Number 120y .55 oWkl
~<Classify S-1 128y .| .35 R
K-02 Common Scales

Geom Shapé: Ident 104 ‘ .65

Count Set: PC 110 .63

Count Set: Obj 111 .72

Equiv Sets: Obj 118 L .62

Equiv Sets: Dots 119 .68

Classify 5-2 130 .31 | .50 1 .30

Resp Verb Dir 1h3 i .71 i

Attn to Tasks HRIVE -.70

Order Comp . - 147 .61 »

" WPPSI Scales !

WPPSI Vocabulary MLl2 1 - | .62

‘WPPSI Similarities M11lh _ .53

WPPST Pict Compl MLLT 33 |

WPPSI Block Design ML20 .48 | .37
@ Scales . .

MRT Word Meaning R201 . «51 T .38

MRT Listening R202 .57 1 S

MRT Matching . R203 . .18 38| 1

MRT Alphabet R20k | .34 | .33 | Ja

MRT Numbers R205 | .66 | .37

MRT Copying ' R206 .58 .30

Pércen'b Qi“ . -
Total Variance -1 15 3 13 6 6 8

N = 162

" Note:* Factor loadings of less than .30 have been omitted from this’
table, - :
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Table 4.8
Factor Loadings for End-cf-Kindergarten Scales for the o-Populaticn

Factors

Scales

1 2 3 L 5 6 |7

K-02 Z-Population Scales

Vis Memory: Pict 1312 .31

Order Sets: Obj 1372 .78

Order Sets: PC 1392 _ .80

Conservation 1467 : 31| .39 .31

K-02 Common Scales .
Geom Shape: Ident 104

Count Set: PC 110 .69
Count Set: Obj 111 .68
Equiv Sets: Obj . 118 : .67
Equiv Sets: Dots 119. ‘ _ .68
Classify -2 130 .32
Resp Verb Dir .1h3 « T3
Attn to Tasks 144 , -.7h
Order, Comp 147 59
WPPSI Scales 7
WPPST Vocabulary . ML12 : .65
WPPSI Similarities Milh . .51 , _
WPPSI Pict Compl ' M117 . _ ‘ 49 1 .36
WPPST Block Design ML20 ) » _ ‘ .54
MRT Scales .
MRT Word Meaning R20L ' R N
MRT Listening R202 : . W57 146
MRT Matching R203 '
MRT Alphebet R20k - - , '
_ MRT Numbers R205 - | : .3b .38 1 .59
MRT Copying R206 )
Percent of
Total Variance . - 1 6 |.10 Tl 9 6 7
N = 16k )

Note: Factor loadings_of_less than «30 have been omitted from this_table.
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L with two scales from the MRT, Alphabet (R204) and Numbers (R205). The MRT
scales Matching (R203) and Copying (R206) had low loadings on this factor.
Counting Buttons also appeared on factor 2, the factor in the X-population

vhich corresponds to the general mathematics feootor found for the common scales
in the total population (see factor 2 in Teble 4.3B). The K-02 scale Vécabulary
(117X appeared on factor 5, a vocabulary factor that corresponds to factor 7

in Table 4.3B. The two scales from the MRT measuring knowledge of voeabulary,
Word Meaning (R201) and Listening (R202), and Vocabulary (Mllz) from WPPSI

also had high loadings on factor 5. Somewhat lower loadings were found for
Numbers (R205) of the MRT and Classifying S-2 (13C) from K-02,

One of the three Y-population scales, Geometric Shapes = Namihg (102Y),
had a mean less than oae standard deviation from the maximum. score ({refer to
Table 4.4). The values for Cronbach's alpha fell slightly below .60 for
Geometric.Shapes - Naming (@ = .53) and Classifying $-1 (@ = .5L) . As
shown in Table 4.7, Ordinal Number (120Y) appeared en factor ‘1 together with
the common K-02 scale Ordering Composite (147). The highest lcadingnon factor
1 was.obtained b& Numbers (R205) with the remaining scales of the MRT having
somewhat lower loadings, Block Design (M120) of WPPSI also appeared on this
factor. Factor 1 on this analysis corresponds fairlj closely to factor 1 in
Table k.3B. '

Ordinal Number also appeared on'factor 3y the generel mathématics factor
in the factor analysis of the Y-populatlon scales which corresponds to factor
’2 in the factor analysls of the common scales in the total populatlon. The
two geometry scales, Geometric Shapes - Identlfying (104) and Geometric Shapes -
Naming (102Y), appeared on.factor 6 together with the Classifying’ scales (128Y
and 130) and with Alphabet (R20L4). The two ClaSSIfY1n5 scales also appeared
by themselves on factor 2. ; '

.The scales Ordering Sets - Objects (137Z) and Ordering Pictured Sets (139%),
together with Ordering Composite (147), appeared on factor 3 in the factor
analysis of scales in the. Z-population, presented in Table 4.8. (Scales 1377
'and 139Z required ordering by number, while Scale 147 required orderlng by size )

~Conservation (1462) and Numbers (R205) had low loadings on this ordering factor
(3). The other loadings for the Z-population scales on facto;s ‘in Table 4.8
were very low. Cronbach's alpha was only .Oh for Visual Memory - Pictures
(131Z), but the. other three Z-population scales had values ;reater than ..60.
All results ebtained in the factor analysis of the Z~-population may, however,
"only apply-to this particular sample since the factor analysis for the common
.scales in the Z-populatlon (see Table Ak.8 in Append1x I differed from fac-
’;tor analyses of common scales in other subpopulatlons. In factor enalyses fcr‘
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the W, X, and Y-populations, Ordering Composite {147) had appeared on a factor

_with the WPPSI performance scales, but this factor was not found in the Z-popu-

lation. (The correlations between Ordering Composite and the WPPSI performance

scales are lower in the Z-pop-lation than in the other populations.)

3. Summary of Recurring Factor Patterns for
Factor Analyses of Kindergarten Scales

The mathematics scales dealing with number tend to appear on a single
factor in the factor analyses of both the K-01 scalee and the.K-OE scales.
Thus, the scales based on tasks requiring counting,-formation of equivalenp
sets, and use of ordinal number appear on a general mathematics factor. The
scales 1nvolv1ng geometric concepts, classifying, ordering by size, and knowl-

edge of mathematlcs vocebulary are not found with this ‘factor,

The Numbers scale from the MRT appeared on the general mathematics factor,:
but the WPPSI scales did not appear on this factor. The principal difference ‘
found in the pattern of loadings in the K-01 and K-02 factor analyses was that
writing and identifying numbers had high loadings on the general mathematics
factor when the K-O1 scales were factor analyzed, but appeared on a different-

factor in the factor analy51s of the K-02 scales. -

No high loadings on any. mathematies factors were found fer any of the
scales of the WPPSI in'the.factor.analysie‘of the scales of K-Ol; in the K-C2 -
factor analyses, however, the performance scales of.the WPPSI were associated
with the scale in ‘the K-02 battery requiring'ordering by size., The Numbers
scale of the MRT was associated with the performance scales of the WPPSI in
both the K-Ol and the K-02 factor analyses, but Matchlng and Copylng of the
MRT had equally hlgh or hlgher-loadlngs on this performance intelligence factor.
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Chapter 5

FACTOR ANALYSES BY YEAR,
OF.FIRST, SECOND, AND THIRD GRADE SCALES

Mathematics test batteries were administered at the end of first, second,
and third grades. The areas covered in the tests were number comparison - '
order, place value, number line, application (word probiems),‘rationals, compu-
tation, comprehension of basic properties of arithmetic, and geometry. The
scales used each successive year to measure‘these areas were rery similar ek—
cept for scales of gegmetry and comprehension. At the end of first and second
grades, a few additional scales covered areas that had been measured previously
in kindergarten. 'Also, at the end of each year fron first to third grades,
measures of reading were obtained from Word Reading and Paragraph Meaning of

the Stanford Achievement Test (SAT). . . .

A number of tests of intelligence were administared at different'times
during first and‘second grade, These tests were the Raven Progressive Matrices
Test, given in the second half of first grade, the Kuhlmann-Anderson (K-A) Test,
given at the beginning of second grade, and the WISC given in the second half

of the second grade year., Since the K-A test was given near the beglnnlng of

»second grade, - it is 1ncluded with the end-of-flrst grade scales in. all factor

analyses.

g The-method of factor analysis used was the same as that described in the

previous chapter for the'kindergarteﬁ factor analyses, Orthogonal‘factors were

.obtained, and rotatlon to simple structure was performed with the Var1max method

of rotation, - . . ,”

1, First Grade Scales

Descr;ptlon of Mathematlcs Scales

The batteries ‘of mathematlcs tests given at the end of first grade (Forms

. 1-02, 1-03," l-Oh and 1-05) were group-administered except for one of two scales

(52)

measurlng comprehenslon

“Place Value (306) was deslgned to measure the pupll's ab111ty to interpret

the meanlng ‘of symbols in the numeration system. ’The items were of three

v
.

(52)A complete descr1pt1on of the tests and scale propert1es can be found
in ELMA Technlcal Report No. 2. :
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general types: identification of digits in the ones or tens place; identifica-
tion of a numeral in terms of its numerical description; interpretation of &
numeral in terms of a pictorial display and vice versa. The scale consisted

of multiple choice itens and items requiring constructed responses. The child's
understanding of numerical order was assessed in Number Comparison - Order {307).
The child was required to identify numerals or sets of dots which best illus-

it "

trated the fundamental concepts of "largest," "“fewer than," "between," "more

than," "greatest," and "least."

Kumber Line (308) was designed to test the pupil's ability to interpret
a numerical system in terms of a geometric concept. Some items,'requiring con-
structed responses, dealt with numerical order and the idea of correspondence;
while the other items were in multiple choice format and reqaired a translation
of addition in terms of act1ons performed on the number line., The scale Appli-

cations (309) was composed of story problems that were designed to measure the

_child's ability to select ana perform the relevant arithmetic operations, Six

of the Applications' items involve either addition or subtraction, while the

seventh déals with partitioning a set into two equivalent groups.

The task required of the child in most of the items of the Rationals {310)
sca'e was to mark the fraction vhat indicated which proportion of a figﬁre was
shadeu. For one item, the child was to construct a set associated with a given
fraction. The computation scales were¢ devised to test the child’'s ability to
add, subtract, and multiply. - Most of the nroblems were in sentence format.:
Three computation- scales were'obtained: Computation - Addition (311), Computa-
tion - Subtraction (312), and Computation - Multiplication ({313). '

Cemprehension of basic mathematical concepts wus measured by two scales

at the end of first grade, one admlnlstered to groups of children, Comprehen-

- sion - Group {328}, and one to children indiv1dually, Comprehension - Individ-

ual (529) For two of the itemsvof the group scale; the child wes to choose .

 the pictures, consistlng of a set of dotx, which'illustrétéd subtraction in |

terms of set'partitioning and multiplication in terms-of arrays. One item was

" a word problem to be solved by using the commutative property of addition; the

Q

IQJ}:‘ o S | ., . o : 6?_ ; 4i T _ '

» ~ last item, a word problem, required knowledge of the concept of fourths, Com-
- prehension - Individual (329) measured the child's understanding of the funda-

mental propertles of addition and subtraction by manlpulation of concrete ob-

Jects. to interpret mathematical sentences and vice versa,

‘The geometry scales were based on tasks requiring ‘the ident1ficat1on of
geometric shapes, For Identifying Triangles 321), the child hed to mark tri-
angular figures that were scattered among other geometrlc shapes on a page of
the test booklet; for Identifying Rectangles (322), he had to locate and mark

<
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"the rectangles on 2 separate page of the test booklet. For the third geometry
scale, Curved Figures (323), the child was given one point whenever he did not
mark a figure that resembled a triangle or rectangle except that it had some

curved sides.

For most of the scales, values of Cronbach's alpha were at least .60,
but there were some exceptions, The values for Cronbach's alpha fell in the
range ,54 - .59 for Number Comparison - Order {307), Number Line (508),uand
Applications (309). A very low value of @ = ,15  was obtained for Rationals
(310) and for Comprehension - Group (328), o = .33, '

Description of Intelligence Scales

The Kuhlmann-fnderson Test contains eight subtests. Three of-the eight
subtests deal with mathematical content, i,e., vocabulary, counting, and word
problems., The intelligence quotient is'obtained from the total of the scores
for the eight subtests and the child's ehronological age at the time of testing.
The scale labelled I1Q: Kuhlmann-Andersbn (M324), used in the factor analyses,

is the intelligence quotient thus obtained. -~
o

The Raven Coloured Progressive Matrices Test reqﬁires the ability_to per-‘
celve relationships of & missing portion of a pattern to the whole. The three
scales from this test are based on the three sets of progressively more diffi-
cult patterns presented the child. Raven Set A (M201) is the scale based on
twelve patterns in which the child must complete a simple contlnuous pattern,
or complete a pattern showing progressive changes in one and in two d1rections.
Raven Set Ab (M202) is the scale based on twelve patterns more dlfflcult than
Set A, The child must complete a set of discrete figures that form a'repetitive
pattern and complete a set of discrete figﬁres in which three are‘related as a

_whole to be completed by a fourth figure. Raven Set B (M203) also is based on
itWelve items and requires the child to complete a repetitive pattern as in Set
‘Ab, but_farther contains‘items in which reasoning must be used to form a pat-.

tern of analogous changes.

Factor Analyses

Factor analyses were performed on mathematics tests, intelligence tests,
and a readlng test glven at the end of first grade. The mathematics tests and
the readlng test (SAT) were given near the end of the first grade. The Raven'
and the K-A tests, the two irtelligence tests included in the factor- analyses,
were given in the second half of first grade and the beginning of second grade,
respectively, As stated previocusly, the K-A is includea with the end-of-first-
grade tests since it was given near the veginring of the second grade_year.

K\IC | | S e K
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Sinte somevhat different samples received the various tests, three factor
analyses vwere performed to check the stability of the pattern of factor loadQ
ings in the aifferent samples. One factor analysis included all the tests men-
tioned above, and, therefore, used only the original semple since the Raven
test had been administered only to this group. A second analysis eliminated
the Raven test so that a factor structure for the tests could be obtained for
the total sample,.i.e., the original students and the students added at the end
of first grade. The same analysis with the Raven test excluded was repeated
for the original éample to check on stability of patterns_befween the original _

sample and the total sample,

Results of factor analysis with all tests included (original sample).
The results of the factor analysis that included all the tests administered

are given in Table 5.1A (means and standard deviations), Teble 5.1B (factor load-

ings), and Table A5.l in Appendix 5 (correlation matrix).

Factor 5, & general mathematics factor which accounts for.the highest pro-
portion of the variance, includes all the mathematics scales except Rationals
(310) and the geomet -~cales (%21, 322, and 323). The two reading scales
(A201 and A205) and { the intelligence scales, IQ: Kuhlmann-Anderson (M32L),
‘al.o had low loadings .. factor 5. The highesf loadings on this factor were
obtained by Computation - Addition (3ll) and Computation.- Subtraction. (312),
and the next highest loadings were found for Place Value (306) and Application
(309). The remaining mathematics scales had loadings that were slightly lower-

v

and were all of about tue same'magnitude.

Factor lf which is- primarily a reading factor, is marked by high loadings
for the two SAT scaiés, Word Reading (A201) and Paragraph Meaning (A205), and
a low loading for IQ: Kuhlmann-Anderson (M324), Factor 3 is principally a fac-
tor specific to the Raven Test. IQ: Kuhlmamm-Andzrson (M324) has a low loading
- _on factor 3, and three mathematics scales have very low loadings on this facfor.
Factor 4 is a test-taking behavior factor. Factor 6 caanot be adequately de-

scribed because of the low values of both scales having loadings on it.

_ iFactor-analysis of all tests except Ehg Raven (total sample). Results for-
the analysis witn the tbtal sample and with the Raven excluded are given in
Teble 5.24 {means and standard deviations), Table 5.2B (factor loadings), and
Table A5.2 in Appendix 5 (the correlation matrix). The factor strucure is
very.similar to that found for the originél sample and including the Raven,

' There dre changes, however, for some variables on the general mathematics fac-
tor, i.e., factor l:in Teble 5.2B and factor 5 in Table 5.1B, which account for
the highesf proportion of variance.

' Q : o , .
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Teble 5..A

Means and Standard Deviations for Scales Used in Factor Analysis
of End-of-First-Grade Scales
Original Students Only

Scales . Item N MN - 8D
Math Scales
Place Value T 306 8 4, b1 - 2.05
No. Compare 307 7. 5.19 1.50
No. Line 308 5 3.27 1.2
Application 309 7 4,15 1.68
Rationals ' 310 7 2.89 1.33
Compute-Add 311 10 7.05 2.27
Compute-Subtract 312 10 4,85 3,14
Compute-Multiply 313 2 0.36 0.69
Resp Verb Dir - ' 317 1 | 3.9 0.26
Attn to Tasks 318 Lwx 1.26 0.5k
Ident Triangles 321 6 4,68 1.86
Tdent Rectangles 322 4 2,70 1.42
Curved Figures 323 5" 3,42 1.47
Comprehend-Gp 328 4 1.75 1.07
Comprehend-Ind . 329 4 2,29 1,27
SAT S'c-ales -
SAT Word #Rt A201 35 <2051 - | 7.69
" BAT Peragraph #Rt A205 38 20.12 9,52
Raven Scales _ ,
Raven Set A M201 12 © 7.51 1.49
. Raven Set Ab M202 12 . 5.09 2,10
Raven Set B M203 12 4,02 1.76
Kulhmann-Anderson i -
1IQ: Kuhl-Ander M32h % 108.89 | 14.80

= 532
*Test behavior scored on a h—point scale, with 4 as high,

*xTest behavior scored on & b,-point scale, with 1 as high,
- *%¥Kuhlmann-Anderson IQ is 67-180 for CLA, of T7-0 to 7-9,

71



Table 5.1B

Factor Loadings for Fnd-of-First-Grade Scales
Original Students Only

Factors
Scales 1 o 3 L 5 6

Math Scales

Place Value 306 .30 59

No. Compare 307 oLk

No. Line : 308 : 31 .38

Application 309 31 59

Rationals 310

Compute-Add 311 .67

Compute-Subtract 312 .69

Compute-Multiply 313 A1 | .32

Resp Verb Dir 317 ' 59

Attn to Tasks 318 -.60

Ident Triangles 321 an

Tdent Rectangles 322 59

Curved Figures 323 =57

Comprehend-Gp 328 A2 | .39

Comprehend-Ind 329 .36 | b5
SAT Scales N

SAT Word #R% A201 .76 | .37

SAT Paregraph #Rt A205 .76 .39
Raven Scales

Raven Set A M201 Sh

Raven Set At M202 .70

Raven Set B M203 .62
Kuhlmann-Anderson

1Q: Kuhl-Ander M324 .36 .39 b1

Percent of
Total Variance 8 6 -9 5- 115 2

N =532

Note: Factor loadings of less than ,30 have been omitted from this table.
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Table 5,.2A

Means and Standard Deviations for Scales Used in Factor Analysis
of End-of-First-Grade Scales Excluding the Raven Scales
Total Sample

Scales Item N MN SD
Math Scales
Place Value 306 8 .| Lo8 |. 2.03
No. Compare 307 T 5.10 1.52
No. Line 308 5 3,14 1.32
~ Application 309 7 k.0 1.69
Rationals 310 7 2.84 1.34
Compute-Add 311 10 6.83 2,41
Compute-Subtract 312 i0 4,63 . %.13
Compute-Multiply 313 .2 0.30 0.65
Resp Verb Dir . 317 1* 3.92 - 0.28
Attn to Tasks T 313 1% 1.24 0.54
Ident Triangles 321 6 k.55 ©1.88
Ident Rectangles 322 i 2,48 1.51
Curved Figures 323 5 347 . 144
Comprehend-Gp 328 I 1.70 1.08
. Coimprehend-Ingd 329 b 2.19 1,26
SAT Scales .

SAT Word #Rt . A20L 35 19.91 7.57
SAT Paragraph #Rt A205 38§ 19,08 9.40
Kuhlmann-Anderson 1
IQ: Kuhl-Ander M324 s | 107,58 14.56

TN = 96

" *Test behavior scored on & L-point scale, with L as high.
**Test behavior scored on a 4-point scale, with 1 as high.
***Kyuhlmann-Anderson IQ is 67-180 for C.A, of 7-0 to 7-9.
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Table 5.2B

Factor Loadings for End-of-First-Grade Scales Excluding the Raven Scales
Total Sample

Factors
Scalgs 1 2 3 " 5

Math Scales

Place Value 306 .65

No., Compare 307 57

No. Line 308 - 52
. Application ©309 - .62

Rationals ) 310

Compute-Add 311 .69

Compute-Subtract 312 . Ti

Compute-Multiply . 313 .36 .30

Resp Vérb Dir 317 .66

Attn to Tasks - 318 . -.67

Ident Triangles - 322 : .61

Tdent Rectangles 322 1 .59

Curved Figures 323 -c62

Comprehend-Gp 328 . .40 «35

Comprehend-Ind . 329 52
SAT Sceles

.SAT Word #Rt A201 M3 _ «T5

SAT Paragrap%L#ﬁt A205 - 42 «75
Kuhlmam-Anderscn ',

IQ: Kuhl-Ander " M324 0 DR .31

Percent of :
~ Total Variance 21 T 6 |. 9 2

N = 96L

Note: Factor loadings of less than .30 have been omitted from
this table. » ) :

T




The four scales having the highest loadings on factor 1 in Table 5.2B are
the same as those found in the previous analysis for the original sample, These
scales were Computation - Addition and Subtraction, Place Value, and Application.
The laxrgest differences in loadings on the general mathematics factor between
the two analyses occurred for IQ: Kuhlmann-Anderson, Number Comparison, and
Number Line, all of which have higher lcadings in the analysis done with the
Raven excluded. As a result, a higher proportion of variance was accounted for
by this general mathematics -factor in the present analysis, The remaining fac-

tors are very similar in the two analyses.

Factor analysis with Raven omitted (original sample). The factor analysis

of all the varisbles except ‘the Raven scales was repeated for the original
sample (see Tables A5.3 through A5.5 in Appendix 5 for the‘statistics) as a
check on the stability of the factor results for the two different samples, the.
original sample and the sample of original plus new students. Comparison of
the factor loadings in Table 5.2B (the total sample) with the factor loadings
in Teble AS.k (subsample of original students) reveal very similar results in
the two analyses. Thus, the factor pattern for the endfof-first-grade tests

in the original sample is essentially~the same as that for the combined sample

of 0ld and new‘students.

2. End-of-Second-Grade Scales

Description of Scales

. The end-of-second-grade mathematics scales were drawn from three‘test
forms, Forms 2-03, 2-0k, and 2-05. Most of the mathematics scales given at
the end of second grade were constructed by eliminating from the first grade
scales items that were too easy and addlng more difficuit . items that were ap-
propriate to this grade. The scales that were modified forms of first grade

- scales were Number Comparison - Order (503), Place Value {50L4), Number Line
(505), Application (506), Rationals (507), Computation - Addition (510), Com-
putation -~ Subtraetibn {511), apd-Computation -~ Multiplication (512).

The items of Comprehension 502) were designed to measure the child's

understanding of the relationshlps of set manipulations to arithmetic operations.
" Two of the items associated Jolning sets with the operation of addition; four
items interpreted subtraction in relation to either set partitioning or remov-"
ing objects from sets; and two items related multlplication to jolning equiv- ‘

" .alent sets or to an array. The task required was the. association of a number

. sentence with a picture, No items from the flrst grade comprehenslon scales
were used for Scale 502, but the scale consisted of 1tems of the same general
type ‘as those used in first grade. '

[:lz\v(: . ;. . .75
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N One of the five geometry scales, Ihentifying Triangles (523%), was identi-
cal to Scale 321 from first grade; the other four scales were constructed for
second grade. Identifying Polygons {521) measured the child's ability to recog-
nize a polygon. A score for Curved and Open Flgures (522), which was derived
from the same test as Identifying Polygons, was obtained by giving the child a
point if he did not identify a curved or open geometric figure as a polygon.
Congruence (524) required the child to pick out all the figures congruent to a
given figure. To determine whether the child could differentiate the concept
of congruence from similarity, a scale, Similarity (525), was constructed by
giving the child a point whenever he did not select a figure similar to a given
model when the task was to select the congruent figure.

Three of the scales given at the end of second grade weie group versions
of tests that had been given in kindergarten, These scales were Vocabulary
(s501), wﬁich measured knowledge of vocabulary related to mathematics, Ordering
Pictured Sets - Group (508) which was analogous to Ordering Pictured Sevts
(1392), énd Counting {509), which measured cardinal counting as had Courtlng
Members of a Given Set - Picture Cards (110) in kindergarten. ’

In addition to the mathemgtics scales, measures of reading and intelligence
were also obtained. Reading scores were again obtained from the Stanford
Achievement Test. Dﬁring the second half of second grade, the Wechsler Intel-
ligence Scale for Children (WISC) was administered to the children. The four
subtests selected from the WISC were those corresponding tc the foﬁr_subtests
of the WPPSI that had been administered in kindergarten, A short-form total
scale for.the WISC was obtained bj adding together the scale scores for the

fcur subtests.

Results of Factor Analyses

_ A factor analysis was werformed for second grade scales measuring reading,
intelligence, and mathematics. The scales were drawn from the mathematics tests
(Forms 2-03, '2-0k4, and 2-05), the WISC, the SAT, and the K-A test. 3ince the
K-A test was given at the beginning of second grade while the remaining tests
were given in the second semester of second grade; one factor analysis was done
with the K~A test and one without this test. The resulis of these two factor
analyses were very similar and only the one with the.K-A test is included in

" this report,

O

The results of the factor analysis for the second grade scales are given
in Table 5.3A (means and standard deviations), Table 5.3B (factor loadings),
and“Tabie A5.6 (eorrelation matrix). The first faétor, 8 general:mathenatics
factor, which accounts for the highest proportion of variance, has loadings for

RIC - s
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Table 5,3A

Means end Standard Deviations for Scales Used in Factor Analysis
ol End-of-Second-Grade Scales
Tntal Sample

Scales Item N M SD
M Scales
Vocabulary-Gp 501 23 17.50 . 3,35
Comprehend-Gp 502 8 k.60 1.89
No. Compare 503 8 5.16 1.92
Place Value 504 8 3.56 2.12
No. Line 505 7 3.74 1.
Application 506 8 4,79 1.91
Rationals 507 8 3.57 1.55
Order Sets PC-Gp 508 3 1.61 1.21
Counting 503 2 1.76 0.5
Compute-Add 510 8 5.27 2.02
Compute-Subtrac* 511 8 4,35 2,11
Compute-Mul tiply 512 8 2.16 2.y
Ident Polygons - 521 9 2.43 2.71
Curved and Open Figs 522 7 6.14 1.25
JIdent Triangles 523 (3 4,75 1.72
Congruence 524 4 3.60 0.88
Similarity 525 2 0.5k 0.7h
SAT Scales
SAT Word *Rt = A301 36 17.47 7.48
SAT Paragraph #Rt 2303 T 60 28.25 12,7z
WISC Scales
WISC Vocabulary  M305 o 10.99 3.33
[ T WIsC Similarities M306 16 11,34 3,28
WISC Pict Compl ¥307 20 10.07 2,75
WISC Block Design  M308 T* 1.03 | 3,02
Kublrm;nn-Anderson
IQ: Kuhl-Ander M32h e 107.99 15,81
N = 760

*WISC means and standard deviations are from scaled scores with
a range of O to 20.

**Kuhlma.nn-AnderBon IQ is 67-180 for C.A. of 7-0 to 7-9,
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Table 5.3B .

Factor Loadings for End-of-Second Grade Scales
Total Sample

Factors
Scales 1 5 3 I 5

Math Scales

Vocabulary-Gp 501 .62 | .37

Comprehend-Gp - 502 +59

No. Compafe 503 ;63 «35

Place Value 50k .61 | .38

No. Line 505 L

Application | 506 Y

Retionals - 507 34| .31

Order Sets PC-Gp 508 62

. Counting 509

Compute-Add 510 ) 75

Compute-Subtract 511 77

Compute-Multiply 512 .59

Tdent Polygons 521 ' : A3

Curved and Open Figs 522 . | -e3k

Tdent Triangles 523 ) : : : + 31

Cong:-gence - 52k ‘ ' <.46

Similarity .55 - - 49
SAT Scales ' _

SAT Word #Rt - A30L A1 | .72

SAT Paragrarh #Rt  A303 .52 | .70
WISC Scales .

WISC Vocabulary M305 .68

‘ WISC Similarities M306 e35 | .56
T WISC Pict Compl M207 e

WISC Block Design ' .M308 AL k2
Kﬁhlmann-Andérsbn

IQ: Kuhl-Ander - M32h 58 | .36

. Percent of
Total Variance | 22 10 6 |.2 3

760

the. Factor loadings of less than .30 have been omitted from
this table,




all of the mathematics scales except founting (509) and the geometry scales
(521-525), Computation - Addition {510) and Computation - Subtraction (511)
‘have the highest loadings on this general mathematics factor. High loadings

on factor 1 ere also found for Vocabulary (501), Comprehension (502), Number
Comparison (503), Place Value (50k4), Application (506),'Ordering Pictured Sets
(508), and Computation - Multiplication (512) of the mathematics scales, and

1Q: Kuhlmann-Anderson {M324). Somewhat lower loadings are found for the Block
Design scale of the WISC (M308), the SAT scales (A%01 and A303), and Number Line
(505). Low loadings are found for Rationals (507) and Similarities of the WISC
(M306) . '

The second fackor is characterized by the WISC intelligence scales with
the highest loadings found for'the verbal scales, Vocabulary (M305) and Sim-
"ilarities (M306). Very low loadings are found on this factor for the K-A test
© (M324), the mathematics vocabulary scale (501), Place Value (504), and two
other mathematics scales, The third factorrhas loadings only for the reading

scales.

The fourth.and fifth factors are geometry factors. Factor 4 is marked by
Congrﬁence {524) and Similarity (525), but one scale hes a positive loading
while the other has & negative. loading.  The test from which the Congruence and
Similarity scales were derived required the marking of all figures congruent to
& given figure. The number of figures correctly identified gave the score for
Congrﬁence."For the Similarity scale, a point was given fOr each sim}lar-(but
not congruent) figure tnat was not marked. The results of theffactor analysis
indicate that the concepts of congruence and similarity were generally ndbt dif-

(53)

ferentiated. Two of the tnree scales appearlng on the other geometry fac-
tor, factor 5, have very low loadings. A confuslon between polygons and curved
and open figures resembliné polygons is indicated, however, bLy the negative re-
lationship between_the loadings on the scales Identifying'Polygons (521) and

Cﬁrved and Onen'Figures (522),

Comparlson of Results of Factor Analyses for Scales Given in the Second Grade
with Factor Analyses of First Grade Scales

: The two factorvanalyses for the total ‘samples in second grade and in first-
grade were quite similar. In both cases, there was: a general methematics. factor

accounting for the highest proportlon of the varlance_whlch had loadings for
N ' :

) (55)Inspection of the trequency of checking 'ali the items in this test
showed that the negative relation between the Congruence and Similarity scales
was not due to an indiscriminant marking of all figures in the test., The fre-
quen01es for checklng flgures that were not similar to the given figure were
Q remely Tow. -
ERIC - 19 -
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almost all mathematics variables egcept the geometry scales, and with computa-
tion - addition and subtraction having the highest loadings. In both factor
analyses, the K-A.scale and the SAT scales appeared on the géneral mathematics
factor and also had loadings of about the same order bf magnitude in the two

analyses.

In the factor analysis of second grade scales, some of the WISC scales
were associated with mathematics scales, but the loadings for the ¥-A were
higher thén'scales from the WISC. (The K-A test included items dealing with
arithmetic; the WISC Arithmetic subtest was not used.) Although the Raven test
had been found to correlate quite highly wi ‘h the performance scales of the
WISC, it did not play the same role in the first grade factor analysis, shown
in Table 5.1B, that the WISC did for the second grade scales. In the analysis
of first grade scales, the Raven scales failed to appear on the general mathe-
matics factor. The factor on which yhe Raven scales did appear with the K-A
test had loadings of three mathematics scales that were so low as to just pass
the criterion of .30 required for inclusion inlthe tables, Thus, the WISC

. was more‘closely related to mathematics scales in the second grade than the

Raven had been related to mathematics scaleé at first grade.

The appearance of geometry scales as separate factors was consistent in

both analyses.

3. End-of-Third-Grade Scales

~

Description of Mathematics Scales : o 8

. Two matﬁematics test batteries {Form 3-02 and 3-0k4) were.given at the end
of third grade. Most of the end-of-third-grade mathematics scales were either
identical to or extensions of the second grade methematics scales. Scales which .
remained the same as the second grade scales were: Place Value (702),4Number
" Line (703), Rationals (705), and Computation - Multiplication (709). The scales
Number Comparison - Order (701), Application (70k), Computation - Addition (707),
and Computation -~ qutraction {708) were,extensioné‘of the corresponding scales
given at the end of secon& grade. For the addition and subtraction scales, the

_easiest second grade items had been eliminated to formm the third grade scales.

A new geometry scale, Structure of Space (706), replaced the previously
- used geometry scales., Scale 706 was designed primarily to ascertain whether
pﬁpils had command of certain fundamental concepts of Euclidean geometry. “ix
of the items were concerned with the concepts of point, line, and plane or
their relationships; one item involved +he identification'of a solid figure; -
‘ 1 and ane item dealt with the topological notion of "outside." All items were
: (& , N
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multiple choice, and with one exception, each had an accompanying figure.

Structurg (728) was constructed to measure understanding of the basic
properties of arithmetic, as had the ccmprehension scales given in first and
second grade of the study. Scale 728 measured knowledre of t 3ic properites
such as commutativity, asséciativity, distributivity, identity elements, and
inverse elements with respect to addition and multiplicaticn of whole numbers.
The child had to supply an omitted number in a number sentence for each item
of the test. Computation (727) was intended to measure ability to add, sub-
tract,'multiply and divide whole numbers, and to add or subtract simple frac-
tions, The scales S*ructure (728) and Computation {727) had been used in
NLSMA.(5h) 4

Reliabilities for all of the end-of-third-grade mathematics scales, as
measured by Cronbach's alpha, were .45 or greater. Number Line (703) and
Structure of Space (706) had « = b5 ; Number Comparison (70l) had <« = .55
and Raticnals (705) had @ = .54. The remaining scales had « > ,80.

Results of Factor Analyses

Two factor analyses vere performed with the end-of-third-grade scales;
In the first factor analysis, only the mathematics scales and the SAT scales
given at the end of third grade were included. Since no intelligence test had
been given at the end of third grade, a second factor analysis was performed
for the end-of-third-grade scales with thé K-A scale from the beginning of
second grade and the WISC r:ales from the end of second grade added.

Factor analysis of end-of-third-grade scales. Means and standard devia-

tions for the end-of-third-grade scales are s.own in Table 5.hA and the factor
loadings are given in Table 5.4B, Correlation matrices are shown in Table A5.7
in Appendix.5.. Some mathematics scules appear on all the factors shown in
Table 5,48, The first factor, which accounts for 18 percent of the total
varier~e, has computation scales as the variables with the highest loadings.
The .aree scales with the highest loadings on this factor are Computation -
Aadition (707), Computation - Subtraction (708), and Computation (727). A
slightly lower loading is found for Computation - Multiplication {709). Other
' mafhematics scales having loadings on factor 1 are Application 704}, Place
Value (702), Structure (728), and Number Comparison (70l), with a low loading.
‘The two SAT Reading scales, A4OL and A403, also appear on this factor but also

with lower loadings.

(54)See LLSMA Reports, No. k& for the scale descriptions,
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Table 5.4A

Means and Standard Deviations for Scales Used in Factor Analysis -
of End-of-Third-Grade Scales
Total Sample

Scales Ttem N MI SD
Math Scales
No. Compare ' 70L 8 4,84 C 1,79
Place Value 702 8 4,19 2,22
No. Line = - 703 7 3,78 1.30
Applicétion . 7Ok 8 5.0L 2,08
Rationals 705 8 4,14 i.Bo
Struct Space - 706 e 4,35 ° 1.70
Compute-Add 707 8 5.86 | 2. 55_—
| ComputeQSubt_ract 708 8 4,35 2,34
Co@ute-Multiply 709 8 . b,76 .62
Computation T27 15 6.27 | 3.5
o Structure 728 | 8 " 2.78 2.15
SAT Word #R£ _ Akol | 36’ 22,87 7.71,
SAT Paragraph #Rt A403 60 37.46 .13.29

N = 649
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“Table 5.LR

Factor Loadings for End-of-Third-Grade Scales
Total Sample

Factors
_ Scales 1 2 3 L
Math Scales
No. Compare 701 .32 45
Place Value ° 702 38| .31 Jh1| W46
. No. Line 703 .38
Application - 704 A2 50| .37
Rationals 705 . )
Struct Space 706 o NCUN IR
Compute-Add T07 .66 s
Compute-Subtrect 708 61| .30 .37
Compute-Multiply 709 .50 | .33 W13
- Computation . 727 .63 .31 .43
Structure - 728 .36 31| .53
SAT Scales
SAT Word #Rt.  ALOL 31| W7
SAT Paragraph #Rt ALO2 371 W74 L3
Percent of
Total Variance 18 16 12 13
~
N = 649

Note: Factof loadings of less than .3'0.huve been omitted
from this table.
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Structure (728) has the highest loading on factor 4, followed by Place
Value {702), Rationals (705), and the two computation scales having_the mest
difficult items, 709 and 727. (Computaticn (727) covered division, multiplica-
tion, and fractions; as well as items for addition and subtraction.) Applica-
4“ion {704) had a low loading on factor L, This factor seems to include the

more difficult mathematics scales, while factor 1 includes the easier scales.

Factor 3, on which more than half the mathematics_seales\load, is diffi-
cult to characterize, although it appears to be moré-a comprehension factor
by contrast to factor 1 that is most marked by computation scales, The high-
est loading is found for Application (70h) and slightly lower loadings are found
for Number Compafison (701}, Structure of Space (706), and Place Value (702).
Number Line (703), Computation -/Subtraction (708), Structure (728), and SAT
Paragraph Meaning Number Right (ALO7) are also found on this factor. The re-
maining factor, factor 2, is a retdlng factor with very high loadings for the

SAT scale’ and very low loadings f>r a number of mathematics scales.

Factor analysis of end-dg,;;frd grade scales with WISC and K-A scales.
The TESUAtS of the factor analysis of the end—of-thlrd-grade scales, together

with the two intelligence tests given in' second grade, are given in Tables 5.5A
and 5.5B. (The correlation matrix is shown in Table A5.8 in Appendiﬁ 5.)
Addition of the intelligence scales results in some changes in the general pat-
tern obilained when the factor analysis was performed without the intelligence
scales., The mathematics fuctbr, with the computation scales having the highest
loadings, appears as factor 5 in Table 5.5B and accounts for slightly more of
the total variance than.did the corresponding factor, factor 1, in Table 5.4B.
In both factor analyses, the Computation scales, Addition (707), Subtraction
(708), and Computation (727), have the highest loadings on this mathematics
factor, with Computation - Multiplication (709) following at & slightly lower
level, The other mathematics .zales and the -SAT scales that appeared on factor
1 previously, shown in Table 5.4B, also appear on factor 5 in Table 35.5B. The
only scale measuring intelligence éppearing on this factor is IQ: Kuhlmann-
Anderson (M324), and it has a very low loading. Factor 1 of the present analy-
sis corresponds to factor 4 in the previous analysis; however, it now accounts
for.a muach smﬁller percent of the tctal variance; and only the three leading

- variebles, Structure (728), Rationals (705), and Place Value (702), .:till have
loadings high enough to be included in thé table. No intelligence scales are
found on this factor. ' :

Two intelligence factors were obtained. Factor 2, a verbal factor, is
marked by Vocabulary (M305) and Similarities (M306) from the WISC, On factor -
4, a performence factcr, Picture Completioa (M307) and Block Design (MWOS) L

ENC"_» '- 8
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n Table 5,54

Means and Standard Deviations for Scales Used in Factor Analysis
of End-of-Third-Grade, WISC and Kuhlmann-Anderson Scales
- Total Sanple

Scales Item N MN SD

Math Scales .

. No. Compure 701 8 - ' T:h.87 1.78
Place Value 702 8 k.21 2.22
No. Line 703 7 3,79 1.32
Application 7ok 8 Z.03 2.07
Rationals 705 8 4,12 - 1.79
- “ruct Space 706 8 4,36 1.70
Compute-Add 707 8 5.49 | 2.2
Compute-Subtract 708 - 8 4,37 2.3k
Compute-Mt-llt iply 709 8 L.77 2.60
Computation 721 | 15 6.31 3,45
Structure = - 728 8 2.79 2.1k
SAT Word #Rt Akol 36 | 22.91 | . 7.70
SAT Paragraph #RE i | 60 77,62 | 13.21 -
WISC Vocsbulary  M305 HO* 10.9% | . 3.32
WISC Similarities M376 16+ 11.37 3,20
WISC Pict Compl  M307 20% 9.99 2,67
WISC Block Design M308 % | 10.96 2.97

Kuhlmar-Anderson _
IQs Kuhl-An&e}» 'mah ] 108.79 13.75 .
= 614 : .

*WISC means and standari deviations are from scaied acores
with a range of 0 +to 20

*¥Kuhlmann-Anderson IQ is A7- 180 for C.A. of T7-0 to T= 9.
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Table 5.5B

Factor Loadings for End-ot-Third-Grade, WISC and Kuhimann-Anderscn Scales
Total Sample

' Scales Factors
1 2 3 L 5 6
Meth Scales _
No. Compare 701 .39 | .31
Place Value © 702 .31 37 .50
No. Line 703 .31
Application 70k .30 | . ST 1 .32
Rationals 705 35 3k
Struct §.. = 706 .31 3h | .33
Compute-: T 707 : « 70
Compute-Subtract 708 4 .69
Compute-Multiply 709 i .30 .61
Computation 727 13
Structure ‘728 .39 B Y R B T
SAT Scales : )
SAT Word #Rt - ALOL : bl 67 A1
SAT Paragraph #Rt ALO3 .69 oAk
WISC Scales : . A
WISC Vocebulary — M305 .62 .31
WISC Similerities M306 259 ,
“WISC Plet Compl M307 49
WISC Block Design M308 : A8
Kuhlmann-Anderson : '
IQ: Kuhl-Ander — M32h 3 Ak} 37
. Percent of 1 A
Total Variance Y19 jw] 8 |22 3
N = 614

Note: Factor loadings of less than .30 have been omitted from
this table,
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from the WISC, and IQ: Kuhlmann-Anderson (M32k) appear. A few mathematics

scales also are found on these fa-tors, but the lcadings are low,

Addition of' intelligence scales tc mathematics. scales did not result in
any aﬁpreciable change in the results discussed in the previous section for
the fsctor analysis of mathematics and reading scales. The intelligence sczles
did not have high ;oadings on any of the mathematics factors but appeared on

separate factors.

L, Summary: Compariscn of Factor Analyses

- of First, Second, and Third Grade Scales

The pattern of results obtained in the factor analyses of each of the
grades, first, second, and third, were quite similar, In each analysis a
general mathematics factor was found which had its highest loadings for compu-
tation scales and somewhat lower loadings for all other mathemrtics scales,
exéept ihose measuring the areas of geometry and rationals. The geometry scales

were found on a separate factor in all analyses,

The reading scales from the SAT were found on the general matheméticé fac-
tor in each analysis, generally with low logdings. The intelligence scalz-
played different roles in the analyses in various years._ The product-moment
correlations between intelligence scales and the three computation scales were
inspected for 2ach year to determine whether the relationship between computa-
tion scores and intelligence scores differed from year to year. (See Tables
A5,1 and A5.2 for correlation matrices for first grade scales, Table A5.6 for

- second grade scales, and Table A5.8 for third grade scales,) The correlations

between the compufatioh scales and the K-A test ranged between .31 and .55
across the three years, with the highest correlations, .52 - .55, occurring
at second gréde. The lcwest correlation was between the K-A and multiplication‘
at firsf grade, ) w

. "he K-A test generally had higher éofrelations with computetion scales in
all three grades than did the other intelligence scaies. This result would be
expected since arithmetic items were included in the :-A test; it is also con-
sistent with the fact that the XK-A testfappgared on the mathematies factor.
The Raver. test had the lowest correlations with the computation scales and, as

a result, failed to appear on the matuematics factor. {Correlations between

Raven and computation scales ranged from .22 - ,33.)

Comparisbn of the correlations befween Block Design of the WISC and the-
computation scales in second and in third grade showed that the correlations
were higher for add'tion and mult’plication in second grade than in third, and

pu3
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Block Design was found on the mathematics factor only in second grade. {Block
Design correlated .41, .39, and .47 with addition, subtraction, and multi-
plication, respectively, in secoﬁd grade; correlations of .34, .43, and

.39 were obtained in third grade.) Similarities, like Block Design, loaded

on the mathemétics factor only in second grade; and the range of cogyelation
coefficients between it and. the computation scales was somewhat higﬁer at second
grade (.34 - .39) than at third grade (.29 - ,37}. : - -

In summary, the K-A scale had a moderately hiéh loading on the general

. mathematics factor in the factor analyses of first and second grade scales and

a lower loading in the factor analysis of third grade scales, The scales from

the Raven test failed to appear on the general mathematics factor in the faétor

O

ERIC.
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analysis of first grade scales. In the second grade analysis, two WISC scales,
Block Désign and Similerities, had low loadings on the general mathematics fac-
tor. Whén the WISC scales were factor analyzed with third gradeISCales, how-
ever, they faiizd %o appear on the general mathemetics factor. Neither Vocab-
ulary nbr Pjcture Crmpletion of the WISC loaded on the general m&thématicé

factor at second or third grade.
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Table Al,1

Scales* Included in Factor Analyses in ELMA Report No, 1

BEGINNING-OF-KINDERGARTEN SCALES

Reference Page
Scale Code Name of Scale in EIMA Technical
Report No. 1

b—t —_— —— ——

001 Geometric Shapes - Matching 255
002 Geometric Shapes - Naming 256
003 Geometric Shapes - Identifying 257
0O0kL _ Counting Buttons _ ] . 258
00% VWriting Numerals ' ' 259
ooé Counting MemberS'of‘a Given Set - Picture Cards 260
007 - Identification of Numerals a 261
003 Visual Memor& - Objects 262
010 Vocabulary (Individual) 263
012 . Equivalent Sets - Dots o 265
013 - Ordinal Number | 266
o1k Ordering Geometric Shapes v - 267
015 Classifying . . : 268
016 _ Rote Counting ’ 269
Ao s A Visual Mamery :'Pictures. , : 270,
019 Color - watching 271
020 Color - Naming ere
021, Color - Identifyingz 273
022 'Response to Verbal Directions 274

023 Attention to Tasks : 275

(continued)

*NOTE: The scale descriptions and statistical properties of these scales
' may be f=ad in EIMA Technical Reports on the pages noted in the
- last coiumn, ‘

El{lC | | - 9 o
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Table Al,1
{second page)

END-OF-KINDERGARTEN SCALFS

.© . Reference Page

Scale Code Name of Scale- in EIMA Technical
~ Report No., 1
104 " Geometric °hapes - Identifying . 286
110 - Counting 4embers of & Given Set - Picture Cards 292
111 Counting Members of a Given Set ~ Objects s 29%
118 ~ Equival:nt Sets - Objeets “ 299
119 - Equivalent Sets - Dots - ' " 300
130 Classifying S-2 ) . 308
143 Resporse to Verbal Directions: - 316
1l Attention to Tagks 317
. lhf . Ordering Composite 320
11w - Visual Memory - Objects _ 296
133W  Visual Memory -~ Picture Cards 310
135w Visual Memory - Shapes © 311
106X Counting Buttons ‘ 288
108x Writing Numerals 290
113X - Identification of Numerals ' 20¢
117X Vocebulary {Individual) . 298
. 1o2y Geometric Shapes - Naming ' L 284
120y Ordinal Number ‘ : : ' 301
128y Classifying §-1 - ‘ | 306
1317 Visual Memory.- Pictures - 309
1772 Ordering Sets of Objects - : - 312
13972 Ordering Plctured Sets (IndiV1dual) . -3l3
1467 Conservation Composite . 319
M112 WPPSI Vocabulary Scaled Score . © 331
Milh WPPSI Similarities Scaled Score 332
ML17 WPPSI Ncture Completion Scaled Score 332
M120 - WPPSI Block Design Scaled Score A%
R201 MRT Word Meaning Raw Score 338
"R2C2  MRT Listening Raw Score ' 338
“Ro03 MRT Matching Raw Score 338
R204 MRT Alphabe’, Raw Score - 339
R205 MRT Numbers Raw Score - ‘ 339
Qo R206 ~  MRT Copying Raw Score. . 339

: EHQJ!:( o : : : g2 _ ~(continued)




Table Al.l
{third page)

END-OF-FIRST-GRADE SCALES

Name of Scale

- Reference Page

Scale Code in EILMA Technical

Report No. 2

306 'Place Valie 213 .
307 Number Comparison (Order) 21k
308 Number Line 215
309 Application 216
310 Rationals 217
3311 Computation - Addition 218
312 Computation - Subtraction 219
313 Computation - Multiplication 220
317 Response to Verbal Directions 223

318 Attengion to Tasks ' 22l
321 Identifying Triangles 225
322 Identifying Rectangles 226
323 Curved Figures 227
328 Comprehension (droup) L 232
529 Comprehension (Individual) 233

M201 " Raven Set A 250" .
MEO2 Raven .Set Ab 250
- MC03 Raven Set B ., 250
M32k4 . Kuhlmann-Anderson I.Q, - 253
A201 - SAT I Word Reading Number Right 256
A205 SAT I Paragraph ‘Meaning Number Right 256

{ continued)

o 93 B
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Table Al.l
{ fourth page)

END-OF-SECOND-GRADE SCALES

Reference Page
Scale Code . Name of Scale ' in EIMA Technical
v Report No, 3

501 Yocabulary {Group) . 22%‘
502 Whole Number Comprehension . 227
503 Number Comparison (Order) 228
50k Place Value o 229
505 Number Tine 230
506 Application - 231
507 Rationals 232
508 Jrdering Pictured Sets (Group) : 233
509 (lounting - - _ ' 234
., 5lo ~ Computation - Addition . 235
’ | 511 ‘ Computation - Subtraction . ) 236
512 o Computation # Multiplication - 237
521 : Identifying Polygons - 246
v 522 - . Curved and Open Figures 2k
523 Identifying Triangles : 248
524 . _ Congrueﬁce ) ' ) 249
525 ‘ Similarity = 250
M305 WISC Vocabulary Scaled Score 263
M306 ' WISC Similarities Scaled Score ' . 263
M307 - WISC‘Eicturé Completion Scaled Score L es 26%
M308 WISC Block Design Scaled Score NPT I
A301 SAT IT Word Meaning Number Right 266
A%03 SAT II Paragraph Meaning Number'Right‘ - 266

" (continued)
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Table Al.l
' { fifth page)

END-OF-THIRD-GRADE SCALES

Reference Page
Scale Code . Name of Scale in ELMA Technical
Report No, & _

701 Number Comparison (Order) .. 132
702 : Place Value P - 133
703 o Number Line 134
70k  Application SR ' 135
703 _ © Rationals =~ _ 136
706 Structure of Space l " 137-
707 Compnitation - Addition 133
708 Computation - Subtraction v ‘ 139
709 Computation - Multiplication g 140
727 fomputation . 158
728 Structure ¢ o B 159
ALOl ) SAT IT Word Meaning Number Right . 168
AkO3 " . SAT IT Paragraph Meaning Number Right 168

'g ( o ) e o
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APPENDIZ 2.1

Inservice Consultant Questionnaire

Namre |

Class Taught

I. Organization of Inservice Course
A, Meeting Schedule

1. How many meetings did you have.w1th this group of
teachers?

2. What was the average length of meetings?

B, Material Covered

1. Tist the topics in the SMSG Studies in Mathematies
(Vol. 9 or 15, vhichever is. pertlnent) which you
covered quite thoroughly in the classes

2. ‘List the toplcs from Studies in Mathematics which
you dealt with, but which you.felt could have used
more time.

ERIC
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3, List any topics from the Studies in Mathematics which
were not covered -at all in the classes.,

4, Kinds of questions most frequently asked., (Rank
order, with highest frequency ranked 1., )

Clarification of mathematics concepts
Applications of concepts

Use 'of materials

. Other (Specify

C. Particination bty Aides

1. Descrioe the participation of the teacher aides in
the inservice class meetings. Did they ask ques-
tions, participate in discussions, etc.?

2, Was the role of the teacher aide in the mathematics
program in the classroom specified, or was this left
to the discretion of the individual classroom tea-
cher? Explain, ° :




II, Description of Inservice Class Meetings

A. Division of Time between Mathematics and Teacher
Consultants

1, Describe a typical class Feeting.'

[

2., Was material typicélly presented in lecture fashion
by the mathematics consultant, ‘through g:iestioning
of teacher, or some other technique? Describe,

1
—-—

3. How much time was typlcally spent in the presenta-
: tion of the mathematics background material?

4, How much time was allotted at each meeting for the
. teacher consultant to demonstrate and provide appli-
cations?

n
-

B. Participation by Teachers

1. Was time allotted at each meeting tor questions from
the teachers?

Yes No

2, Wnat was the modal time allotted for questions?




T III. Follow-up to Inservice Course

Please describe the kinds and frequency of informal con- °
tacts which weme maintained with classroom teachers either
between inservise meetings or sfter the course was com-
pleted. If there were none,. please specify,

Iv. Comments

If you have comments about any issue or guestion related
to the inservice program, here is your chance.. We are

" willing to hear criticisms of this year's program. sug-
gestions for organization of the next (second and third
grade teachers) inservice course, or vhatever feelings
concerning the program you wish to express!
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APPENDIX 2.2A

Kindergarten Teacher Questionnaire

Name

School .

City

s

1. a. Specify the kindergarten guide or book(s) you have used
most for your mathematies program.

b. Which chapter of the book were you teaching on May 22?2
(Please give page numbers.)

Spécify book if more than one given in la,

2. Have you, during the course of the school year, covered the -
‘material in the order as presented in the book ynu relied upon
most? Please check a, b, or ¢, below, according tc the ’
description which best fits your own handling of the materisl,

Specity the book you are making rating upon,

a. The order of topics in the book was followed.

b. There were some changes in order of presentation
of topies, (If b.), 1list changes in order of
presentation.

Sections omitted:

" } y
Sections Turther along in the book which you
covered:

c. Tﬁe order followed in ¢eaching was considerably
different from the order in the book. (If c.),
.list sections covered,

ERIC o




3.

5

List any sections or chapters in the book that have been
covered more than once,

Approximdtely how much time has been devoted to mathefatics
teaching? Answer both & and b.

a, Average number of days each week that mathematics. hes
. been taught: i

(Circle one.) 1 2 3 4 5

b. Average amount of ’g.‘ime spent on mathematics on each day
that it has been taught: \

(Circle one) 1/Lhr. 1/2hr., - 3/4 hr. 1 hr.
Did you include mathematical ideaz in other activitieé?
Routinely Occesionally Infrequently

Did you divide your class into groups for teaching mathematics?

Yes .. No

If Yes, please explain your crgenization of teaching in

_ this way:

If you have had a teacher aide ih your classroot as part of
this program, please snswer the following questions.

a. How much time has your aide spent in your class each day?

b. What have been the main activities of the teacher aide in
your class? o : :

A
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Name

' APPENDIX 2.2B

First Grade Teacher Questionnaire

. School

City

1, a,

C,

Specify the first grade text you have used most for your
mathematics progream,

How far in the book were you when the fall semester ended?
(Please give page numbers and specify vhether you are
referring to student workbook or teacher's commentary,)

Which chapter of this book were you teachir_ 5.1 May 207
(If you only taught .the children in tke fall semoster,
omit this question.)

| ) o

2, Have you, during the course of-the school year, covered the
material in the .order as-presented in the book you relied upon
most? Please check a, b, or ¢, below, according to the
description which best fits your own handling of the material. -

a, The order of topics in the book wag followed,

. There were some changes in order of presentation
 of ‘topics., (If b.), list changes in order of
presentation,

Sections omitted:

Sections further along in the book which you
covered: :

c. The order followed in tcaching was considerably
different from the order in the book, (If e.),
list sectlons covered and order:
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3, - List any.sections or chapters in the book that have been
covered more t;han onca.

L, How many of the pupi}, workbook pages did you have the children
do in the book you relied on most? \

-]

a. All or almost all >f the workbook pages were used.

b, Part of the workbook pages were used. (If b.);
please give approximate percentage used.

c. Pages were omitted for specific sections or
chapters, (If c.), please list sections for
which pages were omitted,

4. Other possibilities for use .of worlbook pages,
e.g., used ab’ -t all with certain groups and only
a few with other groups within class. (If d.),
please explain your use of the workbook.

5., Did you meke up extra work pages for the children to do?
{Please indicate approximate number of pages and topic areas
eovered.)« .

a\

6. a., Were there some topics which you emphasized especially
by devoting a great deal of time to them? (Please
enumerate. )

b, Were there some toplcs.on which you spent relatively
"little time?

104 :




T. To what extent did yeu introduce lessons with pre-book
activities (developmental experiences) suggested at the
beginning of each section in the teacher's commentary that
you used most frequently? :

a. Almost all the suggestions for introducing the
lessons were used. -

b. Some of the suggestions were followed. (Please o
indicate proportion cf lessons introduced as
suggested by teacher's commentary )

-

c. Made no use or little use of suggested activities

d. Used\only for some specific groups in the class.
. {(If d.), please explain for which groups pre-book
activities were used.

8, To what extent did you use supplemental experiences { further
activities) suggested in the teacher's commentary at the end
of each section?

“a, Almost all of the additional activities were used
to supplement the lessons.
b. Some of the supplementel experiences were provided.
(Please indicate proportion and topics of additional
activities used,)

]
b e .
-t

—

c. No use or almost no use was made of additional
activities following the main lesson.

d. Additional activities were used for certain groups.
{If 4.), please explain. \

l;}glﬂ;‘ . . '. 105



9. Give the names of teacher guides and student workbooks used in
addition to the one you used the most. Also, give some indica-
tion of the extent to which these were used, and with which par-
ticular groups of children.

10, If you made little use of any published text, pl ase check’
here and describe your program briefly at the end) of the
questionnaire.

11, a, How frequently did you include mathematical ideas in
octher activities?

Toutinely Occasionally Infrequently

b, Please describe briefly how you included methematical
ideas in other school subject areas or activities,
(Specify the subject areas or activities in which mathe-
matics was used and examples of how it was done,)

-
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12. Please check category which best describes the use of
manipulable objects by children during mathematics lessons.

a. No materials (set of objects and/or counting
blocks)used by children at their desks.

b. Some objects available part of the time,.or for
some groups of children. Explain briefly.

c¢.” All children have objects on their own desks to
use whenever needed,

Additionsal Comments :

O
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APPENDIX 2.4

Comparison of SRA and SMSG Curricula
by Topical Areas Tested

Both the SMSG and the SRA series for K-3 may be classified as "modern”
rather than "conventional" or "traditional." 1In this sense, the two series are
more alike than different, But there are some consequential ways in which the
SMSG and SRA curricula are not the same,

The following materiasl summarizes similarities and differences between the
two curricula for areas of work systematically tested during the course of the
EIMA investigation. Although the categories are not mutually exclusive, they

cover the curriculum topics tested:
: *

Geometry

Place Value
. Rational Numbers

Number Line

. Number Comparison ,

Computation o
Comprehension

Application

GEOMETRY

The amount of experience in SMSG is quite extensive and embraces three
"facets: nommetric geometry, metric geometry (meaaureﬁent), and coordinate
geometry,

The amount of experience in SRA is guite limited, being restricted almost
exclusively to a narrow aspect of metric geometry,

Although the topic of United States money does not prcverly belong under
the heading of geometry, it frequently is viewed as an aspec* of measurement
and is so classified here,

- Nonmetric Geometry

Kindergarten
In SMSC the recognition of familiar shapes (circular, rectangular, tri-

angular, square) is introduced, along with concepts such as "inside," "outside,"

and "on."

‘A_cknowledgeuent is gratefully made to J, F, Weaver for this analysis of
of the topical differences betwsen the two curricula.
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In SRA informal mhterial on points and lines is introduced. Attention
also is given to the recognition of circular, square, triangular, and rec-
tangular shapes,

Book 1

Attention is given in SMSG to familiar thrée-dimensional shapes; to simple
closed curves, including circles and several classes of polygons (e.g., tri-
engles, rectangles, squares); to circular, triangular, rectangular, and square
regions; and to regions that have the same size and shape (informal introduc-

tion to congruence).
No such work with nonmetric geometry is included in SRA.
Book 2 ~—

In SMSG work with sets of points is extended to include the concepts of
line segment, line, ray, and angle, and includes ways of naming such configura-
ticns, Syétematic consideration is given to the .congruence of line segments,
of angles (including the concept of a right angle), and of triangular, rec-
tangular, and square regions.

No such work with nonmetric geometry is included in SRA.
Book 3

In SMSG work with sets of points is extended to include further classi-
fication of polygons {e.g., quadrilaterals), and to include special classes of
triangles: isosceles, equilateral, and right triangles.

No such work with nonmetric geometry is included in SRA,

Metric Geometry (Measurement)

Kinde mrten
In SMSG gross ccmparison of lengths (or hei@ts) and sizes of physical
objects is introduced,

In SRA gross comparison of sizes of physical objects and two-dimensional
shapes is introduced.

Book 1

SMSG includes a relatively extensive introduction to linear measurement,
with emphasis upon the fundsmental nature of measurement as comparison, Work
with the measurement of line segments is restricted to the use of arbitrary,
nonstandard units. '
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SRA includes work with time, linear measure, and liquid measure. Formal
statemén_ts of equivalent measurements involving standard units are made; e.g.,
12 inches 2 1 foot, 3 quarts 2¢ pints., The specific units considered are:
hour, half-hour; day, week, month; inch, foot; pint, quart.

Book _2_

SMSG provides a substantial extension of its work with linear measurement,
leading to the usé of standard units for the measurement of line segments (inch
and foot in particular). The thermometer is introduced as an application of
a linear scale, leading to an informal consideration of negative integers.

SRA extends its work with time, linear measure, and liquid measure by
introducing additional standard units: quarter-hour, five minutes; year; yard,
. cup, gellon, Compound units are used; e.g., 4 feet = 1 yard and 12 inches,

l

SMSG includes relatively extensive attention to the measurement of 1en¢ths
of curves, leading to the perimeters of polygons; Compound units are used, and
fractional units are introduced (e.g., half-inch, quarter-inch). The concept
of area is introduced, and informal experience is provided in finding the area
of polygonal regions using nonstandard units. '

Book 3 -

SRA extends its work with time, linear measure, and liquid measure to
include the following standard units: half-inch, quarter-inch; half-gallon.

U, 5. Money

" Book 1

SMSG gives limited consideration.tc dimes and cents as applications of
tens and ones groupings. "

¢ - SRA includes werk with pennies, nickels, and dimes. The symbol ¢ 1is
used, : '

Book 2

SMSG provides limited extension which includes the use of the symbols ¢
and § in writing money amounts. . '

SRA includes & systematic extension to include the guarter and the half-
dollpr. Money amounts continue to be less than one dollar.

Book 3
No systematic extension is included in SMSG.
The doller is introduced in SRA, slong with the sysbol §
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Coordinate Geometry

Book 3

SMSG infroduces first-quadrant coordinate geometry with a substantial unit
< limited to whole number coordinates, '

No such material is included within SRA.

PLACE VALUE
The amount of experience in SMSG is relatively limited, particularly in
Books 1 and 2. '

The amount of experience in SRA is relatively extensive in each of Books
1, 2, and 3." ~

Book _:I;
SMSG includes numbers through 99, Expanded ﬁotation is8 not used,

SRA includes mumbers through 100. Expanded notation is introduced and
used recurringly.

Book 2

SMSG extends work to include the hundreds' place; however, U457 is the
largest number encountered in any exercise. Expﬁn‘ded notation is introduced
and u’edo ’

SRA extends work to include numbers through 999.

Book 3 |
SMSG extends coverage to include mumbers through 9,999,
SRA extends coverage to include numbers through 9,999,999.

“a unique pictorial representation, the Counting Man, eppears in SRA in
connection with all but the most advanced work on place value (numbers 10,000
through 9,999,999); however, this device was not used in the SRA classes in-
City 1. ° :
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FATTONAL NUMBERS

The SMSG series provides much more extensive work with rational (fraction-
*
al) numbers than does the SRA series.

' Each series associates fractional numbers with partitions of plane regions,
with partitions of s:lngle physical objects, and with partitions of sets of
physical objects. The last of the associations is given much more emphasis in
SMSG than in SRA, however, and leads to extensive work in SMSG with the rela-
tionship between fractional mummbers and ‘quotients in division; i.e,,

% = a+b, vhere a8 and b are whole numbers

such that b # 0.
This relationship is not considered explicitly anywhere within the SRA series.
Book 1

1 2 1 2 3
SMSG includes the fractions 30 30 30 30 5

SRA’includes the fractions %, %, -]3-"

Bock 2

SMSG, through its emphasis upon the relationship between rational numbers

and division, extends work to 1nclude a wide variety of numerators and denomin-
20 24 18 10
ators(e gc, T) -B-’ 9 )

SRA extends work to include the fractions E and ,2

30
Book 3

SMSG continues to extend its work to include fractions involving larger
mmerators ‘and denominstors,

[N [V

SRA extends its work to include’ the fractions

» ’ %a %: 'lf; also,
6ths and 8ths.

L4

*Both SMSG and SRA use the term "fraction" to refer to the name or symbol
for a mmber, In 3MSG, fractions are names for rational numbers; in SRA, frac-
tions are names for fractional numbers,

As indicated further in the following section, SMSG associates fractional
(rational) numbers with appropriate points of a 1line; SRA does not.

19




NUMEER LINE

SMSG includes relatively extensive associations of numbers with points of
a line. SRA includes no such associations explicitly.

Book 1

SMSG introduces the association of whole numbers with appropriate points
of a line. These associations are used in connection with ordering the whole
mumbers, and in connection with adding and subtracting whole numbers.

‘ SRA has no explicit work with a number line,
Book 2

SMSG extends its work tolinclude the association of fractional (rational)
numbers with appropriate points of a line, These associations are used in con-
nection with the ordering of such numbers.

SRA has no explicit work with a number line.
Book 3

SMSG continues to emphasize the association of whole and rational numbers
with appropriate points of a line.

SRA has no explicit work with a number line.

'NUMBER COMPARISON

Kindergarten

The comparison and ordering of sets of phyiical objects establishes readi-
ness in both SMSG and SRA for the comparison and ordering of whole numbers,

Book 1

In SMSG whole numbers through 99 are compared and ordered, with the place
value principle used to advantage in this connection.

In SRA vhole numbers through 100 are compared and ofdered, with the place
value principle used to edvantsge in this connection. The symbols > and <
are introduced and used, '

Book 2

SMBG extends the comparison and order of whole numbers through 999, and
also introduces and uses the symbols > and <,

BRA‘extend.l the comparison and order of whole numbers through 999 .
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Book 3

SMSG extends the comparison and order of whole numbers thrbush 9,999,
The symbols > and < are used to compare and order fractional (rationsl)
aumbers as well as whole numbers, with the number line being used in thié
connection, °

SRA extends the comparison and order of whole uumbers through 9,999,999,
The symb ~ > and < are used to compare and order fractional numbers as
well. as whole numbers, The pumber line is not used in this connection.

COMPUTATION

Two general observations are appropriate to make at the outset of this
section,

1, For each of the operations with whole numbers (addition, subtracﬁion,
multiplication, division), appreciably more practite exercises ere included in
the SRA pupil books than in the SI&G pupil books.

2, In the development of algorithms for adding, subtracting, multiplying,
and dividing with numbers of two or more digits, there is a clear tendency in
each series to move from algorithms. which utilize expanded notation to shorter,
more or less standard algorithms, '

Addition and Subtraction with Whole Numbers

Book 1

In SMSG the work is restricted to basic facts having sums less thean or
equal to 10, Exercises appear only in horizontal form and do not involve more
than two addends, The terms "addition" and "subtraction" are used, along with
the corresponding symbols + and - , Number sentences are termed "equations."*

In SRA the work includes basic ragts having sums less than or equal to
18, and is extended to computations involving more than two addends, and to

*Words or expressions within quotation marks refer to terms as used in a
particular curriculum series and are identified when they first appear in that
series, Not all variations of a term are mentioned, however, For instance,
vhen the term "addition" is identified, variants such as "add" and "adding" may
appear in the series also, even though not mentioned explicitly in this report,
The term "addend" is sufficiently distinct, however, to warrant explicit iden-
tification here wnen it eppears in a series. No attempt has been made in this
report to identify all terms used in a particular series,
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computations involving 2-place addends and sums without regrouping/renaming

. tens and ones. Examples appear in vertical as well as in hcrizontal form,
The terms "addition" and "subtraction" are used, along with the corresponding
éymbols + and -, Number sentences are called "equations,” Other terms
used include "sum," "addend," and "difference," .

Book 2
In SMSG the work with basic facts is extended through sums of 18, Other
extensions embrace: computation with more than two addends; computation in-
volving 2-place addends, including "regrouping” and "renaming' of tens and ones
(with sums exceeding 99 in addition but not in subtraction); and introduction

and use of vertical algorithms for addition and subtraction., Terms introduced
. and used include "sum" and "addend," o

In SRA the work with addition and subtraction is extended as far as 3-place
addends and sums, including all "'cai-rying" and "borrowing" complexities. (e.g.,

.

carrying-to or borrowing from both tens and hundreds within the same example),
Book 3

In SMSG the computing of sums and differences is extended to involve num-
bers not greater than 9,999, including all regrouping/renaming complexities,

In SRA the computing of sums and differences is extended to involve num-
bers not greater then 9,999,999, ircluding all carrying and borrowin€ complex-
ities,

Multiplication and Division with Whole Numbers

Book 1

In SMSG multiplicsit'ion js introduced but division is not. The term
"muli:iplication" is introduced and used, albng with the symbol X, The amount
of work is limited and is restricted to multiplication sentences involving fac-
tors 1 through 10.

In SRA neither multiplication nor division is introduced,

*Regroruping applies to sets of objects; renaming applies to numerals.,
The particular regroupings and renamings that are of concern in this section
are those in which, for instance, 10 ones is changed to 1 ten (often termed

carrying within the context of addition) or 1 ten is cha.nged to 10 ones (often
termed borrowing within the context of subtraction), : N

122



Book 2

In SMSG work with multiplication is continued, still principally within
the context of basic facts'.' Exercises appear in horizontal form, as equations.
Division is introduced, also principally within the context of basic facts.
Fractional notation is used to indicate division: e.g., g =3, (The form
6+ 2 =3 is not used,) Terms include "factor," "product," "division," and
"quotient.”

Both multiplication and division are introduced in SRA. Content is re-
stricted to the context of basic facts in which neither factor exceeds 5,
Multiplication exercises appear in both horizontal and vertical forms, e.g.,
2

X2
10

5x%x.2 =10 and

Division exercises are stated horizontally in the familiar way, e.g,, 6+ 2=3,
(The form -g- = 3 1is not used.) Terms include "multiplication," "division,"
and "product,”

"factor,"

Book 3

In SMSG multiplication :(s extended to include exercises in which one fac-
tor is a number less than 10 and the other factor is a mli:iple of 10 or 100,
or a who?.g number between 10 a.nd 20. The extension also includes instances in
which one factor is 10 and the other is a number between 10 and 100. Multipli-
cations involving three factors are introduced. A verticel algorithm ror mul-
tiplication is used for the first time. In connection with division the symbol
+ 1is introduced, as is a vertical algorithm for computing @otients.* Work
is done mostly within the context of basic facts, but limited experience is
provided with exercises involving multiples of 10 and with exercises in which
quotients gre :ot whole mumbers. The term "divisor" is introduced and used,

In SRA the remaining multiplication and division basic facts are considered,
Multiplication computations are extended to include those in which one factor
is & mmber less than 10 and ‘the other is a mmber between 100 and 1000. A
vertical algorithm for computing quotients is introduced,* and division compu-
tations (no remainders) are eite;xded to include those in which the known factor
is a number less than 10 and the product is a number between 100 and 1000,

*The SMBG and SRA division algorithms for computing quotients are the
same in principle. ) :
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COMPREHENS ION

There is a very real sense in which, in both SMSG and 3RA, comprehension
has been a principal concern in each of the preceding sections of this chapter,
At this point we wish to give more explicit consideration to two aspects of
number work which contribute much to comprehension: (1) wa&s in which the oper-
ations of addition, subtraction, multiplication, and division are interpreted,
end (2) the operational properties which are introduced and used.

Interpretations of Operations

The following table indicates the book in which an interpretation first
receives explicit attention. 1In each instance an interpretation receives con-
" tinuing attention following its introduction,

_ SMSG SRA
Addition .
Interpreted in relation to sct union Book 1 _Book 1
Interpreted in relation to the number line Book 1 ——————
Subtraction
Interpreted in relation to set separation Book 1 Book 1
Interpreted in relation to the number line Book 1 =  «==== -
Interpreted in relation to set comparison Book 1 Book 1
Informally related to addition Book 1 Book. 1
Missing addend interpretation ' Book 2 Book 1
Multiplication -
Interpreted in relation to rectangular arrays Book 1 = =mm-e-
Interpreted in relation to set union Book 1 " Book 2
Interpreted in relation to addition Book 2 Book 2
Division
Interpreted in relation to rectangular arrays © Book & = ======-
‘Interpreted in relation to set partitioning Book 2 ‘Book 2
Interpreted in relation to subtraction Book 2 ~ Book 2
Informally related to multiplication : Book 2 Book 2

Missing factor interpretation Book 2 Book 2
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Properties

The following table indicates the book in which a property first receives
implicit or explicit attention, regardless of whether or not it is named as
such, 1In eacn instance a property receives continuing attention and use fol-

lowing its introduction.

SMSG SRA

Addition

Commutativity Book 1 Book 1

Zero as identity element Book 1. Book 1

Associativity Book 2 Book 1
Subtraction

Zero in subtraction (a = 0 = a; a - a2 = 0) Book 1 Book 1
Multiplication

Commtativity Book 1 Book 2

One as identity element Book 1 Book 2

Zero in multiplication {a x O = 0) , Book 2 Book 2

Associativity Book 3 Book 3

Distributivity with respect to addition Book 2 Book 3
Division

One in division (a/a = 1 [a # 0], a/1 = a) Book 2 Book 2

APPLICATION

~ Neither program provides as mich experience with so-called story problems
as is found in many conventional or traditional texts.* Some of the experience
with story problems in SMSG and SRA is incorporated in certain developmental
and supplementary activities on a more or less incidental beszis. Material ex-
plicitly designated as story problem instruction is decidedly limited in each

series.

* ) .

Traditional texts include understanding of money and telling of time
within applicatior. In both SMSG and SRA, however, these are included as
extensions of measurement.
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Book 1

In SMSG there is one section in each of two chapters that is explicitly
designated as problem solving., Emphasis is placed upon writing an equation
that fits a problem and may then be used to solve that proolem.

In SRA there is only one explicitly designated bit of work (two pages)
concerning story problems, This is within the context of money and does not
involve any related equations.

Book 2

In SMSG there is one section in each of three chapters that is designated
explicitly as problem solving. Continued emphesis is given to the use of ap-
propriate equations when solving problems,

In SRA one or more story problem pages are included in 15 or more differ=-
ent places within the text. Emphasis is upon a l-step problem solving procedure
which does not include wriﬁing an equation that may be associated with the
problem, .

Book 3

In SMSG there is one section in each of three chapters that is designated
explicitly as problem solving, Emphasis upon use of equations is continued.

In SRA explicit attention to story problems, utilizing a step~by-step
procedure, receives approximately the same extent of consideration as is the -
case in Book 2, '
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Means and Standard Deviations for Scales Used in Factor Analyses

" Table AL.L

of End-of-Kindergarten Common Sceles oy Subpopulation

W-Pop. X=Pop, Y-Pop. Z=-Fop.
L Scales MY so || SD My | sp 4%;::MN SD
X-02 Scales
10k 4.5 | 0.9 4.5 | 0.9 4.5 [0.9 4.6 |0.8
110 6.5 | 2.8 6.7 | 2.8 6.5 | 3.0 6.6 2.9
111 Teb | 2.7 Th | 2.7 7.3 | 2.8 Te7 | 2.3
118 4.5 | 2.0 4.3 ] 1.9 4,2 [1.9 4.6 |1.8
119 4,8 | 1.6 4.8 1.6 4.8 {1.6 5.1 | 1.3
130 5.4 | 1.1 Sok | 1.1 5.3 | 1.3 5.3 [1.2
143 3.8 | 0.k 3.9 | 0.4 3.8 | 0.5 3.8 [0.4
14k 1.3 |{ 0.7 1.3 o.? 1.% | 0.9 1.3 | 0.6
147 5.8 | 3.5 5.8 | 3.8 6.0 | 3.7 5.6 |3.8
M112 9.6 | 2.9 10.1 | 3.0 - 9.7 | 3.0 9.8 | 2.9
MILL 101 |29 || 104 )29 10229 j102 [2.6 |
|  wma7 9.7 | 3.1 9.7 | 2.6 10.1 | 2.6 9.8 | 2.6
- M120 10.5 | 2.6 10.6 | 2.8 10.5 | 2.6 10.8 | 2,6
R201 9.1 | 3.0 9.4 | 3.0 9.1 | 3.2 9.4 2.9
R202 10.6 | 2,6 10.6 | 2.8 10.5 { 2.8 || 10.7 | 2.6
R203 9.1 | 3.0 8.8 | 3.5 9.0 | 3.7 8.9 [ 3.k
R20%4 11.7 | 4.2 12,0 | 3.9 11.8 3.9 12.3 | 3.8
R205 12,6 | 4.3 13.3 | 4.0 15.0 | 4.2 13.0 | 4.3 ﬂ
" R206 5. | 2.k 2.6 | s 2.4 t.a 2.7 "
(Sample Sizes) (N = 163) (N = 181) (v =162) . (N =167)
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Table A4,5
Factor Loadings for End-of-Kindergarten Common Sceles for the W-Population

Factors

1 2 3 4 5 6 7

Scales

10k .37
110 .62 s
111 .65
118 .63 .30
119 .66 .32
130 4 A7
143 _ 7
1hh -.73
147 o bl .48

' ML12 .63
M1lh .59
M117 .31 53
M120 ' .66

MRT Scales
R201 L0 53
R202 .36 «37] .39
R203 .32 ] Lo A3
R20k4 .38 .30 ] .36 )
R205 43 .48
R206 _ .37 .58

Percent of
Total Variance 8 13 i 11 4 3 7

N;l63 ,

Note: Factor loadings of less than .30 have’ been omitted from
this table,
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Table ALk.6
Factor Loadings for 'End-of-Kindergarten Common Scaeles for the X-Population

Factors
Scales : 1 > 3 L 5 € 7 '8
10h N
110 72
111 .13
118 .30 | .61 .32
119 035 | .54 4 ‘ »32
130 .31 .33 | .39
1h3 .71
1hy -.73 ,
7 48 [ .31 .31 !
WPPST Scales
ML12 .3h .59
MLlh S 43
ML17 - .60
ML20 .62
MRT Scales
R201 .71
R202 ’ .60
R203 ' 34| .32 31| .3
RoOL - ] .55 | .32
R205 a4 .36 .39 | M7
R206 L9 1 .36 37 1 — L
Percent of
Total Variance 11 | 13 7 2 5 |13 1] 2
= 181 )

Note: Factor loadings of less than .30 have been omitted from
this table.

138




Table AL.7
Factor Loadings for End-of-Kindergarten Common Scales for the Y-Population

~ Factors

1 2 3 L 5 6 T

Scales

K-02 Scales
104 52
110 .63
111 et
118 .63
119 .69
130 - 43
143 .71
1k -.70
147 59

WPPSI Scales
Mil2 «31 .61
ML1L Sk
MLLT [ .8
M120 52 «37

MRT Scales )
R201 .58 .38
R202 59 Wi
R203 .49 .39 | -
R204 .35 .35 )
R205 O | .38
R206 i54 .32

Percent of . :
Total Variance 16 7T { 1b 7 1 2 5

’

N = 162

Note: Factor loadings of less than ,30 have been omitted from
this table.




Table AL ,8

Factor Loadings for'End-of-Kindergarten Common Scales for the Z-Population

Fectors

Scales

E-02 Scales
104 «51
110 .70
111 | .67 .32
118 : .66
119 .67
130 .32 .31
143 17
144 =75
147 3k +31 o3k

WPPSI Scales
M12 .67
ML1h 52
ML1T 248 | .37
M120 .56

MRT Scales
R201 oAk .36
R202 57 .31
R203 46 .50
R20k .63
R205 «39 | .32 L1418
R206 .61

Percent of
Total Variance 11 7 8 3 9 T 1 7

N = 165

Note: Factor loadings of less than .30 have been omitted from
this table.
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APPENDIX 5

Auxiliary Tables for Chapter 5
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Table AS.3

Means and Standard Deviations for Scales Use¢ in Factor Analysis
of End-of-First-Grade 3celes Excluding the Raven Scales
Original Students Only

Scales MN SD
Math Scales
306 Lok 2,05
307 5,22 1.50
308 3.26 1,29
309 . ‘ a6 1.67
310 2,88 1.32
311 - T.05 2.27
312 4,85 3,13
. 313 036 0.69
317 3.92 0.26
318 1.2, 0.53
321 - b69 - 1,8k
322 - 2,68 1.43
323 3.1 " 1.46
328 1,77 1.08
329 2.29 1,27
SAT -Scales : -
A201 20,63 : 7.76
A205 20,24 956 |
Kuﬁlmann-Anderson V
M324 109,03 1,69
N = 564

ERIC ;o



Table A5.L

Factor Loadings for End-of-First-Grade Scales Excluding the Raven Scales
Original Students Only

Factors
Scales 1 o 3 L .5
Math Scales . ]
i 306 .65
307 53
308 ‘ M7
309 .66
- 310
311 .69
312 .69
313 ' A2 .36
317 - «59
318 =60
321 ' .63
322 .58
323 -.58
328 - ) 42 40
329 ' M8 .36 :
SAT Scales ) .
A201 ) UL .76
A205 _ 1 .15
Kuhlmann-Anderson : - '
‘ weh .58 .3
Percent of |- '
Total Variance . 20 7 6 9 2
N = 564

rlote: Factor ].oadhgs of less than .30 have been omitted
from thise tahle. :
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