THE USE OF PERFORMANCE MODELS IN ESTABLISHING
NORMS ON A MENTAL ARITHMETIC TEST
by

Jane Sachar Olshen

TECHNICAL REPORT KNO. 259

August 11, 1975

PSYCHOLOGY AND EDUCATION SERIES

Reproduction in Whole or in Part 1s Permitted for

Any Purpose of the United States Government

Copyright (c) 1972, by Jane Sachar Olshen
< All rights reserved

INSTITUTE FOR MATHEMATICAL STUDIES IN THE SOCIAL SCIENCES
STANFORD UNIVERSITY

STANFORD, CALIFORNIA 94305







TABLE OF CONTENTS -
Title Page
Acknowledgements . + . . o ¢ 4 4 s e 4 4 s wca = . o« o 1V

List of Tables . . . ¢« & &« v & & o @ a 2% u o« o s = & V

List of Illustrations . . « o v ¢ 4 o .0 o o s-0a « « o vil

Section

1 Introduction « . ¢« & o 4 ¢ & o o & 2.9 3 ¢ ¢« o s a.5 o 1
2 The Curriculum. . o « « « « & o« o o w2 o' 2.5 o' s = « « b
3 Test FOrms + v+ v v v ¢ 4 @ o 2 2 ¢ o = 2 2 2+ « + s & + 9
Ll. TBSt Administration . + » L] . L] ] - L] . L] . » s L] a ' o 10
5 Development of the Test . . . ¢« & o ¢« ¢ ¢« o o o = o o 11
The First Pilot Test . . . . « . ¢ o o & o o o o o 12
The Second Pilot Test . . . . « « « « + ¢« « o « + « 13
Specification of the Final Test Form . . . . . . . 18
The Third Pilot Test . ¢ & 4 & 4 & & ¢ ¢ o o« o o o+ 24
The Fourth Pilot Test . . &« ¢ & ¢« « &« o v o o & & « 25
6 Regression Analysis . . ¢ & ¢« v ¢ &+ & « o o = s « o « 26
7 Rank Correlation . . . « v + v o 4 v & + o o « o +» « o U2
8 . Sampling Procedures . . . . . & « « 4 « « s o o o s o U3
9 Analysis of Mental Arithmetic Data . + o o o o & » o o 48
10 Lriterion-Referenced and Norm-Referenced Measurement . 50
11 NOPHS o ¢ « + o « o o 2 +# « 2 ¢« a « o o s o = = o o « B0
The First Function~-Mapping Between Crades . . . . 53
The Second Function-~Student Models . . . . . . . . 56

The Third Function--~Predicting Scores
for Grade Placements . . . 77
12 Tests for Parallelism of FOMMS . -« ¢« & « ¢ o ¢ o« o o o 83
13 RELIZDILIEY & + o o o o « o o o o o o o o o o o + o . B8Y
1” Validity « ¢ 8 e - - « *+ » * LI 2 I ] L] @« % o *« 8 @ 87

ii




15
16

Appendix
Appendix
Appendix
Appendix

Appendix

Analysis of Oral Scores and Written Scores . . . . . . 88
Conclusion . . o v ¢ & o o o v« & o 4 s & o o o « « « » 90
References . . « o « = « o = 6 =2 o o o o = 2 o 0.2 « o 94
The Curficulum.

Regression Variables

Rank Ordering

Schools Participating in the Study

Manual for Administration and Interpretation of
the Stanford Mental Arithmetic Test (SMAT)

Jiii




ACKNOWLEDGMENTS

L

I thank Professor Patrick Suppes for hls ideas and suggestions.
on both the development of the test and the analysis of the data and
Dr. Barbara Searle foy her encouragemgnt,_suggestions and guidance
throughout the éntiré implementatidn of ﬁhis study; Laét, I thank
those Stanford undergraduates who helped administer the'tests and the:.
members of the Institute of Mathematical Studles in the Social
Seilences for their patience with my staff.

This research was supported by the United States Agency for

International Development Contract ATD/CM=TA«CwT3«40. -

iv




Table
Table

Table

Table
Table
Table

Table
‘Table

Table
Table

Table

Tabie
Table

Table

Table

Table
Table
Tabie

Table

10.

1.

12.

13.

14,

15.

16.
7.
18.

19"

LIST OF TABLES

Distribution of Concepts on Tests by Proportion of
Exercises in Each Concept

:Mean Proportion Correct for Equivalence Classes and

Response Times Inciuded in Second Test
Structural leferences Among Test Levels

Complete Distribution of Equlvalence Classes on
Primary Tests

Complete Distribution of Equivalence Classes. on
Intermediate Tests

Mean Percent Correct for Grades 1 and 3 on Ranked

and Segmented Tests -

Coefficients of Regression Variables

Equivalence Classes Predicted from Pretests by Grade

Rark Ordering of Equivalence Classes for
Primary Tests

Rank Ordering of Equivalence Classes for
Intermediate Tests

Spearman Rank Correlation Coefficients on Predictions '

Cumulative Frequency of Schools Containing Grades
K-5 and 7-8

Tests Administered to Each Grade and Tests About
Which Inferences Will Be Made

Regression Coefficients for the First Function

Frequency of Best Fit of Flve Models Using Three
Criteria For Two Grades

Restricted Range of Response Sequences
Comparison of Full and Restricted Range
Mean of Mean Squared Residuals for Models 1 and 3

Frequency of Differences for Models 1 and 3

Page

10

17

20

22
23
26

29
34
35

38

b2

k6
49

57
69

70
71
72
73




Table

Téble
Tab}e
Table
Table
Tabie

Table
Table
Table
Table
Tabie

Table

Iab}e
Table

Table

Table
~ Table
Table
Table

?ab;e

Table

Table

20.

21.

22.

23.

24,

25,

C1.
ce.
C3.
Ck.
C5.

cé.

CT7.
c8.

El.

E2.
E3.
E4,
E5.

E6.

E7.

ES8.

Distribution of Predicted Minus Observed Raw Scores

Distribution of Rounded Prediétions Minus Rounded
Observed Scores for All Grades

Grade Plaoements for Which Scores Were Available
for Each Test :

Means for Different Forms and t-statistics for -
Equality of Means

Correlations Between Merntal Arithmetic Test and

~ Stanford Achievement Subtest Scores:

Regression Coefficients and Multlple Correlabion of

-Menta1 Aﬁithmetic Test “and Stanford‘th;evement Test

Rank Obdering of Sample Data

Reranking ?piplet_itemé

New Ranks of Triplet Orderlng

Reranking Pairwise Ttems

New Ranks of Pairwise Ordering for Grades 1‘énd 2

New Ranks of Pairwise Ordering for Grades 2 .and 3
and Grades 1 and 2

Pairwise Ranking

Final Rank Ordering of all Classes in Example

Dlstributlon of Concepts on Tests by Proportlon of

Exercises in Each Concept

Grade Placement at Time of Testing

Score«to-Grade Placement Conversions @ .

Total Score-to-Percentile and Stanine Conversions
Concept Score~to-Stanine Conversions

Test and Concept Means, Standard Deviations, and
Reliabilities

Concept Correlation Matrices
Validity Coefficients

S v

T4

75

78

84
89
89

ct

ca

c2

c3
¢4
'cu'

C5

E3

E11.:

E13
E32
E58

ET7

E80

E81




Figure

Figure

Figure

Figure
Figure

Figlre
Figure

Figure

Figure
?igure
. Figure
Figure

Figure

Flgure

?igure
Fignre
Figure
Figﬁre
Figure

Eignre

10.
1.
12.
13.
14,
15.
16.
17.
18,

LIST OF ILLUSTRATIONS

Performance on recovery ltems by section.
Continﬁum of ordered equivalence clesses on which
the range of classes included in each of the three
Primary tests is shown. :

Cumulative frequency distribution of schools.

Probability correct for Grades 1 and 2 on identical
equivalence classes,

Probabillty correct for Grades 1 and U Intermedlate
on identical equivalence classes.

- Student Graph No. 1 of probabllity correct.

Student Graph No. 2 of probability correct.

Hypothetical required ability curve intersecting
the student’s ability level.

-Linear performance curve.

Convex performance curve.:
Concave performance curve.

Sigmoid performance curve.

Dlstrlbution of observed scores and predicted scores.

Score by grade equivalent, Primary I.

Score by grade equivalent, Primary II.

Score by grade equivalent, Primary III.

Score by grade equivalent, Intermediate IV.
Score by grade equivalent, Intermediate V.
Score by grade equivalent, Intermediate VI,

Percentage of cases at each stanine level in the
norm group.

vii

Page

15

.19

47

54

54

59
59
61

62
62 -
63
63
76
79
79
80
80
81
81

.E56




1. INTRODUCTION

Althougﬁ there has been extensive research in elementary
mathematics educatiqn during the past 25 years, the Important area of
mental arithmetlic has remained relatively untouched. In contrast to
traditional arithmetic, mentel arithmetic includes items presented
orally with no supporting visual stimuli. Most students of arithmetic
are confronted daily with problems requiring skills in mental
arithmetic. However, schools are only beginning to recognize the
important role that these skills play in the lives of their students.

According to Smith (1913), around the middle of the nineteenth
eentury Pestalozzi in Europe and Warren Colburn in this country
revolted against the slowness of operation of the old written
arithmetic. For a long time in America, then, the oral form was
emphagsized. The few textbooks that were. published emphasized quick
and accurate mental calculations because‘these_skills were needed by
such people as shopkeepers and shoppers.””Both student and teacher
evaluations were based in part on the students” proficiencies in -
mental arithmetic. This emphasis was followed by a counterreaction,
resulting in a de-emphasis of mental_arithmeticu‘ Toward the middle ef
the twentieth century literature on mental arithmetic_appeared once -
again. Elementery‘textbooks started giving some atteneion to solving
problems without pencil and paper, end research in the area began.

| The more reeent‘researeh_in mental arithmetic has investigated
its uses (Wandt & Brown, 1957), modes of presentation (Erown, 1957 ;

3

Olander & Brown, 1959; Josephina, 1960), and item difficulty (Hall,




1947), as well as methods of teaching mental arithmetic (Flournoy,
1953, 1955; Wolf, 1960; Pigge, 1967; Austin, 1970; Beech, MeClelland,
Horowitz, & Forlano, 1970; Rea & French, 1972)‘and thought processes
used in solving mental arithmetic exercises (Dansereau & Gregg, 1966:
Moyer & Landauer, 1967; Whimbey & Fiéchhof, 1969;'Rést1e,'1970;
Schvaneveldt & Stanudenmayer, 1970; Aiken, 1971).

The importance of mental arithmetic skills was'demoﬁstrated
in the study by Wandt and Brown (1957), who reported on the uses of
both mental and written arithmetic during a 2U-hour period by 147
college students. They found 75 percent of the uses to be mental.

There appears to be little agreement as to terminologyn In

the 1945 edition of the Dictionary of Education, Good defines both

mental and oral arithmetic to be "arithmetic calculations performed
mentally without paper 6r pencil." Thé terms disappeared, howevér,
in both the 1959 and the 1973 editions. Thorndike (1922) named three
meanings of the term "oral" as applied to arithmetic: (1) work where
the situations are presented orally and the pupil’s final responses
are given orally, or (2) work wﬁere'the'situétions are preéenﬁed
orally and the pupil s final responses are written or partly written
and partly oral, or (3) work where the situations are presented in
writing or print and the final responses are oral.

Thorhdike, however, deces not specify that the caleculations
must be carried'out mentally. In all of the studies in 6he'last 30
years, the term "mental arithmetic“ included computation without

paper ‘and pencil. Item presentation varied from items presented




orally with no visual stimull to items presented visually, and mode
of respénse v;ried from the written to the oral form.

Two of the studies inVestigated performance using three types:
of presentation: oral, flash cards, and written (Brown, 1957
Olander & Brown, 1959). One study presented the written item, but
varied as to whether the item was also read aloud (Josephina, 1960).

- Of the six measuring instruments.used in the studies to
evaluate instruction, two were well-known written standandized tests
(Austin, 1970; BRea & French, 1972), ohe & written test (Pigge, 1967),
and only three included items presented orally with no visual
atimuli {(Flournoy, 1953; 1955; Beech, McClelland, Horowitz, &
Forlano, 1970; Wolf, 1960)., Of these three, only the test used in
Wolf s study presented items uniformly to ail students, the exercises
being recited on a tape rather than read to the class.

Hall, although presenting items on flash cards, was the only
author wheo indicated that substantial questions concerning the
structure of an oral test had to be determined before the test could

be designed. - Through his pretesting phase, he sought answers to six

questions:
1. How many items should be included in the test?
2. How much time should elapse between items?
.3, Should the time vary with the difficulty of the items?
4. What is the relative difficulty of each items?
5. Has the test sufficient range to reach all pupils?
6. How many sittings should be included?

Furthermore, he was the first researcher to recommend that norms be
established for a test consisting of oral arithmetic exercises to

be solved without using pencil and paper.




Hall did not discuss the problem of item order. . On written
tests, each student is able to select the ¢rder in which he will- .
respond to the exercises. 0On an.orally presented test, however, one
is confronted with the problem of fixed pacing. The order of -item
preséntation is uniform for all students. No studies were found in
the literature investigating the effects of item order on orally
presented tests.

Of the nine studies found in the literature investigating
item order and performance on written tests, six reported no effect
in arranging the items by content or by difficulty (Brenner, 1964;
French & Greer, 1964: Smouse & Munz, 1968; Marso, 1970: Huck & Bowers,
19713 Sirotnik & Wellington, 1974).  Sax and Carr (1962). found that
students perfofm significantly better on a mental ability test when
items are.arranged in ascending order of dif‘f‘iculty° Sax and Cromack
(1966) found that students perform significantly better on a mental
ability test in which items are arranged in ascending order of
difficulty. only when the examination is lengthy or is administered
under stringent time limits. Flaughter, Melton, and Myers (1968)
found no differences in performance on mathematics tests, but found
that examinees did least well on timed verbal tests in which the
items were arranged.in'deécénding ordef of difficulty. The evidence
for an item order effect on written tests is not conclﬁsivea However,
there appears to be no e%idence pertaining ﬁo an_item order effect on
oral tests; o

To evaluate a mental arithmetic curriculum, one needs a




standardized test. Therefore, substantive research aimed at
developing a mental arithmetic curriculum must3begin with the '
establishment of norms for a standardized test of mental arithmetic
skills,

This report describes the development and standardization of
the Stanford Mental Arithmetic Test (SMAT). Four pilot test sefies
were used to establish the final forms of the Primary tests, Because
data are not available on ability in mental arithmetic, the first
test, given to second-grade students, was designed to determine the
range of items that these students could answer correctly. The
second test, administefed to Grades 1 and 3, was designed to select
items for the final test according to classical ﬁest theory. The
Sparse research on the subject made these two pretests valuable in.
determining a suitable format for such_a test. Time allowed for
response, range of item difficulty, item order, mode of presentation
and response, and exercise-identification schemes were all Variables
that were considered. After the second test, the structure for the
final tests was redesigned. In.the third sepies of tests, iltems
were grouped according to arithmetic operation aﬁd linguistic fqrmat,
These tests were designed to enable the items to be ranked and to
permit the determination of the range oflitems for_eaoh grade in
accord_with the new test design. In these testé, items of the same
operation and lingﬁistic format were grouped togetﬁern The fourth
set of pésts, givgn to Grades 1 and 3, tested the effects of ranking

all of the exercises on the tests rather than segmentipg them by




operation and format as in the previous. test.

The results of the pretests were used to determine item-
selection procedures as well as the final structure of both the
Primary and Intermediate tests. The method by which these procedures
were developed is discussed, as afe the statistical procedures used
to predict the probability correct by the grade for each item and to
rank order all items with respect to this probability. The
development Qf‘performance models fitted to the responses for each .
student and predictions of scores on tests which.stud;nts did not
take are discussed.. From these predictions, grade-equivalent scores.

and percentile rankings were established.

2. - THE CURRICULUM

The first step in deﬁelopiﬂg'the test is to define the mentéi
arithmetic curriculum from which the test is to be based. Such a
curriculum should cover fhe bortion of the staﬁdard elementéry |
mathéﬁatic# cufriculum whiéh éaﬁ'be'bresented orally. The curriculum
used in the'présént ﬁork was adapted from the'ﬁriil-and-practiee
arithmetic strands program developed at the Instituté for Mathematical
Studies in the Social Sciences (IMSSS) af'Stanford Univeréity (Suppes,
Jerman, & Brian, 1968; Suppés & Morningstar, 1972; Suppes, Searle, &
Lortdn, in preparétioq),‘.The méﬁtal arithmetic curriculum cbvérs
seven Concebts or ﬁstrands," naﬁeiy,.addition (1), sﬁbtfaction;(s),'
number concepts (NC), multiplication (M), divisioﬁ.(D), measurement

(E), and fractions (F). Fach strand is divided into equivalence




classes whichrdeSCPibe the entire curriculum. Each eguivalence class
cohsisbs of a set of exercises which have:strﬁctural features in
common, such as sizZes of numbers, existence of a carry or borrow, and
format. As an example, in the curriculum from which.thé tests are
constructed (Appendix A), is class A14I, which has the desecription,
ab + ¢ = de, where a, b, ¢, d, and e répresent digits, and the
restriction that b +¢ > g9, 1< a < 9. This class has two digits
in the first addend, one digit in the second'addend,.and_a carry in
the right-hand column. Addition, subtraction, mﬁltibliéétion, and
division exercises cccur in three fTormats. For exercises presented
as A + B =, the C format, referred to as the canonical format
(can), supplies A& and B and asks the student to respond.withlca . The
A and B formats are referred to as noncanonical formats (none). The
A format supplies B and C and asks the student to respond with A,

The B format supplies A and C and asks.thé student to réspond with B.
The format code follows the ordinary equivalence_class name. Thus
for the equivalence class shown above, ghe B format-1ls represented
by A14IB. The equiValence ¢lasses have been definéd.for each éoﬁcept
of the curriculum.

The mental arithmetic test is defined by the included
équivalence classes. For each equivalence.class inecluded on the test,
one exercise is sampled at random from the set of all possible
exercises.in the class. N |

Hively, Patterson, and Page (1968) used a similar method in

constructing a "family" of written criterion-referenced arithmetic




. tests by generating items from well-defined equivalence classes.

~The written form of each exercise is then translated into a

verbal form. Examples of the verbal question formats used in the

test are as follows: .

Cancnical
Nonecanonical

Noneanonical -

Canonical
Noncanonical

Noncanonical

Canonical
Noncanonical
Nonecanonical

-

Canonical
Noncanonical
Noncanonical

“(C

(B

(c
(B

(C
(B
(A

{C

(A

format) -

format)
format )}

format)
format)

format)

format)
format)
format)

format)
format)

format)

 What is 1/3 plus 1/6?

Verbal Form Written Form

. ADDITICN
What- is -2 plus 37

2 plus what equals 5%
‘What plus 3 equals 57 o+ 3

N N

+ +
u o
o ol

SUBTRACTION ..

What is 5 take away 37
5 take away what equals 27
What take away 3 equals 2?2 - -

|
1 L
il

(W]
it
r ol

- 'MULTIPLICATION ..

“What “is 4 times 27 4 X
4 times what equals 87 yx
What ‘times 2 equals 872 X2

no
c:aJ'

DIVISION
‘What is 6 divided by 27 -6
6 divided by what equals 37 6/ __ =
What divided by 2 equals 37 / 2=

FRACTIONS

no
~

w
n

2 over 3 equals what over 6%

NUMBER CONCEPTS

Write the nuﬁber.12.
Which is bigger, 2 or 67
What comes after (before, between)

-3
~~
11 I
[}
o,
Ne}
L
O




3. TEST FORMS

Six levels of the test were constructed:
Level ' For Grade

Primary 1
Primary II
Primary III
Intermediate IV
Intermediate V
Intermediate VI

LU W N -

1
Parallel forms of the test at each level are normed by

dividing the students into two groups. To aceount for order effects,
group 1 receives form A first and group 2 receives form B first.

Exercises_from three strands (addition, subtraction, éﬁd
number concepts) comprise the Primary tests. The Intermediate tests
consist of exercises from these three_strands,.as well as from the
four remaining strands {multiplication, division, fractions, and
measurenent ).

‘The relative proportion of exercises presented on each
test from each strand for the Primary and Intermediate levels was.
determined and is shown in Table 1. "These proportions reflect the
distribution of items among-strénds in the IMSSS drill-aﬁd—practioe
program. The'proportions used in that program were based on the
relative frequency of problem types in three standard arithmetic text

series (Suppes, Searle, & Lorton, in preparation).

1
See section on tests for parallelism.




Table 1
Distribution of Concepts on Tests by Proportion of

Exercises in Each Concept

Add Sub Mul Biv. ~ Num | Frac Meas
Primary I .52 .33 ':_ .15
Primary II .52 .36 e
Primary III .52 LU0 . _ .09
Intermed. IV .20 .20 15 - .15 .12 . .08 .10
Intermed. V. .17 17 17 AT 13 .09 . .10
Intermed. VI .15 15 .20 .20 .10 .10 .10

4, TEST ADMINISTRATION

The tests are administered to an entire c¢lass using a
prerecorded -tape of the exercises. In this way each exercise 1is
presented uniformly to all students. Answer sheets are distributed to
all students and written free—response answers are expected.

Students are instructed to write only the answer and not the
problem statement. If a problem sgatement is written out, the
exercise is marked wrong. Instructions are given to cross out rather
than erase each answer a student wants to dhange.

To avoid the difficulty that arises when numbers are uszed to

identify numerical exercises, the test is divided into sections, each

10



containing 10 exercises. The sections are referred to by numbers,
but the exercises within each section are referred to by an
alphabetic letter.

For Grade 1, the following exercise-identification scheme
was employed:

- PART 1, A, B, C, D, E, AA, BB, CC, DD, EE, PART 2, ...

As an.example of_thé verbalization of_double-letter identifiers,_"AA“
is read "A™ "A," rather than "double A."
All other grades used the scheme:

PART 1, 4, B, C, D, E, F, G, H, I, J, PART 2, ...

By using alphabetic letters with which the students are

familiar, confusion is reduced.

5. DEVELOPMENT OF THE. TEST

Four pilot test series were used to establish the final forms
of the Primary level tests. I initially planned to develop a Primary
test approbbiate for Grades 1-3 and an Intermédiate test appropriate
for Grades 4-6. A Primary pretest ﬁas désignéd:to obfain data for
selecting items in accordance with two criteria of classical test
theory. The first is an index of item difficulty, P, repreéenting
the proportion correct. To obtain the greatest dispersion of
scores, P = .5 1s preferable. The second 1s an index of item

discriminability, D, which guides in selecting items answered

-eorrectly more often by high scorers than by low scorers.

11




Ihe First Pilot Test

The first test was divided into‘10'parts with two Z-minute
breaks after parts 4 and 8. FEach part containéd 10 exercises
labeled A, B, C, D, E, AA, BB, CC, DD, EE. - Included in this test
were exercises from 45 equivalence classes. Twenty-three addition
classes were selected from among the 119 classes, A6-A26, A32, A34.
Twenty-two sﬁbtraction’dlaSSES'wére chosen from the 93 classes, 31,
S5-329. (The codes refer to the equivalence class names in Appendix
a.) Each equivalence class appearing in the tést was sampled
exactly once and the exercises were brdered randomly. To defermine
the range of response times necessary, the time allowed for response
varied from 6 to 10 seconds.

On an orally presented test, the order of presentation of
items is uniform for all students. To assure independence of test
items, recovery items were placed between the above test items with
the cogditioﬁ that no tesﬁnitgm follow an item of the same operation
or the same 1inguisti¢_format. A recovery_item is an item that has a
high probability of bging cqrrept, but whiech is not analyzed_as an
element of the total test score. A4 dgscription of the recqvery items

and thelir restrictions appears below.

Write the number a. a < M

Whieh is bigger, a or b? a, b <11

What comes hefore a? a < 11

What comes after a? ' a< 10

What comes between a and b? b < 11 _

What is a plus b? - a2, b <10 -

What is a take away b? =~ b or difference (d) = 0 or 1
S T orb=d ' A

12




To obtain P = .5 for all three grades on a given item, some
second-grade students must be able to answer the item correctly.
Therefore, the first test was given to 22 middle-income secoﬁd-grade
students. |

Of the 45 test items, there were 18 items which no student
answered correctly. All of the items were analyzed to determine those
items .which should remain on the next pretest, and whether new items
could be added. No item was eliminated if more than one student
answered it correctly. Because a large number of items was missed by
all or almost all students, the range of equivalence classes was greatly
 decrgased°

OF the recovery items, those dealing with addition and
subtraction, as well as those of the form "write the number a," were
answered with P > .8, The other number concepts recovery items were
answered with .36 < P < .91. All of the recovery items were retained

in the next test.

The Second Pilot Test

The test was redesigned.maiﬂtaining the same structure, but
with different exerciées. This second test contained test items from
classes A1-A14, A21, A32-A35 and S1;S15 and recovery ltems from
classes A1C-A4C, A1B, A6B, S2C, NC1-NC6, NC25-NC27, SNC3-SNCSu The
test was given to 23 first-gfade students and 25 third~grade students.
On the addition and subtractioﬁ exercises, .35 waé the 1argest.mean
L proportion correct on any item for the first graders,.whereas the

largest mean proportion correct on any item for Grade 3 was 1.00. Of

13




the 44 addition and subtraction exercises, .32 of the items were not
answered correctly by any first-grade student, whereas every item was
answered correctly by at least one third-grade student.

Despite the presence of recovery items, many of the first-.
grade students stopped working exercises after the first few items
they.were unable to do, often closing their test booklets. The.
performance on Pecovéry items shows this quite clearly. The mean
proportion correct for recovery items in Grade 3 was .92 on Section 1
and .93 on Section 10, as expected. However, the mean correct for
recovery items in Grade 1 was .31 on section 1 and even lower on
section 10, only .22.

The third-grade students performed so well on the test that
an analysis of the recovery items for those students is uninformative.
The analysis was performed on the first-grade students only. Of the
55 items originally designated as recovery items, the eight noncanon-
ical items from classes A1HB, A1LB, and AGHIB and the canonical item
from class AU4C were answered correctly by fewer than two students on
the average. Because performance on items frdm'these classes was
poorer than expected, they may have been ingpproppiately.labeled as
recovery items. They were eliminated‘in the analyéis of recovery item
performance. All remaining items were answered correctly by more than
fwo studehtsu The dotted line én the graph in Figure 1 shows
performance by sections on these recovery items. ferformance appears
Lo haﬁe decreased immediately after the first seétion, indicating that

some students stopped working on the test when they met with failure.

1
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Figure 1. Performance on recovery items by section.

The first item in every section was a recovery item. The interferepc§ ;“”
effect on performance due to intervening difficult items was not.
present on the first item in every section.. The solid line on the
graph shows performance on recoﬁery-items excluding also the first
item in every section. The trend, after removing the first items,
indicates that performance continuaily decreases across sectiohs.

This mode of presentation, a mixture of easy and difficult
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exercises presented on a tape recorder with a limited response time,
may have frustrated the first-grade students to the extent that this
measuring instrument was not measuring achievement.

Anocther variable present in this test is the time allowed
for the student to respond. Response times varied between 6 and 10
seconds. Perfo;;ance on exercises with different response times was
analyzed to determine the appropriate range of response times, if any
need for variation is in fact indicated. No equivalence class was
represented twice with two different response times. However, certain
classes, which are similar in structure, may be compared. A list of
the relevant classes,-along with the proportion correct for both
Grades 1 and 3 is shown in Table 2. Equivalence classes A1B and AZB
are élmost identical. We have found from experience with the IMSSS
drill-and-practice program that A2B is slightly less difficult.
Both items were presented.in the same noncanonical format. However,
. the response time for A1B was 10 seconds and for AZ2B 8 seconds. The
probability correct for the two items shows that Grade 1 did better
on A1B whereas Grade 3"s performance on both items was approkimately
the same. Three other pairs of addition classes and two pairs of
subtraction classes were similarly comparable. These were five pairs
of items identical in structupe except for format. A5, A7, A21, 33,
and S13 were presented with both the B format and the C format.

We know from the drill-and-practice data that the C format is

less difficult than the B format. Notice that the differences in

performance befween ASB and ASC are similar to the differences in
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“Table 2
Mean Proportion Correct for Equivalence Classes and

Response Times Included in Second Test -

Egquivalence Time allowed Mean for Mean for

class  - for response - Grade 1 o ‘Grade 3
ATB . 10 o .35 T .96
APB 8 L7 1.00
ASB 6 .00 .80
A5C 10 L0 _ .92
A7B 6 .00 84
SATC ) 04 o .88
Azt - o 80 - ".04 . J4h
A21C 6 .04 56
S3B 8 .35 1.00
S3C S 10 . .13 ‘ .96
S13B 0 . - .on T
S13C ) .0 .68
S5A 8 .00 0 32

- 85C : 10 S LO8 .64
S154 . 8 00 ‘ .36
S15C 3 22 ¢92
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berformance between AZTE and A21C, regardless of the time allowed.

I expected that if the timing variable was significant, then A21B at
8 seconds would yield means similar to A21C at 6 seconds, but that
ASB at 6 seconds would yield means much lower than ASC at 10 seconds.
Similarly, I expected S13B at 10 seconds to:yleld means close to S13C
at & seconds, but 33B at-B8 seconds to yield means significantly lower
than S3C at 10 secdnds. Because none of these expeqtations was
Fulfilled, T decided that uniform presentation of items allowing 6
seconds for students to regpond would make the test shorter and thus

allow me to present more items on each test.

i, ——  ———  ——— kit

At this point in the £est developmeﬁt the final form.of the
test was established. All subseduent pretests employed the format
described here. FEach grade receives a different test, and eéch test
covers items ranging from those that all of the students can answer
(P = 1.0) to those that ne student can answer (P = 0.0), avoiding a
floor or ceiling effect. The éxercises are arranged in ascending
order of difficulty, the easier items preceding the more difficult
items. In this way a student is more likely to give his full
attention and effort to exercises that he is able to answer correctly,
and it is unlikely that an item that he can answer will be embedded
in a group of items he cannot answer. A student’s grade-equivalent
score will roughly correspond to his "quitting™ point. Eguivalence
classes appropriate for Grades 1-3 are ordered on a fixed eq;al

interval continuum, and the test for each grade level samples items
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from an interval of this continuum. The continuum appears in Figure

2. The letters A;'B; C, D, E, and F refer to the endpoints of the

"CONTINUUM

(mmm e ————— - ———— —————— - e e e R R o >
A C E B D F
Primary I
2 e e o e . . B e . +
A B
Primary II
e s cse e s o e ——— +
c . D
Primary III '
e e e e e e e +
E F

Figure 2. Continuum of ordered equivalence classes on which the
. range of classes included in each of the three Primary
tests is shown, ' ‘

ranges of each teét level. The ranges of classes for each grade
overlap. Primary I for the first grade_ gxter;ds from point A to
point B, Primary II_for the second_gyﬂde,extends frqm point C to
point D, and Primary iII for the thi{d grade extends from point E to
point F. quivalence classes fot Grages_Hfﬁ are Qrdered §imilar1y
on a separate continuum. _

Students in all grades are giﬁen?the same instructions on the
tape and are_given 6 seconds to tespond té_each_item. The_structure
of the tests for each of tﬁe six levels is identical, with the

excgptions, shown in Table 3, of the npmber“of_itgms presented, the

19




Table 3 .

Structural Differences Among Test Levels'

Level
I II ITT IV v VI
Number of items 100 110 110 110 110 110
Number of sections 10 11 11 11
Number of sample exercises 5 5 .. 5. 3 ...'37:‘. 3
Indices A-EE A-J A.g A-J A-J A-J
Length of tape recording ' 28 '31 30 29 30 27

in minutes

indices used to identify items, the directions to the examiner, and
the number of sample exercises. Each Primary I level test includes
100 items repfesenting-1dd'different équiﬁaleﬁée:élasses, All other
tests cover 110 classes. The exercise-identification scheme remains
as described above. Each Primary test has an introduction with five
sample exercises, whereas each Intermediaté test'has é shbfter
introductioh with bﬁly three éampie éxerciées, Eéch test:is.dividéd
into seébions:coﬁsi$£ing-of TC iﬁémé ﬁitﬂna 9b-seéond break after the
fourth and eighth seéfiohéu |

Two forms of the test were developed for'eachhgrade.. Thé tWo
forms were designed as "stratified parallel tests." The universe of
eqﬁiﬁalénce.ciésées for the Pbimary tests waé diﬁided'iﬁto.g sfrata:
three formats of addition; three formats of sﬁbﬁracﬁioh, and three
formats of ﬁumﬂer concepts. Theiﬁniﬁersé.of”équivaiéﬁce classes for

the Intermediaﬁe fests'ﬁas di#ided into 15 strata: three'formats each
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of the four basic operations, and one format each of number concepts,
fractions, and measurement. A familylof.tests for each grade level
was defined by the number of equivalence classes to be included from
each stratum, as well as the range of classes. With this constraint
on the distribution of classes, the particular equivalence classes
from each of the strata were chosen for each form, by selecting them
at random from the set of all péssible=eduivalenee classes in that |
stratum for that grade. Within each straﬁd, the particular items from
each class were then chosen at random and presented in the ofder that
the equivalence classes appear on the continuum. The procedure abqvé
can be implemented to crea£e an additibnal form for any of the grades.
(See section on tests for parallelist)_ |

| Tables 4 and 5 give the compléﬁe‘distribution of equivalence :
classes presented in the Primary and .Intermediate tests, respectively.
They list the number of clééses ineciuded in each stratum for the range
of each grade, the number of classes chosen from that stratum, and the
proportion of the total test thaﬁuthapmsgratum-represeﬁts,

In each Primary test, the numper concepts classes are
Qistributed evenly across the three qﬁestion forms, "Which is bigger,
A or B," "What comes after A,“ and "HWrite the number B," wheré A and
.B represent positive integers. Approximately half of the classes from
the addition and subtraction strands are in canonical format while
the otHer half are divided evenly among the two noncanonical formats.
An exception oecurs for Primary I, subtr'action, where there were not

enough noncanonical classes (SUB A) in the range of the test. The
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Table U

Complete Distribution of Equivalence Classes on Primary Tests

Primary I Primary IIX Primary III
Total No. - Approx. Total No. Approx. Total No. Approx.
pess. probs. % poss. probs. % poss. probs. %
NC25-38 11 5 5 15 4 y. 8 3 3
NC1=24 15 5 .5 18 i y 13 3 3
SRC1-11 20 5 5 20 Y y 8 3 3
Total
~num. 46 15 15 49 12 12 29 9 9
Add € by 26 26 5T -~ 29 26 . .83 29 26
Add B 25 13 13 39 14 13 ho 14 13
Add A 23 13 13- 35 14 13- h2 14 13
Total S oo - - :
add. 92 L h2 " 57 52 35 57 52
Sub C 24 20 20 33 21 18 35 22 20
Sub B . 19 T 7 .30 1. .9 - 33 - - 10
Sub A 7 6 6 18 10 9 28 11 10
Total ‘
sub. - 50 - 33 33 0 # 41 136 © 96 4y 40
Grand : . L : . .
total 188 100 100 261 110 100 260 110 100
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Table 5

Complete Distribution of Equivaleénce Classes on Intermediate Tests

Intermediate IV Intermediate v Intermediate VI
Total No. Approx. Total No; Approx. Total. No, Approx;
poss. probs. - % poss., probs. % - - poss. probs. %
Add C . k5 . 11, . 10 Y -9 9 - iy 8 7
Add B 29 ) 5 33 5 y 36 7 4 I}
Add A 30 5 5 33 5. 4 35 - & y
Total : : X : _ e
add. 104 22 20 112 19 17 116 16 15
Sub C 28 11 10 29 9 9 29 8 7
Sub B 26 6 5 28 .5 4 27 4 4
Sub A 13 -5 5 20 o5 y 27 k- 4
Total . o : SRR o : :

sub. 67 22 20 T7 19 17 83 16 15
Mul C 39 8 7 10 9 9 34 11 10
Mul B ~30 ! il - 36 - 5 b 38 6 . b
Mul A 27 4 ] 33 5 b 34 5 5
Total |

mul. 96 16 15 ' 109 - w19 17 106 - 22 20

. biv C 12 .8 T 12 - g 9 11 11 10
Div B 11 L 4 1 5 [ 10 b 5
Div A 7 4 4 9 5 M 5 5
Total : ' : :

div. 30 16 15 32 19 17 _ 32 22 20
Frac. 11 g 8 12 10 9 14 12 10
Num. 7 14 12 : 17 13 13 12 11 10
Meas . 4y 11 10 47 1 10 b2 11 10
Grand ‘ _ : ' ; :

total_ 369 110 100 kng 110 100 105 110 100
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distribution for this set is, therefore, slightiy unbalanced. The
distrlbutlon of equivalence classes spreads aeross all seven strands
in the Intermedlate testso The proportion of additlon and subtraction
exercises deereases from Intermediate IV to Intermediate VI while the
probortion‘of multiplieation and division e#ercises-inereases as the
grade incr‘easesﬁ° The proportions of number concepts, fraction, and
measurement exercises are approximateifeequal and remain constant fof

all Intermediate tests.

-..IThe ThlPd Pilot Test

The third set of tests was administered to obtain the
,information necessary to rank order all_of the equivalence classes
with.pespect to the probability correct by thergfade and to determine
.-the range of classes te be used at each.grade level. The tests were
construected sepafately for each grade, using the format described in
.the previous section, except.that all exercises in a given section onl
the Primary pretests wererof the same operation and same linguistic
format and the sections had unequal numbers of items. The items
within a section were ordered by difficulty based on ﬁhe data from
the drill-andapraetice program. Since the number of items of a given
operation and format was not uniﬁnrm,fthe sections varied in length.
A1l concepts and formats included in the Primary tests were pretested
on each grade with the exception eof noncanonical format for Grade t.
The Intermediate pretests were similaﬁ, presenting all concepts and
formats to each grade with the exception of noncanonical division

format in Grades 4.t and fractions in‘Grade‘jn The sections in these
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tests were of uniform length, with the items continuing to be grouped
by operation and linguistic format, but new sections did not begin
when the item format changed.

The three Primary pretests were adﬁinistered to 115 first.
grade students, 86 second-grade students, and 112 third-grade
students. Four Intermediate pretests were administered to 110
fourth-grade students, 55 fifth-grade:students, 91 sixth-grade

students, and 58 seventh- and eighth-érade students.

The Fourth Pilot:Test

Since the third set of pretests was organized into sections of
s items having the same format and opefation, a last set of pretests was
- given to determine the effect of presenting the exercises completely
fank ordered, withoqt regard to operaﬁiqn or format. |

Four tests wérg administered, ong to each of 39 first-grade
and 38 third-grade.sﬁudents. Two types of tests were giﬁen. Gne,
the segmented test, is described in the section on the third pilot
test. The other tesﬁ, phe ranked test, includes the idéntical
exercises, ragk qrdéred, without considéring the relative operations
or linguistic formats of neighboring exercises. The method for rank
ordering used the prgdicted probability correct, and is described ih
the next section; |

The elass means for the four tests, shown in Table 6,
indicate only a moderate difference in performance_for the first

grade on the two tests, and the mean sbore for both third-grade tests
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Table 6

- Mean Percent Correct for Grades 1 and. 3 on Ranked and Segmented Tests

Grade 1 Grade 3

Segmented 37.47 _ 49.90
(n = 17) (n = 16)

Ranked 29.58 40.90
(n = 22) {n = 22)

. are equal. From these data I concluded that the final tests can be

completely ranked, without,regard.to.opebation or format.

6. REGRESSION ANALYSIS

Because administéring éQercises from mofe ﬁhan 450 equivalénce
classes (which would require fbur'different ekamiqations) was not |
feasible, I needed a method for inférring the propcrtion of students
who would respond borreetiy on items not given. All of the
equivalence classés‘can be defined by .a small number of strﬁctural
variables;'such as number of‘addends9 size of Sum, and question
formaﬁo In the addition strand, for gxample, all classes can be
,defined by 13 such variables. The seiéction.of rélevént’variables
was based on the extensive research 6ﬁ tﬂe'dfill—and-practice
.elementary mathematics data (Suppeé, Jerman, & Brian, 1968; Suppes &
Morningstar, 1972)0. The variables are defined in Appendix B.

A multiple linear regression ahélysis serves the purpose of

estimating the proportion correct on iteﬁs not given. The regression
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equation estimates the proportion of the variance of the dependent
variable accounted for by a linear combination of the structural
variables.  Proportion correct was used as the -dependent variable,

The regression equation on n independent structural variables
for item 1 is:

D - _ _ .
b X . e .+ b
1,4 ¥ P Xy T3 X 5t By XhL1 ey

where p i ~~the proportion of students answering item i éorrectiy-J

., =a+b X
i 1

is the dependent variable , X 5.1 is1the value of the j-th structural
variable for item i, and b 3 is the weight of the contribution of
that variable to the proportion correct. The proportion correct was
assumed to be constant for all items in & given equivalence class.
ﬁsing the' exercises given to the students, I was able to estimate
the coefficients for the variables, which were then used'to'predict
the probability correct on items ffom each claés'not given,

The variance (p(1¥b)7n) is not indépendént of:the mean (p)
when scores are in the form of proportions. Therefore, when these
proportions are used as dependent variables in a regfeséioniahaiysis;
a variance Stabilizing transformation is appropriate. The variance
stabilizing transformation

p’= 2 % arcs;n (p 1/2)
was used, and p”served in the above regression equation as the
dependent variable;

" For this method of predicting proportion correct to be

successful, it was necessary to sample the equivalence classes in such

a way that the coefficients for all structural variables were
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estimable. Each variable value had to.be present in at least two
items to obtain these estimates.

Regressions were run for each grade separatély° Such an
analysis was appropriate for all three strands.from the Primary
grades, for addition, subtraction, and multiplication from Grades
4-6, and for all four basie concepts for Gféde 7. The computed
coefficients appear in Table T. .The"ﬁumﬁer of addends, number of
digits in the addends, magnitude of the sum,; regroupings, and basic
addition facts contributed to item difficulty on addition exercises.
Whe; the addends are multiples of 10,Ethe exercises are less
difficult. It appears from the data thaﬁ addition exerecises with the
. first addend larger than the second afe as difficult as exercises with
the first addend smaller. As with written exercises, addition items
in canonical format are less difficult than noncanonical items. On
. Subtraction exercises, factors that contributed to item difficulty
were the magnitude of the minuend, basiclsubtraction.facts, and
. regroupings. AS in addition exercises, when the numbers are powers of
10, the exercises are less difficulter Unlike the addition exercises,
however, the noncanonical A-format was far more difficult than either
the B-format or canonical format. For multiplication exercises, the
commuting forms did not appear to contribute to item difficulty, but
items in canonical format were far less difficult. For division
exercises, canonical and noneanonicaliitems were squally difficult.
HThere were three types of number concepts questions. The type "Write

the number A"™ was less difficult than the other two questions. With
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Variable
Addition -

constant
na
-nl
ns
“ten
power
both
ab
regri
regr?2
baf
comm1
commz2
mag
€q
can
nonc

Subtraction

constant
nt

n2z
ten
power
both
ab
bor
bsf
comm 1
comm2
mg

eq
can
none

Grade 1

2.37857

-.66191
-.33105
=a 53798

<U43675 -

.53559

75347
0.00000
0.00000
0.00000
-. 15865
0.00000

.02490
-.31493
0.00000
0.06000
0.00000

.98596
0.00000

. 11473
-. 04020

.28732
-.07626
0.00000
0.00000
-.13318

04140
-. 11017
-.30716
0.00000
0.00000
0.00000

Table 7
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Grade 2

2.78681
-.98392
-. 14629
-.77788
.43278
41053
. 10206
-.09234
-.51290
0.00000
~.29881
L 11781
. 11066
-. 21587

T =. 14758

. 10140
0.00000

2.96960
-. 70267
-. 79491
.T4103
.92931
1. 15280
-.23812
. 28595
-.35853
. 02045
-, 16202
-. 29552
- 23721
27354
-. 34826

Coefficients of Regression Variables

Grade 3

4.74998
-1.11801
-.66367
-1.03072
.51298
.53273
i.28142
-.02510
-.57954
--55333
-. 42056
. 05921
-.02898
-.16311
0.00000
. 22369
=. 12797

3.28184
=.59697
-.69684

-63909

.36319
1.02132
-. 15900
-.29049
-. 43770
-.03309
-. 14729
-. 09476
-.24757

. 14296
-.33104




(Table 7, cont.)

Variable .

Number Concepts

constant
qt
q2
n3
‘ne
nt
dd
diff
vl
-¥2

. Ze .
nz

Grade 1

2.95394
. 28520
08172

-.23707

-. 40763

-. 19740
-.0U279
0.00000
-.16069
.36095
-01953
- .45303

‘30'

Grade 2

5.81047
. 72307
~-1.69111
-1.17314
-.58196
-1, 17742
-. 16607
-.05137
-. 05651
05123
-. 21407
" 62756

Grade 3

3.87200
1.21632
~.87140
0.00Q00
~. 143766
-.82108
-. 10249
-.07873
-.05204
-.12886
-. 09244

-09450




(Table T, cont.)

Variable

Addition

" constant
~.ha
“nl

- ns

- power
-~ ten
“.both
“ab
“reg2
reg1
baf
com1
com?2
mag
can
none

Subtraotion

constant

: ni

- n2
- power
ten
both
ab
~bor
bsf
coml
‘com2
' mag
‘ean
none

Multiplication

- constant
mi
m2
m3
ml
mb5
mb

Grade 4

3.28097"

-.36014
-.02520

-. 12043 .
-. 13947

0.00000

.16129
-.66023
-. 48751
0.06000
0.00000

-.21435

-020581
-.31669

22627
.05661

.0520

. 18175 -

. 15386
-.15821
0.00000
-. 63007

-1.31088
-1.06170
-. 30249
-. 11740
-.23738

.60744

. 15441
-.32903

. 00001
49874
. TH346
5.95820
.59605
27292
5. TH68M

Grade 5

2.63155

30627

-.148296 -
=. 16010
-.63188

0.00000

.82690
.09718
1. 15141
0.00000°

.21679
-.29239
-, 28760

. 25587
-.10103

m09479 .

07967
. 10274
- 93975
-. 46423
0.00000
-. 87218
-1.11552
-.34296
-.26027
-.09452
- 15099
. 30406
21117
-.34289

0. 00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00000

n

Grade &

3.62861

© 0.00000
0.00000
-1.14708
© 0.00000
. 45920
1.2695%
Vo-. 16812
-. 17853

~.77665

.03927
0.00000

© =.10103
0.00000

© L1624
. 02650

~.03816

.05929
~. 42466
0.00000
-.16159

. 10768
-.62598
-. 149708
-.67928
-.07824
-. 26627
1.01757

. 09070
-.59629

0.00000
0.00000
0.00000
0.00000
0.00000
0..00000

0.00000

Grade 7

4.02110
0.00000
-.56437

10.00000
0.00000

0.00000

0.00000

-. 79597
-.22048
~:h804y
~-.42280
0.00000

10307
-. 18579

C 11493

03769

. 06724

€.00000

. 77553
0.00000
0.00000
0.00000

. 12224

. 28550
0.00000
-.23140

»33523

. - 26236

. 07945
=-.22940

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000




(Table 7, cont.)
Variable Grade 4 Grade 5 = Grade 6 Grade 7
Multiplication, cont.
.m7 RET 07974 ©.00000 - : 0.00000 - 0.00000
- m8 . 5.64843 0. 00000 0.00000  3.26927
md . 67845 2.27088 0.00000 0.00000
mto o . =.11160 2.07815 0.00000 0.00000
mi2 .. 0.00000 2.53380 0.00000 - 0.00000
. mt3 . 0.00000  1.73682 0.00000 0.00000
mth : 0.00000 t.59641. - 0.00000 6.00000
mi5 .+ . 0.00000 1.145951 0.00000 2.96761
mté S 0.00000 1. 48874 . 28880 - 0.00000
mi7 0.00000 1.48100 45294 0.00000
m18 ... 0.00000 - 1.35945 . 22091 0.00000
m19 : 0.00000 ~ 1.14049 0.00000 -82031
m20 - 0.00000 .96712 3.42392 2.6738¢9
- m21 - 0.00000 1.45951 . 17343 0.00000
m22 - 0.00000 0.00000 -. 45342 . 15840
m23 - 0.00000 0.00000 0.00000 42044
m24 0..00000 0.00000 -.54303 - 0.00000
can .07188 0.00000 -1.18678 0.00000
-none .03084 -. 05684 . 03527 0.00000
com? - =1.83646 <2651 - 17236 - -.64170
com?2 Lo -.06995 - 10178 -.00818 .10113
can . 0.00000 0.00000 0.00000 32549
none : 0.00000 0.00000 -~ 0.00000 -=s 13923
Division
-constant - . _ 00001
d1 e : ' 49874
dz2 . _ e . TH346
a3 . : - ~ - 5.95820
- dF - : - -59605
-d5 . : 27292
dé ' 3 5.TU4684
a7 07974
d8 ' 5.64843
d9 . -B7845
d1o o : = -. 11160
can o _ 07188

nonc : : _ 03084
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all three question types, the magnitude of the numbers was the largest
contributor to item difficulty.

‘From these analyses I estimated the probability correct
for all appropriate equivalence classes. The equivalence classes
predicted for each Primary and Intermediate grade are 1isted-ianab1e
8. The observed values for classes S34-35 and A36;40 were ﬁsed_
ﬁecause the strﬁctural variables characterizing those items are
not a .subset of those used in the regression, o

- The final ordering of équivalence classes was determined using
the predicted probabilities obtainedlffom the regression. For each
'grade, separate predictions were made. 'The predicted probabilities
for each grade were then ranked separately and a procedure was
developedwto ereate one common ranking of all the iﬁems prediéte&
for any of the Primary grades and a second common ranking,,independent
of the first, for ali items predicted for ény of the Intermédiate |
...grades. This prqcedure, deseribed in Appendix C, produced the final
rankings found in Tabies 9 and 10. Using the pfédicted probability
correct on the range of the ranked exercises, I determined the upper
.énd lower bounds of the equivalence classeé ﬁo be ihcluded forﬂeach
level. From the ranks found:in.Table 9,.Grade 1 ranges from rank 1 =

. NC25A to rank 188 = A21IC. GCrade 2 ranges from rank 1 = NC25A to

1l

rank 261 = A21IA. Grade 3 ranges from rank 29 = S1LC to rank 287
S17A. From the ranks found in Table 10, Grade 4 ranges from rank 1 =
E22 to rank 369 = M16IB. Grade 5 ranges from rank 1 = E22 to rank

406 = E56.  Grade 6 ranges from rank 46 = A10C to rank 450 = A20B. . -

33




_Table 8

Equivalence Classes Predicted from Pretesis by Grade

Add

Gr1 1=11,24,
31-35
.. (canonical
format
only)
Gr2 1-18,21,
31=-35

GP3 1’3"‘35 ‘

Number

Classes -
Predicted 142
for

Primary

5-7, 9-21

 32,34,36-38

5-7,9-25
34,35

9-30
13G-40

Gré

. Gr?  11-30

39-40

Number
Classes

Sub 0 Mul . Div . Frae = Num Meas
t=15 - 1-12,
25-31
{cancnical SNC 1-7
format
only)
1-7 1021,
26-31
SNC 6-11
1-29 19-24,
26~-38
g6 49
5-25  1-10,13 1,7-8 2-4,6-12 39-47 3-20
: ' ' : 69-70
5-27 9-10,12-21 1-12 5-6,8,10, 69=76 21-26
34-35 (canonical 12-15 28-32
SR format T
only)
8=33 16-24 B=f,10-12 5, 12=-15 T4-78 32-50
(canonical
format
only)
t4-33 -~ 8,14, =12 none 71, 3059
19-20, ' 73-TU
T 22.24 - T7-78
19 " 56

Predicted 134
for
Intermed.

-89 120 - ' 36 e 1h
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Table 9

Rank Ordering of Equivalence Classes for Primidry Tests

Rank

QOVWETCOU ZWN =

£ W
@ WO 0o~

w
O

Class

NC254
NC1
NC25B
NCY -
SNC1II
SNC2IT
SNC1I
SNC2I
NC2
A1LC
ATHC
A1LB
AtLA -
SNC3ATI
SNC3BII
SNC3AT
SNC3BI
NCT
o3
NC25C
SNCYII
SNC5II
SNCHI-
SNC5I
A4HB
A2LC -
ABLIC
A3C
S1LC
NC27
A2HC
NC26
AGLIIC
NC8
A1HA
SNC6I
NC9 -
SNCTIT
NC6
SNC6II

Rank

41
42
43

by

45

37
48
49
50
51

52

53

54

55

56 -

57

58

59

61
62
63
61

65

66

70
71
72
73
T4
75

76
-
78

79
80

46

60

67 -
68
69

Class

SNCTI

- NC30

A2LB
AZLA
NC5 .
S1HC
ALC
sS2Le
AGHIC
A31C -
"A6LIB

- S1LB

A2HB
A2HA

- ABHIIC
© S2HC -

AGLIIB
A3B
A32C

T A3A
NC10

A11LIC

CAT7IC -

A6LIA

~ASC

S7LC
S1HB

- A4B

ABLIIA

- A7IIC

AGHIB
AVILIIC
S3C

~ S2LB
A6HIIB

ALL
AGHIA
AT1HIC
NC11
A8IC

35

Rank

82
83
84
85
86
87

88 -

89
90
91
92
93 -
94
95
96

97

98
99

103
104
105

106

107
108

109
110
111

112
13
AL
115
116
17
118
119
120

100
101
102

Class

STHC
S2HB
STLB
ASB
AT7IB
AGHITA
ATIIB
S6LC
A11HIIC
NC31
A11LIB
A13IC
NC12
A8IIC
34C
A11HIB
ANILITA
A9C

S8C

ABA
A11HIIB
S3B
S1LA
$10B
S6HB
ATIA
A11LIIB
STHB
A131IC
S6LB
A11LIA
ATIIA
S151C
S10C
NC28
S6HC
S14LC
S15HC
A8IB
S8B




(Table 9, cont.)

Rank

121
122
123
124
125
126
127
128
129
130
131
132
. -133
134
135
136,
137
- 138
139
140
141
42
143
144
145
146
147
148
149
150
151
152
153
154
155
156 -
157
158
159
160

Class.

" A11HIA

A2211IC
SNC11IT
ABIIB
A9B
A11HIIA
A33C
S11C
39C
SNCBII
A8IA
A12TIC
ATHIC
S0B
SNC8I
ABIIA
A22IC
A131IB
A151IC
S4B
S1HA
NC35
A15I11IC
A10C
35C
AOQA .
A13IA
S515LB
S11B
S34
A14IIC
A36C
35B
S2HA
A13TIIA
STLA
A17C
S12B
NC19
A10B

. Rank

161

162
163
164

166
167
168
169 .
170
171
172
173
174
175
176
NN
178
179
180 .
181
182
183
184
185
186
187
188 -
189
190
191
192
193
194
195
196
197
198
199
200

165

.Class

s12¢
A3UC
STHHC

- A35C

S17C

A37C

NC20
A16IC
S15HB
NC32
S14LB
A21IIC
A15IB
A13IIB
A12IC
S19C
SNC11I
Sz2LA
513C

- A38C

STHA
NC21-

- B16IIC
A10A

A121IB
S6LA
NC38
A21IC
S16C

. A15IA

A15IIB
s34

S19B

A25IC
£231IC
A22IB
s27¢C -
S18B

A141B
NC22

36

Rank

201
202
203
204
205 .
206
207
208
209
210
211
212
213
214
215
216
217

218 -

219
220
221 .

222 |

223
224
225
226
227

228

229
230
231
232
233
234
235
236
237
238
239 .
240

Class

3200
S17B
A2511C
535
S18C
S20B
439C
S14HB

. A23IC

A19C
A12IA
A121IB
A%0C
A151IA
5104

A22I1B

A14TA
A1T4IIB
A12I1I4
3278
A1TB
584
S6HA
5138
Sia
A1TA
A2111B
ATHTIA
A211IA
5168
4161B
A418C
A16IA
S15LA
S124
A22IA
S26B
A24C
3194
522B




(Table 9, cont.)

Rank
241
242

243
244

247
248
249
250

251

252
253
254:
255
. 256
257
258

2h5 -
246 -

259
260

Class

A27IC
321B
3z22C
S9A
A21IB
A22TIA
526C
NC23
A251B
A261C
A16118
A2TIIC
A25118
A261IIC
A231IB
S24C
S14A -
NC24
S21C
S54

Rank
261
262
263
264
265
266
267
268
269

270

271
272
273
274
275
276
277
278

279
280 .

Class Rank

A21IA : 281
S1BHA 282
ST4LA 283
A20C 284

- S24B 285
. 5184 286
- 823C 287

A2511A
S20A
A25I1A

- S27A

A23ITA

. S23B-

S14HA

- A23IB

A19B
A161IA
S13A

- A18B

S16A -

37

Class

A23TA

A19A
325C
5258
S26A
A18A
S17A




Table 10

Hank Ordering of Equivalence Classes for Intermediate Tests

Rank Class Rank +: " Class . Rank Class
1 . E22 41 . A11HIA B1 ° - MAIC
2 ABHIIC 82 -M3A 82 : M8a
3 A1MHIIC 43 . . MUTIA. 83 . D8C
Y DTB - Ly - NCUT 84 - E31
5 D6B 4y . ENM 85 - MTIC
) A11HIC 46 .. A10C 86 M5IB
T A11HIIB 7. .. ABHIC 87 DT7C
8 S8B 48 "M1IA . 88 D2B
9 59C kg - MBC 89 D1c
10 ATIIC 50 . AT1HIB ‘g0 . - M5IIC
11 MOIC 51 A131IIC g1 " o MUIA -
12 AGHIIA 52 . NC41 92 M1IIB
13 S9B 53 NCké 93 ATITA
14 AGHIIB 5y ATIC . g4 Mt0IIC
15 AgQC 55 F3 ' 95 M1IB
16 s8¢ 56 MA4TB g6 MQITA
17 A11HIIA 57 - - A6HIA 97 - M7IIA
18 NC40 58 MgQIIC 98 M1ITA
19 E5 59 ASC 99 MLYIIB
20 NCh2 60 A131C 100 317C
21 NChYy 61 NC69 101 A32C
22 M2IIC b2 NC70 102 M2IA
23 NC43 63 M3C 103 S10C

24 E20 bl A22IC 104 D3B
25 E4T 65 S17B 105 A121IC
26 D6C 66 M12IC 106 5128
27 E3 67 M121IC 107 ATIA
28 E10 68 E25 108 D1B
29 Et2 69 DBB 109 ATIB
30 M21C 70 E13 110 MOIA
31 M4IIC T1 M1IC 11 M101IC
32 NCu5 T2 M2IB 112 M5IC
33 Eb 73 D3C 113 M3B
34 M2T1A T4 A22T11C 114 S11C
3% | ET 75 AGHIB 115 s12C
36 NC39 76 bsC 116 S10B
37 EY 77 A121IIC 117 S11B
38 M1IIC 78 MEB 118 332B
39 M2TIB 79 M5IIA 119 A151IIC

40 M8C 80 MTIIC 120 315HB
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{Table 10, cont.)

Rank-

121 -
122
123
124
125
126
127
128

129
1310
132
133
134
135
136
137
138
139
140
141
142

43

4

145
146
147
148
149
150
151

152

153
154
155
156
157
158

159 -
160

Class

ATIIB
S16C
E17
M5IIB
F2
A34C
A251IIC
S16B8
A0A
At5IC
pac -
A1311A
S15HC
E9
A251C
438C
A10B
Bl
M6B .
S14HB
AT0OA~
M5IA
M131IC
s21C
A1Y4IIC
A9B -
M9IIB
M121IB
M121IB
D8B
A13IA
M9IB
F9
M7IIB
ASB
A231C
A14IC
E24
M13IC
A22IA

Rank

161
162
163
164
165
166

167

168
169
170
171

173

174 -

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

190 -

191

192
193 °

194
195
196
197

198

199
200

172

Class

S31B
MbA
A37C
NCT72 -
E21
A22TIB
S32C
5338
A131IIB
A221IB
A22TIA
Déa
MTIA
AboC

 A16IIC
A12TIA

D9B
A231IC
S21B°
ASA
D12B
S31C
Ely-
A36C
F4
S13C
S13B
S14HC
A131IB-
A251IB
STHC
A16IC
M10IA
A12IIB
DT7A
M10IIA
A25IA
M14C
A2YC
S30B -

39

Rank

201
202
203
204

205

206
207

208

209
210
211

212"

213
214
215
216
217
218
219
220
221
222
223

224

225

226 -

227
228
229
230"
231
232
233
234

235 -

236
237
238
239
240

Class

E49
A12IA
520B
E19
A2511B
894
519C
5198
M12IA

"M12ITA

S8A
M71B
M17I1C
E3T
E41
E29
A35C
E35
A21IIC
A25IIA
M161IC
M15C
M19IC
E48
M21IC
D11B
M191IC
M23IC
E18 "
s30C
A121IB
E33.
D54
EY43
M13IIA
320C
A21IC
M17IC
F5
A15IIA




(Table 10, cont.)

Rank

241
242

243 .
on

245
246
2u7
248

249.

250

251

252
253
254
255
256
267
258

259
260

261
262
263
264
265

266

- 267
268
269
270
271

272 .

273
274
-275
276
277
278
279
280

Class

M211IC
M181C
S27B
D8A
S6HC
M10IB
F10
S18B
S18C
A15IA

A17C

A1511B
Daa
333C.
M23IIC
E38
M181IC
D3A-
A23IA

E26

E28
E23 -
E45 .
S26B
A26IC
M13IA
DA
523C
B34 .
M22IC
E8

E15
D10B
M161IIC
S34C -
S35C
A15IB.
M13I1B
STHB
F11

Rank

281
282
283
2814
285
286
287
288

289

290
291-

292 -

293

294 .

295
296
297
298

299.. .

300
33

303
304
305
306

307

308

309

310
311
312
313
314
315
316

37

318

319. -
320 -

Class

S23B
F12
A14ITA
A14IA
NC71
s27¢c
M20C -
A231IA
M154
A39C

A261IIC .

A23IB
M131IB
S22B
A27IC
A16IIA
S10A
A1UTIB
S26C
M10IIB
FB
D11C-
A19C
p12C
822C
Fé
s24¢ .
S124
423IIB
M2UIC
S5B
A16IA
D9C -
M14B
A14IB
S5C -
SEHB
A16TIB
A2UA
M221IC

40

Rank

321
322
323
324
325 -
326

327

328
329
330
331
332
333
334
335
336 -
337

338 -

339
340
341
342

343

341
345
346

U7

348
349
350

352 .

353

354 -

355
356
357
358
359

Class

8314
S24B

ST1A

A16IB
S324
A281C
M15B
NC78
A21TIA
A281IC
E50
S30A
S17A
M171IB
M16IA
M17IIB
M161IA
NCT3
E16-
D4C
S15HA
M17IIA
A21IIB
E32-
M14A
A271IC
E39
E40
A24B
A211A
ES51
A18C
D10C
NC75
M17IA
NCT6
A1TA.
s21A
A26IA




(Table 10, cont.)

Rank

361
362
363
364
365
366
367
368
369
370
- 3N
372

373

374
375
376
377
378
379
380
381
382
383
384
385
386
387

388

389
390
391
392
393
394
395
396
397
398
399
oo

Class

S134
A21IB
M19IB
M21IB
M181B
M21IIB
5164
A17B
M16IB
F13

-S14HA

A20C
325B
M211IA

M18IA -

M161IB

M1BIIA

M211A
323A
M18IIB
M19IA
M19IIB

" 325C

A19A
5204
M20B
M241IC
STHA
5194
M23I8
A26IIA
E36
A19B
ES5
B12A
5334
A261IB
M23IA

A2TIB
M23IIB

Rank

bo1

4o2
403
1ok
405
406
407
408

- hog-

410
4511

o yi2

%13
414
415
416
k17
418

420
421
y22
423
424
425
426
427

. 428

429
430
431
432
433
434
435
436
437

438

439

. 4ho

Class

- 529B

SEHA
A18A
D114
A18B
E56
A27IIA
A2611IB
A27IA
S28B
A27IIB
NCTT
D104
S28¢C
S26A
E30
S184
S5A
F15
M19IIA
S27A

F 14
NCTU
D9A
M204
S22A
E5T
E59
S254

- AZ20A -
A2911C

M22IA
S24a
A28ITa
DuB
A281A

- A30IC

M23II4
S29C

A28I1B-

L1

Rank

Y

432
43
byy
hys
4ub
4y7
448
b4g
450

'Class

E52
A30IIC
A28IB
El46
M221B
E42

-M241B

A29IC

. M2211IB

A20B




The probability correct on any of the items may be found by solving
the regression equation for any grade using the variable definitions

found in Appendix B and the regression coefficients found in Table 7.

7. RANK CORRELATION

To.determine the correlation of rankings between pairs of
grades,-thg5Spearman'Correlation.Coefficient was‘computed° The method
used selected those exercises that were predictea for two grades,
ranked these exercises for each_grade according to predicted
probability correct, and used Spearman's‘computationai method to
determine the correlation between the two rankings. The ranks of
tied items, those with equal predicted probability correct, were
assigned the a#erage of their ranks, |

The coefficients were high, as shown in Table 11. This

Table 11
Spearman Rank Correlation Coefficients on Predictions
. . %

Grade ~Grade Correlation Number of items t-statistic

.838 - 59 15.69

1 2

2 3 894 185 ‘ 37.08
1 3 -589 52 6.50
4 5 .695 166 16. 14
i & .833 ' . 115 : 21.66
4 T 540 96 T-T1
5 6 .650 188 14.96
5 7 400 147 : 6.22
6 T - 720 221 : 20. 11

% all significant at .001 level
particular coefficient is extremely sensitive to differences in rank

L2




orderings.-

" One possible explanation for the high correlations is that
the rankings were'based:on‘predictions thatlused.the same structural
variables for. each grade. Thereforeé, differqnces present in the
observed rank orderings may have been included in the error term in
the regression analysis and were eliminated at an earlier stage of

the analysis.
8. SAMPLING PROCEDURES

The sampling procedure initially adopted in selecting schools
for testing was as follows. The Bay area was divided according to
communities 1listed in the California Census, 1970. A& cumulative
frequency distribution for median family incomes of these communities
was constructed. The population was divided into thirds and
stratified as low; ﬁiddle, and high,socioeconomic statué (SES) groups,
based on the ranking of the area’s median family-income in the
cumulative frequency'distribuﬁion,' From each stratum, a community
from approximately the middle of that stratum was sélected as the
area to bé sampled. Thus, the communities that represented 1/6, 3/6,
and '5/6 of the total.populapion on the cumulative frequency
distribution were chosen. Any city whose population was greater than
100,000 ‘persons was not chosen due to the likelihood of nonhomogeneity
of the population. In sué¢h a distriet there would be a large range
of income 1evels,’énd any given school chosen might be in an area .

unrepresentative of the whole.
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This.sampling scheme proved tp be infeasible, however, because
I ecould not enlist the cooperation of school districts in low income
dommunitiesb 4 different scheme was then devised. Rather than using
'&istricts, I was foreced to go to the school level. My -estimate of
échool SES was based’ on data supplied by the California State Board of
BEducation from the 1972 Elementary School Questionnaire, which was
completed by the principals of each bublic elementary school in the
state and which included the following question: Of the total spring
enrollment reported in item A; héw many pupils in this school do you
estimate come from households that are: (a) economically very poor
c(n1), (b) moderately poor (n2), (c) moderately well off (n3), and
(d)-quitetwell off or very wéll:off (nk).

... The SES variable for each school was computed as
(1 Xn1) +(2Xn2) +{3Xn3) + (4 Xnb)
SES = meeem v e e — — e e e .
‘ nt.+ n2 + n3 + ni

I considered elementary schools located in the six major
‘counties of the Bay Area {Alameda, Contra‘Costa, Marin, San Franeisco,
San Mateo, and Santa Clara). - I recorded for each school the student
enrollment by dlass, the value of the SES variable, and the total
-number of families on which the SES variable was based. I then found
a cumulative-frequency distribution of the school SES variable in a
‘manner similar to that used for the median income of each district.

Students who were given the Primary tests are called the
Primary group, while those who received the Intermediate tests are

called the Intermediate group.
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‘Many schools .in the appropriate districts were omitted. Any
school that did not contain Grades K-5 was omitted from the target
. population for the Primary tests. Most San Francisco schools were
unfqrtunately execluded from the sample, because the beginning
elementary schools in fhat school system include only kindergarten
through fourth grade. ;For the Intermed;ate tests, however, San
Franciéco was inciqdedn Schools not coﬁtaining both Grades 7 and 8
were omitted from the target population for the Intermediate tests,

The other criterion for omission was based on the accuracy of
the prinecipal’s reéponse to the questions. Two questions referred to
the total school em_"ollmento The fifst asked the enrollment of
students by class;:the second (quotéd earlier) askéd the principal to
break down the spring enrollment by typé of household. If the two
estimates of total_enrollment différgd by more than 20 pgrcent, the
school was omitted]ffom the target éopulation, Since many principals
responded with percentages rather than absolute numbers, if the total
spring enrollment 1nd10ated by the questlon on households equaled 100,
the school remained'in the sampleo.:'

It is possible that the method of sampling from both the
Primary and the Inte;mediate cumulétive frequency distributions
results in different SES values. For example, a school that ranks at
the QOﬁh_pergentile on the Enimgry'distribution may fall at the_uoth
percéntiié‘én éhe Intermediate distribution; A comparlson of the
p031tlon of schools on the Prlmary dlstrlbutlon with the positlon of _

schools on the Intermedlate distrlbutlon was appropriaten For this
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purpose, I used each school containing all eight grades, K-5 and 7-8.

Table 12 shows the cumulative frequency distributions of these schools

 Table 12
Cumulative Frequency'of'Schools Containing Grades K-5 and 7-8

School Location Location

identifier on. Primary on Intermediate
distribution distribution

1 062 010
-2 - TH1 : S.019
3 . 149 .035
N . 154 037
5 .188 116
6 » 189 : .132°
7 .198 . 158
.8 : «223 161
9 ' .225 - 1Th
16 .260 _ S W20k
11 - .273 .208

2. : 315 X .232 -
13 412 .323
14 o LH64 - .327
15 : -499 <373
16 : 527 CoL UNT
17 .560 U7
18 - 580 WU55
19 ' 581 )
.20 : -L.B72 . .B0Y
21 .680 .54
22 .T00 - .hbk2
23 .801 670
24 L8140 o .BTY
25 .829 .T749
26 -840 : - T97
27 .930 =973
28 : .981 1.000

and Figure 3 visually displays these distributions. The distributions
are not.sufficiently similar to warrant selection of Intermediate
schools independent of the Primary school selection. Because there

were more schoolé in the Primary school distribution, that
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" Figure 3. Cumulative fréquenéyxdiStributioh of schools,
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distriﬁution was considered more accurate. Schools that represented
1/6, 3/6, and 5/6 of the total Primary population on this SES variable
were chosen. Only Intermediate schoolé whose 3ES variable was
comparable to those considered for selection on the Primary tests were
;; chosen. 8ix schools containing Grades K-5 constituted the Primary

saﬁple:population° One middle school having Grades 7-8, two schools
ﬂéving Grades 4-6, and four other schools with Grades 4-8 constituted
the Intermediate sémple populétio_n° A complete list of schools that
participated in both the pretesting and norming of this study'appears
mAwmﬁxm | |

It should be npted'that this method of finding the

. distribution of schoois'and tﬁgn selecting individual schoolS}Was
necessary, because many 10# inggpe schools would not participéte in
this study. The schools from thié*stnatum who agreed to coopérate-
were further from the center (1/65 than #hese for either of the other

two strata (3/6 and 5/6),

9, ANALYSIS OF MENTAL ARITHMETIC DATA

Between Aprilfis éﬁd May 22, 1974, the Primary tests in their
final form wereradmipistered to 809 studsnts in Grades K-5. Between .
October 15 and November 15, 1974, the Intermediate tests in their
final form were administered to 622 students in Grades 4-8. Six
classes in eagh grade, representing the low, middle, and high SES
strata, were tested. Grades 1, 2, and 3 of the Primary group and

Grades Y4, 5, and 6 of the Intermediate group received two mental
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arithmetic tests and one Stanford Achievement Test (SAT). Grades
K, 4, and 5 of the Primary group and Grades 7 and 8 of the
Intermediate group received only the two mental arithmetic tests.
The written SAT was administered to compare the mental arithmetic
score with this widely used standardized test.

. S3ince there are six different levelé of the mental arithmetic
tests, six Separate tests were standardiéeci° Eéch student took two
parallel forms of thélleVel appropfiate for his grade. The levels

given to each grade appear in Table 13, along with the number of

Table 13
Tests Administered to Each Grade and Tests About Whiqh

Inferences Will Be Made

- Grade tested N - Test given Tests inferred
K 133 - I oI, III
1 143 I II, III, IV

2 121 I1 . I, III, IV, V
3 154 111 1, 11, IV, V, VI
y 127 111 I, II, IV, V, VI
5 131 111 I, II, Iv, V, VI
y 153 o -1, II, III, V, VI
5 135 v I, I1, III, IV, VI
6 160 VI III, IV, V
7 99 VI I, v
8 124 VI v
Total 1471

students who took each test. To distinguish between those students

who were administered the Primary tests and those who were

administered the Intermediate'tests, in the tables the Intermediate

Grades 4-8 are referenced by the numbers 14-18. A manual for the test
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appears in Appendix E.. Many of the tables referred to in the

remainder of this report appear there.

10.- CRITERION-REFERENCED AND NORM-REFERENCED MEASUREMENT

Taken by itself, the raw score is a criterion-referenced
score. The student’s perforﬁance may be judgéd a&cording to some
specific behavioral criterion of proficiency to determine ﬁhether he
has achieved a speéifie éet of objectives, ﬁamely tﬁoée deﬂihed by
the family of tests. With eguivalence classes clearly definéd, a
criterion may be established, and the raw score will have meaning
relative to this c¢riterion.

Often, however, the focus is on. the student’s standing
- relative to other students. Norm-referenced measurements are used to
diseriminate among individuals according to their achievement. The
~ remainder of this-reﬁort discusses the standardization procedures

used to develop norm-referenced measurements.
11. NORMS

For eaéh.grade level several types of norms were developed for
the total.test score and for concept scores. Pefcentile ranks and
stanine scores were found for the total score. In addition, stanine
scores were found fof cohcept scores. A stanine is a normalized
standard score on a nine-point scale ranging from i {iow) to.9 (high)
and having a mean of 5 for the norming group. Stanine scofes are

directly related to percentiles as shown in Figure E1 of Appendix E.
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. Because stanines by definition have the same standard deviation from
one concept to another, such scores yield directly comparable results
for different concepts. Additidnally,'total scofes and concept scores
were converted into grade equivalents.

The usual procedure for develeping conversions from score to
grade equivalents is relatively simpleql One gives each test to be
standardized to several populations (in this case, several grade
levels). - From the data one finds the median student performance for
each grade;: This score is the grade-equivalent score for that grade
level. To standardiée a second-grade test, then, it would be
appropriate to administer the test to Grades K-4.

In general, grade placemenis are given for.tenths of a grade,
making a total of 50 levels of grade placement in Grades K-4. The
most accurate way of assessiﬁg median student performance at each
1evei is to administer the test at zall 50 grade placements. However,
administering each level of the ﬁest in five grades was not feasible
with my resources, and I must infer the performance of students on
" levels that they did not take. (See Table 13.) In this study only one
of the ten points for each of the five grades was estimatgd and a
curve was fitted ﬁo the five data points. From this curve, the
intervening grade-placement scores were found. "Grade Equivalents”
for each grade on each level of the test were determined by finding
the median studént score, that is, the score above which 50 percent of
the students”’ scores fall.

Each grade placement was computed by weighting individual
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student s scores so that the contribution of each socioeconomic
stratum contributed according to its proportion in the overall
population from which the students were drawn. (See seetion in.
Appendix E on mefhods used to calculate weighted statisties.) In
fact, this overall population consists of three SES’s in equal
proportions. Further, the score for each student is an average of the
two scores from Form A and Form B on the mental arithmetic test.
The grade placement was found in a type of cumulative frequency
distribution of scores where one axis represents the score and the.
other the cumulative frequency of responses weighted as above. The
50th percentile is then the grade placement, which was determined by
the student’s performance curve. Had there been equal numbers of
students in each stratum, a given grade placement would be the median
score of students for that grade.

To infer performance on a test that a student did not take,
I need two functions relating probabilities correct. Consider
student 8 in Grade G. The first function predicts the probability
correct on an item for students in G from the performance on the same
item by students in another grade. The second function predicts the -
probability'correct on an item for S from the probability correct on
. the same item for all students in G. With these two functions I can
predict the probability correct for S on each item he did nét take.
These probabilities yield an estimate of S’s score on a test he did.

"not take.
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The First Function--Mapping Between.(Grades

The first function to be found was that mapping the
probability correct for an item on test x to the probability correct
for the same item on test y. Because no two tests contained identical
items, a function mapping equivalence classes rather than items was
‘used. The two tests were taken by two different grades. The overlap
of ranges of eéuivalence dlasses for pairs of tests was quite large,
producing many equivalence classes covered in the raﬁges of all tests.
The desired function was detérmiﬁed for each pair of grades using the
proportion correct on all equivalence classes responded to by both
grades. If an equivalence class appeared on both forms for a given

| grade, the probability cofrect was taken to be an averagé of the two.

Using these data, the function and the values of itsrparameters were

determined. Let t(i) = 1 if an item from equivalencerc;ass i on test

% was answered correctly and 0 if it was answered incorrectly. Then

the proﬁortion of étudents answering the item correctly on test x is

a function, F, of the bropoftion of students answering the item

- correctly on test y. | .
P{t(i)onx=1"}=F(P{t(i)ony=1})

Examples of the resulting graphs appear in Figures 4 and 5.

To find an appropriate function;.two regressions were run for
every pair of Intermediate grades, first with performance by one

grade, and then with performance‘by the other gféde;'aS'the dependent
variable. Two models were fittgd-to the ‘data and the best fitting

model was used. The two models were:
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" Probability correct by grade 1

grade | independent

: | | !
0 Probabifity correct by grade 2 1.0

"Figure 4, ' Probabilltv correct for Grades 1 and 2 on identical
equ1va1ence classes.

Probability correct by. grade .|

] | i ] l
4]
Probobility correct by grade 4 — intermediate R

Figure 5. Probability correct for Grades 1 and 4 Intermediate
- on identical equivalence classes.
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1.0 y(d) = a* x(1)°
regression: log y(i) = ¢ ¥ log x(i) + log a

1/2 1/2)

2. arcsin (y(i) ) =2+ b ¥ aresin (x(1)

where y(i) = probability correct for one grade on items from
equivalence class i.

xti)

probability correct for another grade on items from
equivalence class i. '
The arcsin model is based on a variance stabilizing transform-

ation on proportions, given by Anscombe (71948), aresin (p’ 1/2)

P

where p” = (r + 3/8)/(n + 3I/4)

r

the number of studehts answering the item correctly

n = the total number of students takiné the test°
The tails of the distribution of p = r/n.are pushed toward the center,
wherelp = .5, fo produee the distributien of p;.r Because_log (Q) =
- inf, this modificafioﬁ of p was alsc used before computingltﬁe
_1ogs¢ .For both grades, p'lwas'used to represent the probability
correct in both equations.

| Iﬁ 19 of the 20 regressions (phe exeeption‘having Grade 8 as

the dependent eafiaele aﬁd Grade 4 as the independent variable), the
aresin model produced a smailer residual mean square. 'dne pessible
explanation for the poorer fit of . the iog model was the magnitude of
log(x) in the regfession when x iz close to 0.

The aresin model was selected to map_the probability correct
between grades for both the Primary and the Inpermeeiate data, When
an equivalence class from_the Intermediate strands encompassed several

equivalence classes from the Primary strands, the class from the
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Intérmediate strand was paired with the most difficult Primary
equivalence ‘class that.was included in.iﬁs definition. The regression
coefficients for.ﬁhe arcsin model.appear in Table 14, Uéing this
model, for each grade the probability correct was predicted on every
item appearing on a test that was not faken by that grade. When the
‘range of overlapping items decreasés,-the mean sqﬁared fesiduals are
higher, and thus the predictions may be less accurate for such pairs

.of grades.

The Second Function--Student Models

The secoﬁd function to be founa relates performance by the
individual to performance By the grade on an.item.. Fach student has
his own gfaph, The ﬁfobabilitj ébrrect.fsf the gradé.deiérmines"
the ldeation on the abscissé for é given item; thé abécissa being
P{t(i) =11}, writﬁen p(i). On the ordinate fails th; observed
probability éofréct by a given studéﬁt; o

Because each item in this study has a binary‘fesponse variable.
with a different ﬁfobébility of success, the.items were grouped.
Based on the assumption that for a given student tﬁe”brobability of
success, p(k)¥*, is éohstant within set k, the data were grouped into
séts disregarding the individuél Eéébonses. Leﬁ there.be m items in
each set, R(k) of which afé responded to suecessfﬁlly.

Then E{ R(k)/ﬁ )': p(k)*'. -. _
" Var( RGK)/m ) = p(K)* ( 1 - p(K)* ) / m
The sets aré formed uéing the proportioﬁ correct, p(i), on the item

by the grade. Let the 220 items (110 items from each of two test
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Table 14

Regression Ceoefficients for the First Function

b1

.96598
1.05402
279211
<7134

1.16452
31337
.88107

1.00497
-83303
78731
.90801

1.03492
- 17320
.88573

1.07344

1.05272
.96895
0 56092

85385

94110

84478 -

-93899
-95351

o 85235 )

- .83065
T .75786
.96619
-93430
85444

.93295 -

1.01545
92186
.89102
.79653
.88344
.84899
.80921
92604

" 1.31026 ¢

1.03246

bO -

.36715°

48764
77991
.87592

- 238373

.56362
. 14341
L2UH9T
. 13767
- HUT97
L5016

. 18524
26098
09771
50793
.36032
.21876
06714
02432
. 11832
02807
.06583
.33548
44382
.21862
-33831
SI1TTH
.56336
: 09957
. 11804
.11538
. 26024
- 13441
- . 10560
-30919
37152
« 11554
_L0H217
. 18485
-.23622

~ - 16094
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<01039
L0114y
-01096
.01285
.01436
.02287
.00808
. 00874
. 00481
. 00676

.00990.

01422
.01505
00100
.00995
.00550
.00950
. 00470

01916

. 00568
01369
01611
.00852

00643

.01079
01532

.01869

.01859

.00886
00734

.00488
. 00490
.00962

00678

.01181
.01065

.02133

.01629

- .01285

.01394
000736

n items

99
82
82 -
82
30
20
99
99
103




forms) be ordered such that pi[1] < pil2] < pi[3] < ... < pi{220] .
The first set consists of items i[1]}, ... , i[m]. ‘The j-th set
consists of items ilm(j-1)+11, ... , i[(m)(j)]. Two grouping methods
were used. The first method formed sets of m = 10 items, resulting in
20 data pdints fof.the studenfs who took two 100-item tests and 22
data points for the students who took two 110-item tests. Tﬁe second
method formed sets of m = 20 items, resulting in 10 and 11 data
points, reépectively.

The points'for each student, j, whoselscore was being
predicted were graphed. From this graph, tﬁé.funotion.P [t{i)=1 | j}
was determined and.fbom this function the score for thé student was
predicted. Figures 6 and 7 display these:graphs for two students.

The data;from 21 first-gfade students were plotted using these
two grouping methoﬁs. The 20-item sets forﬁéd a relatively smooth
curve more frequently than did the 10-item éeté. However, the
instability of points in estimating a curfe_for the 20-item sets,
especially at the upper end of the distribution, suggested that the
10-item sets weré more appropriate. Therefore, the curve-fiﬁfing
process continued with the abécissa of a given data poiﬁt representing
the mean proportion correct for the glass on 10 items and the ordinate
representing the mean proportioﬁ correct for the student on the same
10 items. |

Having selected the data points, I ﬁréceeded to find an
appropriate function to fit ﬁhese points. Several models that

describe the student’s performance were tested. The best-fitting
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Prabability correct by student

o | | L | 1
0 Probability correct by grade Lo

Figure 6.  Student Graph No. 1 of probability correct.

Probability correct by student

! ! | | |
¢}
o Probability correct by grade 1.0

Figure 7. ' Student'Graph No. 2 of probability correct.
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model was then chosen as the second function, relating the probability
correct for. the student to the probability for the class. I do not
kﬁow whether students respond differently to the test situa‘tion° To
accouﬁt for individual differences in performance style, different
functional forms were fitted to the data for each student.

In the simplest case, assume the one-e;ement model, or the
single-factor model. In an attempt to determine the underlying mental
arithmetic ability, which we assume lies on a single coﬁtinuum, let

the following be represented:

a(j) = thé ability level for student j
S x(3) = score of student j on tesﬁ X .
sgi) = ability necessary to do exercise with
probability p(i) for all students
t(i) = 1 if item i1 is answered correctly and

0 if item i is answered incorrectly.

Presumably the test measures mental arithmetic ability, so
that the score is some function of that abilityo. Let x(j) measure
a{j). If a(3) 5 or = s(i), the student answers the item correctly,
and if a(j) < s(i), the student answers the item incorrectly. For
any item i, the probability that student j gets the item correct is
P{t(l)=11 3} =P {s(i)<or=a(j)} = F (s(i),a(l))
Neither s{(i) nor the probability distfibution function F is known.
P{ t(i)=1 { j } has a different distribution for each j.

. Let p(i) represent the probability correct_for all students
on item i, and let s(i) represent the required ability to do item i.

The student with ability a{j), then, answers item i correctly
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- with probability 1 if s(i) < a(j)-e(j)
with probability 0 if s(i) > a(j)+e(j) and
with probability p(i,j) if a(j)-e(j) < s(i) < a(j)+e(])

where e(j), representing the error term, is a random
variable normally distributed with mean 0.

A hypothetical required ability curve relative to the ‘student’s

ability level may look like thét of Figure 8. Thé probability correct

alj)

/
VNN

Required ability level

p(i)

Figure 8. Hypothetical required ability curve intersecting

the student’s ability level.
for a given student on an item with probability cofrect p{i) for all
students is the shaded area on the graph. The studenb answers all
items correctly where 0 < p(i) < 4, answers items correctly with
probability between 0 and 1 where A < p(i) < B, and answers all items
incorrectly where B < p(i) < 1.
The possible performance graphs depend on the s(i) as well

as the variance of e. For eaéh student four shapes were fitted.
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Recalling that the items are presented in order of inereasing

difficulty, the curve in Figure 9 indicatés that the student’s

B I
S

6 E
©cg
22
= u

L =,

[w]

g~ | |
—

& 0

A B |
Probability correct by class

O

Figure 9. Linear performance curve.

performance decreases linearly‘in_the'rangé, The convex curve in

Figure 10 indicates that the-student,'when-conffonted with an exercise

-
[ &) l_.
@
bt

c

e
=3
=%

O

23
)

o4

o O

o)

A B |
Probability correct' by class

Figure 10. Convex performance curve.

that he cannot do, rapidly decreases in performance and does extremely
poorly during the remainder of the test. The concave curve in Figure
11 shows the student who continues to answer correctly after his

initial errors, but then suddenly stops answering correctly when his
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Probability correct by class

Probability correct
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Figure 11, Concave performance curve.

ability level has been surpassed; The sigmoid curve in Figure 12

2
8%
23
:EU)
gz:
_00 A B i

Probability correct by class

Figure 12, Sigmoid performance curve.

represents a model of the student whose initial decrease in
performance is slow. Then with a rapid decrease he performs very
poorly, slowly tapering of f until his ability level is surpassed.
The sigmoid curve has appeared as a model in other aspects of
classical test theory (Lord and Novick, 1972).

For any of the above performance curves, student j’s score
on test k can be expressed as

y(3,k) = a(j,k)*p(j,1) + = f(p(i)}) + e(j,k}*p(],3)
N ,
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where i refers to item i and

y{(j,k) = student i's score on test k

a(j,k} = number of exercises on test k that are in-the initial
range where student j got them all correct

f{p(i))= the function determined bélow, of exercise i where
exercise 1 appears on test k,

e(j,k) = number of exercises on test k that are in the last
‘range where student j got them all wrong,

p(j,1) = probability that student j got the exercises in the
first ‘range correct = 1,

p{j,3) = probablllty that student J got the exercises in the

last range range caorrect = 0.
The student’s score then becomes

y(i,k) = a(j,k) + = f£(P(1)) .

The function f{p(k)) was estimated by a least squares fit ﬁsing one of
several possible functions described below.

Four basic models were considered to represeﬁt a student’s
"performance curve". Three of £heéé modeis fgt é.sigﬁbid curve,
whereas the fourth model méﬁ fit éither ariinear, convex, or concave
curve. Let x represent the.proportion correét on an item for the
grade and let f(x) represent the proportion correct on the same item’
for the student. ﬁppearing below is each general'model; a derivation
of the function defined with the restrictions f(a) = 0 and f(b) =
and the form fesﬁiting when a = 0 and b = 1,

The data show curves whiéh, ovér'théir full range are
sigmoidal, or S-shaped. The following four functions were studied

for purposes of fitting the data over parts of their ranges.
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Model 1: The general equation
¢
f{x) = k(1) + k(2) x

produces a linear, concave, or convex curve depending on the value of.

Cs

For ¢>1 this equation produces a concave upward curve.
For ¢<1 it produces a concave downward curve.
For =1 it produces a straight line. :

Setting f(a) = 0 and f£(b) = 1,
we find f(a) = 0 = k(1) + k{(2) a
: c

1= k(1) + k(2) b
c o
Then k(2) (b - a )}

f(b)

1

k(2) 5 memmmeeem

c c
h -2
o]
a
k(1) 4 =——emec——- =0
o] c
b -a
¢
-a
k(1) = ——=meacmcmcac
c c
b -a

f{x) =z emmmmemw

If a = 0 and b = 1 this becomes

f(x)

il
"




Model 2: The general equation

: e
f{x) = 1« k{1) exp {-1/ ( k(2) - x )}

produces a -sigmoid, or S~-shaped, curve.

Setting f(a) 0 and f(b) = 1,

we find
£(a) = o'=i1 -Lk{i)?;xp-(-1 J(2) - a )
1 = k(1) exp (-1 /(k(2) - ac))
FB) = 1= 1 - k(1) exp (=1 /(K(2) = D)) -
0 = k(1) exp (-1 /{k(2) - bc))'
Then 4] | |
k(1) = exp (1/(k{2) - a )})

C c
exp ((1/(k{2)-a )) - (1/(k(2)-b ))) =0

¢ e :
This is true when 1/(k(2)-a ) - 1/(k(2)-b ) = -inf-,
¢
i.e., iff 1im 1/{k(2)-x } = inf ,
b™x
C
that is, when k(2) = b
e e

Then, k{1) = exp (1/(b - a })

With the above condition, the function becomes

£(x) = 1 - exp {o=emmom = ~mmmemem }
c e c ¢
b =-2a. b - x
If a = 0and b = 1 this becomes
c
X
£(x) = 1 -~ exp {=——m—eu- }
e
1 - x

.66




Model 3: The general equation
¢
£(x) = k(1) exp {-1/ (k(2) - (1=x) )}

produces a sigmoid, or S-shaped, curve. -

Setting f(a)

0 and f(b) = 1,.

we find
(o]
k(1) exp (=1 /(k(2) - (1-a) )) -
o c
= k(1) exp (-1 /(k(2) < (1=b) )} .

fi(a)

11
o
I

£(b)

H
-
n

4Then

k(1)

- ‘e
exp (1/(k(2) - (1-b) ))

o4 [}
exp ((1/{k(2)-(1-b) )) - (1/{k(2)-(1-a) ))) =0
s o]

This is true When_ 1/(k(2);(1-b) ) - 1/(k(2)-(1-a) )} = -inf ,

. (4]
i.e., iff lim 1/(k(2)-(1-x) ) = inf ,
a"x :
(o}
that is, when k(2) = (1=a)
’ C (o]

Then, k(1) = exp (1/((1-a) - (1-b) ))

With the above condition, the function becomes

f(x) = exp { ——=mmmmma————m e }

(1-a) - (1-b) - (1-55 -”(1-x)

If a = 0and b = 1 this becomes

Model #: log(f(x)/(1-f(x)) = k1 + k2 x

This also produces a sigmoid curve.
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Five models, shown below, two forms of model 1 and one form
each of models 2, 3, and 4, were fitted to the data from the 21 first-
grade students and an additional 21 second-grade students. The method
of least sguares was used. Under four of ‘these models, the full range
of items was conszidered. Modeis tb, 2, 3, and 4 define £{0) =z 0 and
f(1) = 1. (In the above equations, this sets 4 = 0, 5 = 1.) Only
model 1a defines f(0) = 0. The equations were transformed into an
additive model in order to use a linear regression analysis. The
reader should note that a least squarés fit of fhe transformed
equation is not pecessarily a 1east'squares fit of the original
equation. Let y rep;esent the proportion correct for the student on
10 items and let x repr;sent ﬁhe proporfion correct for ﬁhe class on

the same 10 items.

_ c
MODEL ta: vy = d ¥ x regression:
log vy = ¢ % log x +d’
‘ where d° = log d
: C
"MODEL 1b: ¥y = x : regression:
log y = c ¥ log x
¢
=X .
MODEL 2 ¢ ¥ = 1 = @Xp (—we—e—em ) . regression:
- . .
1 =X log { ~———wm———— + 1} =c log x
o log{1-y) -1
c
- (1-x)
MODEL 3 : ¥ z @Xp (wmmwmweco—w—-n ) regression:
e 1
1 = (1=x) 1 1]- SR (R —— + 1} = ¢ log(1-x).
Jog.y -1
MODEL 4 : log (y/1-y) = u + v x regression:

on log transform shown
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Because the 1qg function is defined to . be ~-inf at x = 0; the
data were modified somewhat at the points 0 and 1 to be close to but. -
not equal to 0 and 1 respectively. : Therefore, the estimates are
likely to be inaccurate. .

Three statisties were used as eriteria to compare the models:

2
T{O0-E) /n

b |

1. mean squared residual

2. mean absolute residuval = £ abs ( 0 =-E )/ n
3. maximum absolute residual = max (abs ( 0 - E ) )
The best "least squares Fit"™ would use criterion (1).: The .-
best fitting model for each criterion is the one which produces the
. smallest statistic.

- Table 15 indicates the frequency with which each model fit

Table 15
Frequency of Best Fit of Five Models Using Three Criteria
_ For Two Grades

Grade 2

i Grade 1 '

! Mean Mean Max. ! Mean Mean Max.
Model | Sg. Res. Diff., Diff. !} 39. Res. Diff. Diff.

1 . . . . 1 :

1 . I . .
1a 0 1 1 2 2 1
1b 1 1 0 3 2 3
2 1 1 0 ¥ ) 8
3 8 7 10 7 7 7
4 11 11 10 2 4 2
Total 21 21 21 : 21 21 21

best under each criterion for each grade. Models 3 and 4 for Grade 1
and models 2 and 3 for Grade 2, all sigmoidal, appeared to be the

better fitting models under all three eriteria.
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Observing“the points plotted for several students, it became
apparent’ that the large concentration of items with f£(x) = 0 for the
poorer sﬁudents and f(x) = 1 for the better students was heavily
weighted in.estimating the parameters of the curves. Further, there
appeared to be the three segments, aslanticipated} The first segment
consists of items that the student cannot answer, the second segment
consists of items that the student can énswer with-probability between
0 and 1, and the third segment consists of items that the student will
always answer, with probability.1. The middle interval consisis of
all items beginning with the (n-1)st zero from the first run of n
zeros and ending with the second one from the last run of ones., If
the studen;'s-initial.rUn does not consist of zeros or has length < 2,
then the first segment does not exist, which sets a = 0. If the
student 's final fgn does not eonsiéf‘of ones or has length < 2 then
the last‘segmeht dbés not éxist, which sets b = 1. |

Table 16 shows sevérai.sequences of students’ performances

Table 16 | |

Restricted Range of Response Sequences

Item Sequences

group

1 0 0 0 # *
2 0 0 * 0 0
3 0 * ¥ ¥* 0
H] # ¥ * * *
5 * % # * *
6 S LI ¥ 1
7 1 1 1 * 1
8 i * 1 1 1
a p(2y. :p(1) 0.0.- 0.0 .0.0
b 1.0 1.0 p(8) 1.0 p(7)
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on eight groups of items, along with the values for the upper and
lower bounds, a and b, for the restricted range. A "¥" jindicates
that the student responded to that group of items with probability
between 0 and 1.

The first five models with the fuller range and the four
models with the restricted range were compared using 20 second-grade
students. Almost all of the restricted range models were superior
to all full range models using the mean squared residual as a
criterion. The mean squared residual for the restricted range, shown
in Table 17, was computed on the n (< or = 22) points included in the
restricted range. ._

Table.17
Comparison of Full and Restricted Range

Model- IS : : : . Mean of Number of

mean squared times as.
residual best model
1a y*agc .03495 1
b y=x .05498 : 0
2 y-1-e(~x /1—x ) : - .03109 [}
-3 y=e(=(1-x)%/1- (1-x)%) .05900 3
4 log y/1-y = u+vx .02270  (third) 1

" Restricted range

ys= ((X -a g/(g -a A) - .01&834 ‘(Smallest)

7
y=1- e(1/b 52 -1éb -X - 403103 . h
y= e(1/b%-a -1/b -(1-x) ) 01773  (second) 0
log y/1-y = u+vx ' - .03522 0

B A S VRN I

Of the 20 cases investigated, model 1 had the lowest mean
squared residuals on seven of the cases, whereas model 3 had the

lowest on no cases. Since the mean of the mean squared residuals for
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model 3 was second smallest, this could imply that model 3 was
generally féirly good, and that the mean squared residual was never
-extremely-béd and never extremely good. Therefore, both models 1 and
3, using the resfricted range, were investigated further, allowing
for linear, concave, convex and sigmoid performance curves.

.. These two performance models were fitted to the data from .
10 low, 9 middle, and 11 high SES students who were given the
Intermediate IV test. The residuals for the two models, 1 and 3,

are shown in Table 18.

Table 18

Mean of Mean Squared Residuals for Models 1 and 3.

SES Model 1 Model 3
Mean of Mean No. of times Mean of Mean No. of times
~-Squared Res. as best model Squared Res. as best model
Low 0104 8 0142 2
Middle L0258 d .0246 5
High 0211 9 .0301 2
Total 21 : g

u

The lower residual; in the lower income group may héve
resulted from the fact that the mean squared residﬁéliwas computed
only for those items in the résbricted range. 'Maﬁf 1ow:income
students may have answered correctly qnly easy exerecises, resulting in
a fit consisting of feﬁeg-items, whergaé séverél middle and high
ianme studenté'answéred correct}y iteﬁs in the entire fange“of

‘exercises.
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Following the estimation of the parameters, the student’s
score for a test that he did not take is computed as follows:

let £.12(1) predicted proportion correct on item i
for Grade 1 on an item that Grade 2 took -

using the above aresin regression.

let g(x)

probability correct for this student on an
item with probability correct, x, for Grade 1
(found from the curve fitted for the student).
Then this first-grade student’s predicted total score on a Grade 2

test is:

T= v g( £.12(1) )/2 i=1,...,220
1

The 220 items are obtained from the two forms of the 110-item tests.
When predicting the score on the first-grade test, i=1,....- 200.
The two models, 1 and 3, were fitted on 124 students who took

the Intermediate IV test. Table 19 indicates the frequency of the

Table 19
Frequency of Differences for Models 1 and 3

Model 1 Model 3 Marginal Model 1 when
: ’ ' total model 3 is better

Predieted lower

than observed a8 9 97 7
Predicted higher

than observed 15 8 - 27 10
Total ' - 107 - 17 124 17

best fitting model and the sign of the difference between the observed
and the predicted raw scores. The distribution of predicted minus

observed raw scores is shown in Table 20. These differences could
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Table 20

Distribution of Predicted Minus (Observed Raw 3cores

Range of # of students for # of students for

prediction~observation

-10.0 to
=7.5 to
5.0 to
-llao to
-3.0 to
-2.0 to
~1.5 to
-1.0 to

to

to
to
to
to
to
to
to
to
to
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Total

model 1 . model 3
1
b
: )
1 ' 20
2 25
- 6 12
18 ' 18
38 . 15
31 7
14 6
a9
3
1
3 3
1 2
1 1
124 124

range from -110 to 110. The predictions for both models are slightly

lower than the observed scores.

Model 1 appeared to
score than model 3. Of the
of the observed score. For
function which predicts the

the probability ecorrect for

be a better predictor of the student’s

124 predictions, 110 fell within one point
this reason, model 1 was choéeﬁ to be.the
probability correct for the.stﬁdent from

students in his grade.. The predictions

for model 1 are slightly lower than the observed scores in general.

Thé difference is small, hdwéver“

The observed scores

frequently have non-integer values. The

reader is reminded that the data for each student come from two
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parallel tests, and his raw score is taken to be an average of these
two raw scores. Therefore, a student who answered 26 items correctly
on one test and 27 on the other has an observed score of 26.5.
Integer-valued bredicted scores are also rare. However, integer-
valued raw scores must be reported in the norms. Both observed scores

and predicted scores were rounded. Table 21 shows the distributions

Table 21
Distribution of Rounded Predictions Minus Rounded Observed
Scores for All Grades
Rounded

prediction 1 2 3 n 5 1% 15 16 17 18
- rounded :

observed

-6 1 1

-5 1 1

=4 3 1 . 1 2 1

-3 1 j 2 4 1 1 5 2 3 6

-2 10 T 13 10 8 8 10 15 12 15

-1 24 35 38 31 37 45 32 50 26 34
0 T2 54 58 4g - us5 T2 B2 61 35 37
1 3 18 25 28 33 22 28 27 14 25
2 1 1 14 4 6 1 5 5 6 5
3 2 1 ) 3 1 2 1
i 1 1 '
5 1

‘Total 143 121 154 127 131 153 135 160 - 99 124

of the difference between rounded predictions and rounded observed
scores. The distributions are all fairly symmetric about zero. The
distribution of observed scores and predicted scores using model 1 is
shown in Figure 13.

Using model 1, scores were predicted for every student on the
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tests indicated in Table 13. A weighted cumulative frequency

distribution of predicted scores was found and score-to-percentile

conversions were determined.

The Third Function--Predicting Scores.igg_ggggg”Placements
Most test publishers collect their norming data at a few time

periods during the year. In their manuals, they present percentiles
appropriate conly at the grade placements for which data was collected.
It is often the case that the test user doés nof administer the test
at the same time of'year as the publisher, and the norms are ﬁisused.
To overcome this problem, I estimated percentiles for several grade
placements other than those at which the tests were administered.

| When determining.score—to-grade-placement conversions, a curvé
is fitted to points on a graph with student’s score on the ordinate
and the grade placement at which the test was édministered on ﬁhe.
absoiééan From this graph, the scores for intervening grade
placements aré foundo' If these curves are fitted for the remaining
percentiies, scores for intervening grade placements may be found for
each percentile, resulting in complete percentile.rankings.for anj
grade placement. |
| The gfade placement for any testing'date ﬁay be determined
from Table Eé df Appendix E, which divides the typical séhool year
into'ténths. The Primary:test data was coilécted at the .8 gééde
placemént and the Intermediate testldata was cbllécted at the ;2
grade plaéefnent° For each tést at each peréentile, scores wére

predicted at severél gréde'placements using the first two functions.



The grade placements for which scores were predicted for each test

appear in Table 22. Thus, for example, we obtained scores for the

Table 22

Grade Placements for Which Scores Were Available for Each Test

Test Grade placements

1 0.8 1.8 2.8 3.8 4.2 4.8 5.2 5.8

I 0.8 1.8 2.8 3.8 4.2 4.8 5.2 5.8

III 0.8 1.8 2.8 3.8 4.2 4.8 5.2 5.8 6.2

v | 1.8 2.8 3.8 4.2 4.8 5.2 5.8 6.2 7.2

v | - 2.8 3.8 4.2 4.8 5.2 5.8 6.2 7.2 8.2

VI 3.8 4.2 4.8 5.2 5.8 6.2 7.2 8.2

Intermediéte Iﬁ test from 9 grade placements, 1.8, 2.8, 3.8, 4.2, 4.8,
5.2, 5.8, 6.2, 7.2. The scores were graphed with the grade placement
determining the 1o¢ation on the aﬁscissa and the score determining

the locapion on the ordinate. These graphs_are shown for the 50th
percentile for each test level in Figures 14 to 19.

In the graphs, percentile scores for grades that were
administered Primary tests are represented by dots, where#s grades
that took Intermediate tests are represented by X's. The scores for
the Intermediate grades are lower than expected based on the scores of
the Primary grades. Becaﬁse two separate applications of the sampling
plan produced these two groups, it is possible that noncomparable

samples resulted. An alternative explanatiqn is based on the method
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of predicting. The first function, which mapped the proportion
correct between grades, was not as accurate as a predictor when the
number of overlapping items was small. The samples may be compérable,
but the method of prediction inadequate.

Although no evidence is found in the literature to indicate
that performance on achievement tests is a monotonically increasing
function over time, test norms are usually based on this assumption.
It is quite reasonable to assume that performance in arithmetic
decreases over the summer. Under this assumption, the students who
were administered the Intermediate tests in the fall would obtain
lower scores than would be expected had they been tested in the
spring, as were the students who took the Primary tests. If this
assumption is true, the method for predicting scores on the mental

-arithmetic test may be adequate, but the inaccuracy may lie in the
method of fitting this third function, which produced a monotonically
increasing curve over time. This study was unable to verify which
of these possibilities is true.

Two models were fitted to the data points described above.

1. y(i) = a +b * x(1)°
where y represents the raw score and
X represents the grade placement.
Scores must range between 0 and the total |
number of items.
. seay 12 .
2. arcsin (v (i) ) =a+ b ¥ arcsin (x"(1)
where vy’ represents the percentage score and

x’ represents the fraction of the grade
placements fitted. :

1/2
/2
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- The mean squared residuals were_smallér for all percentiles using
model }, This model is cleaply_mpre f;exible. Beqause scores must
range between 0 and the teotal number of items, it may define three
segments, similar to the student funetions. USing model 1, é curve
was fitted to these points for each percentile and the scéfe for
intervening grade placements was found. Most of the curves were
concave {c < 1}, although:tﬁere were a few convex curves in the lower
percentiles. The score may not decrease as the perceptile incfeésesﬂ
On a few ocasslons when this score did decrease by one point, the
scores for the two percentiles were transposed, The score«to~grade
placement conversions for each test and concept appear in Table E3 bf
Appendix E. A "¥" indicates that the prediction was outside of the
range of grades tested apg thus ogp pf the range of accuracy. ?he
totai score-to-percenti1e chvensioné.for each grade placement appear
in Table E4 of Apﬁendix E. The conversions to sianine_scores for
conqept scores appear in_Table E5 of Appendix E.

%

12.  TESTS FOR PARALLELISM OF FORMS

A tﬁo—tailed t-test was performed to test tﬁe equaiiby_of the
ﬁeanS'for the two forms. The results of these tests appear in Table
23. The two forms of both the Primary III and Intermediate VI tests
have highly significantly different means . In both cases, the
difference between means is quite largze. For two other tests, the
Primary II and the Intermediate V, the t-tests were statistically

significant. However, the difference between the means of parallel
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Table 23

Means for Different Forms and t-statistics f@r Equality of Means

Test FOPm.h . Form B_f ) £t
I . 29.50 . 30.23 =90
I WT.08 M9.SH . -2.81 %%
IIT 47.66 . 55.13 . -9.00 ¥
o 35.69 37.10 -2.26
v 48.62 46.53 | 2.83 *#
VI 51.07 43.99 - 9.01 %

¥ p < .00

¥*% p < .01

formsnof these tests is not very.iérge. ‘The two forms of.tﬁe'ffimarﬁ
IIT and Intermediate VI tests should not be ﬁsed as pretest and
posttest measures of achievement .

The problem of equalitj 6f.means ﬁay haﬁe beén avoided if the
distribution of difficulty level had been an additional constraint on
the selection of-equivalence classes, rather than only range of

difficulty and distribution of concepts.

13. RELIABILITY

Reliability_represents the consistency of a test’s measurement.
The choices of a particular test form, testing time, and test

administrator or scorer are among the sampling operations which
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influence the test score. Although reliability may be affected by
scoring-error variance, no between-scorer reliability was computed.
in addition, no correction was made for guessing; since"studehts'
answers are in free response form, there is only ;'small probability
that guesses are correct.

The reliability ‘of this test was déterﬁined by using parallel
forms, administered no more than one week apart, during which time
students received up to one wéek of uSuai mathematics instruction.
Because the cdntent of the test was clearly defined and equivalence
clgsses were chosen at randeom from the different strands, all tests
éenerated'for a specific grade level using the designated ‘distribution
of equivalence ‘classes are parallel. The reliability coefficients are
based on those students who were administered the test appropriate for
their grade. These are reported in terms of weighted product-moment -
‘reliability coefficients to correct for differences'in the stratified
sample sizes. The‘méthod for deriving weighted means, standard
deviations, ‘and parallel forms reliability coefficients is described
in the manual, presenteéed: in Appendix E.

- -Test and concept means, standard deviations, variances of
estimated means, and reliability coefficients for the different grades
are found.in Table E6 of Appendix E. The four basic operations have
higher reliabilities than the other three concepts, and number
concepts has the lowest. This may result from the small number of
itéms preseﬂted'from the three other concepts. The reliabilities for

the total score areall very high. The smallest was r = .804 for
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Primary III; all others were 1arger.than .85.

The Primary I test was elearly too difficult, with a mean
score of only 29.87. The Intermediate IV ﬁest was also difficult.
However, the means of the other four levels were quite good according
to classical test theory. The multiplicatidn, fraction, and division
concepts were too difficult in the Intermediate IV test and the number
concepts strand to§ easy in the Primary II and iII tests.

The standard deviatiohs of the fraction and division concepts
were uniformly high, although that of number concepts was very low.
Computed variances of the estimates of weighted means indicate that
the estimates for the Intermediate V test were not as accurate as
' those of the other tests. The variances of the estimated means of
number concepis are lowest, as the standard deviations were.
Similarly, the variances of the estimated means.of fractions and
division are highest.

‘Correlations between concepts appear in Table E7 of Appendix
E.. . The correlations are higher for the lower grades. There were more
items for each concept and the reliabilities were'generally higher for
these grades. The lowest between-concept correlations are those with
number concepts. .Additién‘and subtraction scores correlate highly
with each other. Not surprisingly, in the fourth grade, the highest
eorrelations are between addition and subtraction and between
multiplication and division. The lowest correlation.is between number
concepts and division. In the fifth grade, the four basie operations
correlate highly‘with each other, and all other correlations are
substantially lower. In the sixth grade, again the highest
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correlations are between addition and subtraction and between
multiplication aﬁd division, although there is additionally a high
correlation between measurement and both addition and subtraction.

Thig may reflect the content of the measurement exercises.

4. VALIDITY

The mental arithmetic test has been assessed éccording to two
types of validity, content and ecriterion-related. Content validity
is best thought of as the extent to which the content of the test

constitutes a representative sample of the skills that it eclaims to

represent. Contenf validity of ;he mental arithmetiec tgst is
demonstrated by the definition.of‘the-universe of content: by
equivalence elasses and the stratified sampling plan from the strands
(see.the Curriculum). - For these reasoﬁs, concept scores are similarly
content valid. With respeet to this type of validity, the suitability
of the test’s uses depends on the appropriateness of the content, mode
of response, time a}lowed fq; response, ete.,, for the gréup being
tested. | |

Critgriop-rélated validity is demonstrated by_comparing the test
scores wi#h an extéfnal variable considered to provide a measure of
tﬁe characﬁeristic or behavior in question. ‘This validity is assessed
by correlating the test score with a criterion measure, in this case

the total score on the mathematics sections of the Stanforq _ %

Achievement Test for Grades 1-3 and the score on the Mathematies

Computation section of the same battery for Grades 4-6. The mental %
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arithmetic and SAT tests were administered within a two week period.
The coefficient of determination is the squared correlation
coefficient; Both of these coefficients may be found for eéch level
in Table E8 of Appendix E. For the lower grades, the correlation
between the two tests is approximately equal to the reliability of
the mental arithmetic test. This may indicate that both.tests are

indeed measuring some general arithmetic ability.

15. ANALYSIS OF ORAL SCORES AND WRITTEN SCORES

"The SAT was administered to determine the proportion of the
variance of the mental arithmetic score-that can be accounted for by
a linear combinaﬁion of the three subtest scores of the SAT.

"To determine this, a regression was rin with the three subtest
scores (in percent correct) of the SAT for the Primary students as the
independent variables-~the X j,i "s—wand the mental arithmeti¢ score
as'the depen@ent variable, p_i . -Using the arcsin transfeormation
described earlier to tr'ansform-p-i ’

p’ =a+b, X + b, X + b, X e
i 11,1 2 7 2,i "3 73,4 i
One of the low income schools and one high income secohd-gradé class
were unable to participate inlthis aspecé.of thelétudy;rleaving
111, 72, and 112 stﬁdents in the analysis for Grades 1, 2, énd 3;
respeétively° | - -

The corfelatiﬁn.matrices fbr'therthree'regressions'are shown

in Table 24 and the fegfessioné coefficients'and'muitiplé correlation

coefficients appear in'Téblé'2S, -The'mﬁltiple corfelatidn coefficient
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‘Table 24

Stanford Achievement Subtest Scores

-Subtest

- Correlations Between the Mental Arithmetic Test and:

Mental Measures‘ Problem Number Total
Arith Test Solving - -Concepts - SAT
I 481 © . TH5 - 796 846
Arithmetic 'Numberé and Problem Total
Computation Measures Solving SAT
II n679 e659 5675 n799-
Arithmetic Numbers aﬁd Problem Total
Computation - Measures- Solving SAT
T AT 643 .493 L794
Table 25
Regression Coefficients and Multiple Correlation of Mental
Arithmetic Test and Stanford Achievement Test
Grade | ‘
Constant . Measures Problem Number Multiplie
‘ Solving Concepts correlation
1 .035 .025 .040 .056 .859
Constant Arithmetic Numbers and Problem Multiple
Computation Measures Solving correlation
2 655 1.065 .511 . 765 .800
3 . T0U JITH .633 .801

89
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of the regression equation for all three grades is only slightly
higher ‘than the correlation between the total score and the mental
arithmetic secore {r = .860 va .846 for Grade 1, . r = .800 vs r= .799
for Grade 2, and r = .801 vs r= .74 for Grade 3). This indicates
that the total score is almost az adequate a predictor as is a linear
combination of the subtest scores. | |

Because Grades 2 and 3 were administered the Priméry II
Battery, Form W, a test of the equality of the coefficients for the
two grades wés performed; The resulting F-statistic-(df = U, 181)
was 9.78 (p<;b01)o The coefficients are not equal for the two grades.
As is shown in‘Table 25, the scores on the Arithmetic Computation and
Problem Solving Sections coﬁtribuéé m§s£ in the.preéiétién for Grade
2,'whereas Arithmetic Computation and Numbers and Measures contribute
most for Grade 3. In both grades, the A:ithmetic Computation
correlates most highly with the mental arithmetic score. Measurement
correlates least with the mental éritﬁmetic score. .It may result from
the fact that the measufement sﬁraﬁd was ﬁé; inéluded.in ﬁhe Primary I
test and that the skills fequired té do ﬁeasurement.exercises are
different from those required to do exercises from the three strandé

included in the Primary I mental arithmetic test.

16, CONCLUSION

In this report, I have discussed the development of the
mental arithmetic tests and the procedures used to standardize the

tests. The pretesting phase provided information for two major

.90




purposes: to detefﬁine an appropriate form of the test and to select’
items for the final tests. The structure of the final test is gquite
different from that originally conceived. The original tests included
exercises of varying difficulties presenteq in random order with
varying responée times and intervening recovery items. I found that
when items were randomly ordered the students’ performarce did not
reflect their mental arithmetic ability. The recovery ifems were not-
effective in maintaining the students” motivation when difficult items-
were presented. The timing variable had little effect. I also found
that performance on tests whose items are segmented by arithmetic
concept and linguistic format was hot significantly different from
that on tests whose items are completely rank ordered. - The final

© tests' contain items -ranging from those that all of the students can
answer to those that no student can answer. The items are presented
with uniform response time and are rank ordered by difficulty.

Based onh the data from the pretesting phase, the probability
correct for items from each equivalence class was prédicted'and then
all equivalence classes were rank ordered. Within the constraints of
a fixed distribution of 'items of a given type, the items were then
randomly selected and the final“tgsts were constructed.

The test at each level was administered to classes in six
sechools chosen using a sampling procedure developed to represent the
sociceconomic status of students in schools in the San Francisco Bay
area.

To infer -the performance on a test that a student did not -
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take, two functions relating probabilities correct wére found._ The -
first function predicted the probability correct on an item‘by
students in one grade from the probability cofrect on the same item
by students in another grade. - The second function fitted a
performance curve for-each student. This function predicted the
probability correct on an item for a student from the probability
correct on the‘same item by students in his grade. I used these two
functions to predict the probability correct by this student on each
item administered to another grade. These probabilities yielded an
estimate of this student’s score on the test.

Traditional norming procedures were then applied to these
scores in determining grade equivalents; A curve was fitted to the
data points represented by each grade for a given:-test. Interpolation.
yielded grade placement by tenghs.of-a grade.

Six levels of the mental arithmetic test for elementary school
children were developed and normed. - The Primary-1 test was more
difficult than expected.  However, the mean percent correct for the
other tests is close to 50 percent, the stgndard used in-classieal
test theory. .Reliabilitiesron.the total test are high, ranging from
.804 to .904, Concept reliabilities.afe lower, ranging from ..510 to
874, The validity coefficients decrease as the test level increases.
‘At the lower grades, the correlation between the mental arithmetic
test and.a standardized written arithmgtic test, the SAT, is
approximately equal to thg correlation between the two forms of the

 mental arithmetic test. Both the oral and written tests used in these
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grades may be measuring some general arithmetic ability.

The Primary data were alsq analyzed to-determine the
ubroportion of the mental arithmetic score which could be accounted for
by the scores on the.subtests the SAT. The multiple correlation
coefficient of the regression equation for all three grades is only
slightly higher than the correlation hetween the total‘score and the
mental arithmetie score. This indicates that the total score is
almost as adequate a predictor as is .a linear combination of the

subtest scores.
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Appendix A: The Curriculum

The curriculum.described covers the material on which the
tests.are based. It includes those topies appropriate for oral
presentation, which are thé four basic operation;—-addition
subtraction, multiplication, and division--and number concepts,

measurement, and fractions.

The following notation conventions are used in describing
gxercise types:

1) Each lower-case letter represents a single nonzero digit.
2) Each upper-case letter represents any nonzero number.

3} (a) means that the number represented, a, may be zero.

4} (a)v(b) means that a may be zero or b may be zero,
but not both.

5} The ampersand, &, denotes the position of the student answer.

6) .ne. means not egual to
.ge. means greater than or equal to
.le, means less than or equal to

7) Let * represent any of the four operations.
Then each numbered class, where appropriate, has three
subclasses, which represent the different positions for
the answer to appear. The formats are:

a) A ¥ B = &o
b) A ® &B = C
e) &A% B =C

A1




(Appendix A, continued)

in-

ordered Sub-
classes

class

Addition: Primary equivalence classes

AlL

AtH

A2L

A2H
A3

A4

A5
AGLEZ
ABHI
ABLIT
AGHII
ATI
ATII
A8X
ABII
A9
A0
A11LI
AT1HI

A1ILIX

3

L

W W

W W W

W

Problem type

. a+b=

- 10+a=1a

10+a=1a

"a+10=1a

a+10=1a
a0+b=ab

b+al=ab

a0+10=b0
10+20=b0

a0+b0=c0

¢

10

e

1o

af+b0=1c0

1a4b=1c
la+b=1c

b+1a=1c

A2

" Restrictions

e<h

a.ne.b; a,b>1

5<a<10
a.ne.b; a,b>1i

e<h
az=b or a or b

5<e<10

a=b or a or b
0<e<h

ﬁ<c<9

a<5

4<a<10

a<5

4<a<10

a$1
- ax1

 1<a<g

1<a<y

a+b<10, a,b>1

. a+b>9, a,b>1

c<h

§<e<10

e<h

Oor 1

0 or 1



{Appendix A, continued)

Addition: Primary equivalence classes

A11HII 3
aer 3
A12II 3
A13T 3
A13II 3
A141 3
A14II 3
A151 3
A15II 3
A161 3
A16II 3
A7 3
A18 3
A19 3
A20 3
A21I 3
A21II 3
A22T 3
A22II 3
A23T 3
A23II 3
a2y

A25I 3

b+la=1c
1a+b=ée
b+ta=2e
ab+c=ad
c+ab=ad
ab+cz=de
c+abzde
be+al=de
al+be=de
b0+50=1dc
al+be=1de
ab+cdzef
ab+cdzef
ab+cd=lef
ab+cd=1ef
a00+be=abe
be+al0=zabe
abe+d=abe
d+abe=abe:
abc+d=aef
d+abc=aef
a00+b00=(¢)d00

abe+d0=aec

A3

4<e<10

a+b>9

a+b>9

b+c<10, a>1

b+c<16, a>1

b+c>9, 1<a<9g

b+c>9, 1<a<9

a+b<10, a,b>1

a+b<10, a,b>1

a+b>9, a,b>1

a+b>»9, a,b>1 .
a+e<10; b+d<10, a,c>1
a+c<9; b+d>9, a,c>1
a+c>9; b+d<10, a,e>1
a+c>8; b+d>9, a,e>1
b>1

b>1

c+d<10, (b)v(e)
e+d<10, (b)v(e)
e+d>9; b<9, (b)
c+d>9; b<9, (b)
a+b>9, a,b>1

b+d<10, d>1
(b)v(e)




(Appendix A, continued)
Addition: Primaryequivalence classes

A25II 3 . d0+abo=aed . bed<10, d>1

(b)v{c)
A6 3 abc+dOzefe  pedd9; (o), a<9, d>1
A26IT 3 ~ dO+abezefe : b+d>9; {c), a<9, d>1
27 3 abesdezalg ' c+e<10; b+d<10
A . (b)v(e) a1
A27II 3 . de+abozafg c+e<10; b+d<10
~(bYv(e},d»1
A281 3 o abc+dezafg c+e>9; b4d<9
(b},d>1
A28I1 3 ' de+abezafg o c+e>9; b+d<9
(b),d>1
A29I 3 ~ abesde=zfgh _ c+e>9;b+d>8; (b)
' a<9;,d>1
A29IT 3 " de+abe=fgh ‘  c+e>93b+d>8;(b)
_ : a<9;,d>1
A30I 3 ‘ - -abe+de=fgh o c+e<10; b+d>9: (e)
' : ad9;,d>1
A30II 3 ' de+abesfgh T ceeq10; bed>9; (o)
: a<9;,d>1

No noncanonical formats will appear for the following classes.

A31 1 . a+bsrc=8& . d&6

432 1 . a+b+ec=8d - 5¢d<10

A33 1 ' a+b+ec=&de 9¢de<15

A3Y4 1 .  a+b+c=&de . 18de<20

A35 1 . a+b+oc = &de . 19¢<de<28

A36 1 - ‘-_ a+0=b+ & . -a.ne.b; a>1
o a.ne.c

A37 1 L a+b=10 +4 - a+b>10

AM
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Addition: Primary equivalence classes

A38
A39

A4Q

Addition:

A2
A5
AGHI
AGHIX
ATI
ATII
A9
A10
A11HI
AT1HII
.A12I
A1211
A131
A131I
4141
A14II
A151

A15I1

1

1

1

Intebmediate

e+ &d

w
+
o
1"

a+bz=oc+ &d)e

equivalence classes

a+bzoe

a2 + b=l

10+b=1b

b+10=1b

al+h=ab

b+al=ab

al+b0=c0

a0+b0=1c0

la+b=1e

b+la=1c

la+b=2c

b+ia=2¢

ab+ez=ad

.g+ab=ad

ab+c=de
c+abz=de
be+al=de

al«+be=de

a5

3<a+b<10; a,b,c,d.ne.0
a.ne.¢; b.ne.c
9<a+b<19,

a.ne.c; b.ne.c

(a),(b),(ec),(d)
not all zero
not both a and bh=0

e{10

e<9

b<10

b<10

b<10, a>1
b<10, a>1
a+b<10
é+b>9, a,b>1
e<10

e<10

a+b>¢g

a+b>9
b+c<10, a>1

b+e<10, a>t

b+c>9, 1<ad9

a+b<10, a,b>1

. a+b<10, a,b>1
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Addition: Intermediate equivalence classes

A161 3
A16II 3
A7 3.
418 3
A19 3
420 3
A211 3
A21I1 3
4221 3
A22II 3
A23I 3
A23IT 3
A2 3
A25I 3
42511 3
A261 3
A26IT 3
a271 3
A27II 3
4281 3

be+a0=1de
al+be=z tde

ab+cd=zefl

ab+cdzef

ab+cd=lef
ab+ed=1ef
a00+$c=abc
bé+a00:abc
abc+d=abe
d+abczabe -
abc+d=aefl
d+abe=zaef
a00+b00=(e)doo

abo+d0=zaee
d0+abczaec

abe+d{=efec
dQ+abe=efc

abe+de=alg
de+abezafg

abe+de=zafg .

A6

a+b>9, a,b>t
a+b>9, a,b>1
a+c<10; b+d<10, a,c>1.
a+c€9; b+d>9, a,c>1
a+c>9; b+d<10, a,c>1
a+c>8;  bd>9, a,ed1
b>1

b>1

c+d<10, .(b)v(c)
e+d<10, (b)v(e)
e+d>9; b<9, (b)
c+d>9; b<9, (b)
é+b>9, a,b>1

b+d<10, d>1
{b)v(e)

b+d<10, d>1
{(b)v(e)

 bed>9; (e), a9, d>1

b+d>9; (e), a<9, d>1

c+e<10; b+d<10
{b}v(e),d>1

c+e<10; b+d<10
{(b)v(e),d>1

e+e>Y9;  b+d<9
(b),d>1




(Appendix A, continued)

Addition: Intermediate equivalence classes -

A28I1 3
A291 3
A29II 3
A301 3
A30II 3

de+abezaflyg

abe+de=fgh

de+abe=fgh

abe+de=fgh

de+abe=fgh

c+e>89;  b+d<9
{b),d>1

c+€>93b+d>8;(b)
a<9; ,d>1

c+e>9;b+d>8:(b)
ac9; ,d>1

e+e<10; b+d>9; (e).
a<9;,d>1

c+e<10; b+d>9; (c)
a<9;,d>1 ‘

No noncanonical formats will appear for the following classes.

A32 1
A3y 1
-A35 1
A36 1
A37 1
A38 1
A39 1
A40 1

a+ba+ec

a+b+ec

a+ba+e

a+0=zb

a+b=10

a+b=oc

a+b=c+ &(de

2000 + b0OO
+ d = abed -

&d

=.&de

= &de

+H&c
+ &e

+ &d

+ cl

AT

d<10
9<de<20
19<de<28

a.ne.b; a>t
a.ne.c
a+b>10

3Ka+b<10; a,b,c,d.ne.0
a.ne.c; b.ne.e :
9<a+b< 14,

a.ne.c; b.ne.c
(a),(b),(e),(d).

not all zero

not both a and b=0
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Subtraction:
S1L 3
s 3
32L 3
S2H .3
S3 -3
Sh 3
55 3
S6L 3
S6H 3
S7L 3
STH 3
38 3
S9 3
310 3
S11 3
Stz 3
$13 3
STHL 3
St4H 3
315L 3

a

10

1a

1a
ja
Ta
la
la
ab

ab

~al -

alb

a0

a0 = b0 = c0

1a

1a

1a

Primary equivalence classes

-b = e
-b=zc
-b=c
-b=cec
-a=>5
-bzc
-b=zec
- 10 = a
- 10 = a
-a= 10
-a= 10
- b = a0
-al = b
- 10 = bo
- b0 = 10
- b0 = c0

- 1b = ¢
- 1b = ¢
- b =z 1c

A8

alb :
b.ne.c; b,e>1

5<a<10
b.ne.c; b,e>t

a<b
bzc or b or c

5<a< 10
b=c or b or ¢

(a);(b)
0<a<s; a<b
#<a{9; a{b
a<h

4<a<10

a<5h

4<a<10

a»1

a>1t

1<b<9; a>1
1<b<9

arb
b,e>1

a<b; a<c,
b,e>1

a>b, a<b
a>b, U<a<10

arb, a<h

0 or 1

0 or 1



(Appendix A,.continued)

‘Subtraction: Primary equivalenceé classes

S15H 3
516 3
317 3
3518 3
519 3
520 3
s21 3
522 3
523 3l
324 3
325 3
S26 3
527 3
328 3
329 3
330 3
331 3
332 - 3
533 3
534 3
835 4

& = b =

2a = 1b =

2a =-Db =

ab - ac =

gb - ¢ =

ab - ¢0 =

ab - ab =

tab - e0

.lab = ¢b

ab = cd

B

ab - cd

ab - cd

ab-—c:
tab - cd
iab - ed

abe - de

abe - aef

abe - & =

abe - abf

1¢

o

de

ef -

ef

= agh

abd

"
s

Ag

a>b,
a<b

a<b

bde;
b>e;
a>e,
are,
adc;

ase;

b>d;

b<dd;

b<d;
b<e;
b>ad;
bdd;

ar1
e.le,

a<1
f.le.

c.ge
c.ge
b>a;

a.ne.

U<ac10

a>1

a>1

c,d>1

c,d>1

c,d>1

c,d>1

ade; c,ed>l
a«i>c; c,e>]
azc+1, c>1
a>z2, d>1
a<e; , c,e>l

a-1<c; (b), c,e>1
¢; d.le.b; d.ne.0

c; e.le.b

.2, a>1l

£, a>1

a<9

c; a-=b<8

b,d.ne.0
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Subtraction:
32 3
35 3
S6H 3
STH 3
S8 3
59 3
S10 3
SN 3
512 3
513 3
S14H 3.
S15H 3
316 .. 3
317 3
318 3
s19 3
S20 3
521 3
322 3
323 3
s28 3.
525 3

Intermediate equivalence classes .

a->b=z¢

la -b=c¢

la « 10 2 a.
la - a = 10
ab - b = ad-
ab - a0 = b
ad - 10 = b0
a0l - b0 =.10
a0 - b0 = e0
120 - b0 = c0
-ié - th=z e
la->b= 1
2a - b =z ¢
22 - b = 1e¢
ab - ac = d
ab - ¢ = ad
ab - ¢0 = db
ab - eb =:d0
tfab - ¢0 = db
Tab - ¢b = 40
ab - cd.=‘ef
ab -~ od = ef

-A10

a{10

a<9; a<db
a<1ﬁ

a<10

a>1

a>t

1<b<9; a>1
1<b<9

arb
b,e>1

a<b; a<e,
b,e>1

b<ad10
b<a<10

a<b

a<b

b>cy a>1
b>e; a>1
are, ¢,d>1
a»c, ¢,d>
a<e; ¢,d>?
a<e; e,d>1
b>d; a>c;

b<d; a-1>c;

c,e>1

c,e>t
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Subtraction: Intermediate equivalence classes

S26 3 ab - od = e . pddyi a=c+1, >
s27 3 'ab-—‘c = de T bey a2, @d1
828 3 ‘lab = e¢d = ef - ‘brd; ade; , ¢,e>!
529 3 lab - ed = ef  bd; a-1<e; (b), c,e>
530 3 ‘ abe - de = agh | a>1 _

' S ‘e.le.c; d.le.b; d.ne.0-
331 3 7. . abe = aef = gh ’ a<1

f.le.c; e.le.b
332 3 abe - & = abd c.ge.e, a>l
S33 3 abc - abf = g c.ge.f, a>1
S34 3 T a-0= b‘- ¢ : b>a; ac§
535 4 a~-b=zc~-d _ a.ne.c; a-b<8B
IR ' ' ‘b,d.ne.0

A1
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Number concepts

NC1
NCe

NC3

NCA4
NC5

NC6

NCT
NC8

NC9

NC10
NC11

NC12

NC19
NC20

NC21

NC22
NC23
NC24
NC254
NC25B -

NCasC . .

1

1

1

1

what .comes

what comes

what comes

what comes
what comes

what comes

‘what comes

what comes

what comes

Sy .
what comes
what comes

what comes

what comes
what comes

what comes

what comes
what comes

what comes

after a?
before a?

between a

after a?
before a?

between a

after A?
before A?

between A

after A7

before A?‘

between A

after A7

before A7

between A

after A?

before A

between A

quite the number A

write the number A

write the number A

and

and

and.

and

and

and

b?

b?

B?

B?

B?

Al

B? .

. Azab;

a<b
1<a<b

a<l; bza+2

}<a<10

5¢a<11

3<a<9; bza+?

9<A<20

10<A<21

8<A<19; B=A+2

A=ab;

A:ab;

B:‘A+2

A=abe; c=z0 or
Azabe; e=0 or

Azabe; ¢=8 or

B=A+2

1<a<10;
1€a<10;

1<a<10;

b=0 or 9
b=0 or 1

b=8 or 9 or 0

9

1

9 or O

A=zabed; d=0 or 9

Azabed; d=0 or 1

Azabed; d=8 or 9 or 0

A<B
A<10

A:Ia; {(a)
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Number concepts

_NC26. .1 .write the mumber A . -A=a0; Wa
ukﬂ827 .: 1 wnite”;he number A ~ A=ab; a1
NC28. .1 write the number A A:abé; b or ¢=0
NC30 1 IWrite ﬁhe humbgr A ' ‘A=abe; b,e=0
NC31 1 write the number A A=abe
Ncaz_.r'1 write the number A A=abed; b,c,or d=0
. NC35 . 1 -write the number A o A=abed; c,d=0

or b,e=0 or b,d=0

NC38 . .1 write the number A Azabed
NC39 1. count by tens. a<8
S - al, b0, then what?
NCh0 1 count by twos. B ‘a<h
-2Xa, 2Xb, then what? :
NCU1 1 count by twos. 3<a<9
2Xa, 2Xb, then what?
NCu2 1 count by twos. -B<AChg
- 2XA, 2XB, then what?
NC43. . 1. count by fives. a9
. B5¥a, 5Xb, then what?
NChj 1 count by fives. 7 8<A<19
BXA, 5¥XB, then what?
NClu5 1 count by threes. " a9
'3Xa, 3Xb, then what?
NCL6 1 count by fours. A<9
XA, 4XB, then what? " o
NC47 1 count by threes (or fours). 8<A<28
3%A, 3XB {or 4XA, HXB)
then what?
NC69 1 which is even, a or b or e? two odd numbers;

ong even

‘413
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Number concepts

NC7Q..
RCT71
NC72.
..NCT3 |
NCTQ

NCT5
NC76

NC7T.
NC78.

SNC1X
SNC1I1
SNC21
SNC2IX

SNC3AI

A

1

1

A

1

1

which is odd; .. a or b or c?

- which is even, A or B or C?

which is odd, a or b or ¢?

~uwhich is prime? A, B, or C

The average of b numbers is A.-

What is the total of them?

Which is a factor of A?
B, C, D, or E.

Which is a multiple of A?

B, C, D, or E.

What is the least common

multiple of A and B

What is the greatest common
factor of A and B.

which is bigger? a or b?
which is bigger? a or b?
which is bigger? a or b
which is bigger? a or b

which is bigger? a or b

A1h

two.even numbers;

one odd

two édd h&mbersj

one even, largest<160

two even numbers;
one odd, largest<100

A,B,C<41 one of three
is -prime

1<A<16, Kb<h
B<AK31, one a

multiple, one < but
not a factor, one >

‘but not a multiple

4<21, one a factor,
one < but not a
factor, one > but not
a multiple.

A,B<19, LCM.ne.AXB,
LCM<50

1<GCF<51, 11<A,B<51

a,b<6, adb, a-b<3

a,b<6, a<b, b-a<3

a,b<6, adb, a-b>2

a,b<6, a<b, b-a>2

5<max{a,b1<10, a>b
a-b<3
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Number Concepts

SNC3ATI 1° . 'which is bigger? a or b ~ S5<max[a,bl<10, a<b
b-a<3
SNC3BI 1 which is bigger? 2 or b 5<max[a,b]<10, a>b
. S a=-b>2
SNC3BII 1 which is bigger? a or b - 5<max[a,b]<10, a<b
bea>2
SNCHI . 1 ~ which is bigger? A or B ~ 9<max[A,B}<20, A>B
' K © A<B<3
SNCUII 1 .- - wiich is bigger? A or B 9<max[4,B1<20, A<B
B-A<3
SNC5I . 1 - which is bigger? A or B 9<max{A,B}<20, A>B
S C 0 A-B>2 :
SNC5II 1 which is bigger? A or B  9<max[A,B}<20, A<B
B<A>2
SNC6I 1.  .which is bigger? A or B 19<max[4,BI<100, A>B

A=ab, B=ecd, a.neq.c

SHCeIXI 1 . “which is bigger? & or B - 19<max[A4,B]<100, A<B
: A=ab, B=ed, a.neg.c

SNCTI 1 which is bigger? A or B 19<max{A,B]<100, A>B
' ' ' A=ab, B=ed, a=c

SNCTII 1 which is bigger? A or B 19<max[A,B1<100, A(B"
’ A=ab, B=ecd, a=c

SNCBI 1 which is bigger? A or B? _ 99<max[A,B]<1000, A>B
o ' © A=ab, B=cd, a.neq.c

SNCBII 1 which is bigger? A or B? = 99<max[A,B]<1000, A<B
’ A=ab, B=ed, a.neq.c

"SNC11I 1 which is bigger? A or B? 99<maxf{4,B]<1000, A>B
: 7 - _A=ab, B=ecd, a=c

“8NC111II 1 “which is bigger? A or B? ; G99<max[A,B]<1000, A<B
Azab, B=ecd, azc

a1



(Appendix A, continued)

Multiplication
MIT .3
MIII . 3
M2I 3
M2II . 3 .
M3 .'j
MizT 3
MAII . 3
M51 3

M5II 3
M6 3
M7I 3
M711 3
M8 . 3 .
M9I 3
MOIT 3
M10I 3
M10II 3
Mi12I 3
MI2IT 3
MI3I 3
MI3II 3
M1l 3
M5 3

[ph)
b
i
1]

]
a
o
1]

—-
o
"
o
[

ax 10

Tt x a

"

ax N

12 x a

ax 12

100 x a
a x 100
1la x 1a

1a x 1b

(c)d
ed
cd_
ed
ed
cd
cd

ed

ed

cd
cd.
ed
ed

(1)ed

{1)ed .

a0

aco

4]

1cd

led

416

a

b

0 or 1; (a)

0 or 1; (b)

1n

1<a<b
1<a<b
2¢a ,b<b

5<a<f8;: 1<b<6

 1<a<b; 5<b<B

7<a<10; 1<b<s

1<ac6; T<H<10

5<ab<8

7<a<10; 5<b<8

5¢a<B; T<b<10

74a,b<10

1Ka

' 1Ka

_J<a

Ka

. KKa

1<a

1<a

i<a

a<3; {(a)

a,b<3; a.ne.b; (a);(b)




(Appendix A, continued)

~ Multiplication
M16I- .3 : a0 'x b = cdo © 7 1cagB, 5<b<10
MI16II 3 b x ald = ed0 T 1Ka<h, 5<b<10
MITL 3 ) a0 xb=cdo 5¢a<10, 1<b<6
CMI7II 3 " b x ad = cd0 5<a<10, 1<b<6
M181 3 . a0l x b= edd " 5<a,b<10
M181I .:3 | - ... bxald =ecd0 5<a,b< 10
M19I 3  a00 x b = (c)doo a,b>1
M19TI 3 ' " b x a00 = (¢)d00 a,b>1
M20 3 al x b0 = (e)d00 a,b>1
M211 3 : ‘ axb=(Ned = a2, Kbk
M21II 3 bx la=z (ted a>2, 1<b<6
M221 3 12 x b = (1)ed a>2, 5<b<10
M22II . 3 bx 1a = (1)ed a>2, 5¢b<10
M23I . 3 be x a = (d)ef . adl,aXe< 10
M23II 3 a x be = (d)ef a1, aXe< 10
M24TI 3 blec x a = defg a>1
M24T 3 a x ble = defg Loan

A8



(Appendix A, continued)

. Division . .
D1 3 o a{b) fe=4d 1<e,d<b
P2 . 3 ab /ec=d 1<e<6, 5<d<8
or 1<d<6,5<ec<8
D3 3 '  ab/e=d 1€e<6, T<d<10
o or 1<d<6,T<e<10
DY 3 | ab/c=4d . 5<c,d<8
D5 3  ab/e=d | 5<e<8, T<d<10
‘ : or 5<d<8, T<e<10
D6 3 - ab / ¢c=4d : T<e,d<10
DY .3 Do . 0/ a=20C
or
a/1=a
or
a/a=1
D& . . 3 . a0 / a =10
or
a0l / a = 100
OR
a0 / 10 = a,
or
ab0 / 100 = a
Dg 3 " ab0/c = dO
or
ab00/ec=d00
D10 3 ab0/c0=d
or
ab00/¢c0=d0
D11 3 ' (1}ab/1e=D 1<D<13, (e), e<3
D12 3 {1)ab/le=1d (d), d<3

A18




(Appendix.A, continued)

Fractions

F1
F2
F3
Fi

. F5

Fb

F7
F8

F9

F10
F11
Fi2
F13
F14

F15

1

1

write

write

which

which

which

which

what

wnat

what
what
whaﬁ
what
what
what

what

‘the fraction 1/a
the fraction a/b
is bigger, a/c or
is bigger, 1(a_or

is bigger, A/B or

is biggér, A/b or

is 1/b of a?

is /B of A

is a/c + b/e
is &/C + B/C
is a/e - b/c
is 4/C - B/C
is 1/a * 1/b
is a/b * b/e

is a/b ¥ c/d

‘A19

b/e

/b

¢/b

a<b
a,b<e, a<h or b&a
a<h or b<a

D=kXB or B=kXD,

B,D<21, A<B, C<D

A>b, A/b>e or c>A/b,
t4/b-c!<1,

<27, 1<b<6,c<6
a=bXk, k<11, 1<b<6

A=BXK, 1<K<11,
9¢A<51, 1<B<11

asb<ec  3¢e<10
A+B<C, 9<C<25

a,b<c, adb, a<10

A,BCC, A>B, 9<C<25

a<b<e -

a¥o<21, b¥*d<21




"(Appendix 4, continued)

A dimes +

- A20

Measurement
E1 e a pennies + b . e < 6

pennies = &c pennies
B2 1 . a cents + b cents=iC cents . 5<e < 1N
E3 1 a pennies = &a cents
E4 B a nickels = &b cents a<3

OR _ :

a dimes = &b cents
E5 1 A pennies = &A cents 9 < AKX 26
E6 1 a(word)+b{word)=&C(word) 9<C< 15

. word is pennies,
nickeis or dimes

ET 1 a nickels =z &C cents - 2<a<

OR _ 24 b C 10

b dimes = &C cents
ES 1 1 pint = &2 cups

OR

1 quart = &4 cups

OR

1 quart = &2 pints

OR

2 cups = &1 pints

OR

k cups = &1 quart

OR

2 pints = &1 quart
E9 1 a nickels +b pennies=%C cents C < 26, b < 5
E10 1 a dimes + b nickels = &C cents C < 26

OR

b pennies = &C cents




(Appendix A, continued)

Measurement
E11 1
E12 1
E13 . 1
E14 1
E1% 1
E16 1
E17 1

a (word) + b (word) = &C {word) 14 < C < 19
word is cups
pints or quarts

a dimes + b nickels 15 ¢ D < M
+ ¢ pennies = &D cents

1 foot = &12 inches

OR

1 dozen = &12 things
OR C
12 inches = &1 foot

OR o
12 things = &1 dozen

OR ‘

1 yard = &3 feet

OR

3 feet .= &1 yard

1 (quart, pint) = (4,2) cups,  Example )
so 2 (quarts,pints) = &a cups 1 quart = 4 cups,So

OR .. . .2 quarts = cups

1 quart = 2 pints, so
2 quarts = &4 pints

A (things,inches) = o 12° ¢ A< 19
1 (dozen,foot) +
&b (things,inches)

a pints = &C cups . a<h
“OR . o i
b quarts = &C cups b < §
OR

b quarts = &C pints

1 quarter + a dimes’ =~ = 25 < C < 51
+ b nickels = &C cents .

A21



(Appendix..A, continued)

Measurement
E18 1 1 gallon = &4 quarts
' OR '
1 gallon = &8 pints
"CR
4 guarts = &1 gallon .
OR .
8 pints = &1 gallon
E19 1 2xa cups = &b pints a.<'4f
OR . '
4¥a cups = &B quarts’
OR .
2¥a pints = &b quarts
E20 .. 1. . a0 centsz&c(dimes,nickels a< 63
OR ‘ b <3
$ b.00 = &c quarters : .
OR .
a0 pennies = &c (dimes, nickels)
OR .
4%b quarters = &c dollars .
CE21 . 1. a hour = &B minutes a<3
. | : IR e
a minutes = &B seconds
OR
a days = &B hours
E22 1 60Xa minutes = &b hours o ac< 3y
OR
60Xa seconds = &b minutes
OoR e '
24¥a hours = &b 'days
E23 1 a gallons = &b quarts 1<cac<h
OR '
~a gallons = &b pints
OR . ‘
4¥a quarts = &b gallons
OR

8Xa pints = &b gallons

A22



(Appendix A, continued)

Measurement
E2Y4 1. a . half-dollars + b
quarters + ¢ dimes
+ d nickels + e
pennies = &F cents
E25 1 1 year = &52 weeks
OR ,
1 year = &365 days
OR
a years = &B months
OR
a weeks = &B days
EZ26 1 52 weeks = &1 year
OR -
365 days = &1 year
s IR At
12¥a months = &b years
oR COTEET
TXa days = &b weeks
E28 1. a pounds =z &B ounces
a tons = &C pounds
OR o
16 X a ounces = &a pounds
OR ”
2000 X a pounds = &a tons
E29 1 " a {(dozen, feet) =
4&B{things, inches)
E30 1 a cups = &B fluid ounces
OR
16 fluid ounces = &1 pint
OR -
8 fluid ounces =z &1 ecup
OR '

1 pint = &16 fluid ounces

T A23

F <10 two of

a,b,o,d,e are zero. When
presented, this problem
will have three addends.

a < 3

a<3.

a <3

a is 1/2-03

S 2or 3

a <3




(Appendix A, continued)

Measurement

E31

E32.

E33

E34

E35

E36

R

A seconds+ &C secondsc=1 minute
OR |

A minutes+ &B minutes=1 hour
OR

. B inches + &C inches= 1 foot

A ounces + &C ounces = 1 pound
OR

b cups + &c cups = 1 quart

OR

b quarts + &c quarts = 1 gallon

a feet b inches =&C inches

A minutes+ &F minutes=2 hours
CR .

A seconds+ &E secondé=2 minutes

OR | e
B inches+ &E inchesz2 feet

OR : ,
C ounces+ &E ounces=2 pounds
OR . -

d cups+ &E cups=2 guarts

OR

d quarts+ &E quarts=2 gallons

A days = &C weeks, &D days
OR o
B months = &C years, &D months

How many minutes
are there from
asbe (A.M,P.M.) to
axde (A.M.,P.M.)
OR

How many hours are
there from a (A.M.,
P.M.)

TO b (A.M.,P.M.)

A2y

T <A< 36

12 < B < 36

de > be

~a<hb




{Appendix A, continued)

Measurement
E37 1. A dozen = &B things
.. OR
12XA things = &A dozen
E38 . 1 . .aft «+ & ft = b yd
. OR
Cin+ &1 in = 1 yd
"OR :
b cup + & cup = 1 guart
OR
. a0z + &d oz = 1 cup
OR :
C oz + &3 oz = 1 quart
B39 I P A feet = ¢ yds &d ft
OR
B inches = ¢ ft &D -in
E4 . 1 A pounds = ¢ tons &D pounds
B tons = &D pounds
E31 1 a’lb B oz = &C oz
OR
Doz = a lb &B oz
Ey2 1 1 liter=&B milliliters
OR
3 liters=&B deciliters
E43 1 How many hours are

there from A:00 (A.M.,
'P.M.} to B:00 (P.M.,
AM.) -

- A25

2 <A <13

a<9,b<l

c<33

3¢C A< 16

12 < B < 51

1999 ¢ A < 10,001

2<¢B <1

a<3 B« 16

g <DL 32

KB <A <13



{Appendix A, continued)
.Measurement

E4Y 1 It is now A o’clock A.M.(P.M.} A<13
‘ what time (was it, will it be)
b hours (ago, from now)

E45 1 a/B dozen = &C things " a< B, Bis one of
2, 3, 4, 6, 12

El6 I 1 kilogram=&B grams

Ex7 1 a/B:(hr, min) = - 60.em.b, a < B
&C (min, sec) : . .

E48 1 The time is now a:be A.M.{(P.M.)
What time will it be in ‘
d hours, ef minutes?

E49 1 a/B days=z &D hours OR
/T weeks=z &D days

, 2l4.em.b

[# I ]

AN
~1

E50 1 1 meter = &100 centimeters
: - OR
1 meter = &1000 miliimeters
OR e e
1 -centimeter = &10 millimeters
OR BT
100 centimeters = &1 meter
OR
1000 millimeters = &1 meter .

ES1 1 .. a yds = &C inches _ o a <k
- OR
a gals = &C cups b < 3
OR :
b hrs = &C sec -

E52 1 A meters = &B kilometers B < 10 or
OR ‘ decimal b.5
B kilometers = &A meters

B53 1 alm) = &B(cm) 3
' OR A3 10
B{cm) = &A(mm,m)

EsY4 1 A kilograms = &B grams A< 10

OR : or decimal a.5
B grams = &A kilograms

A26



(Appendix A, continued)

Measurement

E55

E56

EST

ES8

E59

1

The time is now A:be(A.M.,P.M.)
What time will it be in
D hr. E min.

A in
OR
E ft
OR
F ft
OR
5280 ft = __ mile

Byd CftDin

—yd

in

- OR

1 mile = __ ft

The time is now A:be

{A.M,P.M.)

What time was it D hr E min ago

word problems using
perimeter, area, volume

word problems using money

A27

D < 12, E < 60

AC101,if Bor Cor D
is zero, word is not
printed

E< 37, F <13







Appendix B: Regression Variable Definitions

ADDITION: (used in Primary regressions)

NA

NL

NS

MAG

EQ

TEN

POWER

BOTH

AB

REGR1

REGRZ2

BAF

H

n

1

-2
-1

W N s

if there are 3 addends
if there are 2 addends

no. of digits in the largest addend

no. of digits in the smallest addend

Af C<h o ~/the problem is in the form

if 5<C<10 \A4+B=C
if C=10

1f 10<C<15

if 14<Ck20
otherwise

if (a.ne.b, and a,b>1 and C<10) or C>9

with the addends a, b
if a=b-or a or b =0 or1 and C<10

if at least one addend = 10
otherwise
. b
if exactly one addend = a ¥ 10 ; 0<a<10,0<b<3,
a or b>1, {a0 or af0, but not 10 or 100)
otherwise - '
‘ : : b
if both addends = a ¥ 10 ; 0<a<10,0<b<3, a or bd>1
{both =a0 or a00, neither = 10 or 100)
octherwise

if an addend is described as ab, a>1,b>0
or abe where not both b,e=0.
otherwise :

if there is a regroup (carry) in the rightmost column
and there is more than cone column
otherwise . ‘

if there is a regroup (earry) in the 10°s column

~and "there are more than two celumns
otherwise

if there is a carry from the leftmost column

(Basic Addition Fact)
otherwise sl

B1




(Appendix B, continued)

ADDITION:
coM1 = 2
coM2 = 0
1
=1
CANON = -1
2
NONCAN= 1
=1
0
ADDITION:
NA =1
0
NL =
NS =
MAG = 1
2
3
POWER = 1
0

{(used in Primary regressions)

if the first addend is in a same category as the

. if
if
if
if
if
if
ir

if
“if

the
the
the
the
the
the
the

the
the

(ie, _

a
a

i)
ii)
iii)
iv)
v)
vi)

a

10

ad a>1

1a

ab a>1
abe

second, based-.on- the following scheme:

or. a0l

i1st addend is in a different category than

the second

addends are in the same category
first addend is in a higher category than

the second

first addend is in a lower category than

"blank"

blank"

"blank"
"blank"”
"hiank"

o

EN L (I 1)

+ C
+ ¢
+ b

is
is
is
is
is

on

on
on
on
on

the

the
ﬁhe
the
the

the second

left -of the equal sign
right of the egual sign

lefﬁ of the plu=s sign
right of the plus sign

right of the -equal sign
CANON=-1 NONCAN=1
CANON=-1 NONCAN=-1

NONCAN=O

CANON=2

{used in Intermediate regressions)

if
if

no.

no.

if
if
if

if

.there are 3 addends

there are 2 addends

of digits in the largest addend

of digits in the smallest addend

C<=1
10<C
c>19

0
<20

fthe problem is in the form
\A+B=C .

exactly one addend is a power of 10
otherwise :

B2




(Appendix B, continued)

ADDITION: (used in Intermediate regressions)

. BOTH = 1 if both addends are powers of 10’
0 otherwise
AB = 1 _if an addend is described as ab, a>1,b>0
' or abc where not both b,e=0.
0 otherwise
REGR1 = 1 if there is a regroup (carry) in the rightmoest column
and there is more than one column
0 othervise '
REGR2 = 1 if there is a regroup (carry) in the 10°s column
and there are more than two columns
0 otherwise
BAF =1 if there is a carry from the leftmost column
- (Basic Addition Fact)
0 otherwise '
coMtT = 2 if the first addend is in a same category as the
second, based on the following scheme:
iy o a '
ii) 10
iii) a0 a>1 or a0l
iv) la
v) ab a>1
vi) abe
-1 - if the 1st addend is in a different category than
' the second
COMz = if the addends are in the same category
1 if the first addend is in a higher category than
the second -
-1 if the first addend is in a lower category than
the second
CANON = -1 if the "blank" is on the left of the equal s=sign
2 if the "blankﬁ is on the right of the equal sign
NONCAN= 1 if the "blank" is bh the left of the plus sign
-1 if the "blank" is on the right of the plus sign
¢ if the "blank" is on the right of the equal sign
(ie, _+ b =rc CANCN==1 NONCAN=z1
a+ _=¢ CANON=-1 NONCAN=-1
a+b= CANON=2 NONCAN=0Q

B3




{Appendix B, continued)

SUBTRACTION: (used in Primary regressions)

N1 = no of digits in subtrahend = .1,2,3
N2 = no of digits in difference = 1,2,3
MAG = -2 if A6 /for problems of the form
-1 if B<AK10 " \A-B=C
0 if A=10
1 if 10<A<15
2 CAf TH<AK2D
3 otherwise
EQ = 0 if (b.ne.c, b,c>1, and a<10) or a>10 /and the problem is of
1 if b=zc or b or ¢ =0 ort .. \the form a-b=c '
TEN =1 if subtrahend or difference = 10
0o . otherwise .
. : _ . b
POW =1 if exactly one of subtrahend and difference = a ¥ 10 ,
0<a<10, 0<h<3, & or b>1
0 . otherwise C ‘
. . ' : . b
BOTH = 1 if both subtrahend and differencé = a x 10 ,
. ' 0<a<10,0<b<3, a or b>1
1] otherwise o
AB =1 if one or. both of subﬁrahend or difference = ab,
a>1,b>0 or = abe where not both b,c=0
0 otherwise
BOR = 1 " if there is at least one borrow (which is not a BSF)
-0 otherwise
BSF = 1 if there is a Basic Subtraction Fact:
o C o la___ ' - . '
- b__ -~ adh
G
0 otherwise
cCoM1 = 2 if subtrahend and difference are in same category

o as described above for addition
-1~ otherwise , I o
(classes defined in addition section)

BY



(Appendix. B, continued)

SUBTRACTION: (used in Primary regressions)
coMz - =.0 if subtr, and diff. are in the same category
' if subtrahend: is in higher class than difference
-1 if subtrahend is in lower class as difference
{classes defined in addition section)
-+ CANON =- "if the "blank™ is on the left. of the equal sign
2 if the "blank" is on the right of the equal sign
NONCAN= 1 if the "blank™ is on the left of the minus sign
-1 if the "blank™ is on the right of the minus sign
-0 ~if“the "blank™ is on the right of the equal sign -
(i. e., _ - b=zc -CANON==1 NONCAN= 1
a - _;c CANON=-1 NONCAN=-~
=_ CANON= 2 - NONCAN= 0
SUBTRACTION: (used in Intermediate regressions)
N1 = no of digits in subtrahend = 1,2,3
N2 = no of digits in difference = 1,2,3
MAG =1 if A<=10 ' /for problems of the form
2 if 10<A<20 \A=-B=C
3 if A>19
POW =1 if exactly one of subtrahend and difference 15 a
power of 10
0 otherwise
- BOTH = 1 if both subtrahend and difference are powers of 10
0 otherwise
AB = 1 if one or both of subtrahend or differehce = ab,
a>1,b>0 or = abe where not both b,e=0
0 otherwise '
BOR = 1 if there is at 1east one borrow {which is not a BSF)
0 otherwise
BSF = 1 if there is a Basic Subtraction Fact.
fa__ . :
- b__ B a<h
c__
0 otherwise

" B5




-(Appendix B, continued)

SUBTRACTION: {(used.in Intermediate regressions)

coM1 = 2 if subtrahend and difference are in same category -
’ : " as deseribed above for addition
-1 otherwise :
{classes defined in addition section)
coM2 =0 if subtr. and diff. are in the same category
1 if subtrahend is in higher class than difference
=1 if subtrahend is in lower class as difference
. {classes defined in addition section)
CANON =-1 : if the "blank" is on the left of the equal sign
if the "blank" is on the right of the equal sign
NONCAN= 1 if the "blank" is on the left of the minus sign
-1 if the "blank" is on the right of the minus sign
0 ' if the "blank" is on the right of the equal sign
(i. €., _ - b=e CANON=-=1  NONCAN=z 1
a - c - .CANONz-1 - " NONCAN=-1

a - ba—_ CANON= 2 NONCAN= 0

NUMBER CONCEPTS: {used in Primary regressions)

for questions of the form: which is bigger, a or b7
N1 = if largest integer < 6

if 5 ¢ largest integer < 10

if 9 < largest integer < 20

if 19 < largest integer < 100
iff 99 < largest integer < 1000
‘if 999 < largest integer < 10000
if question is of another form

O NUI EW N -

DD = 1if add
0 if a<b
or if question is of another form

DIF = 0 if the difference is small
i.e., for a,b<20, abs(a-b)<3
for a,b>19, a=ab,b=cd,a=c
or if the question is of another form
1 if the difference is large
i.e., for a,b<20, abs(a-b)>2
for a,b>19, a=zab,b=ecd,a.neq.c

LY

. Bb




(Appendix B, continued).
NUMBER CONCEPTS: (used in Primary regressions)

for questions of the form, what comes after, before, or between
..N2 = if largest number is <6

if 5 < largest number is <11

if 9 < largest number is <2t

if 19 < largest number is <101

if 99 < largest number is <1001
if 999 < largest number is <10001
if question is of another form

DU W N -

Vi =

[3%]

if the question is what comes between
=1 otherwise _
if question is of another fornm

v2 = =1 if the question is what comes after

if the question is what comes before

0 if the question is what comes between
or if question is of another form

—

for questions of the form: write the number a

N3 =z 1 if the size of the number is <6
2 if the size of the number is <10
3 if the size of the number is <20
4 if the size of the number is <100
5 if the size of the number is <1000
6 if the size of the number is <10000
0 if question is of another form
ZERO = 2 if there are no zero digits
-1 if there is at least one zeroc digit
0 if question is of another form
NZ = -1 if there is exactly one zero

if there is exactly two zeros
if there are no zero digits _
or if question is of another form

Oy —

Q1- = -1 if question is "which is bigger?"
-1 if question is "what come before, after or between“
2 if question is "write the number *

Q2 = -1 if question is "whieh is bigger?"

1 if question is "what come before, after or between"
0 if question is "write the number »
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MULTIPLICATION:

M1

- M2

M3

My

M5

Mb

M7

M8

M9

M10

M11

M12

M13

M14

M15

[ QY

1
0

1

(used in. Intermediate regressions)

if question is from equivalence class M1

otherwise

if question

0 otherwise

bt [ QY —_ [ QY

— fon R Y - [ Y

[ =

[ ovs Y

if guestion
otherwise

if question
otherwise

if question

otherwise

if gquestion
otherwise

if gquestion
otherwise

if question
otherwise
if question
othervise

if question
otherwisze

if question
otherwise

if question
otherwise

if question
otherwise

Jif question

otherwise

if question

is

is

is

is

is

is

is

is

is

is

is

is

is

is

otherwise ... -

from
from
from
from
ffom

from

from

from

from
from
from

from

from..

from

equivaience
equivalence
équivalence
equivalence
équiﬁalénce
eqﬁivaience
equivalence
eqUivaience
equivaienée
equivaleneé
gquivalence
equivélence
equivalence

equivalence

- BS.

ciass
claés.
class
class
class
class
class
class
class
elass
eclass
élass.

class

class

Mz

.MS

MA
M5
M6
M7
M8
Mg
M10
Mi1
M12
M13
M1k

M15
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MULTIPLICATION: (used in Intermediatemregressions)

M16

M17

M18

M19

M20

M21

M22

M23

M24

com1

n

if question. is from equivalence class M16
otherwise ' ' s

D =

1 if question is from equivalence class M17
0 otherwise : co S

—

if gquestion is from equivalence class M18
0 otherwise

if question is from equivalencefclass M19
otherwise S

o)

1 if question is from equivalehce class M20
0 otherwise '

u—y

if question is from equivaleﬁce class M21
0 otherwise ' : ' '

—

if question is from equivalence class M22
0 otherwise I : S

if question is from equivalehce class M23
otherwise ' o

oD =

—

if question is from equivalence class M24
0 otherwise R : o

2 1f the first factor is in the same category as the
second, based on the following scheme: '
i) a {(a=0,1)
ii) a (a=2)
iii) a (2<a<6)
iv) a (5<a<8)
v) a (7<a<10)
vi) 1la =~
vii) ab (b)
viii) abe (b) (e¢)

-1 if the first factor is in a different category than
the second

C0M2 = 0 if the factors are in the same category

1 if the first facter is in a higher category than the second
-1 if the first factor is in a lower category than the second

" Bg
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is

on
is on
is
is
is

on
on
on

-the
the

the
the
the

in Intermediate regressions)

if question is from eqﬁivalenée class

otherwise

MULTIPLICATION:
‘CANON =-1 if the "blank"
2 1f the "blank"
NONCAN=z 1 if the "blank"
-1 if the "blank"
0 if the "blank"
DIVISION: {used
b1 = 1
0 otherwise
D2, = 1 if question is
0 otherwise
D3 = 1 if question is
0 otherwise
L = 1 if question is
0 otherwise
- D5 = 1 if question is
0 otherwise
D6 = 1 if question is
0 otherwise
D7 = 1 if question is
0 otherwise
D8 z 1 if question is
0 otherwise
D9 = 1 if question is
0 otherwise
D10 = 1 if question is
0 otherwise
b1 = 1 if question is
0

from

from

from

from
from
from
from
from
from

from

equivélence
equifalence
equiﬁélénée
equivalence
equivélence
équivalgnce
equivalence
equivalence
equivalence

equivalence

-B10

class
class
élass
class
¢class
class
class
clasé
class

class

{used in Intermediate regressions):

left of' the equal sign
right of the times sign

left of the times sign
right of the times sign
right of the equal sign

D1
D2
D3
D4
D5
D6
D7
D8
D9
D10

i




(Appendix
DIVISION:
D12 = 1
0

CANON =-1

2

NONCAN= 1
-1
0

B, continued)

(used in Intermediate regressions)

if question is from egquivalence class D12
otherwise

if the
if the

if the
if the
if the

"blank"®
"blank"

"hilank"
"hlank"
"blank"

is
is
is
is
is

on
on

on
on
on

the
the

the
the
the

left of the equal sign
right of the egual sign

left of the division sign

right of the division sign
right of the equal sign

B11







Appendix C: Rank Ordering.

The final rank or&ering wés carried out in thfee steps, each
of which produced a temporary ranking of equivalénce classes and
included more classes. The last ranking encompassed all of the .
equivalence classes and produced the ordered'list of all classes
for Primary I, II1, and IIT. The procedure was répeated to produce
the ordered list of all classes.for Intermediate IV,wV, and VI,

To help understand the procedure, we will use a hypotheticél
example, including a total of 10 items. Consider the following:
situation. Grades 1 and 2 each have a ranked list of seven items and
Grade 3 has a ranked 1list of six items° The items are referredito by
the alphabetic characters; A through J. The rank ordering of fhis
sample data appears in Table C1.

o Téble C1 _
Rank Ordering of Sample Data

Ran i Grade 1 Grade 2 Grade
. F :

v

oMU omw s
WO o
b T @

Step 1: The classes common to all three lists are reranked
using the sum—of-the-raﬁks procedure. This proceduberreranks the
classes common to several grades. It then sums the ranks of each of
these common classes and then ranks the sums to order the classes.
Tied ranks remain tied and are placed in random order,‘-This.triplet
ordering is the first ordering of classes.

- €1




(Appendix C, continued)
In the above example, B, E, and F are common to.the three
grades. fhese three reranked items appear.in Table C2.
| Table C2
_Reranking Tripiet Ttems

Rank Grade 1 Grade 2 Grade 3

T B E B
2 E " B F
3 F F E

Then the sums and the new ranks are as shown in Table C3.
Table €3

New Ranks of Triplet Ordering

New rank Item Sum
1 B 1+2+1=4
2 B 2+143=6
3 F 3+3+2=8

Step 2: The equivalence classes common to at least two
grades are summed similarly. This includes classes common te only two
grades, as well as classes common to all three grades. The classes
common to only two grades are enfered into £he triplet ordering. The
position in the order.for each class in a pairwise ranking that is not
present in the tripleﬁ ranking is found. This position is estimated
by using four classes that appeared in the triplet ranking, the two
rdlosest with a higher rank, and the two closest with a lower raﬁk.
The ranks of these four classes on the tripiet ranking are aver;ée&
to produce the position of this class in the master ordering. After
_all three pairwise qrderings are entered into the master ordering,
~the master ordering is renumbered to again produce integral'valﬁes
for the ranks. This pairwise ordering produces the second ranking;'

ca




{Appendix C, continued)
In the above example, the items common to at least two:grades~
are shown in Table C4, For Grades 1 and 2, there are two items, C
Table C4

_-Reranking Pairwise Items

Rank. Grade 1 Grade 2 Grade 2 Grade 3 Grade 1 Grade 3
1 B E E - B B B

2 E b B F E F

3 C c I E F G

4 D B F I G E

5 F F

.and D, which were not in the above rank ordering of triplets. Summing
the ranks and ranking the sums, the results appear in Table C5.
Table C5

New Ranks. of Pairwise Ordering for Grades 1 and 2

Rank Item Sum
1 E 3
2 B 5
3.5 c- 6
3.5 b 6
5 F 10

In this example, we will use only one class above and below
in determining the location of the missing items. C and D have equal
sums. and are, theref‘bre, assigned the.aver‘age of the two ranks. They
are placed in a random order; although.their ranks are equél. We
find both B and F appearing.in the trip}.et_ordering° Therefore the
new position given to C and D ig the average of the ranks of B and F
in ﬁhe triplet ofderingQ The rank of B was 1 and.the rank bf F?was.3,

producing the rank of C and D as 2. 'Notice‘that the third itenm, E;

. C3




(Appendix €, continued)

- In:the original triplet ordering algo had the rank of 2. Therefore,
the items C; D, and E are entered in a -random order, all with the same
rank.  Similarly, merging the items from Grades 2 and 3 and from
Cirades 1 and 3 produces the orders shown in Tabie C6. Both I and G

Table C6

New Ranks of Pairwise Ordering for Grades 2 and 3 and Grades 1 and 3

Grades 2 and 3 Grades 1 and 3
Rank Item Sum Item Sum
1 B 3 B 2
2 E 4 F 5
3 F 6 E 6
L I 7 G 7

fall at the tail end of the orderings and are placed in random order
'after'thg last item. The pairwise ordering appears in Table C7. ;
Table C7
Pairwise Ranking

Rank ITtem

-] TR W ) Ly —
ey T OO

Step 3: The last step‘involves one grade at a time, i.e., the
ordered rankings of the original predictions for each grade. The same
procedure tﬁah was used.to enter ¢lasses commquto only two grades
ingo the triplet ranking is.used to enter classes predicted by a

.. 8ingle grade into the pairwise ordering. All classes are thus

- CY




(Appendix C, continued)

.included and the list of classes is renumbered to give integral
ﬁalues of. the rankings, producing the master ordering for the three
Primary grades.

In our example, we must enter A for Grade 1, H for Grade 2,
and. ... for Grade 3. Clearly, A will begin the order and J will end
.it. For Grade 2 we have the original list of all items included for
that .grade.. H is located between F and I. In our pairwise ordering,
‘F has rank 5 and I has rank 7. Therefore, the rank of H is 6 and the
. masten ordering of items in this example appears in Table C8.

Table C8
Final Rank Ordering of all (lasses in Example

Rank Iten

QO O~ U EWN -
L HEOQ®™MEDOW>

—
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Appendix D: Participating Schools

The following schools participated in pretesting or norming

of the Stanford Mental Arithmetic Test.

Participating school District
Dublin. Elementary School Murray Elementary School District
Cypress Elementary School Campbell Union Elementary District

Tierra Linda Elementary School San Carlos Elementary School District

Central School San Carlos Elementary School District
Lincoln School _ | Cupertino 3chool District

Edenvale School : Oak Grove School District

Bayside Middle School San Mateo School District

Berryessa School Berryessa Union District

El Crystal School . .lSan Bruno School bistrict

Hillside School San Lorenzo School Distriect

Wilson 3chool . Cupertino School District

Ponderosa School South San Francisco 3chool District
Audubon School San Mateo School District

Forest Hill School Campbell School District

Albany Primary : _ Albany School District

Selby Lane School Redwood City School District

Roy Cloud School | | Redwood City School District

D1
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{(Appendix E, continued)
1. PURPOSE OF THE TESTS
This test is designed to assess achievement in mental
arithmetic and may be used for the evaluation of individuals, groups,
or curricula. In contrast to traditional arithmetic, oral or mental
afithmetio consists of items presented orally with‘no supporting |
visual stimuli. Norms have been established for-six test 1e#els, one
for eéch éf Grades 1 -~ 6. Each test consists_of 100 or-110 gxercises,
presenbed iﬁ ascending order of difficulty using a prerecorded tape,
.allowing the student 6 seconds to answer each item. The test at each
grade level covers itemé with probability correct'ranging frdm 0 to 1.
Studenﬁs respond on prepared answer sheefs and wfiften free;response
answers are expectedf lStudents are instructed io write only answers;
not problem statements. Each test is a domain-referenced test, whose
content is described by defining a.curriculum and then sampling from

the curriculum.

2. DESCRIPTION OF THE CONTENT OF THE TESTS

The mental arithmetic curriculum consists of seven concepts or
"strands", namely, addition (add), subtraction (sub), number concepts
(num), multiplication (mul), division (div), measurement (meas), and
fractions (frac), each of which is divided into equivalence classes.
The entire cgrriculum is described by defining equivalence classes,
which are to be described.

Each equivalence class consists of a set of exercises which

E2
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(Appendix E, continued)

have structural features in common, such as size of numbers, existence
of a carry or borrﬁw, and format. Empirical evidence for the
appropriaténess of these structural features has been found in the
drill-and-practice arithmetic strands program developed at the
Institute for Mathematical Studies in the Sécial Sciences at Stanford
University. As an example, in the curriculum from which the tests
are constructed, there is a class with the deseription, ab + ¢ = de,
with the-reétrietion b+c>9 and 1<a<9, wheré a, b, ¢, d, and e
represent digits. This class contains all exércises with two digits-
in the first addend, ohe'digit in the second addend, and a carry in
the right-hand column.

A careful stratified sampling plan was used to sample from the
curriculum content. A family of parallel tests for each grade level’
was defined by the humbgr of equivalence classes to be included from
each strand, as well aé‘the‘fange of' elasses. The relative proportion
of exercises presénted on each test from each strand is shown in
Table E1. With the éonstraint imposed by the distribution of classes

Table E1

Distribution of Concepts on Tests by Proportion of
Exercises in Each Concept

Add Sub Mul Div Num Frac Meas
Primary I .he .33 .15
Primary II 52 .36 R ¥
Primary III .52 B To : .09
Intermed. IV .20 .20 .15 .15 12 .08 .10
Intermed. V 7 L7 7 i .13 .09 .10
Intermed. VI .15 .15 .20 .20 .10 .10 - W10

E3



(Appendix E, continued)
Shown for eacﬁ'test level in Table E1, equivalence classes were chosen
at random for each test form from the set of all possible equivalence
classes in that strand for that grade level. One item, selected at
random, was used from each of the chosen classes. Parallel forms of
a test so designed represent equally good measures of mental
arithmetic achievement’and yield directly comparable results.

| There are three possible fo:mats shown below for exercises in
addition, subtracéion, multiplication, and division. Fer exercises '
presented as A + B = C, the A format supplies B and C and asks the
'student to respond with A. The B format supplies A and C and asks
the student to respond with B. The C format supplies A and B and
asks the student to respond with C, The latter format is called
canonical (can) and the former two are called noncanonical (none).

The wfitten form of each exercise i1s then translated into a

verbal form. Examples of tﬁe verbal question formats used in the

SMAT are as follows:

. . Verbal Form .. . Written Form
ADDITION
C format - What is 2 plus 3? : 2+ 3=
B format 2 plus what equals 5°? 2+__ =5
A format What plus 3 equals &7 _+3=5
SUBTRACTION
C format What is 5 take away 3? 5-3= ___
B format 5 take away what equals 27 5~ _.82
= 2

A format - "What take away 3 equals 27 -

~ Ed4
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MULTIPLICATION
C format ' What is U times 22 X2 = __
B format 4 times what equals 87 by =8
A format - What times 2 equals 87 . Xx2=28
’ DIVISION
C format What is 6 divided by 2?7 6/ 2= __
B format 6 divided by what equals 32 6/ __ = 3
A format - What divided by 2 equals 37 ./ =3
FRACTIONS
© 2 over 3 equals what over 67 2/3 = __/6

What is 1/3 plus 1/6? /3 + /6 =
NUMBER CONCEPTS
Write the number 12.
Which is bigger, 2 or 67 -
What comes after (before, between) 7 (and 9)7
3. FQORMS OF TESTS

Two forms for each of six levels of the SMAT are available:

Grade Appropriate . Normed Using Length of Tape

for Use Grades in Minutes
Primary I 1 K -3 28
Primary II 2 K~ 4 31
Primary III 3 1 -« 5 30
Intermediate IV 4 2 ~6 .29
Intermediate V 5 3 -7 30
Intermediate VI 6 h - 8 27

The grade indicated for each level is the grade for which the level
is most appropriate in the great majority of school systems. There
are, however, schools, or individual classes, in which achievement is
so markedly superior (or inferior) to the typical level as to make it
advisable to use the level designated for a higher (or lower) grade.
Norms are providedufor such usage of the tests.

E5
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Exercises from three strands {(addition, subtraection, and number
concepts) comprise the Primary tests. The Intermediate tests consist
of exercises from these strands as well as from the four remaining
strands (multiplication, division, fractions, and measurement).

Each SMAT  test leve; covers items ranging from those which -
virtually all 6f-the'students ih the apprépriate grade level can
answer correctly to those which no student is 1ike1y to answer
correctly, avoiding a floor or ceiling effect. The exercises are
presented in increasing order of;difficﬁlty. In this way a student
is more likely to give his full attention.and effort to exercises
that he is able to answer correctly, and it islunlikely that an item
that he can answer will be imbéddéd.in'é.gréup of itéms he cannot
answer.

- All grades are given the same instructions on the tape. The
structure of the tests is identical, except fér the number of items

" presented, the ihdices used to identify exercises, the directions to

the examiner, and the number of sample exercises. The Primary I Test

includes 100 items representiné 100 different equivalence classes.

A11 other tests cover 110 classes and thus have 110 items. Eéch
Primary test has an introduction with five sample exercises, whereas
each Intermediate test has a shorter introduction_with'only three
sample exercises. Each test is divided into sections consisting of .
10 -items with a 90 second break after.the fourth and eighth sections.
To avoid the-difficﬁlty that arises when numberé are used to identify
numerical exercises, the exercises are labelled by letters. All tests

‘E6
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employ written free-response items, presented with a uniform 6 éecond

response time.

each problem type.

Test I

Add Can
Add HNone
~ Sub Can

Sub None

Num
Test II

Add Can

Add Nonc
Sub Can

-Sub None
Num

Test III

Add Can

Add Nonc

Sub Can
Sub Nonc
Num :

Test IV

4dd Can
Add Nonce
Sub Can
Sub Nono
Mul Can
Mul None
Div Can
Div None
Frac

Meas

Num

Fasiest

2+ 3= __
3+ __ =5
5 -3= .

5 - __=3

Write the number 3

!
il
[WN)

8§ + 0= __
e+ 4=

5=-3=__
5 - =3

10+5:___
1T+ _ = 13

69 = 60 = __

99 -~ __ =z 90
MMX5=__
__X3=6

727 9= __°
3/ __=1
Which is bigger,
2/6 or U4/6.

120 minutes egquals how
many hours.

Count by twos.

6, 8, then what.

g7

82 -~ 32

The following table indicates the range of difficulty for

Most difficult

400 + 25 = ___

13 + __ =20

120 - 90 = ___
=10 =4

Write the number U596

20 + 286 =
57 = 557

+

__~9=6
What comes between
6248 and 6250.

61+'89=__
__+28 =86

COT3 =37 =
5 =19

“What comes between

-3
o
1
M
—
[ | S | ]

‘ What ‘is 1/2 of 6.

1 gal. = how many cups.

Which is a multiple of 18,
36 or 9 or zh_or 12,
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Tesat V

Add Can
“Add Nonc
Sub Can
Sub None
Mul Can

Mul None

Div Can
Div Nonc
Frac

Meas

Num

Test VI

Add Can
Add None
Sub Can
Sub Nonc
Mul Can
Mul Nenc
Div Can
Div Nonc

. Frac

Meas

Num

10 +5 =

14+ __ = 13

69 - 60 = ___

9% - .= 90

0 X5 = __

. X3=6

72/ 9 =
3/ __ =1
Which is bigger,
2/6 or 4/6.

120 minutes equals
how many hours.,
Count by twos.

6, 8, then what,

30 + 80 = ___
11+ ___ =18
28 - 9 =

21 = __ =17
6 X 7= __-
— X 1=

271 / 3 = __
b8 v/ =8

Which is bigger,

.2/6 or 4/6.

1 year equals how
many weeks.

. Count by twos.

10, 12 then what.

3

+
TR
| =

~
0 ™

What is 1/5 X 1/6.

What time is it 7 hr. 15
min. after 9:50 P.M. =
Which is a multiple of 18,
36 or 9 or 24 or 12.

3 liters equals how many .
deciliters.

Which is a multiple of 18,
36 or 9 or 24 or 12.

y, ADMINISTRATION QF TESTS

No special training in testing is necessary for the SMAT

test administration; tests can be both administered and scored by

following the specified procedures. The tests are administered to

an entire class using a prerecorded tape of the exercises. In this

way each exercise is presented uniformly to all students. Testing
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results will be most méaningful’if the'tesﬁing room is quiet, well-‘
lighted and ventilated,'and.coﬁfortable in temperature,'énd”if
seating is arranged td discourage'éopying, Answer'sheets are
distributed to all students.

Students are instructed to wriﬁe onlf the answer énd not the
problem statement. Instrqctiéns age'given";o cross”out:rather than
erase each answer a studenp wants.ﬁo ghange,

See.separate sections in this manual for general guidelines

on the SMAT test administration and for sample instructions.

5. ' PROCEDURES FOR SCORING TESTS

Studeénts” answers are given in a free-response form. Although
multiple-choice items are more easily scored, the accuracy of
measurement of free-reponse items overrides the disadvantage of
difficulty in.scoring. |
Scoring rules for the 3SMAT are as follows:

1. Any answer involving an erasure 1is marked incorrect.

2. If'a student writes down the question, his answer
is automatically marked incorrect.

3. Answers must be situated on the correct line in
- ‘order to be correct: a right answer in the wrong
place is wrong, even if the scorer feels that the
“student knows the ‘answer to the question. -

i, 0mitted answers are marked incorrect.

"5, ‘If more than oneé answer “is given, the item is marked -
incorrect. ' :

-'E9
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6. Where the right answer to a question is35 | a R ' : ‘
response in which one or more digits are written o
backwards (e.g. £C) is counted as correct, while a
response in which the digits are transposed
(e.g. 53 or €£) is marked incorrect.

7. Sample items are provided to help each-pupil
understand what he is to do on the test itself.

' These items are never scored.

8. If an answer has been crossed out and replaced by .
another answer, mark the final response.

9. No partiai credit is given‘for any item.' Each item
. is either correct or incorrect. : :

10. The raw score for each test is the number of right
' answers.

6. INTERPRETATION OF TESTS

- Test interpretation, to be adequately done, should be made by
persons having at least some experience with grade-placement scores,;
bercentile rankings, or reliability coefficients. Interpretations
intended for the test as a whole are also applicable to concept
scores, although the latter.measurements are somewhat less stable.
The total test score pnovides a measure of the.pupilfé-overall
achievement. The concept scores deseribe how well the student has
done in each of the separate cohcépts. |

Taken by itself, the raw SMAT score ié a criterioﬁ—referenced
score. DBy selécﬁiﬁg a'"pQSSiné" score, the sﬁudentfs perfofménce may
be judged according te this behavioral criterion of proficiency to

determine whether he has achieved the set of objectives defined by

the family of tests. With equivalence classes clearly defined, a

E10
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eriterion may:be established, and phe raw score will have meaning
relative to this criterion.

Often, however, the focus is on the student’s standing
relative to other students. ~Norm~referen§ed measurements are used-to
discriminate among individuwals. according to their achievement. The
purpose for cbtaining measureménts should guide the interpretation of

the results.

7. NORMS

Comparison of Students at Different Grade Placements.

Grade Equivalent Scores. ‘Comparison of a student’s score with
students at other grade placements may be made using grade norms.
The grade placements for any testing date may be determined by adding

the year in schocl to the appropriate value from Table E2, which

Table E2
‘Grade Placement at Time of Testing
Date of testing © .. Grade Placement .

Sept. 1 -~ Sept. 15
Sept. 16 - Oct. 15
Oct. 16 - Nov. 15
Nov. 16 - Dec. 15
Dec. 16 - Jan. 15
Jan. 16 - Feb. 15
Feb. 16 - Mar. 15
Mar. 16 - Apr. 15
Apr. 16 - May 15
May 16 - June 15

[ L] L L] a a o [
WO~V EwWwh =

E11
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divides the typical school year into tenths. For example, a student
in the fourth grade who is administered a tesﬁ on September 28 is at
grade level 4.1. This grade placement may be compared with the
student “s grade equivalent from his test score. The grade equivalent
indicates the median score made by students at a particular grade
placement. The grade equivalent corresponding to each raw score may
be found for concept and total test scores in Table E3.  For example,
consider two second-grade students who are administered the

Primary II SMAT on March 3. They are at grade level 2.6. Suppose
that John answers 63 items correctly, of which 22 were addition
exercises. Locate his score on the.Primary II test in Table E3.

His total score corresponds to a grade equivalent of 4.23. This means
that his performance equals thé performance of the median student

at grade level 4.23. He is well above his actual grade level on
mental arithmetie skills, His addition score, found in the table,
correspondé to a grade equivalent of 2.84. He is only slightly above
“his actual grade level on mental addition exercises. Suppose that
Mary answers 67 items correctly, of which 35 were addition exercises.
Her total score has a grade equivalent of-4.56, aﬁd her adhition
score has a grade equivalent of L4.60. Her addition and total score

are at the same grade level.

Note: A "¥" in Table E3 indicates that the prediction was outside

of the range of grades tested and thus ouf of the range of accuracy.'

E12




(Appendix E, continued)
Table E3

Score-to~Grade'Placement Conversions

Primary I
Score Total Addition  Subtraction Number
: Concepts

1 .83 .93 .99 .75
2 .85 .98 1.09 .81
3 .87 1.03 1.18 .87
4 .89 1.08 1.29 . .95
5 .92 1.14 1.39 1.04
6 .94 1.19 1.51 1.15
7 .96 1.25 1.63 1.28
8 .99 1.31 1.75 1.43
g 1.01 1.38 1.89 1.63
10 1.04 1.44 2.02 1.88
11 1.06 1.51 2.17 2.21
12 1.09 1.58 2.32 2.67
13 1.12 1.65 2.48 3.32
14 1.15 1.73 2.64 4.35
15 1.17 1.81 2.81 *
16 1.20 1.89 2.99 '
17 1.23 1.97 3.17

18 1.26 2.06 3.37

19 1.29 2.14 3.57

20 1.32 2.23 3.77 -

21 1.36 2.33 3.99

22 1.39 : 2.42 .21

23 1.42 2.52 b, uy

24 1.46 2.62 k.68 -

25 1.49 2.73 h.92

26 1.53 2.84 5.18

27 1.56 - 2.95 5.44

28 1.60 3.06 5.71

29 1.64 3.18 5.99

30 1.67 3.30 ¥

31 1.71 3.42 *

32 1.75 3.55 ¥

33 1.79 3.68 *

34 1.83 3.81

35 1.88 3.95

36 1.92- 4,09

37 1.96 k.23

38 2.01 4.38

39 2.05 4,53

4o 2.10 4. 69



(Appendix E, Table E3, cont.)

Score

41
42
43
1
15
46
47
48
49
- 50
51
52
53
54
55
56
57
58
59 -
60
61 -
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

Total

2.15
2.19
2.24
2.29
2.34
2.40
2.45
2.50
2.56

2.61

2.67
2.73
2.79
2.85
2.91
2.97
3.03
3.10
3.16
3.23
3.29
3.36
3.43
3.51
3.58
3.65
3.73
3.80
3.88
3.96
4,04
4.12
4.21
4,29
4.38

4.46

ulss
L.64

4. 7h

4.83

Addition

4,84 .
5.01
5.17
5.34
.52
5.70

5.88 .
%

® ¥k ¥k Xk

- E14
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(Appendix E, Table E3, cont.)

Score Total Addition  Subtraction  Number
' Concepts

81 4.92
82 5.02
83 5.12
84 5.22
85 . 5.32
86 5.42
87 5.53
88 5.64
89 5.74
90 5.85
91 - 5.97
g2 - *
93 *
94 ol |
95 *
96 i
97 % .
98 *
99 b
100 *

E15



{Appendix E, Table E3, cont.)

Primary II

Score Total Addition Subtraction Number
: : , Concepts
1 .88 .93 1.02 - .89
2 <91 1.00 1.16 .99
3 .o4 1.06 1.30 1.1
Yy .97 1.13 1.45 1.25
5 1.01 1.21 1.60 1,44
6 1.04 1.28 1.75 1.68
7 1.08 1.36 1.91 2.00
8 1.11 1.44 2.07 2.44
9 1.15 1.53 2.23 3.08
10 1.18 1.61 S 2,40 4.08
11 1.22 1.70 2.56 5.84
12 1.26 1.79 2.73 ®
13 1.30 1.89 2.90

14 1.34 1.98 3.07

15 1.38 2.08 3.25 .

16 1.42 2.18 3.43

17 1.46 2.28 "3.60

18 1.51 2.39 3.79

19 1.55 2.50 3.97

20 1.59 2.61 4.15

21 1.64 2.72 4,34

22 1.68 2.84 4.53

23 1.73 ©2.96 .71

24 1.78 3.08 y.91

25 1.82 3.21 5.10

26 1.87. 3.33 5.29

27 1,92 3.46 5.49

.28 1.97 3.60 5.68

29 2.02 3.73 5.88

30 2.08 " 3.87 *

31 2.13 4.0 *

32 2.18 4,15 ¥

33 2.23 .30 *

34 . 2.29 4,45 *

35 2.34 4,60 ¥

36 2.40 4.75 *

37 2.46 4,91 *

38 . 2.52 5.07 ¥

39 2.57 5.23 ®

40 - 2.63 5.40 *

E16




(Appendix E, Table E3, cont.)

‘Seore Total =~ Addition  Subtraction Number

LT Concepts
11 2.69 5.56 -
42 2.T6 5.73
k3 2.82 5.91
Ity 2.88 *
45 2.94 *
46 3.01 #
7 3.07 ¥*
48 3.14 . %
49 3.21 #
50 3.27 *
51 3.34 *
52 3.81 ¥
53 3.48 *
54 3.55 *
55 3.63 ¥
56 3.70 ®
57 3.77 ¥
58 3.85
59 3.92
60 4,00
61 4,07
b2 4,158
63 4,23
64 4,31
65 4.39
66 4.47
&7 4.56
68 .64
69 §.72
70 4,81
71 4,849
72 4,98
73 5.07
T4 5.16
75 5.25
76 5.34
77 5.43
78 5.52
79 5.61

R




(Appendix E, Table E3, cont.)

Secore . Total = Addition  Subtraction Number
C ' : Concepts

80 5.71-
81 5.80
82 5.90
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

**************.*!t****#*******
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(Appendix E, Table E3, cont.)

Score

W o= WU W o —

EWLWW W WL WIW W R NN MO NN NN DN e = o b ed el owmd =3 b
OW W1 O0U W =00 O I WM = OO -] R oo

Primary 1IT

Total Addition Subfraction Number
. Concepts

.94 .97 1.04 1.00
.97 1.03 1.17 1.23
1.00 1.1 1.30 1.52
1.04 1.18 1.45 1.90
1.07 1.26 1.60 2.41
1.11 1.34 1.76 3.11

1.15 1.42 1.93: 4.08

1.18 1.51 2.10 5.47
1.22 1.60 2.29 . *
1.26 1.70 2.48

1.30 1.80 2.69 -

1.35 1.90 2.90

1.39 - 2.07 3.12

1.43 2.12 3.34

1.48 2.2k 3.58

1.53 2.36 3.83

1.57 2.48 h.08

1.62 2.61 .34

1.67 2.74 4,62

1.72 2.88 4,90

1.78 3.02 - 5.19

1.83 3.17: 5.49 -

1.89 3.32 5.80

1.94 3.47 ¥

2.00 3.64 ¥

2.06 3.80 *

2.12 3.97 *

2.18 4.15 #

2.24 4.33 ¥

2.3 " 4,52 ¥

2.37 4,71 *

2.544 .91 *

2.51 5.11 ¥

2.58 5.32 ¥

2.65 , 5.54 L

2.72 5.76 *

2.80 5.99 b

2.87 6.22 *

2.95 6.46 ¥

3.03 6.71 *

- E19




(Appendix E, Table E3, cont.)

Score Total Addition .. Subtraction Number
Concepts
S - 3.1 ' 6.96 * -

. B2 3.20 * *
33 3.28 * *
-y 3.37 ¥ *
45 3.45 ¥

16 3.54 *

7 3.64 *

48 3.73 *

kg 3.82 *® .

50 3.92 . ¥

51 y.02. ¥

52 4,12 ¥

53 .23 L

54 4.33 *

55 .hy ¥

56 h.55 ¥

57 4,66 *.

58 4,77

59 - 4.89.

60 5.00-

61 5.12.

b2 5.24

63 5.37

by 5.50 -

65 5.62

66 5.75

67 5.89

68 6.02

69 '6.16

70 6.30

71 6.45

72 6.59

73 6.74

TH 6.89

75 LI

76 *

77 ¥

78 #

79 -

80 *

E20




{(Appendix E, Table E3, cont.)

Score Total Addition ' Subtraction Number
Concepts
81 '
‘82
83
84
85
86
87
88
89
90
91
9z
93
94
95
96
97
98
99
100
101 .
102
103
104
106
106
107
108
109
110

Mo sk ok K W N ok W K K Kk ok K K K e K ok K W ok sk ok dk ok % ok KW
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(Appendix E, Table E3, cont.)

Score Total Addi-~
tion

1.63
1.69
1.74
1.80
1.86
1.92
1.97
2.03
2.09
2.16
2.22
2.28
2.34
2.40
2.47
2.53
2.60
2.66
2.73
2.79
2.86
2.93
2.99
3.06
3.13
3.20
3.27
3.34
3.41
3.48
3.55
3.62
3.69
3.76
3.84
3.91
3.98
4.06
.13

~SI= oI T ETWWWN NN = -

W oM K K Mo e e o v e e o o e w oo @

Intermediate IV

Subtrac-
tion

+ &

-] ATV EEWwWwW NN NN
G NWY EO WO U N WO
OMN~1W OW W -~ IO W N

L I 3

Number
Concep

1.63
1.80

1.99
2.21

Multipli-

ts

2.48

2.80
3.18
3.66
4.26
5.02
6.02

7.36
*

*

E22

cation

2.12
2.57
3.03
3.52
4,03
4.56
5.10
5.66
6.24
6.84
7,44

* K % e Wk

bivi-

- sion

2.81
3.49
4.1
4.68
5.21
5.71
6.19

“7.10

7.53
7.94

w® Ok ¥ Xk X

Measure- Frac-

ment

2.28
2.83
3.44
%.10
4.82
5.59
6.43

7.31
#

*
¥

tions

.98
.97
.86
.69
U6
.20
.90

=1 =1 v\ BN




(Appendix E, Table E3, cont.)

Score Total Addi~ Subtrac- Number Multipli~ Divi- Measure- Frac-

tion tion Concepts cation- sion ment tions
41 4.21
42 4,28
43 4.36
BT S Y
45 4.51
46  4.59
47 .67
48 475
kg 4,82
50 4.90
51 4.98
52 5.06
53 5.14
54 5.22
55  5.30
56 5.38
57  5.47
58 5.55
59° 5.63
60 5.71
61 5.80
62 5.88
63 5.96
64  6.05
65 6.13
66  6.22
67 6.30
68 6.39
69  6.47
70  6.56
71 6.65
72  6.74
73 6.82
T4 6.91
5 T7.00
76 T7.09
77  T7.18
78 T.27
79  T7.36
80 T7.45

E23




{Appendix E, Table E3, cont.)
Intermediate IV

Score Total Addi- Subtrac- Number Multipli- Divi- Measure- Frac-
tion tion Concepts cation sion ment tions
81 7.54
82 7.63
83 7.72
84 7.81
85 7-.90
86 7.99
87
88
89
90
1
g2
93
g4
85
96
97
98
- 99
100
101
102
103
104
105
106
107
108
109
110

BMON WO W ok K Ok N oW ok ok ok W O Ok kK ok ¥ sk R Nk ¥
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(Appendix E, Table E3, cont.)
Intermediate V

Score Total Addi- Subtrac- Number Multipli- Divi~ Measure- Frac-

tion tion Concepts cation sion ment tions
1 1.68 1.84 2.36 1.63 1.88 1.75 2.15 3.04
2 1.73 2.23 2.77 1.85 2.39 2.51 2.51 3.87
3 1.78 2.65 3.20 2. 11 2.92 3.17 2.95 4.76
4 1.83 3.09 3.65 2.44 3.47 3.76 3.50  5.70
5 1.89  3.54 4,11 2.84 4.04 4.30 4,18 6.70
6 1.94 4.0 4.58 3.35 4.63 4.80 5.04 7.76
7 2.00 4.50 5.07 h.01 5.24 5.28 6.14 8.86
8 2.06 5.00 5.57  4.88 5.86 5.74 7.56 bl
9 2.12 5.52 6.08  6.05 6.49 6.17 * *
10 217 6.05 6.61 7.68 7.14 6.59 ¥ d
11 2.23  6.59 7.4 * 7.80 7.00 L
12 2.30 T7.15 7.69 * 8.u7 7.39
13 2.36  7.72  8.25 * * 7.78
5 2.42  8.30 8.82 ¥ 8.15
15 2.88 8.90 & ¥ 8.51
16 2.55 d o * 8.87
17 2.61 ® * hd *
18 2.68 d * * *
19 2.74 ¥ & x %
20 2.81
21 2.88
22 2.95
23  3.02
24 3.09
25 3.16
26 3.24°
27 3.3
28 3.38
29 - 3.46
30 3.54
31 3.61
32 3.69
33 3.77
3™ 3.85
35 - 3.93
36 4.01
37  4.10
38 4.18
39 4.26
4o 4.35
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(Appendix E, Table E3, cont.)

Score Total Addi-~ Subtrac« Number Multipli- Divi-~ Measure- Frac-
tion tion Concepts cation sion ment tions

a1
42
43
by
45
46
u7
48
4g
50
51
52
53
5Y
55
56
57
58
59 -
60
61
62
63
64
65
66
67
68
69
70
71
72
73
Th
75
76
77
78
79
80

o a o @
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(Appendix E, Table E3, cont.)

Score Total Addi- Subtrac- Number -Multipli- Divi- Measure- Frace
tion tion Concepts cation sion ment tions
‘81 B.66
g2 8.78
83
84
85 -
86 -
87
88
89
90
91
g2
93
gy
95
96
7
98
99
100
101
102
103
104
105
106
107
108
109
110

oo
O
b

***##**********************.'
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(Appendix E, Table E3, cont.)
Intermediate VI

Score Total Addi- Subtrac- Number Multipli- Divi- Measure- Frac-

(3

tion tion Concepts cation sion ment ~ tions
1 . 2.69 2.59 3.22 2.43 2.72 2.41 .43 . 3.37
2 2.73 3.01 3. 44 2.86 2.94 2.64 .12 - 3.66
3 2.76 3.50 3.1 3.42 - 3.19 2.89 5.09 4.02
¥y 2.80 4.06 .03 .14 3.46 3.16 6.52 4 49
5 2.84 4.70 k.45 5.13 3.75 3.46 8.81 5.15
] 2.88 5.42 5.00 6.50 4.07 3.78 . ® 6.14
T 2.92 6.25 5.77 8.50 4,43 §.13 * 7.84
8 2.96 T.20 6.95 * 4,82 4.51 * %
9 3.00 8.26 ® * 5.25 4.91 * *
10 3.04 ¥ * ¥ S 5.73 5.35 * L
11 3.09 * * ® 6.25 5.82 * b
12 3.13 * * 6.8% . 6.34 *
13 3.18 ¥ ¥* T.48 6.89
14 3,22 * * 8.19 7.48
15 3.27 # ¥ 8.99 8.12
16  3.32 ¥ * * 8.80
17 3.37 % *
18 3.42 * *
19 3.47 * ¥
20 3.52 * ¥
21 3.57 #* ¥
22 3.63 ¥ *
23 3.68
24 3.74
25 3.80
26 3.86
27 3.92
28 3.98
23 4.04
30 4.1
31 4,17
32 4,24
33 4.3
3y 4,38
35 4,46
36 4.53
37 4.61
38 4.69
b, 77
4,85

@
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(Appendix E, Table E3, cont.)

Score Total ‘Addi- Subtrac- Number ~'Multipli- Divi- Measure- Frac=

41
42
43
Ly
45
46
W7
48
kg
50
51
52
53
54
55
56
57
58
59
60
61
62
" 63
64
65
66
67
68

69

70
71
72
73
T4
75
76
77
78
79
80

4.93
5.02
5.11
5.20
5.29
5.39
5.49
5.59
5.69
5.80
5.91
6.02
6.13
6.25
6.37
6.50
6.63
6.76

- 6.89

7.03
7.18
7.33
7.48

7.63

7.80
7.96
8.14
8.31
8.50
8.69
8.88

W oW ok Kk W H Kk ok W
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(Appendix E, Table E3, cont.)

Score Total Addi- Subtrac- Number . Multipli~ Divi- - Measure- Frac-
S tion tion . Concepts cation . sion ment tions

81
82
83
84
85
86
87
88
89
90
91
92
93
g4
95
96
97
98
9%
100
101
102
103
104
105
- 106
107
108
109
110

o W oM oM ok ok K E ok o3k koM ok O OR N R ok N K ¥ R N ok ok ok %R
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{Appendix E, continued)

Comparison of Students at the Same Grade Placement.

Percentile ﬁgﬁkﬁu Comparison‘of a student’s score with
students at the same grade placemenf may be made using percentile
ranks. Most test publishers collect their norming data at a few
grade placements during the year. In their manuals, they present
percentiles appEOpriate only at fhe grade placements-for_which data
“ﬁés collected. It is oftén the case that the test user does not
,admiﬁister the teét ét'the same time of year as the publisher, and the
ﬁOrms are misused. Fbr this reason, beréentiles'for several grade
ﬁlacements-hgve been estimated in addition to those obtained'fromjthe
nqrming sample. :‘Peﬁcentile ranks corresponding‘to raw scores for
total test scoreé are givgn in Table E4 for every .2 grade placemgnts,
Raw scores not‘includéd iﬁ the table may be assigned the same
pefeentile’rank as the next higher score which appears in the table.‘
The percentile rank correspondinglto a raw score?indicates the
ﬁercentage of students in that grade-placemeﬁt haVing_scores less:
than the given score.

Using the examples ffom the previﬁus'secﬁion, locate John's
total score, 63, on the Primary II test in Table EY4 under the column
for grade placement 2.6. This score is at the 88th percentile, which
means that 88 percent of the students in the norming group perform
more poorly than John. He is clearly above average for his grade

level. Mary’s total score is 67. She is at the 92nd percentile.

- E3T




(Appendix E, continued)
“Table E4
_Total Score-to-Percentile and Stanine Conversiocns
. Primary I

Sta- %ile Grade Placemeht
nine Rank .

.8.1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

e D i e A Sl Ak S e Ml i e e S S T —— 3 T3 ] A0 S A S B S A3 N B - S S B S S B S S S PR SR T AN A A W S S i s Al i G

1 1 0 0 3 5 7 8 10 12 14 16 17 19 21 22 24
2 0 0 35 7T 9 11 13 15 17 19 21 23 25 27

2 ¥ 0 ¢ 1 4 6 8 10 12 15 17 19 22 24 26 29 3N
6. 0 0 2 4 6 8 11 13 16 18 21 2% 27 29 32 .35

8 ¢ 0 2 5 7 10 13 15 18 21 23 27 30 33 36 39

1 0 0 3 . 6 9 12 15 17 20 23 26 29 32 36 39 u2
3.1 0 0 3 6 9 12 15 18 21 24 28. 31 34 37 uo. 43
12 0 0 3 6 10 13 16 19 22 26 29 32 35 38 41 44

i 0 0 4 8 12 15 18 22 25 28 32 35 38 41 a4 4y

% 0 1 5 8 12 16 19 23 26 30 33 36 39 43 U6 U9

18 0 1 5 9 13 17 21 25 28 31 35 38 .41 44 48 51

20 0 1 6 10 15 19 22 26 30 33 37 40 43 46 49 52

22 0 2 7 11 15 19 23 27 30 3% 37 41 44 47 50 53

4 23 0 2 7 12 16 20 .24 28 31 35 38 42 45 U8 51 5%
24 0 3 8 12 17 21 25 28 32 35 39 42 45 48 51 54

26 0 3 9 13 18 22 26 30 34 37 41 44 y7 50 53 56

286 0 3 9 14 18 22 27 30 3 38 41 45 48 51 54 57

30 0 4 10.15 19 24 28 32 36 39 43 46 49 52 55 58

32 0 5 11 16 21 26 30 3% 38 41 45 48 51 s4 57T &0

3B 0 5 1t 17 22 26 31 35 39 42 46 49 52 55 58 61
36 0 5 12 17 23 27 32 36 40 43 47 50 53 56 59 62
3 0 6 12 18 23 28 32 37 41- 44 48 51 54 57 60 63
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(Appendix E, Table E4, cont.)

Sta~ %ile Grade Placement
nine Rank

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

S e s o e P A (e S S U D S e e e S W e A sk b S OV PO e (e e e B S O 00 ekl i sl e e S T O T P M e s s e

5 40 0 6 13 19 24 29 33 37 41 45 48 52 55 58 61 64
42 0 6 13 19 25 30 34 39 42 46 50 53 56 59 62 65
Yo 7 14 20 25 30 35 39 43 46 50 53 56 59 62 65
4 0 7 14 21 26 31 36 40 44 4B 51 54 58 60 63 66
48 0 8 % 21 27 32 37 41 45 U8B 52 55 58 61 64 67
50 0 8 16 22 28 33 38 k2 U6 50 53 57 60 63 65 68
520 9 17 23 29 34% 39 43 47 51 54 57 60 63 66 69
54 0 10 18 25 30 36 40 45 49 52 56 59 62 65 67 70
56 1 11 19 26 32 37 42 46 50 54 57 60 63 66 69 T1
58 1 11 19 26 32 37 42 46 50 54 57 61 63 66 69 T1

6 60 2 12 20 27 33 39 43 4B 52 55 59 62 65 67 T0 72
62 2 13 2%t 29 35 40 45 49 53 K57 60 63 66 69 T1 T3
6 2 13 22 29 36 41 46 50 54 58 61 64 67 69 T2 T4
66 2 14 23 31 37 42 47 52 K5 59 62 65 68 T0 T3 75
68 2 14 24 32 38 44 49 53 57 60 63 66 69 T1 Th 76
70 2 15 25 32 39 4 50 54 58 61 64 67 TO T2 V5 T
72 3 16 25 33 M40 45 50 54 58 62 65 68 T0 73 75 77
TH 3 16 26 3 M1 46 51 56 59 63 66 69 T1 T4 76 78

b

e . 0 Ml M s . o N S A i . B P U S LA Al i e S S P PP A S e s B S U A . s S . L T A Sl i S S . s T D S s

——— P T A D Ml i e e S U (R P W st o S Y YR A e s e o P D S e S e S A o D il e B B B PP Y A A WA e e ok sk s S . B g

o o e e e e s U . S (ke Sk S U S D S e S o o S P 7 D e e e S S SO D 2 it e e e s S > 0 i St A e S s B Sy PP N Y T PO A
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(Appendix E, Table E#, cont.)

Sta- %ile Grade Placement
nine Rank

4,0 4.2 4.4 4.6 4.8 5.0 5.2 5. H 5.6 5.8

S — o — —— o ——————— o o il ik ko Sl W I Mo W e i e e WY TR S T TP TP S v . S B
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{Appendix E, Table EH, cont.)

Sta~ %ile Grade Placement
nine Rank

4.0 4,2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

s e s ke e s sy s i e A2 R ] VU W Vol S o St T S B P WS NPT WP e e e e e B e S

98 96 96 97 97 98 98 98 99 99 99
99 97 98 98 99 99 99 100 100 100 100
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(Appendix E, Table E4, cont.)
Primary 11

Sta- %ile Grade Placement
nine Rank

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.5 2.6 2.8 3.0 3.2 3.4 3.6 3.8

T S S T W A e sl o e s S AV WU A A Ak s ek i s s m P U A fuk? e i ok e S o S o S S P P AU AU Y U A A N AA A S e A e S . e

1 1 0 0 0 0 2 3 4 6 7 10 11 13 14 16 17
2 0o 1 2 4% 5 6 8 10 11 13 t4 16 18 19 21

2 ¥ o o 1 3 4 6 8 g9 11 13 15 17 18 20 22 24
6 0 0 1 3 4 6 8 10 12 14 16 18 20 23 .25 28

8 0 0 1 3 5 7 9 11 13 16 18 20 23 25 28 130

10 0 0 1 3 6 8 10 12 15 17 20 22 25 27 30 33

3 11 0 © 2 4 7 9 12 14 17 19 22 24 27 3W 32 35
12 0 0 2 4 7 9 12 15 17 20 22 25 27 30 33 35

4 0 0 2 5 8 1t 13 16 19 21 24 27 29 332 35 37

6 0 0 3 6 8 1t W 17 20 23 25 28 31 3IW 3B 139

1 0 0 3 6 9 12 15 18 21 24 27 30 32 35 38 MW

20 0 0 & 7 10 %3 16 19 22 25 28 31 34 37 39 42

22 0 0 4% 7 11 14 17 20 23 26 29 32 35 38 41 u3

4y 23 0 1 4 8 11 14 18 21 24 27 30 33 36 38 41 44
24 0 1 5 8 12 15 18 21 24 27 30 33 3B 39 U1 44

26 0 1 5 9 12 16 19 22 25 28 31 3™ 37 40 43 46

28 0 2 5 9 13 16 20 23 26 29 32 35 38 41 44 uy

30 0 2 6 10 14 17 21 24 27 30 3} .37 39 42 45 48

32 0 2 6 10 14 18 21 25 28 31 35 38 41 44 h6 49

33 0 3 7 12 16 20 23 27 30 33 37 40 43 45 48 5t

36 0 3 8 12 16 20 24 28 31 3 37 40 43 46 49 52

38 0 3 8 13 17 21 24 28 31 35 38 41 44 47 50 52
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{Appendix E, Table EL, cont.)
Primary II

Sta~ %ile Grade Placement
nine Rank : '

.8 1.0 1.2 1.4 1‘6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

5 40 0 3 8 13 17 21 25 29 32 36 39 Y42 U5 48 51 54
b2 9o 4 g9 14 18 22 26 30 33 37 4O 43 k46 49 52 54
b4 0 4 9 14 18 22 26 30 3 37 HO 43 Y46 49 52 55
4 0 4 10 15 19 23 27 31 35 38 41 44 48 50 53 56
g 0 b 10 15 19 24 28 32 35 39 42 45 48§ 51 54 57
50 0 5 10 15 20 24 29 32 36 39 43 U6 49 52 55 57
52 0 5 11 17 21 26 30 3% 38 41 4% u#8 51 53 56 59
54 ¢ 5 12 17 22 26 31 35 38 42 45 48 s2 54 57 60
56 0 7 13 19 24 28. 32 36 40 43 47 50 53 56 58 61
58 .0 7 13 19 24 29 33 37 41 44 47 51 54 BT 60 62
6 60 0 B 14 20 25 30 38 3B H2 45 W9 K2 55 58 60 63
62 1 8 15 20 25 30 3% 39 42 46 89 B2 55 58 61 64
64 1 9 16 22 27 32 36 41 44 48 51 B4 57 60 63 66
66 1 g 16 22 27 32 37 41 U5 48 52 K5 BB 61 64 66
68 2 10 17 23 28 33 3IB 42 W H9 53 BH 59 62 64 67
70 2 11 18 24 30 3% 39 43 4T 51 BY 5T 60 63 65 68
72° 3 11 19 25 30 35 40 44 48 51 55 58 61 64 66 69
74 3 12 19 25 31 36 4t 45 49 B2 56 B9 62 65 68 70
76 4 12 20 26 32 37 41 46 50 53 5T 60 63 66 68 71
7 77 13 20 27 32 38 42 46 50 54 57 61 64 66 69 T2
78 13 21 27 33 38 43 47 51 54 58 61 64 66 69 72
80 13 21 28 33 39 43 48 kB2 55 59 62 65 68 70 73

8 89 8 20 29 36 43 48 53 57 61 65 68 T1 THA 76 T8 81
90 9 21 30 38 44 50 54 59 63 66 69 T2 75 77T 79 82
92 9 22 32 41 BT 53 58 62 66 69 T2 75 78 80 B2 B4
9% 11 25 36 44 51 87 62 66 T0 73 76 79 81 83 B85 87

- E37




(Appendix E, Table E4, cont.)

Sta~ %ile Grade Placement
nine Rank

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

- o o ——— o ——— o — o —"— —— ik {1 0 A T G 0 TR o W VP PIVD YUY OB S A 9 7 .
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(Appendix E, Table EL, cont.)

Sta-~ %ile Grade Placement
nine Rank :

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

S e s T A U e S S S Y 4 i T e e T TR e o o 00 e xS T s iy IR S T

S0 . s B (U S O R S €00 . g 0 X o A AT . e il e 0 Y e R Y ) e .

TP A e e e e B e g ol - S S P i T i . 7 -

0 T i T A S 5 40 W S T A W S S VO T £, T S D s AP S

e o . T D il e ) AP Akl s S A (B o e g e (el G )y (i o e e e 0 T o

9 96 91 93 94 g6 g7 98 99 100 101 102
98 97 98 99 101 102 103 103 104 105 106
g9 100 101 102 103 104 105 106 107 108 108
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(Appendix E, Table E4, cont.)
Primary III

Sta- %ile Grade Placement
nine Rank

.8 1.0 1.2 1.4 1,6 1.8 2.0 2.2 2.4 2.6 2.8 3. 0 3.2 3. 4 3.6 3. 8

0 T T U D A R 00 A 4 . S S S SV - W Y Y S SR P P L O B, B . S - -

5 6 7 8 8 9 10 11 11
5 6 8 9 10 11 12 14 15

Y 0 0 © 1 2 4% 5 7 -8 10 11 12 14 15 17 18

& 0 0 O t 3 5 7 8 10 12 14 15 17 19 20 22

8 0 0 O 1 35 7T 9 1t 13 15 17 19 21 23 25

0 0 ¢ o 2 4% 7 9 11 13 15 17 19 21 23 25 27
3N 0 0 0 3 .5 8 10 12 W 17 19 21 23 25 26 28
12 0 ¢ 0 3 5 8 10 12 1% 17T 19 21 23 25 27 29

% 0 0 1 ¥ 6 9- 11 14 16 18 20 22 24 26 28 30

6 0 0 2 5 8 10 13 15 18 20 22 24 27 29 31 32

18 0 0 2 5 8 11 14 16 19 21 23 26 28 30 32 34

20 0 0 3 6 9 12 15 17 20 22 25 27 29 31t 33 35

22 0 0 -3 6 9 12 15 18 21 23 25 283 30 32 34 36

4y 23 0 0 3 7 10 13 16 19 21 2% 26 28 31t 33 35 37
24 0 0 3 7 10 13 16 19 21 24 26 28 31 33 35 37

26 0 O 4 7T 11 14 17 20 22 25 27 29 32 34 36 38

28 0 O 4 8 12 15 18 21 2 26 29 31 33 35 37 39

30 0 O 4 8 12 15 18 21 24 26 29 31 33 36 38 40

32 0 1 5 10 13 17 20 23 26 28 31 33 35 37 39 41

3 0 1 6 10 14 17 21 24 26 29 32 34 3B 38 k40 42

36 0 1 6 10 14 18 21 24 27 30 32 35 37 39 41 A3

38 0 2 6 11 15 18 22 25 27 30 33 35 37 40 k2 Uy

. EhO




(Appendix E, Table E4, cont.)

Sta- %ile Grade Placenment -
nine Rank

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

5 40 0 2 7 12 16 19 23 26 29 31 34 36 39 47 43 145
b2 0 2 T 12 16 20 23 26 29 32 35 37 39 42 44 U4
yy 0 2 .7 12 16 20 23 26 29 32 35 37T 4O 42 44 U
% o0 2 8 13 17 21 24 27 30 33 36 38 41 43 u5 47
48 0 3 8 13 17 21 25 28 31 3™ 37 39 41 M4 46 48
50 0 3 8 13 18 21 25 28 31 34 37 40 Y42 Ay 47 4o
52 -0 4 9 1% 19 23 26 30 33 36 38 41 43 46 48 50
54 0 4 10 15 20 24 27 31 3 37 39 42 U4 47T 49 51
5 0 4 10 16 20 24 28 31 35 38 4O 43 45 4B 50 52
56 0 5 11 17 21 26 29 33 36 39 41 U4 46 U9 51 53
6 60 0 5 11 17 21 26 29 33 36 39 42 4y w7 49 51 53
62 0 6 12 17 22 26 30 34 37 4O 43 45 Y48 50 52 54
64 0 6 12 18 23 27 31 35 38 K1 44 46 uWg 51 B3I 55
66 0 7 14 19 24 29 33 36 40 U2 45 48 50 52 55 57
68 0 7 14 20 25 30 33 37 40 43 46 49 .51 53 55 57
70 0 T 14 20 25 30 3w 38 41 u4 k7 kg 52 54 56 58
720 8 15 21 26 31 35 38 Y42 U5 47 50 52 55 57 59
T4 0 8 15 21t 27 31 35 39 42 U6 U8 51 53 56 58 60
76 0 9 16 22 27 32 36 40 43 46 49 52 54 57 59 61
7 T7T © 9 16 22 28 32 36 40 Y43 46 49 52 54 57 59 61
78 0 9 17 23 29 33 37 41 .44 48 50 53 55 58 60 62
80 0 10 17 24 29 34 38 42 45 48 51 54 56 59 H1 63
82 T 10 18 24 30 35 39 43 46 k49 52 55 58 60 62 64
84 1 12 20 27 33 38 42 L6 49 52 55 B8 60. 62 B4 66
86 2 13 22 29 35 40 44 48 w1 B4 57 60 62 64 66 68
2

e T S T —— T 0 A S VS o S (o A S S S 40 S0 S S S T A ok i sl S B S S S S S S S S Y P M S S S e . S

S o . 3 . O W i St S T S U A Bl Y g I A S B iy . T PP T e i e ey S S A S S R AT
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{Appendix E, Table E, cont.)

Sta- %ile _ Grade Placement
nine Rank ‘

5.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2

s e e o S A T T . T A e Ul AS e v e ke s e S e UV S A ARl e e e S e S S e W s . S s
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{Appendix E, Table E4, cont.)

Sta- %ile Grade Placement
nine Rank

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2

s S . P il v T e T ST D A e v Y Al s o L P P e s o s N G0 S e e e A S e ke e ST A A A

i e s o S A T . i W7 A S T T T . A S T A A D G Y -l A e S S . T
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(Appendix E, Table E4, cont.)
Intermediate IV

Sta- %ile Grade Placement
nine Rank '

1.8 2.0 2.2 25& 2.6 2.8 3.0 3.2 jnh 3.6 3.8 4,0 4.2 4.4 4.6 4.8

0 T ——— T T S . S T A T T T T T A W e Gl (TR ek A A A VU VR U U S S S S S S S A G R S S AN M6 G Y ST SO e e e

2 4y o o o 1 2 3 4 5.6 8 9 10 11 12 14 15
& 0 0 O 2 3 5 6 8 9 11 12 14 15 17 18 20
8 ¢ 0 0O 2 4 5 7 g9 10 12 14 15 17 19 20 22
0 0 0 1 3 4 6 8 9 11 13 14 16 18 20 22 24
3 11 0 0 2 3 5 7 8 10 12 14 16 17 19 21 23 25
12 0 0 2 3 5 T 8 10 12 1% 16 17 19 21 23 26
W 0 1 3 4 6 8 9 11 13 15 17T 19 21 23 25 27
1 0 2 3 5 7 8 10 12 14 16 18 20 22 24 27 29
18 0 2 4 6 8 10 12 14 16 18 20 22 25 27 29 31
20 0 2 4 6 8 10 12 14 16 18 20 23 25 27 30 32
22 0 2 4 6 8 11 13 15 17 19 22 24 26 29 31 34
¥y 23 1+ 2 4 6 8 11 13 15 17 20 22 24 27 29 31 34
25 1 3 5 7 9 11 13 16 18 20 22 25 27 30 32 34
26 1 4 6 8 10 12 14 17 19 21 24 26 28 31 33 36
28 2 4 6 8 1. 13 15 18 20 22 25 27 30 32 35 37
30 2 4 7 9 12 14 16 19 21 24 26 29 31 34 36 39
32 2 5 7 10 12 15 17 20 22 25 27 30 32 35 37 MO
3B 2 5 7T 10 13 16 18 21 23 26 28 31 33 36 138 U1
36 3 6 9 11 14 17 19 22 24 27 30 32 35 37 39 42
38 3 6 9 12 15 17 20 23 26 28 31 33 36 38 41 43
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(Appendix E, Table E4, cont.)

Sta- %ile Grade Placement
nine Rank

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8

5 40 3 6 -9 12 15 18 21 23 26 29 31 3% 36 30 41 44
b2 3 6 9 12 15 18 21 24 26 29 32 3} 37 4O 42 U5
44 4 7 10 13 16 19 21 24 27 30 32 35 38 4O 43 - U5
e 4 7 11 14 17 20 23 26 28 31 3™ 37 39 42 hE 47
g 4 8 11 14 17T 20 23 26 29 32 35 38 40 43 46 48
50 5 8 12 15 18 21 24 27 30 33 35 38 41 44 46 ug
52 5 ¢ 12 16 19 22 25 28 31 34 37 39 U2 45 47 50
54 6 10 13 17 20 23 26 ‘29 32 35 38 41 uh 46 49 57
56 6 10 14 18 21 24 28 31 3% 36 39 42 45 47 50 52
58 7 11 14 18 22 25 28 32 35 38 41 43 U6 49 51 54
6 60 11 15 19 23 26 30 33 36 39 42 44 47 50 52 55

———— P S T i N O K0 T A 0 Sl e e S T S o O o A Y S Wl e o e s vk e s s e B e T e T e
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(Appendix E, Table E4, cont.)

Sta- %ile Grade Placement
nine Rank

5o0 5-2‘5::“"5:'6 508 6¢0 602' 6-"& 606 _638 700 ?a2

L —— . T T S U T A L U S e e A AR e s v e S T T — ——— s i ol ol o e s

. T T S S i G e G e i S T S T T {——— . - -
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(Appendix E, Table Ed#, cont.)

Sta- %ile Grade Placement
nine Rank

5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2

———— i s T 7 27 b o s e g i e B O e s S A Gl i, SO M S A Akl i T S P s e S T e A

e o e o e A e o P TP A ek e S APV ) i e S L VD . o D Y iy e e e S D O il e S D T R D K 8

g 96 87 83 90 91 92 93 94 95 96 97 98 99
98 93 94 95 96 96 97 98 98 99 99 100 100
99 97 98 9% 99 100 100 101 101 101 102 102 102

CUENT



(Appendix E, Table E4, cont.)
Intermediate V

Sta- %ile . Grade Placement
nine Rank

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

1 1 o 1t '2 3 4 4 5 6 6 T 8 9 9 10 11
O 0 2 2 4 s5 7T 8 9 10 11 13 14 15 16 17

2 4 o 1 2 4 6 T 9 10 11 13 1 15 16 18 19 20
& 0 1 3 6 8 10 12 14 15 17 19 20 22 23 24 26

8 1 2 5 7 10 12 14 16 18 20 21 23 25 26 28 29

10 1 4 6 9 11 13 15 17T 19 21 23 24 26 28 29 3%

3 11 2 5 7 10 12 14 16 18 20 22 24 26 27 29 30 32
12 2 5 7 10 12 15 17 19 21 23 25 26 28 30 31 33

W 4 7 9 12 1M 17T 19 21 23 25 26 28 30 31 33 35

% 4% 7 10 13 15 18 20 23 25 27 29 31 32 34 136 37

18 5 9 12 14§ 17 19 22 24 26 28 30 32 38 35 37 38

20 6 9 12 15 18 20 22 25 27 29 31 33 35 37 38 ho

22 6 10 13 16 18 21 23 26 28 30 32 34 36 38 39 W1
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(Appendix E, Table E4, cont.)

Sta- %ile Grade Placement
nine Rank

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.05.25.45.65.8

E49




“(Appendix E, Table EU4, cont.)

Sta~ %ile Grade Placement
nine Rank

6.0 6.2 6.4 6.6 6.8 7.0 T.2 7.4 7.6 7.8 8.0 8.2

1- 1 12 13 14 15 16 17 18 19 20 21 22 23
' 2 18 19 20 20 21 22 23 24 25 25 26 27

S —— V) S - O S U T e e S S . S0 A S S A S N . S S R S e T A
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{Appendix E, Table EY, cont.)

Sta-~ %ile Grade Placement :.
nine Rank

6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

5. 40 52 5456 58 59 61 63 65 66 68 69 T1
42 54 55 57 59 61 63 64 66 68 69 T1 72
44 54 56 58 60 62 .63 65 67 69 TO T2 TA
4 55 57 59 61 63 65 67 69 T1 72 74 76

- 48 56 58 60 62 64 66- 67 69 71 T3 T4 76
50 58 59 61 63 65 67 69 70 72 T4 76 TT
52 58 60 62 64 66 68 70 T1 73 15 77 78
54 59 61 63 65 66 68 70 72 73 75 U7 .79
56 60 62 64 66 67 69 71 73 T4 76 1T 79
58 61 63 65 67 69 70 72 T4 75 77 79 80

ke S U VS TP N UV T VD VS STID AUV S R O A VU Y U TE TR AU T PR G A D e st e e s S B e S e S S B s s e i e

o Pl e D VY U T T SV S AT T T VIR VS TV WO OV AN N U S D D e e i s e B B S i e

9 96 88 89 90 91 92 94 95 96 97 97 98 99
98 93 94 95 96 96 97 98 99 99 100 101 101
99 96 97 97 98 99 100 100 101 102 102 103 103

. E51




(Appendix E, Table E4, cont.)
Intermediate VI

Sta~ %ile Grade Placement
nine Rank .

3.8 4.0 4.2 4.4 %.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8

1 1 ¢ o 1 t 1 1t 2 2 3 3 4 4 5 5 5 7
: 2 0o o0 1 2 4 5 6 T7°8 9 9 10 11 12 12
2 ¥ 0o 0 2 4% 5 6 8 9 10 11 12 1 15 15 16 17
& 0 2 5 7T 10 12 13 15 17 18 19 21 22 23 24 25

8 2 5 T 10 12 14 16 18 19 21 22 23 24 25 26 27

0 2 5 8 11 13 15 17 19 21 23 24 26 27 29 30 31

3 11 4 7 10 13 15 17 20 21 23 25 26 28 29 30 31 32
12 4 7 10 13 15 18 20 22 24 25 27 28 30 31 32 33

M 4 8 12 15 17 20 22 24 26 27 29 30 32 33 3MW 35

1% 6 10 14 17 19 22 24 26 28 30 31 33 34 35 37 38

18 9 12 16 19 21 2% 26 28 30 32 33 3% 36 37 38 39

200 9 13 16 19 22 25 27 29 31 32 3% 35 37 38 39 ko

22 10 14 17 21 23 26 28 30 32 34 36 37 39 40 U1 43

- EB2




(Appendix E, Table E4, cont.)

Sta- %ile Grade Placement
nine Rank.

3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8

e o s e e T T T P SPOY A e e o S o T [ A Ml B T P S (M M0 S e S S S U T 0 200 S sk e S S o

W Tl i e S S S U O B kGO o Gl o . R U €2 A . S P P P il sl T S . B e B S U VR A il ki A S S S
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(Appendix E, Table EH4, cont.)

Sta- %ile Grade Placement
nine Rank '

7.0 7.2 7.4 7.6 7.8 8.0 8.2

—— o o s S s e e . S 200 S I R P D P VU U T Y - o R

. ESY




(Appendix E, Table E4, cont.)

Sta- %ile Grade Placement
nine Rank

7.0 7.2 7.4 7.6 7.8 8,0 8.2

E55




{Appendix E, continued)

Stanine scores. Stanlne scores also indicate the student’s
standing in comparison with other students in the same grade
placement. Stanines by dgfinition have the same standard deyviation
from one concept to another. Such sqofes vield diréctly comparéble
results for different concepts. A stanine is a normalized standard
score on a ninenpointrscale ranging from 1 (loﬁ) to 9 (high) and
having é mean of 5 for the'norming grdup. Stanine scores are

directly reilated to percentiles as shown in Figure E1.

Average

/ .
Below \ Above

Average - ~ Average

Poor | Wr ,_
4% 7% |12% [IT % | 20%{|T% [12% | 7% (4% :

STANINE | 2 31 4 516 71 8| 9.

PERCENTILE 4 1Il 23 40 €0 77 89 96

Figure E1. Percentage of cases at each stanine level in the
E norm group. -
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(Apﬁendix E, centinued)
Stanine scores are found in Table E4 for total scores and Table E5 for
concept scores.

Using the examples from the previous section, from the
Primary II test in Table-Eﬂ, we also find bﬁat John has a total.’
stanine score of 7, two standard deviations above the mean. In Table
E5, we ;océte John’s addition score, 22, under the column labeled 2.6
for'PriﬁaPy II Addition. His addition staniﬁe;scoré is only 5%, the
average stanine score. We conclude that John is well above aver&ge
on mental arithmetic.skills, but his mental addition skills are only
average. Mary’s total stanine score is 8 and her addition étanine
score for her raw addition score of 35 is 8. Her addition stanine

score is equal to her total stanine score.

8. CONVERSION OF RAW SCORES TO GRADE EQUIVALENT,
. PERCENTILE, AND STANINE SCORES

Raw Score. Count the number of right answers for each concept.

Grade Equivalent. Locate the grade equivalent corresponding
to each raw score in Table E3.

Percentile. Locate the column in Table E4 corresponding
to :the appropriate grade level. Locate the
raw.score in the the column and {find in the same
row its percentile rank in the column labeled
percentile. If the raw score is not shown, read the
‘percentile rank corresponding to the next higher
‘raw score. :

Stanine. Locate the the column in Table EM (Table E5 for
~ concept scores) labeled stanine and find-the-stanine
score in a manner identical to that for finding
percentiles.

EBT




(Appendix E, continued)

Table E5

Concept Score-to-Stanine Conversion

Primary I Addition

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

16 24 30 34 37
Primary I Subtraction

.8 1.0 1.2 1.4 1.6 1.8

1 0 o 0 0 0 1
2 0o 0 0 o 1 2
3 0 0 1 2 3 4
y 0 0 2 4 5 7
5 0 2 4% 7 8 10
6 0 3 6 9 11 13
7 0 5 9 12 15 17
8 1 8 13 16 19 21

Primary 1 Number Concepts

8 1.0 1.2 1.4 1.6 1.8

1 6 0 2 3 4 4
2 0 1 2 45 5
3 0o 2 3 5 6 7
4 1 3 57 8 9
5 2 5 7 8 9 10
6 3 6 8 9 10 11
7 5 8 9 11t 11 12
8 6 9 11 12

13 13

1 o 0 0 1 2 3

2 o 0 0 2 3 5

3 .0 0 2 5. 7 9

4 6o 1 5 8 10 13

5 o 4 9 12 16 18
6 17 12 16 20 23

7 1 11 17 22 26 30
8 2

i

6
11
15
21
25
32
39

5

8
13
17
23
28
35
41

- E58

6

9
14
19
26
30
37
43

7
11
16
21
27
32
38

%y

2.6

12
16
19

22

26

2.6

10

11

12
13
13
14

8
13

18
23

29
33
40
45

_2'18

10

13
1K
20
23
27

2.8

10
11

13 .

13
14
T4

9
14

20

25
21
35
i1
46

3.0

1"
14
18
21
24
28

3.0

1"
12
13
14
14
15

10
16
21
27
33
37
42
b7

3.2

-12
15
19
22

25

29

3.2

10

T

12
13
14
14
15

11
17
23
29
34
38
43
u8

3.4

13
7
20

23"

26
29

3.4

9
10
11

12
13

14
14
15

13
19
25
30
35

39
4y

48

3.6

b
10
14
18
21
24
27
30

3.6

10

11,

12
13
14
11
14

15

14
21
26
32
37
ho
45
49

3.8

11
15
19
22
24
27
30

3.8

10
11
12
13
1
14
14
15




(Appendix E, Table E5, cont.)

Primary I Addition

4,0 B.2°4.4 4.6 4.8 5.0 5.2 5.4.5.6'5.8

15 17 18 19 20 22 23
22 24 26 27 29 31 32
28 30 31 33 34 36 37
33 35 36 38 39 40 42
38 39 40 42 43 44 45
42 43 44 45 46 46 47
46 46 47 48 48 49 g
49 50 50 50 51 51 51

o= O FWhN —

Primary I Subtraction
4,0 .2 H. 44,6 4.8 5.0 5.2

7T 8 9 10 11 12 12
12 13 14 15 16 18 19
16 17 18 19 20 21 22
20 21 22 22 23 24 25
23 24 24 25 26 27 27
25 26 27 27 28 28 29
28 28 29 29 30 30 31
31 31 31 32 32 32 33

CO-JONT W =

Primary 1 Number Concepts

4.0 4.2 4.4 4.6 4.8 5.0 5.2

Fl

10 11 11 12 12 12 13
12 12 12 13 13 13 14
13 13 13 13 14 14 14
13 13 13 14 1% 14 14
o 14 1o 15 15
th 14 15 15 15 15 15
15 15 15 15 15 15
15 15 15 15 15 15 15

=] O 5 PO =

25
34
39
43
45
48
50
51

5.4 5.

13
20
23
26
28
29
31
33

5.4 5

13
14
14
14
15
15
15
15

26
36
40
by
46
49
50
52

6

14
21
2k
27
29
30
37
33

66'

13
14
15
14
15
15
15
15

L E59

27
38
42
s
47
50
50
52

5.8

15
23
25

29
30
32
33

5-8

14
15
15
14
15
15
15
15




(Appendix E, Table E5, cont.)

Primary II Addition

.8 1.0 1.2 1.3 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

1 ¢ o0 O 0 0 1
2 6 .0 0 1t 2 3
3 6 0 2 3 5 7
4 0 1 & 6 8 10
5 0 3 7 9 12 15
6 2 6.1 13 16 19
T 4 10 14 18 22 24
8 6 14 21 26 29 32

Primary II Subtraction

.8 1.0 1.2 1.4 1.6 1.8

1 0 ¢ 0o 0o 0 1
2 g o 0 o0 1T 1
3 0 0 1 1 2 3
y 0 o 1 3 4 s
5 6 2 3 5 7 8
6 1 35 7T 9 1
7 2 5 8 11 13 15
8 4 8 12 15 17 19

Primary II Number Concepts

1
5
8

12

17

21

27

35

2.0

P4

6
10
14
19
23
29
37

3
7
11

16
21

26
31
39

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

CO=I AN = N
ENa2O0OO0C OO
UMW N e v O
I TN EWNMN -
O WM
W00 O D N
N .

W oo~ ,m =i

OW oG I g

—

O OO oo~ &=

—
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— ek .
O OO Q-1 oUW
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8
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o
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= OWO =T~ o

4
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35
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2.8

"
15
18
22
27

2.8

—_ )
- DO WO 00~ OV

5
T
16
21
26

31

36
43

3.0

12
16
19
23
28

3.0

_‘ .
O o] 1 Ch

10
11

6
12
18
23
28
32
38
4y

3.2

10
13
17
20
25
29

3.2

—
OO 00003 O

11
11

T
14
19
24
29
34
39

45

8
15
21
26
31
35
ho
46

3.6

oo 0o

o)

10

11
11

9
16
22
27
32
37 -
42
47

3.8

13
16
21
24
28
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3.8

d-. -
O WO O 0O =3

10
11
11




(Appendix E, Table E5, cont.)

Primary IT Addition

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4.5.6 5.8

10 11 12 14 15 17 19
18 19 21 22 24 25 27
23 25 26 28 29 31 32
28 30 31 33 3% 35 37
38 35 36 38 39 40 41
38 39 41 B2 43 4y 45
43 44 U5 46 47 47 48
48 49 %9 50 50 51 51

D=1 U FW N =

Primary II Subtraction
4.0 4.2 .4 4.6 4.8 5.0 5.2

6 7 7T 8 9 9 10
10 11 12 13 14 15 16
14 1516 17T 18 19 20
18 19 20 21 22 23 24
22 23 24 25 26 27 =28
25 26 27 28 29 30 3%
29 30 30 31 32 ‘33 34
33 33 3™ 35 3 3% 36

DO W=

Primary II Number Concepts

4.0 4,2 4.4 4.6 4,8 5.0 5.2 5.4

7 8 8 8 9 9 9
'8 9 9 9 .9 10 10
9 9 9 9 10 10 10
g 10 10 10 10 10 10
10 10 10 10 11 11
10 10 10 1t 11 11 1
11 11 11 11 11t 11 N
11 11 11 11t 11T 11 1

OOV EW N -
—
o

20
29
34
38
42
b6
4o
52

5.4 5

11
.'17
21
25
29
32
34
37

9
10
10
11
11
11
11
11
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22
30

35

39
43
47
50
52

.6

12

19
22
26
30
32
35

506

10
10
10
11

=11

11

11

12

24
32
36
Lo
hy
48
51
53

5.8

13
20
24
27
31
33
36

5.8

10
11
1
11
"
11
11
12




{Appendix E, Table ES, cont.)

Primary III Addition

8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

1 o 0 0 0 1 1 2
2 o 0 0 1 2 3 5
3 o 0 1 3 4 6 8
y o 1 3 5 T 9 N
5 0 3 6 9 11 14 16
6 0 4 8 11 14 17 19
7 t 8 13 17 20 23 26
8 3 12 18 23 26 29 32

Primary III Subtraction

.8 1.0 1.2 1.4 1.6 1.8 2.0

1 o 0 0 0 0 1 .1
2 o 0 0 0 1 1 2
3 0o 0 0 1 2 3 .4
4 0 0 2 3 4 6 .7
5 0o 1 3 4 6 T 9
6. 0 2 4 6 8 10 W
7 1 4 7 9 11 13 15
8. 1 6 10 13 16 18 20

Primary II1I Number Concepts

.8 1.0 1.2 1.4 1.6 1.8 2.0

O U W N =
—mOoOO00O0OO
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T LW NN o O
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(Appendix E, Table E5, cont.)

Primary III Addition

4.0 4.2 4,4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2

10 11 12 13 14 14 15
16 17 18 19 20 21 22
21 22 23 24 25 26 27
25 26 27 28 29 30 31
30 3132 33 34 35 36
38 35 36 37 38 39 40
4o 4O 41 42 43 13 44
by u5 46 46 47 4T 48

O] U = -

Primary III Subtraction
4.0 4.2 4.4 4.6 4.8 5.0 5,2

6 & 7 T 8 8 9
8 9 10 11 11 12 13
12 12 13 14 15 15 16
15 16 17 17 18 19 19
19 19 20 21 22 22 23
22 23 24 24 25 26 27
26 27 28 28 29 30 30
31 32 32 33 33 3% 35

-1 U W =

Intermediate IV Number Concepts

4.0 4.2 4.4 4.6 4.8 5.0 5.2
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(Appendix E, Table E5, cont.)

Intermediate IV Addition

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4,0 4.2 4.4 4,6 4.8

1 o 0 0 0o 1t 1 1 2 2 2 2 '3 3 3 4
2 o 0 1 1 2 2 2 3 3 4 4 4 5 5 & 6
3 o 1 1 2 2 3 3 ¥ 85 85 6§ 6 T T.8 8
4 1 2 3 3 4% 5 5 6 6 T 7 8 9 9 10 10
5 2 3 4 5 6 6 7 8 8 § 10 10 11 11 12 12
6 4 5 6 7 8 8 9 10 10 11 11 12 13 13 13 14
7 6 7 8 9 10 11 11 12 13 13 14 14 15 15 15 16
8 8 10 11 12 13 14 14 15 15 16 16 17 17 17 18 18
Intermediate IV Subtraction

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8
1 o 0 0 0 0 0 0o 0 1 1 1 1 1 1 2 2
2 o 0 0 0 1 1t 1 1 2 2 2 2 3 3 4 1
3 o 0 1 1 -1t 2 2 3 3 4 4 4 5 5 § 6
4 0 1 1 2 2 3 3 4 4 5 5 6 .7 T & 8
5 1 2°3-3 4 5 5 6 7 7T 8 8 9 9 10 11
6 2 3 4 5 6 T 7 8 9 9 10 10 11 12 12 13
7 4 5 6 7 8 9 10 10 11 12 12 13 13 1% 14 15 -
8 7- 8 10 11 11 12 13 14 14 15 15 16 16 17 17 17
Intermediate IV Number Concepts

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8

1 0 0 0 1 1 2 2 2 3 3 3 y 4y 4 5 5
2 0 1 1 2 2 3 3 y 4 5 5 5 6 6 T 7
3 © 1 2 '3 3 4 5 5 6 6 7T T T 8 8 8
) 1 2 3 4 5 6 6 7 7 8 8 8 9 9 9 9
5 3 4 5 6 6 7 7 8 8 9 9 9 9 10 10 10
6 i} 5 6 7 7 8 8 9 g 10 10 10 10 11 11 11
7 6 T 8 & 9- 9 10 W 10 11 11 11 11 11 11 12
8 8 9 9 10 10 11 11 11 12

2 12 12 12 12 12 12
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(Appendix E, Table E5, cont.)

Intermediate IV Multiplication

1.8 2.0 2.2 2.4_2.6_2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8

= N MO P~
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(== Bl AVAR £ R T Y o Bl v B
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O e O NS DY B
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S OO O Moo

OO OO QN M

— 0N S o

Intermediate IV Division

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8

O o N O N D O
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=
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Intermediate IV Measurement

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 H°8_

= M0 NN 00

e N M N0
-0 AT D a0
1{Zﬂ4hqpﬁﬁunrRY
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— 0NN R IO B
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01:4[.23“.56

Q™ o= NN NN
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1.8 2.0 2.2 2:4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8

Intermediate IV Fractions
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O — N SN
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OO = N Mar
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(Appendix E, Table E5, cont.)

Intermediate IV Addition

5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.1 6.6 6.8 7.0 7.2

4 5 5 5 5 6 6
7 7T 8 8 9 9 9
9 9 10 10 11 11 1
1M 11 11 12 12 13 13
13 13 14 14 14 15 15
14 15 15 16 16 16 17
16 17 17 17 17 18 18
18 18 19 19 19 19 19

CO1 WWJT LY —

Intermediate IV Subtrection
5.0 5.2 5.4 5.6 5.8 6.0 6.2

2 3 3 3 3 4
5 5 6 6 T 7
T 8 8 9 9 10
g 10 10 11 11 12
11 12 12 13 13 14 114
13 13 14 14 15 15 16
15 15 16 16 17 17 17
18 18 18 18 19 19 19

O3 N

=] VU I PO =

Intermediate IV Number Concepts

5.0 5.2 5.4 5.6 5.8 6.0 6.2

7 8 8 8 8 9 9
9 9 9 9 10 10 10
10 10 10 10 10 11 1N
0 11 1 11 11 11 1
7 11 11 11 12 12 12
12 12 12 12 12 12 12

13- 13 13 13 13 13 13

O~ VA W N —

5.6 6 6 T T T

[
10
12
14
16
17
18
19

6.4 6

11
13
14
16
18
19

T
10
12
T4
16
17
19
20

.6

11
13
15
16
18
20

6.4 6.6

10
11
T
12
12
13

.-E66

10
10
11
11
12
12

13

7
1"
13
15
16
18
19
20

6.8

12
Th
15
17

20.

6.'8

10
1
11

12

12
12
13

7
11
13
15
17
18
19
20

7.0

10
12
14
16
17
18
20

7.0

10
1
"
12
12
13
13

8
12
14
15
17
18
19
20

T.2

10
13
15
16
17
19
20 -

7-2

10
1
11
12
12
13
13




(Appendix E, Table E5, cont.)

Intermediate IV Multiplication
5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2

1 2 2 2 2 2 2 3 3 3 3 3 3
2 3 3 ¥ 4 ¥ 5 5 5 6 6 T T
3 ) 5 5 6 6 6 7 -7 8 8 8 ¢
b ‘6 6 6 T T 8 8 8 9 g9 9 10
5 8 8 8 9 g9 9 10 10 10 11 11 11
6 9 ‘9 9 10 10 10 11 11 11 12 12 12
7 0 11 11 11 12 12 12, 12 13 13 13 13
8 12 12 12 13 13 13 13 13 14 14 14 14

Intermediate IV Division
5.0 5.2 5.4 5.6 5.8 .0 6.2 6.} 6.6 6.8 7.0 7.2

1 0 0 0 0 1 1 T 1 1 1 1 1
2 1 1 2 2 2 2 2 3 3 3 h Yy
3 2 3 3 3 4 y 5 5 5 6 65 7
4 3 4 y oy 5 5 & 6 7 7 8 8
5 5 ] 6 7 7 8 88 -8 9 9 10 10
6 7 8 8 9 g 9 10 10 10 11 11 N
7 9 10 10 10 11 11 1t 11 12 12 12 13
8 . 12 12 12 12 12 12 13 13 13 13 13 13
Intermediate IV Measurement ” '

5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2
1 2 2 2 2 2 2 3 3 3 3 33
2 37 3 '3 3 4 Y Y ) y -5 5 5
3 3 4 4 y 5 5 5 6 6 6 T 7
4 5 5 5 5 6 6 6 6 6 -7 7 7
5 6 6 6 6 7 T 7 7T T 8 8 8
6 7 7 T T g 8 '8 8§ 8 8 9 9
7 8 8 8 8 8 8 9 9 ¢ 9 9 9
8 8 9 9 9 9 9 9 9 10 16 10 10
Intermediate IV Fractions

5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2
1 0 0 0 0 0 g 0 1 1 1 1 1
2 1 1 1 1 2 2 2 2 2 3 3 3
3 2 2 2 2 3 3 3 3 4 Yy 5 5
El 2 3 3 3 3 4 y 4 . 5 5 5
5 y b 4 5 5 5 5 5 6 6 6 6
& 5 5 5 5 6 6 6 6 T .1 7 7
ki 6 6 6 6 7 7 07 7 T 7 7 8
8 7 7 7 7T 8 8 8 8 8 8 8 8
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(Appendix E, Table E5, cont.)
Intermediéte V Addition

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

W1 EWhy =

¢c o 0.1 1 o1 2 2 2 2 3 3 3 3 3
0 1 1 1 2 2 2 3 3 3 4 ¥ K 5 5 5
0 1 2 2 '3 3 4 4 5 5 5 6 6 7 7 7T
2 3 3 4 4 5 5 8 6 7 T T 8 8 8 9
3 4 585 6 6 T T 8 8 9 9 9 10 10 M1
5 & 6 7 8 8 8 9 9 10 10 11 11 11 12 12 .
7T 8 8 9 9 10 10 11 11 1t 12 12 12 13 13 13
0 11 11 11 12 312 12 13 13 13 14 14 14 14 15 15

;ntermediate ¥V Subtraction

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5,6 5.8
1 g o ¢ o o 1 1 1 1 rt 1 2 2 2 2 2
2 c o 0o o 1 1 2 2 2 3 3 3 -3 4 4 y
3 g 0 1 1 2 2 3 3 & 4 4 5 5 5- 6 6
4 12 2 3 3 4 ¥ 5 5 5 6 6 7T 7T 7 8
5 3 % 4 5 5 6 6 7 7T T 8 8 9 9 9 10
b 4 5 5 6 6 7 7 8 8 9 9 10 10 10 11 11
7 6 T 7 8 9 9 10 10 10 1t 11 12 12 12 13 13
8 9 10 10 11 11 11 12 12 13 13 13 13 14 14 14 15
Intermediate V Number Concepts

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8
1 0 0 1 2 2 3 3 3 4 4y » 5 § 5 §
2 1 2 2 3 3 b b 5 5 6 6 6 6 7 T T
3 3 4 4 5 5 6 6 6 7 7T 7T 7T 8 8 8 8
y 4 5 5 6 6 T 7 7 7 8 8 8 8.9 9 9
5 & 6 7 7 7 8 8 8 8 8 9 g9 9 9 9 10
6 7T 7 8 8 8 8 9 9 9 9 g 9 10 10 10 10
7 & 8 9 9 9 9 10 10 10 10 10 10 10 10 11 11
8 9 9 10 10 10 10 10 10 1t 11 11 11 11 11 11 11
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(Appendix E, Table E5, cont.)

Intermediate V Multiplication

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5,0 5.2 5.4 5.6 5.8
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Intermediate V Division
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Intermediate V Measurement

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5°8
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-0 M N o
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[ A B T VR
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2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 8.8 5.0 5.2 5.4 5.6 5.8

Intermediate ¥V Fractions

Qo OO WY b~ O
O — 0N MM A U -0
O~ 0O N
Q= MM N -
O e O I N B
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(Appendix E, Table E5, cont.)

Intermediate V Addition

6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

3

O T T
6 6 6 6 7T
8 8 8 9 9
9 10 10 10 11 11
1 1t 12 12 12 13
12 13 13 13 13 14
W14 1 15 15
15 15 16 16 16 16

Qo= VUL o =
b
—

Intermediate V Subtraction

6.0 6.2 6.4 6.6 6.8 7.0
2 3 3 3 3 3
5 5 5 5 5 6
6 7 7T 7 7 8
8 8 9 9 10 10

0 11 1t 41 12
12 12 12 13 13 13
13 1% 14 14 15 15
15 15 15 16 16 16

=3I =Wy -
-
<

5
7
9
1
13
14
15
16

7.2

10
12
14
15

Intermediate V Number Concepts

6.0 6.2 6.4 6.6 6.8 7.0
6 6 6 -7 T 7
7 8 8 8 & 8
8 9 9 9 9 9
9 9 9 9 10 10

10 10 10 10 10
0 10 W 10 10 M
m 11 1 1 11 N
11 1 11 12 12 12

=3 U =
—
o

7-2

7
8

9
10
10
11
11
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5
7
9
11
13
14
15
17
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- ET0

5

7
10
12

13

15

16
17

‘6

T
13

15

16
17

6

10
11
11
11

12

5
8

10
12
14
15
16
17

7.8

"
13
15

17

7.8
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(Appendix E, Table E5, cont.)

Intermediate V Multiplication

6.0 6.2 6. ﬂ 6. 6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8 2

1 3 3 3 3 3 h
2 ] 5 5 5§ 5 5
3 6 6 T 7 T 7
Yy 7 8 8 8 9 g
5 9 10 10 10 10 11
[ 0 11 11 11 12 12
T 12 13 13 13 14 14
8 M 14 15 15 15 15
Intermediate V Division

6.0 6.2 6.4 6.6 6.8 7.0
1 2 2 2 2 2 2.
2 4 4 y 5 5 5
3 6 6 6 T 7 8
4 8 8 9 9 10 10
5 10 10 11 11 11 12
6 11 12 12 13 13 13
7 13 1 1 14 15 15
8 1% 15 16 16 16 16
Intermediate V Measurement

6.0 6.2 6.4 6.6 6.8 7.0
1 3 4 L} 4y 'y Y
2 5 5 5 5 5. 6
3 6 6 6 6 6 7
4 6 7 T T 7 7
5 T 7 8 8 8 8
b 8 8 9 9 9 9
T 9 9 9 9 g 10
8 9 10 10 10 10 10
Intermediate V Fractions

6.0 .2 6.4 6.6 6.8 7.0
1 0 0 1 1 1 1
2 1 1 2 2 2 2
3 3 3 3 3 3 3
y 3 3 y 4 4 ]
5 5 5 5 5 6 6

b 6 6 6 6 7 7

T - 7 T 7 7 7 8
8 8 8 8 8 8 8
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(Appendix E, Table ES5, cont.)

Intermediate VI Addition

3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8
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O = 0 MINWY I~

OO~ NI IO o
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Intermediate VI Subtraction

3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8
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MO -0 0
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Intermediate VI Number Concepts

3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8

MWD BP0 Oy
N D WO P~ 00 O
[AVEE- ST RV ol s o 3 o

NN O o

Ql & 1IN W ol oy

0N 2P N B~ B0
?nu.nwpifo I~ B~ 0
O MY SO W 7;%
— S WD O -0
o 07 A 1N :,ﬁuwrmo
1.Rﬂ2Jh.:JRu7rnu
— Qdﬂ.RJﬁvvwmw
O N M S NS -

O~ 0N N0

O N INAD -

— 0 0N N -0

~ET2



(Appendix E, Table E5, cont.)

Intermediate VI Multiplication
3.8 4,0 4,2 4.4 4.6 4.8 5,0 5, 2 5 4 5.6 5 8 6.0 6 2 6 LI 6 6. 8

1 o 0 0 1 1 1 2 2 2 2 3 3 3 3 & 4
2 1 2 2 3 3 4 % 4 5 5 5 6 6 6 6 T
3 2 3 4 4 5 s 6 6 T T T 8 8 8 8 9
4 5 5 6 6 7 7 8 8 8 9 9 10 10 10 11 11"
5 6 7 7 8 9 9 10 10 10 11 11 12 12 12 12 13
6 8 9 9 10 11 11 12 12 12 13 13 13 14 14 14 14
7 10 11 11 12 13 .13 14 1 14 15 15 15 16 16 16 16
8 13 13 14

15 15 15 16 16 17 17 17 17 18 18 18 18

Intermediate VI Division
3.8 4.0 4.2 4.4 4,6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2.6:4 6.6 6.8

1 0 0 0 1 1 1 1 1 2 2 2 2 2 2 3 3
2 1 2 2 3 3 4 h y 5 5 5 5 6 b 6 6
3 3 4 4 5 5 6 6 6 7 7 8 8 8 9 9 9 -
b 5 6 6 7 7 8 8 9 9 10 10 10 11 11 11 12
5 7 8 8 g 10 10 1 11 12 12 12 13 13 13 14 14 .
6 8 9 10 10 11 12 12 13 13 14 14 1 15 15 15 16
T 11 12 12 13 14 18 15 15 15 16 16 16 17 17 17 18
8 wm "ty 15 16 16 17 17 17 18 18 18 19 19 19 19 19
Intermediate VI Measurement :

3.8 4.0 4.2 4.4 4,6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8
1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
2 0 0 0 1 1 1 1 1 1 1 1 2 2 2 2 2
3 0 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2
4 1 2 2 2 2 2 3 3 3 3 3 3 3 3 4 y
5 2 2 3 3 3 4 4 y 4y 4 -y -y 5 5 5 5
6 2 3 3 4 4 4 4 5 5 5 5 5 § 5 § 6
7 3 4 !l 5 5 5 6 6 6 & B b6 7 7 7 7
8 5 b ) 6 6 7 7 7 7 7 T 8 8 8 8 8
Intermediate VI Fractions

3.8 4.0 8.2 4.4 4,6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8
1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
2 0 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3
3 2 2 2 2 2 3 3 3 3 y j y y 4 5 5
4 3 3 3 3 3 b b y 5 5 5 5 5 6 b
5 y h. 4 5 5 5 5 6 ) 6 6 6 T T ki 7
6 5 5 5 6 ) 6 T 7 T T 7 8 8 8 8 8
7 6 6 6 7 7 7 8 8§ 8 8 8 9 9 9 9 Q
8 T 8 8 8 8 9 9 9 9 9 g 10 10 10 10 10
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(Appendix E, Table E5, cont.)
Intermediate VI Addition

7.0 7.2 7.4 7.6 7.8 8.0
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Intermediate 'VI Subtraction .
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Intermediate VI Number Concepts

7.0 7.2 7.4 7.6 7.8 8.0

O~ VA O o
DO~ -3 GhUT T W
WO 0 =] =3 S U
D 00 ~1 ~3 Ov U T
O @@= O UT W)
uQcocn-q S W
O 00 ~T OO W

8.2

O oo oo-1oh hul &=

- ETH




(Appendix E, Table E5, cont.)

Intermediate VI Multiplication
7.0 7.2 7.4 7.6 7.8 8.0 8.2
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VI Measurement
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VI Fractions

COI AT IO NO ws

-1 Ul SSW N —

=IOV =

W1 U 0N =

5

8 :

10

13

14

18
19

8.2
3
7

1
13
16

17

19

20 -

m .
o

N AT FWN -

7.4 7.6 7.8 8.0 8.2

—_ : . .
QW oIl w

—d

CW EE@~ W N

ol —

oo wown

——
-

— .
Dy o -l s PO

- b

S OWw®m oW

75




{Appendix E, continued)

o

9. SAMPLING PROCEDURES
Selection of the norming samplé was based on socioeconomice

status (SES), not on measures of ability. :ﬂsing an SES scale derived
from data supplied by the California State Board of Educatiqn on the
1972 Elementary School Questionnaire, a cuﬁﬁlative frequency |
distribution was constructed of elementary schools in the San
Francisco:Bay area (the six counties of Alameda, Contra.Costa,_Marin,
3an Francisco, San Mateo, and Santa Cléra). The population was
divided into thirds and stratified as low, middlie, and higﬁ SES-
groups. From each stratum,.schools were hﬁnd-selected'to aﬁoiq the
bias which arisés when sechools decline.to ﬁérticipaﬁe. Distribution

of test subjects according to socioeconomic level is-found in Table Eb.

10. RELIABILITY

The notion of reliability of a test refers_to.its.
reproducibility; The choices Qf a parﬁicular test form, tésting time,
and test administrator or scorer are among the sam?ling operations
which influence the test score. Although reliability may be affected
by scoring-error variance, no betweenwscorer reliability was computed.
for the SMAT. In addition, no correcfioh was made for-guessing;
since students’ answers are in free-response form, there is only a

small probability that guesses are correct.
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(Appendix E, continued)
Table E6

Test and Cohcept Means, Standard Deviations, and Reliabilities

Grade Placement at time of testing

1.8 2. 8 3.8 - 4.2 5.2 6.2
Test I I1 ITIT Iv Vv Vi
Taken
N total = 143 121 154 153 135 160
N low 42 LA 57 52 45 48
N middle 47 33 52 49 50 52
N high 54 A ‘52 4o 60

Number of items -

5 12 9 1 13 11

N

A 52 57~ 57 22 19 16
S 33 N by 22 19 16
E T o 1 11 11
M 16 19 22
F 9 10 12
D 16 19 22
T 100 110 110 0 e oo1f00 1100 110
Reliabilities:

N .752 -.510° .572 L6561 .511° .550
A LBTU 880 777 727 .762  .659
S .814 .80t .753 .803 .795 .684
B C ' ' 668 .693 .6BH
M L780  .804 .69Y4
F .635 .68B9 .T739
D .839 .840 .783
T

.881 .877 .804 .899 .904 .858

Weighted Mean Number Correct

N 9.09 9.11 7.06 8.21 8.42 5.78
A 13.69 24.55 27.36 8.70 8.35 6.57
3 7.09 14,66 16.97 6.74 7.32 6.76
E 3.68 6.06 3.46
M k.52 6.67 9.56
F 1.88 3.25 5.07
D 2.69 7.51 10.34
T 29.87 48.32 51.40 ' 36.40 47.58 47.54
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(Appendix E, Table E6, cont.)
Weighted Mean Percent Correct

 Grade Placement at time of testing -

1.8 2.8 3.8 4.2 5.2 6.2
60.6 75.9 83.4 58.6 67.2 52.5
26.3 43.1 48.0 . 39.5 44,0 41.0
21.5 35.8 38.1 0.6 38.5 42.3

33.5 52,4 31.%4

28.2 35.1 143.5

20.9 32.5 42.3

) . _ 16.8  39.5 47.0 -
29.9 143.9 46.7 33.1 43.3 13.2

HomEEn e

Standard Deviation of Weighted Mean Percent Correct

22,1 9.6 12.9 14,5 12.5 12.6
20.6 18.6 15.2 15.9 18.2 16.8

18.2. 18.5 14.6 17.1 20.9 17.5
- > 6.0 16.8. 17.2

17.2 17.6 16.5"

19.4 22.0 21.5

- - . 20.1 24.4 22.7

19.4 17,2 14,2 5.1 17.3 16.3

HoEE @ ne2

Variance of Estimated Weighted Mean Percent Correct

N 3.52 0.73 1.03 1.37 1.05 0.86
A 3.18 2.82 1.48 1.64 2.26 1.77
s 2.46. 2,66 .1.31 .. 1.88 2.85 .1.85 -
E - e 1.65 2.0t 1.75
M 1.93 2.14  1.56
F 2.33 3.45 2.63
D B 2,59 4.28 2.96
T 2.81 2.35 1.28 . 1.46 2.06 1.52
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(Appendix E, continued)

The reliability of the SMAT was determined by using parallel
forms, administered no more than one week apart, during which time
students received up to one week of usual mathematics instruction.
Because the content of the SMAT was clearly defined and equivalence
classes were chosen.at random ffom’the different.strandé,‘all tesés
generated for a specific gradé ieﬁel are parailel.i The reliability
coefficients are based on those students who were administered the
test appropriate for their grade. These are reported in terms of
weighted product;moﬁént-reliability éoéfficients ﬁbrcorréct for
differencesiip ﬁhe stratified sémple sizes. The method for dériving
weighted means; standard.deviaﬁions, and parallel forms reliaﬁility
coefficients is described in a separate section.

Test and concept means, standard de#iations, variances of
estimated means, and reliability épefficients for. the different grades
are found in Table'ﬁﬁ. Computed variances of the estimates of welghted
means allow the reader to‘assess the accurac& §f means which were
estimated dué tb sampling fluctuations. The low reliability of some
of these scores for.the lower grades indicate that they have a lower

degree of stability. Correlations between concepts are found in

‘Table ET7.

e 2
11.. VALIDITY

The SMAT has been assessed according to two types of validity,

-content and criterion-related. Content validity is best thought of

as the extent to which the content of the test gonstitutes a
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(Appendix E, continued)
Table E7

" Concept Correlation Matrices-

~Grade 1 - - Grade 2 ' : ~Grade 3
"N ‘A 3 T N A 3 T N A ] T
N 1.000 .833 .808 .882 1.000 .801 .737 .807 1.000 .732 .689 .761
4 -1.000 .951 .990. . 1.000 .951 .992 - 1.000 .916 ,984
] 1.000 .974 1.000 .980 1.000 .970
T -+ 1.000 Ll 1.000 O 1.000
- Grade 14
' A S M D N F E - T
A 1.000 .854 777 .686 .765 .730 .793 .923
-8 1.000 .791 .731 .740 .7HT7 .T796 .936
M 1.000 .807 .670 .689 .708 .898
D . .1.000. .545 707 .606 .846
N 1.000 .626 .T710 .812
e s 1.000 .T09 .83k
E 1.000 .853
T : 1.000
Grade: 15
o A 5 M . D . N ~F E T
A 1.000 .900 .907 .842 .668 .757 .757 .952
S 1.000 .856 .815 ..644 .784 .774 .942
M - 1.000 .879 .642 .T7H9 .717 .048
b - 1.000- 604 - .690 .708 .921 .
N 1.000 .616 .T713 .70
F o000 - 1.000 L.665  .833
E ~ 1.000 .833
T Coe 1.000
Grade 16
A S M D N F E T
4 1.000 .843 ,753 .T26 .652 .T767 .803 .883
3 1.000 .739 .721 .T7%1t 800 .803 .889
M 1.000 .883. .737 .786 .778 .930
D ' 1.000 .708 .764 .727 .921
N 1.000 .716 .684 809
F 1.000. .751 .8%1
E 1.000 .873
T 1.000
. E8D
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(Appendix E, continued)
representative sample of the skills and.knqwledges that it claims to
represent. The method of development of the SMAT assures its content
validity; the universe of content is defined by equiﬁalenée classes
which are sampled to provide the test items. (See the description of
the content of the tests.) For these reasons, concept scores are
similarly content valid. With respect to this_type_bf ?alidity, the
suitability of the test’s uses depends on the ap?fqpriateness of the
content, mode of response, time, etec., for the group:being'tested.
Criterionirelatéd vaiiditj is demohstfated by comparing the test
score with an external variable considered to provide a measure of
the characteristic of,behavior_in_dﬁestion. This validity is
assessed by obtaining the coefficient of determination, the -
correlation pf.the test score with a criterion measure, in_this case
the score on the ﬁathematics section of the Stanford Achievement Test
(SAT). The SMAT and SAT tests were administéred-within é.twofweek
period. The validiﬁymcéefficieﬁt_is the squaredjcqrrelation

coefficient, and may be found for each level in Table E8.

Table E8

Validity Coefficients

,
Test N r " r

' (correlation) .
I 113 .846 .T16°
11 7. 799 ..638

III 112 794 .630

v 110 .640 409

v 118 ST .595

VI 142 .586 . 344
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(Appendix E, continued)

12. GENERAL INSTRUCTIONS

1. Materials Needed for Testing

For each student:
a} one test booklet
b) one pencil, without eraser if possible

For the examiner:
a) extra test booklets (one copy for
. demonstration purposes)
b) extra pencils
¢) tape recorder
d) tape cassette of recorded test
e) chalk board and chalk or large sheet of paper,
f) one copy of guidelines and instructions to examiner

2, Administering the test is easiest if the examiner can
find a place at the front of the classroom that is close
to an electrical outlet (for the tape recorder) and to
a chalkboard (for presentation of sample test items).

3. It is very important that the students be prevented as
completely as possible from helping each other. Arranging
the students so that they cannot copy from each other is far
‘more desirable than reminding them constantly that they
are not to look at each other s papers.

The students are instructed not to talk, but it may, of
course, be necessary during the test for the examiner to
occasionally remind them to be quiet.

4, The nature of this test requires that the tape-~recorded
test items be presented in the absence of supporting visual
stimuli. Before beginning the test, the examiner should
make sure that the students do not have supporting visual
stimuli available to them, such gs: number lines; basic
arithmetic facts such as are sometimes displayed on
classroom walls (e.g. 2+2=4), etc.

5. The recorded test allows only six seconds for the
students to answer each question. It is therefore very
important that the students do not use too much of this
time in actually writing down their answers.
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{Appendix E, continued)

.For this reason, students are instructed to cross out
unwanted responses rather than attempt to correct their
mistakes by erasure. Because of the value placed on
neatness in many classes, the examiner should emphasize the
instructions not to use erasers. Use pencils without erasers.

Students are to write down the answers to questions only,
never the guestion (problem statement) itself. If a
question asked on the tape is written down, the exercise will
be marked incorrect.

Students should use numerals (e.g. "2") rather than 'words
{e.g. "two") to answer the guestions.

6. At the beginning of the recording, sample items are given
to help the students understand what they are to do during
the test itself. The examiner should be prepared to :
reproduce the first page (Part 1) of the test booklet on the
chalkboard, and to show the students the answers to the
sample items as the recording gives the answers. While the
examples are being given, the examiner should watch the
students to make sure they understand how they are to mark
their answers. Specifically, the examiner should make
certain that the students: use the correct spaces for their
answers; do not write down the questions; use numerals
rather than words as their answers; do not use any erasers.

7. After the test itself has started, the examiner should
move quietly around the room to see that the instructions
are being followed and that the students are marking their
answers on the correct parts of the test booklets.

8. During the test, the examiner may respond to a student’s
question by clarifying the directions, but should never give
help on a specific test question or repeat a question asked
by the recording.

9. Some of the test questions will be too difficult for the
students to answer. The students are instructed simply to
forget about a question that is too hard and to wait for
the next question, but they may become frustrated. The
examiner should be prepared to soothe frustrated students
by telling them that some of the gquestions are supposed to
be too dlfficult -for them to do.

10. Once the tape has been started, it should not be stopped
until the test is over. The test should not be administered
unless sufficlent time is available to complete ‘it -

at one sitting.
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(Appendix E, continued)

13.

SEATING

NO VISUAL
STIMULI

FIRST
PAGE
ON BOARD

"BLANK"™ .

ALPHABET

TESTS

PENCILS

ADMINISTERING THE SMAT (SAMPLE INSTRUCTIONS FOR GRADE 1)

If variability in the seating arrangement is
possible, seat the students so that copying
. 1s discouraged.

Check the room and the students” desks to make
sure that supporting visual stimuli are not
-available.

Draw a copy of the first pége 6f7th§ test
‘boeoklet on the chalkboard like this:

NAME cuecaecmmmocwee

o

2 P

[ o

D

.

. SAY TO THE STUDENTS:

"Hello, my name is wmm—ce-ua- . i have

a tape recorder that asks many arith-
metic -questions. The tape recorder
~will tell you everything you have to
- do. But first I would like to know:

"qus'everyone know what the word
‘blank” means?" :

Make sure that the students understand what a
"blank” is, THEN ASK:

"Do you all know these letters: A,B,C,D,E?"
Make sure that the students know these letters.
If any student seems unsure of them, have a
small drill to teach the names of these letters.
Give each student a test booklet, face up.

ASK:
, "Does everyone have a test booklet?"

Give each student a pencil} ASK:

"Does everyone have a pencil?"
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{(Appendix E, continued)

IF QUESTION

SAY TO THE STUDENTS:

"Do not use any eraser. If you make a

NO mistake, just cross out your old answer
ERASURES and write your new answer next to the
old one.”
NAMES "Write your name on the blank line
next to the word NAME."
(Pause)
"Does anyone need more time?"
GRADE "Now write down what grade you are in."
EXTRA "If you need another pencil while you
PENCIL3 you are answering the questions, just
raise your hand, and I will bring
you one."
"This test is for first, second, and
DIFFICULTY third graders. So some of the ques-
OF tions in this test might be very hard
TEST and you might not know how to answer them.
Just leave those problems blank and
go on to the next problem, 0.K.7?
"I am going to turn on the tape
: recorder and you will hear all of the
RAISE HAND instructions that you need.

1f you have any questions, do not speak
out. Raise wyour hand and I will come
to help_you," : '

TURK ON THE TAPE RECORDER. IF necessary,
-adjust the volume so that all the students can
hear.

The examiner should now listen to the tape recorded
instructions. After giving some instructions, the recording
asks five sample questions. After each question has been
asked, the examiner should write the correct answer on the
proper line of the copy of the first page already drawn

on the chalkboard. The answers to the sample questions are
shown below. The examiner should also remember to make sure
that the students are answering the questions according to
the directions.
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After ONE question has been asked,
the chalkbecard should look like this:

PART 1
I
Bremem——a
O
T
| RN ——
Blackboard after After : After After
TWO questions: THREE questions: FOUR questions FIVE questions:
PART 1 PART 1 PART 1 PART 1
IR e AeeePee- AemuPm—m Amm=Zm=m
Beweb—— Bee=H=mm BeesBeem Bre=be—e
Commmmm == Commlluua Comrllaaa SR | P—
DESEETE Do Doww3mmm Dem=3m——
e Emrree— Bemm————- B2

_ 14, - COMPUTATIONS OF WEIGHTED STATISTICS

Because the number of students in each of the three
SES strata is not equal, the mean, variance, and reliability
coefficient are computed by weighting the contribution of each
observation using the number of students in each stratum
in both the target and sample populations. Let

N = the number of students in the target population
N(k) = the number of students from stratum k in the target
population
n = the number of students in the sample population
n{k) = the number of students from stratum k¥ in the sample
population
w(k) = (N(k)} ¥ n) / (N * n(k)) = n / 3 % n(k), because each
stratum consists of N(k)/N = 1/3 of the population.
This represents the weight for each student in
stratum k.
k 1 : :
W= = ¥ w(k) = n = sum of weights for all students.
"~ 3 n(k) '

x{k,1) = score for student i from stratum k on test x
y(k,1i) = score for student i from stratum k on test y
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(Appendix E, continued)
Then we may compute the following:

the weighted mean:

3 n(k) 3 n(k)
T owk) x(k,i) v wik) vlk,1)
k i ) k i
MX = memm——e————————— My = ==- ————
W W

the weighted variance:

n{k) n{k)

3 3
T on w(k)*(x(k,1)-Mx)® 5 on w(k)*(y(k,1)<ty)2
, ki , ki
S = emrerrccccccccccc e ————— "S5Y7 = wmmcmmemmem e ———————————
W o= 1 W o= 1

the weighted reliability coefficient:

3 n{k)

55 wik)y*(x(k,1)-Mx)*(y(k,1)=My) / (W - 1)

k i
TP XY S = o ot o e e e e e e

1/2
(%2 * s5y9)

These values, computed for each grade who took the test appropriate
for that grade, appear in Table E6.

footnotes:

1. The sample population for the SMAT test standardization was
from the San Francisco Bay Area only. It is poéSible, therefore, that
this regional fabtor produced a systematic error in the establishment
of test horms, which must be considered in interpretation.

2. Thé criterion-related validity for the Primary levels was
found for a cross-séction of the population, including only one low
SES group, andltwo each of the middle and high SES groups. It may;
therefore, not be accurate for any particular homogeneoué population;
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