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1. INTRODUCTION

Although there has been extensive research in elementary

mathematics education during the past 25 years, the important area of

mental arithmetic has remained relatively untouched. In contrast to

traditional arithmetic, mental 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

century 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

emphasized. 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 arithmetic. Toward the middle of

the twentieth century literature on mental arithmetic appeared once

again. Elementary textbooks started giving some attention to solving

problems without pencil and paper, and research in the area began.

The more recent research in mental arithmetic has investigated

its uses (Wandt & Brown, 1957), modes of presentation (Brown, 1957;

Olander & Brown, 1959; Josephina, 1960), and item difficulty (Hall,
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1947), as well as methods of teaching mental arithmetic (Flournoy,

1953, 1955; Wolf, 1960; Pigge, 1967; Austin, 1970; Beech, McClelland,

Horowitz, & Forlano, 1970; Rea & French, 1972) and thought processes

used in solving mental arithmetic exercises (Dansereau & Gregg, 1966;

Moyer & Landauer, 1967; Whimbey & Fischhof, 1969; Restle, 1970;

Schvaneveldt & Stanudenmayer, 1970; Aiken, 1971).

The importance of mental arithmetic skills was demonstrated

in the study by Wandt and Brown (1957), who reported on the uses of

both mental and written arithmetic during a 24-hour period by 147

college students. They found 75 percent of the uses to be mental.

There appears to be little agreement as to terminology. In

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

mental and oral arithmetic to be "arithmetic calCulations performed

mentally without paper or pencil." The terms disappeared, however,

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 where the situations are presented

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.

Thorndike, however, does not specify that the calculations

must be carried out mentally. In all of the studies in the last 30

years, the term "mental arithmetic" included computation without

paper and pencil. Item presentation varied from items presented
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orally with no visual stimuli to items presented visually, and mode

of response varied 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; Rea & French, 1972), one a written test (Pigge, 1967),

and only three included items presented orally with no visual

stimuli (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 all 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 who 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.
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Hall did not discuss the problem cf item order. On written

tests, each student is able to select the order in which he will

respond to the exercises. On an orally presented test, however, one

is confronted with the problem of fixed pacing. The order of item

presentation 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,

1971; Sirotnik & Wellington, 1974). Sax and Carr (1962) found that

students perform significantly better on a mental ability test when

items are arranged in ascending order of difficulty. 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 descending order of difficulty. The evidence

for an item order effect on written tests is not conclusive. However,

there appears to be no evidence pertaining to an item order effect on

oral tests.

To evaluate a mental arithmetic curriculum, one needs a
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standardized test. Therefore, substantive research aimed at

developing a mental arithmetic curriculum must begin 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 series

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, administered to Grades 1 and 3, was designed to select

items for the final test according to classical test 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 series of tests, items

were grouped according to arithmetic operation and linguistic format.

These tests were designed to enable the items to be ranked and to

permit the determination of the range of items for each grade in

accord with the new test design. In these tests, items of the same

operation and linguistic format were grouped together. The fourth

set of tests, given to Grades 1 and 3, tested the effects of ranking

all of the exercises on the tests rather than segmenting them by
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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 are 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 of performance models fitted to the responses for each

student and predictions of scores on tests which students did not

take are discussed. From these predictions, grade-equivalent scores"

and percentile rankings were established.

2. THE CURRICULUM

The first step in developing the test is to define the mental

arithmetic curriculum from which the test is to be based: Such a

curriculum should cover the portion of the standard elementary

mathematics curriculum which can be presented orally. The curriculum

used in the present work was adapted from the drill-and-practice

arithmetic strands program developed at the Institute for Mathematical

Studies in the Social Sciences (IMSSS) at Stanford University (Suppes,

Jerman, & Brian, 1968; Suppes & Morningstar, 1972; Suppes, Searle, &

Lorton, in preparation). The mental arithmetic curriculum covers

seven concepts or "strands ,I' namely, addition (A), subtraction (S),

number concepts (NC), mUltiplication (M), division (D), measurement

(E), and fractions (F). Each strand is divided into equivalence
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classes which describe the entire curriculum. Each equivalence class

consists of a set of exercises which have structural features in

common, such as sizes of numbers, existence of a carry or borrow, and

format. As' an example, in the curriculum from which the tests are

constructed (Appendix A), is class A14I, which has the description,

ab + c = de, where a, b, c, d, and e represent digits, and the

restriction that b + c > 9, 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, mUltiplication, and

division exercises occur in three formats. For exercises presented

as A + B = C, the C format, referred to as the canonical format

(can), supplies A and B and asks the student to respond with C. The

A and B formats are referred to as noncanonical formats (nonc). The

A format supplies Band 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 format code follows the ordinary equivalence class name. Thus

for the equivalence class shown above, the B format is represented

by A14IB. The equivalence classes have been defined for each concept

of the curriculum.

The mental arithmetic test is defined by the included

equivalence classes. For each equivalence class included on the test,

one exercise is sampled at random from the set of all possible

exercises in the class.

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

constructing a -"family" of written criterion-referenced arithmetic
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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:

Canonical
Noncanonical
Noncanonical

(C format)
(B format)
(A format)

Verbal Form

ADDITION

What is 2 plus 31
2 plus what equals 51
What plus 3 equals 51

SUBTRACTION

Written Form

2 + 3 =_
2 + = 5

+ 3 = 5

Canonical (C format) What is 5 take away 31 5 - 3 =_
Noncanonical (B format) 5 take away what equals 21 5 - = 2
Noncanonical (A format) What take away 3 equals 21 _ - 3 = 2

MULTIPLICATION

Canonical (C format) What is 4 times 21 4 X 2 =
Noncanonical (B format) 4 times what equals 81 4 X - = 8
Noncanonical (A format) What times 2 equals 81 X 2 = 8

DIVISION

Canonical (C format) What is 6 divided by 21 6 / 2 =
Noncanonical (B format) 6 divided by what equals 31 6 / = 3
Noncanonical (A format) What divided by 2 equals 31 / 2 = 3

FRACTIONS

2 over 3 equals what over 61 2/3 = _/6
What is 1/3 plus 1/61 1/3 + 1/6 =

NUMBER CONCEPTS

Write the number 12.
Which is bigger, 2 or 61
What comes after (before, between) 7 (and 9)1
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3. TEST FORMS

Six levels of the test were constructed:

Level

Primary I
Primary II
Primary III
Intermediate IV
Intermediate V
Intermediate VI

For Grade

1
2
3
4
5
6

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

dividing the students into two groups. To account for order effects,

group 1 receives form A first and group 2 receives form B first.

Exercises from three strands (addition, sUbtraction, and

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

measurement).

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 strands in the IMSSS drill-and-practice

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.
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Table 1

Distribution of Con~epts on Tests by Proportion of

Exercises in Each Concept

Add Sub Mul Div Num Frac Meas

Primary I .52 .33 • 15

Primary II .52 .36 .12

Primary III .52 .40 .09

Intermed. IV .20 .20 .15 .15 • 12 .08 • 10

Intermed. V .17 .17 .17 .17 • 13 .09 .10

Intermed. VI • 15 .15 .20 .20 .10 .10 .10

4. TEST ADMINISTRATION

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. 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 statement is written out, the

exercise is marked wrong. Instructions are given to cross out rather

than erase each answer a student wants to change.

To avoid the difficulty that arises when numbers are used to

identify numerical exercises, the test is divided into sections,.each
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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, e, D, E, AA, BB, ee, DD, EE, PART 2, •• ,

As an example of the verbalization of double-letter identifiers, "AA"

is read "A" "A," rather than "double A."

All other grades used the scheme:

PART 1, A, B, e, 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 appropriate for Grades 1-3 and an Intermediate test appropriate

for Grades 4-6. A Primary pretest was designed to obtain data for

selecting items in accordance with two criteria of classical test

theory. The first is an index of item difficulty, P, representing

the proportion correct. To obtain the greatest dispersion of

scores, P = .5 is preferable. The second is an index of item

discriminability, D, which guides in selecting items answered

correctly more often by high scorers than by low scorers.
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The First Pilot Test

The first test was divided into 10 parts with two 2-minute

breaks after parts 4 and 80 Each part contained 10 exercises

labeled A, B, C, D, E, AA, BB,CC, DD, EEo Included in this test

were exercises from 45 equivalence classeso Twenty-three addition

classes were selected from among the 119 classes, A6-A26, A32, A340

Twenty-two subtraction classes were chosen from the 93 classes, 31,

35-3290 (The codes refer to the equivalence olass names in Appendix

Ao) Each equivalence class appearing in the test was sampled

exactly once and the exercises were ordered randomly 0 To determine

the range of response times necessary, the time allowed for response

varied from 6 to 10 seconds 0

On an orally presented test, the order of presentation of

items is uniform for all studentso To assure independence of test

items, recovery items were placed between the above test items with

the condition that no test item follow an item of the same operation

or the same linguistic format 0 A recovery item is an item that has a

high probability of being correct, but which is not analyzed as an

element of the total test scoreo A description of the recovery items

and their restrictions appears belowo

Write the number a o
Which is bigger, a or b?
What comes before a?
What comes after a?
What comes between a and b?
What is a plus b?
What is a take away b?

12

a < 11
a, b <11
a < 11
a < 10
b < 11
a, b < 10
b or difference (d) = 0 or 1
orb = d



To obtain P = 05 for all three grades on a given item, some

second-grade students must be able to answer the item correctlyo

Therefore, the first test was given to 22 middle-income second-grade

studentso

Of the 45 test items, there were 18 items which no student

answered correctlyo All of the items were analyzed to determine those

items which should remain on the next pretest, and whether new items

could be addedo No item was eliminated if more than one student

answered it cOrrectlyo Because a large number of items was missed by

all or almost all students, the range of equivalence classes was greatly

decreased 0

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 > 080 The other number concepts recovery items were

answered with 036 < P < 0910 All of the recovery items were retained

in the next testo

The Second Pilot Test

The test was redesigned maintaining the same structure, but

with different exerciseso This second test contained test items from

classes A1-A14, A21, A32-A35 and S1-S15 and recovery items from

classes A1C-A4C, A1B, A6B, S2C, NC1-NC6, NC25-NC27, SNC3-SNC50 The

test was given to 23 first-grade students and 25 third-grade students 0

On the addition and subtraction exercises, 035 was the largest mean

proportion correct on any item for the first graders, whereas the

largest mean proportion correct on any item for Grade 3 was 10000 Of
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the 44 addition and subtraction exercises, 032 of the items were not

answered correctly by any first-grade student, whereas every item was

answered correctly by at least one third-grade studento

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 bookletso The

performance on recovery items shows this quite clearly; The mean

proportion correct for recovery items in Grade 3 was 092 on Section

and .93 on Section 10, as expectedo However, the mean correct for

recovery items in Grade was 031 on section 1 and even lower on

section 10, only 0220

The third-grade students performed so well on the test that

an analysis of the recovery items for those students is uninformativeo

The analysis was performed on the first-grade students onlyo Of the

55 items originally designated as recovery items, the eight noncanon­

ical items from classes A1HB, A1LB, and A6HIB and the canonical item

from class A4C were answered correctly by fewer than two students on

the averageo Because performance on items from these classes was

poorer than expected, they may have been inappropriately labeled as

recovery items 0 They were eliminated in the analysis of recovery item

performance 0 All remaining items were answered correctly by more than

two studentso The dotted line on the graph in Figure 1 shows

performance by sections on these recovery itemso Performance appears

to have decreased immediately after the first section, indicating that

some students stopped working on the test when they met with failureo

14
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Figure 1. Performance on recovery items by section.

The first item in every section was a recovery item. The interference

effect on performance due to intervening difficult items was not

present on the first item in every section. The solid line on the
I'

graph shows performance on recovery items excluding also the first

item in every section. The trend, after removing the first items,

indicates that performance continually decreases across sections.

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.

Another variable present in this test is the time allowed

for the student to respond. Response times varied between 6 and 10
•

seconds. Performance 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 A2B

are almost 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 A2B 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 approximately

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 structure except for format. A5, A7, A21, S3,

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 between A5B and A5C are similar to the differences in

16



Table 2

Mean Proportion Correct for Equivalence Classes and

Response Times Included in Second Test

Equivalence Time allowed Mean for Mean for
class for response Grade 1 Grade 3

A1B 10 .35 .96
A2B 8 .17 1.00

A5B 6 .00 .80
A5C 10 .04 .92

A7B 6 .00 .84
A7C 6 .04 .88

A21B 8 .04 .44
A21C 6 .04 .56

S3B 8 .35 1.00
S3C 10 .13 .96

S13B 10 .04 .40
S13C 6 .04 .68

S5A 8 .00 .32
S5C 10 .04 .64

S15A 8 .00 .36
S15C 8 .22 .92
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performance between A21B 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

A5B at 6 seconds would yield means much lower than A5C at 10 seconds.

Similarly, I expected S13B at 10 seconds to yield means close to S13C

at 6 seconds, but S3B at 8 seconds to yield means significantly lower

than S3C at 10 seconds. Because none of these expectations was

fUlfilled, I decided that uniform presentation of items allowing 6

seconds for students to respond would make the test shorter and thus

allow me to present more items on each test.

Specification of the Final Test Form

At this point in the test development the final form of the

test was established. All sUbsequent pretests employed the format

described here. Each grade receives a different test, and each test

covers items ranging from those that all of the students can answer

(P = 1.0) to those that no student can answer (P = 0.0), avoiding a

floor or ceiling effect. The exercises 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. Equivalence

classes appropriate for Grades 1-3 are, ordered on a fixed equal

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

<-------------------------------------------------------------------->
ACE B D F

Primary I
+-----------------------------------------+
A B

Primary II
+------------------------------------------+
C D

Primary III
+--------------------------------------------+
E

Figure 2. Continuum of ordered eq~ivalence classes on which the
range of classes includ~d in each of the three Primary
tests is shown.

F

ranges of each test level. The ranges o~ classes for each grade

overlap. Primary I for the first grade extends from point A to

point B, Primary II for the second grade extends from point C to
!.

point D, and Primary III for the third grade extends from point E to

point F. Equivalence classes for Grades 4-6 are ordered similarly

on a separate continuum.

Students in all grades are given the same instructions on the

tape and are given 6 seoonds to respond to each item. The structure

of the tests for each of the six levels is identical, with the

exceptions, shown in Table 3, of the number of items presented, the
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Table 3

Structural Differences Among Test Levels

Level

I II III IV V VI

Number of items 100 110 110 110 110 110

Number of sections 10 11 11 11 11 11

Number of sample exercises 5 5 5 3 3 3

Indices A-EE A-J A-J 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 representing 100 different equivalence classes. All other

tests covel" 110 classes. The exercise-identification scheme remains

as described above. Each 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.

Two forms of the test were developed for each grade. The two

forms were designed as "stratified parallel tests." The universe of

equivalence classes for the Primary tests was divided into 9 strata:

three formats of addition, three formats of sUbtraction, and three

formats of number concepts. The universe of equivalence classes for

the Intermediate tests was divided into 15 strata: three formats each
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1,-

of the four basic operations, and one format each of number concepts,

fractions, and measurement. A family of 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 possible equivalence classes in that

stratum for that grade. Within each strand, the particular items from

each class were then chosen at random and presented in the order that

the equivalence classes appear on the continuum. The procedure above

can be implemented to create an additional form for any of the grades.

(See section on tests for parallelism.)

Tables 4 and 5 give the complete distribution of equivalence

classes presented in the Primary and Intermediate tests, respectively.

They list the number of classes included in each stratum for the range

of each grade, the number of classes chosen from that stratum, and the

proportion of the total test that that. stratum represents.

In each Primary test, the number concepts classes are

distributed evenly across the three question forms, "Which is bigger,

A or B," "What comes after A, "and "Write the number B," where A and

. B represent positive integers. Approximately half of the classes from

the addition and subtraction strands are in canonical format while

the otner half are divided evenly among the two noncanonical formats.

An exception occurs for Primary I, sUbtraction, where there were not

enough noncanonical classes (SUB A) in the range of the test. The
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Table 5

Complete Distribution of Equivalence Classes on Intermediate Tests

Intermediate IV Intermediate V Intermediate VI

Total No. Approx. Total No. Approx. Total No. Approx.
pass. probs. % pass. probs. % pass. probs. %

Add C 45 11 10 46 9 9 45 8 7
Add B 29 6 5 33 5 4 36 4 4
Add A 30 5 5 33 5 4 35 4 4

Total
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 5 4 27 4 4

Total
SUb. 67 22 20 77 19 17 83 16 15

Mul C 39 8 7 40 9 9 34 11 10
Mul B 30 4 4 36 5 4 38 6 5
Mul A 27 4 4 33 5 4 34 5 5

Total
mu!. 96 16 15 109 19 17 106 22 20

Div C 12 8 7 12 9 9 11 11 10
Div B 11 4 4 11 5 4 10 6 5
Div A 7 4 4 9 5 4 11 5 5

Total
div. 30 16 15 32 19 17 32 22 20

Frac. 11 9 8 12 10 9 14 12 10
Num. 17 14 12 17 13 13 12 11 10
Meas. 44 11 10 47 11 10 42 11 10

Grand
total 369 110 100 406 110 100 405 110 100
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distribution for this set is, therefore, slightly Unbalanced. The

distribution of equivalence classes spreads across all seven strands

in the Intermediate tests. The proportion of addition and subtraction

exercises decreases from Intermediate.IV to Intermediate VI while the

proportion of mUltiplication and division exercises increases as the

grade increases. The proportions of number concepts, fraction, and

measurement exercises are approximately equal and remain constant for

all Intermediate tests •

.. The Third Pilot Test

The third set of tests was administered to obtain the

information necessary to rank order all of the equivalence classes

with respect to the probability correct by the grade and to determine

..therange of classes to be used at each grade level. The tests were

constructed separately for each grade, using the format described in

the previous section, except that all exercises in a given section on

the Primary pretests were of 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 the data from

the drill-and-practice program. Since the number of items of a given

operation and format was not unif_orm ,. the sec.tions varied in. length.

All concepts and formats included in the Primary tests were pretested

on each grade with the exception of noncanonical format for Grade 1.

The Intermediate pretests were similar, presenting all concepts and

formats to each grade with the exception of noncanonical division

format in Grades 4-6 and fractions in Grade 1. The sections in these

24



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 administered 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-grade students"

l~e Fourth Pilot.Test

Since the third set of pretests was organized into sections of

items haVing the same format and operation, a last set of pretests was

given to determine the effect of presenting the exercises completely

rank ordered, without regard to operation or format"

Four tests were administered, one to each of 39 first-grade

and 38 third-grade students" Two types of tests were given. One,

the segmented test, is described in the section on the third pilot

test. The other test, the ranked test, includes the identical

exercises, rank ordered, without considering the relative operations

or linguistic formats of neighboring exercises. The method for rank

ordering used the predicted probab.ility correct, and is described in

the next section.

The class 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 score 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 40.90
'(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 operation or format.

6. REGRESSION ANALYSIS

Because administering exercises from more than 450 equivalence

classes (which would require four different examinations) was not

feasible, I needed a method for inferring the proportion of students

who would respond correctly on items not given. All of the

equivalence classes can be defined_by a small number of structural

variables, such as number of addends, size of sum, and question

format. In the addition strand, for _example, all classes can be

defined by 13 such variables. The selection of relevant variables

was based on the extensive research on thedrill-and-practice

elementary mathematics data (Suppes, Jerman, & Brian, 1968; Suppes &

Morningstar, 1972). The variables are defined in Appendix B.

A multiple linear regression analysis serves the purpose of

estimating the proportion correct on items 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 i is:

P
i = a + b1 X1,i + b2 X2 ,i + b3 X3 ,i + ••• + bn Xn,i + e i

where p i --the proportion of students answering item i correctly-­

is the dependent variable , X . . is the value of the j-th structural
J,J.

variable for item i, and b . is the weight of the contribution of
J

that variable to the proportion correct. The proportion correct was

assumed to be constant for all items in a given equivalence class.

Using 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 from each class not given~

The variance (p(1-p}/n) is not independent of the mean (p)

when scores are in the form of proportions. Therefore, when these

proportions are used as dependent variables in a regression analysis,

a variance stabilizing transformation is appropriate. The variance

stabilizing transformation

• 2 * . (p 1/2)P = arcsJ.n

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. Eaoh variable value had. to.be present in at least two

items to obtain these estimates.

Regressions were run for eaoh grade separately. Suoh an

analysis was appropriate for all three strands from the Primary

grades, for addition, sUbtraotion, and multiplioation from Grades

4-6, and for all four basio oonoepts for Grade 7. The oomputed

ooeffioients appear in Table 7•.The ..number of addends, number of

digits in the addends, magnitude of the sum, regroupings, and basic

addition faots oontributed to item diffioulty on addition exeroises.

When the addends are multiples of 10, the exeroises are less

diffioult. It· appears from the data that addition exeroises with the

first addend larger than the seoond are as diffioult as exeroises with

the first addend smaller. As with written exeroises, addition items

in oanonioal format are less diffioult than nonoanonioal items. On

subtraotion exeroises, faotors that oontributed to item diffioulty

were the magnitude of the minuend, basio .subtraotion faots, and

regroupings. As in addition exeroises, when the numbers are powers.of

10, the exeroises are less diffioult. Unlike the addition exeroises,

however, the nonoanonioal A-format was far more diffioult than either

the B-format or oanonioal format. For multiplioation exeroises, the

oommuting forms did not appear to oontribute to item diffioulty, but

items in oanonioal format were far less diffioult. For division

exeroises, oanonioal and nonoanonioal items were equally diffioult.

There were three types of number oonoepts questions. The type "Write

the number A" was less diffioult than the other two questions. With
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Table 7

Coefficients of Regression Variables

Variable

Addition

constant
na
nl
ns
ten
power
both
ab
regrl
regr2
baf
comml
comm2
mag
eq
can
nonc

Subtraction

constant
nl
n2
ten
power
both
ab
bor
bsf
comml
comm2
mg
eq
can
nonc

Grade 1

2.37857
-.66191
-.33105
-.53798

.43675

.53559

.75347
0.00000
0.00000
0.00000
-.15865
0.00000

.02490
-.31493
0.00000
0.00000
0.00000

.98596
0.00000

.11473
-.04020

.28732
-.07626
0.00000
0.00000
-.13318

.04140
-.11017
-.30716
0.00000
0.00000
0.00000

29

Grade 2

2.78681
-.98392
-.14629
-.77788

.43278

.41053

.10206
-.09234
':'.51290
0.00000
-.29881

.11781
• 11066

-.21587
. -.14758

.10140
0.00000

2.96960
-.70267
-.79491

.74103

.92931
1.15280
-.23812
.• 24595

-.35853
.02045

-.16202
.,..29552
-.23721

.27354
-.44826

Grade 3

4.74998
-1.11801
-.66367

-1.03072
.51298
.53273

1.24142
-.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. cant.)

Variable Grade 1 Grade 2 Grade 3

Number Concepts

constant 2.95394 5.81947 3.87200
q1 .28520 .72307 1.21632
q2. .08172 -1. 69111 .87140
n3 -.23707 -1.17314 0.00000
n2 -.40763 -.58196 -.43766
n1 -.49740 -1.17742 -.82108
dd -.04279 -.16607 -.10249
diff 0.00000- -.05137 -.07873
v1 -.16069 -.05651 -.05204
v2 -.36095 .05123 -.12886
ze -.01953 -.21407 -.09244
nz .45303 .62756 .09450
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(Table 7, cont.)

Variable Grade 4 Grade 5 Grade 6 Grade 7

Addition

constant 3.28097 2.63155 3.62861 4.02110
na -.36014 .30627 0.00000 0.00000
nl -.02520 -.48296 0.00000 -.56437
ns -.12443 ~.16010 -1.14708 0.00000
power -: 13947 -.63188 0.00000 0.00000
ten 0.00000 0.00000 .45920 0.00000
both .16129 .82690 1.26959 0.00000
ab -.66023 .09718 -.16412 -.79597
reg2 -.48751 -1.15141 -.17853 -.22048
reg 1 0.00000 0.00000 -.77665 -.48044
baf 0.00000 .21679 .03927 -.42280
coml -.21435 -.29239 0.00000 0.00000
com2 -.20581 -.28760 -.10103 .10307
mag -.31669 .25587 0.00000 -.18579
can .22627 -.10103 .16244 .11493
nonc .05661 .09479 .02650 .03769

Subtraction

constant .0520 .07967 .03816 .06724
nl .18175 .10274 .05929 0.00000
n2 • 15386 .93975 -.42466 .77553
power -.15821 -.46423 0.00000 0.00000
ten 0.00000 0.00000 -.16159 0.00000
both -.68007 -.87218 .10768 0.00000
ab -1.31088 -1. 11552 -.62598 .12224
bor -1.06170 -.34296 -.49708 .28550
bsf -.30249 -.26027 -.67928 0.00000
com1 -.11740 -.09452 -.07824 -.23140
com2 -.23738 .15099 -.26627 .33523
mag .60744 .30406 1.01757 -.26236
can .15441 .21117 .09070 .07945
nonc -.32903 -.34289 -.59629 -.22940

Multiplication

constant .00001 0.00000 0.00000 0.00000
ml .49874 0.00000 0.00000 0.00000
m2 .74346 0.00000 0.00000 0.00000
m3 5.95820 0.00000 0.00000 0.00000
m4 .59605 0.00000 0.00000 0.00000
m5 .27292 0.00000 0.00000 0.00000
m6 5.74684 0.00000 0.00000 0.00000
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(Table 7, cont.)

Variable Grade 4 Grade 5 Grade 6 Grade 7

Multiplication, cont.

m7 .07974 0.00000 0.00000 0.00000
m8 5.64843 0.00000 0.00000 3.26927
m9 .67845 2.27088 0.00000 0.00000
ml0 -.11160 2.07815 0.00000 0.00000
m12 0.00000 2.53380 0.00000 0.00000
m13 0.00000 t.73682 0.00000 0.00000
m14 0.00000 1.59641 0.00000 0.00000
m15 0.00000 1.45951 0.00000 2.96761
m16 0.00000 1.48874 .28880 0.00000
m17 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 2.67389
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 -.54393 0.00000
can .07188 0.00000 -1.18678 0.00000
none .03084 -.05684 .03527 0.00000
coml -1. 83646 .24651 .17236 -.64170
com2 -.06995 .10178 -.00818 .10113
can 0.00000 0.00000 0.00000 .32549
none 0.00000 0.00000 0.00000 -.13923

Division

constant .00001
dl .49874
d2 .74346
d3 5·95820
d4 .59605
d5 .27292
d6 5.74684
d7 .07974
d8 5.64843
d9 .67845
dl0 -.11160
can .07188
none .03084
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all three question types, the magnitude of the numbers was the largest

contributor to item difficultyo

From these analyses I estimated the probability correct

for all appropriate equivalence classeso The equivalence classes

predicted for each Primary and Intermediate grade are listed in Table

80 The observed values for classes S34-35 and A36-40 were used

because the structural variables characterizing those items are

not a subset of those used in the regressiono

The final ordering of equivalence classes was determined using

the predicted probabilities obtained from the regression 0 For each
,

grade, separate predictions were madeo The predicted probabilities

for each grade were then ranked separately and a procedure was

developed to create one common ranking of all the items predicted

for any of the Primary grades and a second common ranking, independent

of the first, for all items predicted for any of the Intermediate

grades 0 This procedure, described in Appendix C, produced the final

rankings found in Tables 9 and 100 Using the predicted probability

correct on the range of the ranked exercises, I determined the upper

and lower bounds of the equivalence classes to be included for each

level 0 From the ranks found in Table 9, Grade 1 ranges from rank 1 =

NC25A to rank 188 = A21ICo Grade 2 ranges from rank 1 = NC25A to

rank 261 = A21IAo Grade 3 ranges from rank 29 = S1LC to rank 287 =

S17Ao From the ranks found in Table 10, Grade 4 ranges from rank =

E22 to rank 369 = M16IBo Grade 5 ranges from rank 1 = E22 to rank

406 = E560 Grade 6 ranges from rank 46 =A10C to rank 450 = A20Bo
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. Table 8

Equivalence Classes Predicted from Pretests by Grade

(canonical
format
only)

Add

Gr1 1-11,24,
31-35
(canonical
format
only)

Gr2 1-18,21,
31-35

Gr3 1, 3-35

Number
Classes
Predic ted 142
for
Primary

Sub

1-15

1-7

1-29

96

Mul Div Frac Num Meas

1-12,
25-31
SNC 1-7

10-21,
26-31
SNC 6-11

19-24,
26-38

49

Gr4 5-7,9-21 5-25 1-10,13 1,7-8 2-4,6-12 39-47 3-20
32,34,36-38 69-70

Gr5 5-7,9-25 5-27 9-10,12-21 1-12 5-6,8,10, 69-76 21-26
34,35 34-35 (canonical 12-15 28-32

format
only)

Gr6 9-30 8-33 16-24 5-6,10-12 5,12-15 74-78 32-50
39-40 (canonical

format
only)

Gr7 11-30 14-33 8,14, 1-12 none 71, 30-59
39-40 19-20, 73-74

22-24 77-78

Number
Classes
Predicted 134
for
Intermed.

89 120

34

36 14 19 56



Table 9

Rank Ordering of Equivalence Classes for Primary Tests

Rank Class Rank Class Rank Class

1 NC25A 41 SNC7I 81 S7HC
2 NCl 42 NC30 82 S2HB
3 NC25B 43 A2LB 83 S7LB
4 NC4 44 A2LA 84 A5B
5 SNC1II 45 NC5 85 A7IB
6 SNC2II 46 SlHC 86 A6HIIA
7 SNClI 47 A4C 87 A7IIB
8 SNC21 48 S2LC 88 S6LC
9 NC2 49 A6HIC 89 AllHIIC

10 AlLC 50 A31C 90 NC31
11 A1HC 51 A6LIB 91 Al1LIB
12 A1LB 52 SlLB 92 A13IC
13 A1LA 53 A2HB 93 NC12
14 SNC3AII 54 A2HA 94 A8IIC
15 SNC3BII 55 A6HIIC 95 S4C
16 SNC3AI 56 S2HC 96 AllHIB
17 SNC3BI 57 A6LIIB 97 Al1LIIA
18 NC7 58 A3B 98 A9C
19 NC3 59 A32C 99 s8C
20 NC25C 60 A3A 100 A5A
21 SNC4II 61 NC10 101 AllHIIB
22 SNC5II 62 Al1LIC 102 S3B
23 SNC41 63 A7IC 103 SlLA
24 SNC51 64 A6LIA 104 SlOB
25 A~HB 65 A5C 105 S6HB
26 A2LC 66 S7LC 106 A7IA
27 A6LIC 67 SlHB 107 Al1LIIB
28 A3C 68 A4B 108 S7HB
29 SlLC 69 A6LIIA 109 A13IIC
30 NC27 70 A7IIC 110 S6LB
31 A2HC 71 A6HIB 111 Al1LIA
32 NC26 72 AllLIIC 112 A7IIA
33 A6LIIC 73 S3C 113 S15LC
34 NC8 74 S2LB 114 S10C
35 A1HA 75 A6HIIB 115 NC28
36 SNC61 76 A4A 116 S6HC
37 NC9 77 A6HIA 117 S14LC
38 SNC7II 78 Al1HIC 118 S15HC
39 NC6 79 NC 11 119 A8lB
40 SNC6II 80 A8IC 120 S8B
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(Table 9. cont 0)

Rank Class Rank Class Rank Class

121 AllHIA 161 S12C 201 S20C
122 A22IlC 162 A34C 202 S17B
123 SNC llIl 163 S14HC 203 A25IlC
124 A8IlB 164 A35C 204 S35
125 A9B 165 S17C 205 s18c
126 AllHIlA 166 A37C 206 S20B
127 A33C 167 NC20 207 A39C
128 SllC 168 A16IC 208 S14HB
129 S9C 169 S15HB 209 A23IC
130 SNC8Il 170 NC32 210 A19C
131 A8IA 171 S14LB 211 A12IA
132 A12IlC 172 A21IlC 212 A12IlB
133 A14IC 173 A15IB 213 A40C
134 S9B 174 A13IlB 214 A15IlA
135 SNC81 175 A12IC 215 S10A
136 A8IlA 176 S19C 216 A22IlB
137 A22IC 177 SNCllI 217 A14IA
138 A13IB 178 S2LA 218 A14IlB
139 A15IC 179 S13C 219 A12IlA
140 S4B 180 A38C 220 S27B
141 SlHA 181 S7HA 221 A17B
142 NC35 182 NC21 222 S8A
143 A15IlC 183 A16IlC 223 S6HA
144 Al0C 184 Al0A 224 S13B
145 S5C 185 A12IB 225 S4A
146 A9A 186 S6LA 226 A17A
147 A13IA 187 NC38 227 A21IlB
148 S15LB 188 A21IC 228 A14IlA
149 SllB 189 s16c 229 A21IlA
150 S34 190 A15IA 230 S16B
151 A14IlC 191 A15IlB 231 A16IB
152 A36C 192 S3A 232 A18C
153 S5B 193 S19B 233 A16IA
154 S2HA 194 A25IC 234 S15LA
155 A13IlA 195 A2~IlC 235 S12A
156 S7LA 196 A22IB 236 A22IA
157 A17C 197 S27C 237 S26B
158 S12B 198 SlaB 238 A24c
159 NC19 199 A14IB 239 S19A
160 Al0B 200 NC22 240 S22B
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(Table 9, cont.)

Rank Class Rank Class Rank Class

241 A27IC 261 A21IA 281 A23IA
242 S21B 262 S15HA 282 A19A
243 S22C 263 S14LA 283 S25C
244 S9A 264 A20C 284 S25B
245 A21IB 265 S24B 285 S26A
246 A22IIA 266 s18A 286 A18A
247 S26C 267 S23C 287 S17A
248 NC23 268 A25IIA
249 A25IB 269 S20A
250 A26IC 270 A25IA
251 A16IIB 271 S27A
252 A27IIC 272 A23IIA
253 A25IIB 273 S23B
254 A26IIC 274 S14HA
255 A23IIB 275 A23IB
256 S24c 276 A19B
257 SllA 277 A16IIA
258 NC24 278 S13A
259 S21C 279 A18B
260 S5A 280 S16A
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Table 10

Rank Ordering of Equivalence Classes for Intermediate Tests

Rank Class Rank Class Rank Class

1 E22 41 AllHIA 81 M4IC
2 A6HIIC 42 M3A 82 M8A
3 AllHIIC 43 M4IIA 83 D8C
4 D7B 44 NC47 84 E31
5 D6B 45 Ell 85 M7IC
6 AllHIC 46 A10(: 86 M5IB
7 AllHIIB 47 A6HIC 87 D7C
8 S8B 48 MlIA 88 D2B
9 S9C 49 M6C 89 D1C

10 A7IIC 50 AllHIB 90 M5IIC
11 M9IC 51 A13IIC 91 M4IA
12 A6HIIA 52 NC41 92 M1IIB
13 S9B 53 NC46 93 A7IIA
14 A6HIIB 54 A7IC 94 Ml0IIC
15 A9C 55 F3 95 MlIB
16 S8C 56 M4IB 96 M9IIA
17 AllHIIA 57 A6HIA 97 M7IIA
18 NC40 58 M9IIC 98 MlIIA
19 E5 59 A5C 99 M4IIB
20 NC42 60 A13IC 100 S17C
21 NC44 61 NC69 101 A32C
22 M2IIC 62 NC70 102 M2IA
23 NC43 63 M3C 103 S10C
24 E20 64 A22IC 104 D3B
25 E47 65 S17B 105 A12IC
26 D6c 66 M12IC 106 S12B
27 E3 67 M12IIC 107 A7IA
28 El0 68 E25 108 D1B
29 E12 69 D5B 109 A7IB
30 M2IC 70 E13 110 M9IA
31 M4IIC 71 MlIC 111 Ml0IC
32 NC45 72 M2IB 112 M5IC
33 E6 73 D3C 113 M3B
34 M2IIA 74 A22IIC 114 SllC
35 E7 75 A6HIB 115 S12C
36 NC39 76 D5C 116 SlOB
37 E4 77 A12IIC 117 811B
38 M1IIC 78 M8B 118 S32B
39 M2IIB 79 M5IIA 119 A15IIC
40 M8c 80 M7IIC 120 S15HB
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(Table 10, cont.)

Rank Class Rank Class Rank Class

121 A7IIB 161 331B 201 E49
122 316c 162 M6A 202 A12IA
123 E17 163 A37C 203 320B
124 M5IIB 164 NC72 204 E19
125 F2 165 E21 205 A25IIB
126 A34C 166 A22IIB 206 39A
127 A25IIC 167 332C 207 319C
128 316B 168 333B 208 319B
129 A9A 169 A13IIB 209 M12IA
130 A15IC 170 A22IB 210 M12IIA
131 D2C 171 A22IIA 211 38A
132 A13IIA 172 D6A 212 M7IB
133 315HC 173 M7IA 213 Ml7IIC
134 E9 174 A40C 214 E37
135 A25IC 175 A16IIC 215 E41
136 A38C 176 A12IIA 216 E29
137 AlOB 177 D9B' 217 A35C
138 E14 178 A23IIC 218 E35
139 M6B 179 321B 219 A21IIC
140 314HB 180 A5A 220 A25IIA
141 AlOA 181 D12B 221 M16IC
142 M5IA 182 331C 222 M15C
143 M13IIC 183 E44 223 M19IC
144 321C 184 A36C 224 E48
145 A14IIC 185 F4 225 M21IC
146 A9B 186 313C 226 DllB
147 M9IIB 187 313B 227 M19IIC
148 M12IB 188 314HC 228 M23IC
149 M12IIB 189 A13IB 229 E18
150 D8B 190 A25IB 230 330C
151 AnIA 191 37HC 231 A12IB
152 M9IB 192 A16IC 232 E33
153 F9 193 Ml0IA 233 D5A
154 M7IIB 194 A12IIB 234 E43
155 A5B 195 D7A 235 M13IIA
156 A23IC 196 Ml0IIA 236 320C
157 A14IC 197 A25IA 237 A21IC
158 E24 198 M14C 238 Ml7IC
159 M13IC 199 A24C 239 F5
160 A22IA 200 330B 240 A15IIA
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(Table 10, cont.)

Rank Class Rank Class Rank Class

241 M21IIC 281 S23B 321 S31A
242 M181C 282 F12 322 S24B
243 S27B 283 A14IIA 323 .S11A
244 D8A 284 A141A 324 A161B
245 S6HC 285 NC71 325 S32A
246 M10IB 286 S27C 326 A281C
247 F10 287 M20C 327 M15B
248 S18B 288 A23IIA 328 NC78
249 S18C 289 M15A 329 A21IIA
250 A15IA 290 A39C 330 A28IIC
251 A17C 291 A26IIC , 331 E:50
252 A15IIB 292 A231B 332 S30A
253 D2A 293 M131B 333 S17A
254 S33C 294 S22B 334 M17IB
255 M23IIC 295 A27IC 335 F7
256 E38 296 A16IIA 336 M161A
257 M18IIC 297- S10A 337 M17IIB
258 D3A 298 A14IIB 338 M16IIA
259 A23IA 299 S26c 339 NC73
260 E26 300 M10IIB 340 E16
261 E28 301 F8 341 D4C
262 E23 302 D11C 342 S15HA
263 E45 303 A19C 343 M17IIA
264 S26B 304 D12C 344 A21IIB
265 A261C 305 S22C 345 E32
266 M131A 306 F6 346 M14A
267 D1A 307 S24C 347 A27IIC
268 S23C 308 S12A 348 E39
269 E34 309 A23IIB 349 E40
270 M221C 310 M241C 350 A24B
271 E8 311 S5B 351 A21IA
272 E15 312 A161A 352 E51
273 D10B 313 D9C 353 A18C
274 M16IIC 314 M14B 354 D10C
275 S34C 315 A141B 355 NC75
276 S35C 316 S5C 356 M171A
277 A151B 317 S6HB 357 NC76
278 M13IIB 318 A16IIB 358 A17A
279 S7HB 319 A24A 359 S21A
280 F11 320 M22IIC 360 A261A
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(Table 10, cont.)

Rank Class Rank Class Rank Class

361 S13A 401 S29B 441 E52
362 A21IB 402 S6HA 442 A30IIC
363 M19IB 403 A18A 443 A28IB
364 M21IB 404 DllA 444 E46
365 M18IB 405 A18B 445 M22IB
366 M21IIB 406 E56 446 E42
367 S16A 407 A27IIA 447 M24IB
368 A17B 408 A26IIB 448 A29IC
369 M16IB 409 A27IA 449 M22IIB
370 F13 410 s28B 450 A20B
371 S14HA 41 1 A27IIB
372 A20C 412 NC77
373 S25B 413 Dl0A
374 M21IIA 414 s28C
375 M18IA 415 S26A
376 M16IIB 416 E30
377 M18IIA 417 S18A
378 M21IA 418 S5A
379 S23A 419 F15
380 M18IIB 420 M19IIA
381 M19IA 421 S27A
382 M19IIB 422 F14
383 S25C 423 NC74
384 A19A 424 D9A
385 S20A 425 M20A
386 M20B 426 S22A
387 M24IIC 427 E57
388 S7HA 428 E59
389 S19A 429 S25A
390 M23IB 430 A20A
391 A26IIA 431 A29IIC
392 E36 432 M22IA
393 A19B 433 S24A
394 E55 434 A28IIA
395 D12A 435 D4B
396 S33A 436 A28IA
397 A26IB 437 A30IC
398 M23IA 438 M23IIA
399 A27IB 439 S29C
400 M23IIB 440 A28IIB
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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, "the Spearman Correlation Coefficient was computed. The method

used selected those exercises that were predicted for two grades,

ranked these exercises for each grade according to predicted

probability correct, and used Spearman"s computational method to

determine the correlation between the two rankings. The ranks of

tied items, those with equal predicted probability correct, were

assigned the average 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

1 2 .838 59 15.69
2 3 .894 185 37.08
1 3 .589 52 6.50
4 5 .695 166 16.14
4 6 .833 115 21.66
4 7 .540 96 7.71
5 6 .650 188 14.96
5 7 .400 147 6.22
6 7 .720 221 20.11

* all significant at .001 level

particular coefficient is extremely sensitive to differences in rank
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orderings.,

One possible explanation for the high correlations is that

the rankings were based on predictions that used the same structural

variables for each grade. Therefore, differences 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

commqnities listed in the California Census, 1970. A cumulative

frequency distribution for median family incomes of these communities

was constructed. The population was divided intc thirds and

stratified as low, middle, and high socioeconomic status (SES) groups,

based on the ranking of the area's median family income in the

cumulative frequency distribution. From each stratum, a community

from approximately the middle of that stratum was selected as the

area to be sampled. Thus, the communities that represented 1/6, 3/6,

and 5/6 of the total population 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 such a district there would be a large range

of income levels, and any given school chosen might be in an area

unrepresentative of the whole.
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This sampling scheme proved t? be infeasible, however, because

I could not enlist the cooperation of school districts in low income

communities. A different scheme was then devised. Rather than using

districts, I was forced to go to the school level. My estimate of

school SES was based' on data supplied by the California State Board of

Education from the 1912 Elementary School Questionnaire, which was

completed by the principals of each pUblic elementary school in the

state and which included the following question: Of the total spring

enrollment reported in item A, how many pupils in this school do you

estimate come from households that are: (a) economically very poor

(n1), (b) moderately poor (n2), (c) moderately well off (n3), and

(d) quite well off or very well off (n4).

The SES variable for each school was computed as

(1 X n1) + (2 X n2) + (3 X n3) + (4 X n4)
SES =

n1 + n2 + n3 + n4

I considered elementary schools located in the six major

counties of the Bay Area (Alameda, Contra ·Costa, Marin, San Francisco,

San Mateo, and Santa Clara). I recorded for each school the student

enrollment by class, 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

unfortunately excluded from the sample, because the beginning

elementary schools in that school system include only kindergarten

through fourth grade. For the Intermediate tests, however, San

Francisco was included. Schools not containing 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 principal"s response to the questions. Two questions referred to

the total school enrollment. The first asked the enrollment of

students by class; the second (quoted earlier) asked the principal to

break down the spring enrollment by type of household. If the two

estimates of total enrollment differed by more than 20 percent, the

school was omitted from the target population. Since many principals

responded with percentages rather than absolute numbers, if the total

spring enrollment indicated by the question on households equaled 100,

the school remained in the sample.

It is possible that the method of sampling from both the

Primary and the Intermediate cumulative frequency distributions

results in different SES values. For example, a school that ranks at

the 20th percentile on the Pr~mary distribution may fall at the 40th

percentile on the Intermediate distribution. A comparison of the

position of schools on the Primary distribution with the position of

schools on the Intermediate distribution was appropriate. 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
identifier

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Location
on .Primary

distribution

.062

.141

.149

.154

.188

.189

.198

.223

.225

.260

.273

.315

.412

.464

.499

.527

.560

.580

.581

.672

.680

.700

.801

.814

.829

.840

.930

.981

Location
on Intermediate
distribution

.010

.019

.035

.037

. 116

.132

.158

.161

.174

.204

.208

.232

.323

.327

.373

.447

.447

.455

.466

.507

.544

.552

.670

.674

.749

.797

.973
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 schools in the Primary school distribution, that
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distribution 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 schools whose SES variable was

comparable to those considered for selection on the Primary tests were

chosen. Six schools containing Grades K-5 constituted the Primary

sample population. One middle school having Grades 7-8, two schools

having Grades 4-6, and four other schools with Grades 4-8 constituted

the Intermediate sample population. A complete list of schools that

participated in both the pretesting and norming of this study appears

in Appendix D.

It should be n~ted that this method of finding the

distribution of schools and then selecting individual schools was

necessary, because many low income schools would not participate in

this study. The schools from this stratum who agreed to cooperate

were further from the center (1/6) than those for either of the other

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

9. ANALYSIS OF .MENTAL ARITHMETIC DATA

Between April 15 and May 22, 1974, the Primary tests in their

final form were administered to 809 students 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 each grade, representing the low, middle, and high SES

strata, were tested. Grades 1, 2, and 3 of the Primary group and

Grades 4, 5, and 6 of the Intermediate group received two mental

48



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.

Since there are six different levels of the mental arithmetic

tests, six separate tests were standardized. Each student took two

parallel forms of the level appropriate 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 Which

Inferences Will Be Made

Grade tested N Test given Tests inferred

K 133 I II, III
1 143 I II, III, IV
2 121 II I, III, IV, V
3 154 III I, II, IV, V, VI
4 127 III I, II, IV, V, VI
5 131 III I, II, IV, V, VI

4 153 IV I, II, III, V, VI
5 135 V I, II, III, IV, VI
6 160 VI III, IV, V
7 99 VI IV, 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

administe~ed 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 performance may be judged according to some

specific behavioral criterion of proficiency to determine whether he

has achieved a specific set of objectives, namely those def.ined by

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

criterion may be established, and the raw score will have meaning

relative to this criterion.

Often, however, the focus is on the student's standing

relative to other students. Norm-referenced measurements are used to

discriminate among individuals according to their achievement. The

remainder of this report discusses the standardization procedures

used to develop norm-referenced measurements.

11. NORMS

For each grade level several types of norms were developed for

the total test score and for concept scores. Percentile ranks and

stanine scores were found for the total score. In addition, stanine

scores were found for concept scores. A stanine is a normalized

standard score on a nine-point scale ranging from 1 (low) to 9 (high)

and having a mean of 5 for the norming group. Stanine scores 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. Additionally, total scores and concept scores

were converted into grade equivalents.

The usual procedure for developing,conversions from score to

grade equivalents is relatively simple. 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 standardize a second-grade test, then, it would be

appropriate to administer the test to Grades K-4.

In general, grade placements 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 assessing median student performance at each

level is to administer the test at all 50 grade placements. However,

administering each level of the test 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 estimated and a

curve was fitted to 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 student 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 section in

Appendix E en methods used to calculate weighted statistics.) 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 S 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 not 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 equivalence classes for pairs of tests was quite large,

producing many equivalence classes covered in the ranges of all tests.

The desired. function was determined for each pair of grades using the

proportion correct on all equivalence classes responded to by both

grades. If an equivalence class appeared cn both forms for a given

grade, the probability correct was taken to be an average of the two.

Using these data, the function and the values of its parameters were

determined. Let t(i) = 1 if an item from equivalence class i on test

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

the proportion of students answering the item correctly on test x is

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

correctly on test y.

P ( t(i) on x = 1 } = F ( P ( t(i) on y = 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 grade, as the dependent

variable. Two models were fitted to the data and the best fitting

model was used. The two models were:
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I.' y(i) = a * x(i)c
regression: log y(i) = c * log xli) + log a

2. arcsin (y(i) 1/2 ) = a + b * arcsin (x(i) 1/2)

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

xli) = 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 (1948), arcsin (p' 1/2)

where p' = (r + 3/8)/(n + 3/4)

r = the number of students answering the item correctly

n = the total number of students taking the test.

The tails of the distribution of p = r/n are pushed toward the center,

where p = .5, to produce the distribution of P'. Because log (0) =

- inf, this modification of p was also used before computing the

logs. For both grades, p' was used to represent the probability

correct in both equations.

In 19 of the 20 regressions (the exception having Grade 8 as

the dependent variable and Grade 4 as the independent variable), the

arcsin model produced a smaller residual mean square. One possible

explanation for the poorer fit of the log model was the magnitude of

log(x) in the regression when x is close to O.

The arcsin model was selected to map the probability correct

between grades for both the Primary and the Intermediate 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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Intermediate strand was paired with the most difficult Primary

equivalence class that was included in its definition. The regression

coefficients for the arcsin model appear in Table 14. Using this

model, for each grade the probability correct was predicted on every

item appearing on a test that was not taken by that grade. When the

range of overlapping items decreases, the mean squared residuals are

higher, and thus the predictions may be less accurate for such pairs

,of grades.

lllit Second Function--Student Models

The second function to be found relates performance by the

individual to performance by the grade on an item. Each student has

his own graph. The probability correct for the grade determines"

the location on the abscissa for a given item, the abscissa being

P { t(i) = 1 l, written p(i). On the ordinate falls the observed

probability correct by a given student.

Because each item in this study has a binary response variable

with a different probability of success, the items were grouped.

Based on the assumption that for' a given student the probability of

success, p(k)*, is constant within set k, the data were grouped into

sets disregarding the individual responses. Let there be m items in

each set, R(k) of which are responded to successfully.

Then E( R(k)/m ) = p(k)*

Var( R(k)/m ) = p(k)* ( 1 - p(k)* ) I m

The sets are formed using the proportion 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 Coefficients for the First Function

y X bl bO Var n items

2 1 .96598 .36715 .01039 99
3 1 1.05402 .48764 .01144 82
4 1 .79211 .77991 .01096 82
5 1 .71314 .87592 .01285 82

14 1 1. 31026 .38373 .01436 30
15 1 1.16452 .56362 .02287 20
K. 2 .31337 -.14341 .00808 99
1 2 .88107 -.24497 .00874 99
3 2 1.00497 .13767 .00481 103
4 2 .83303 .44797 .00676 103
5 2 .78731 .54416 .00990. 103

14 2 .90801 .18524 .01422 48
15 2 1. 03492 .26098 .01505 38
K 6 .17320 -.09771 .00100 82
1 6 .88573 -.50793 .00995 82
2 6 1.07344 -.36032 .00550 103

14 6 1.03246 -.21876 .00950 49
15 6 1.05272 -.06714 .00470 34
16 6 .96895 .02432 .01916 28
1 14 .56092 -.11832 .00568 30
2 14 .85385 -.02807 .01369 48
3 14 .94110 .06583 .01011 49
4 14 .84478 .33548 .00852 49
5 14 .81219 .44382 .00643 49

15 14 .93899 .21862 .01079 86
16 14 .95351 .33831 .01532 83
17 14 .85235 .51774 .01869 83
18 14 .83065 .56336 .01859 83
2 15 .75786 -.09957 .00886 38
3 15 .96619 -.11804 .00734 34
4 15 .93430 .11538 .00488 34
5 15 .85444 .26024 .00490 34

14 15 .93295 -.13441 .00962 86
16 15 1.01545 .10560 .00678 71
17 15 .92186 .30919 .01181 71
18 15 .89102 .37152 .01065 71
3 19 .79653 -.11554 .02133 28
4 19 .88344 .04217 .01629 28
5 19 .84899 •14485 .01285 28

14 19 .80921 -.23622 .01394 83
15 19 .92604 -.16094 .00736 71
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forms) be ordered such that pi[1] < pi[2] < pi[3] < ••• < pi[220]

The first set consists of items i[1] •••• ,i[m]. The j-th set

consists of items i[m(j-1)+1], ••. ,i[(m)(j)]. Two grouping methods

were used. The first method formed sets of m = 10 items, resulting in

20 data points for the students who took two 100~item tests and 22

data points for the students who took two 110-item tests. The second

method formed sets of m = 20 items, resulting in 10 and 11 data

points, respectively.

The points for each student, j, whose score was being

predicted were graphed. From this graph, the function P (t(i)=1 : j)

was determined and from this function the score for the student was

predicted. Figures 6 and 7 display these graphs for two students.

The data from 21 first grade students were plotted using these

two grouping methods. The 20-item sets formed a relatively smooth

curve more frequently than did the 10-item sets. However, the

instability of points in estimating a curve for the 20-item sets,

especially at the upper end of the distribution, suggested that the

10-item sets were more appropriate. Therefore, the curve-fitting

process continued with the abscissa of a given data point representing

the mean proportion correct for the class on 10 items and the ordinate

representing the mean proportion correct for the student on the same

10 items.

Having selected the data points. I proceeded to find an

appropriate function to fit these points. Several models that

describe the student·s performance were tested. The best-fitting
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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

know whether students respond differently to the test situation. To

account for individual differences in performance style, different

functional forms were fitted to the data for each student.

In the simplest case, assume the one-element model, or the

single-factor model. In an attempt to determine the underlying mental

arithmetic ability, which we assume lies on a single continuum, let

the following be represented:

a(j) = the ability level for student j

x(j) = score of student j on test x

s(i) = ability necessary to do exercise with
probability p(i) for all students

t(i) = 1 if item i is answered correctly and
o if item i is answered incorrectly.

Presumably the test measures mental arithmetic ability, so

that the score is some function of that ability. Let x(j) measure

a(j). If a{j) > 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 ( i) =1 I j } = P { s (i) < or = a ( j)} = F ( s ( i ) ,a ( j) )

Neither s(i) nor the probability distribution function F is known.

P { t(i)=1 lj } 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 sCi) > a(j)+e(j) and

with probability p(i,j) if a(j)-e(j) < sCi) < a(j)+e(j)

where e(j), representin~ the error term, is a random
variable normally distributed with mean O.

A hypothetical required ability curve relative to the 'student's

ability level may look like that of Figure 8. The probability correct

~f-+--t--+--+-+-~--a ( jl

o
p ( i )

Figure 8. Hypothetical required ability curve intersecting
the student's ability level.

for a given student on an item with probability correct p(i) for all

students is the shaded area on the ~raph. The student answers all

items correctly where 0 < p(i) < A, answers items correctly w~th

probability between 0 and where A < P(i) < B, and answers all items

incorrectly where B < p(i) < 1.

The possible performance~raphs depend on the sCi) as well

as the variance of e. For each student four shapes were fitted.
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Recalling that the items are presented in order of increasin~

difficulty, the curve in Figure 9 indicates that the student's

O'-----I<..---.........__----L__

o A B I
Probabil ity correct by closs

Figure 9. Linear performance curve.

performance decreases linearly in the ran~e. The convex curve in

Figure 10 indicates that the student, when confronted with an exercise

-(J
<I)
~

~

0­
<J C

<I)

>."0
-::J._-== fh.D

Eli'ea.. oO'----A-'-""'--~B---....1I-­
Probobi lify correct by closs

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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Figure 11. Concave performance curve.

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

A
Probability

B
correct

I
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 off 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(j,k) = a(j,k)*p(j,1) + E
i
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where i refers to item i and

y(j,k) = student j'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 below, of exercise i where
exercise i appears on test k,

c(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) = probability that student j got the exercises in the
last range range correct = Ou

The student's score then becomes

y(j,k) = a(j,k) + Z
i

f(P(i»

The function f(p(k» was estimated by a least squares fit Using one of

several possible functions described below.

Four basic models were considered to represent a student's

"performance curve". Three of these models fit a sigmoid curve,

whereas the fourth model may fit either a linear, convex, or concave

curve. Let x represent the proportion correct on an item for the

grade and let f(x) represent the proportiol1 correct on the same item

for the student. Appearing below is each general model, a derivation

of the function defined with the restrictions f(a) =0 and f(b) = 1,

and the form resulting when a = 0 and b = 1.

The data show curves which, over their 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
c

f(x) = k(1) + k(2) x

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

c.

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

Setting f(a) = o and f(b) = 1 ,
c

we find f(a) = 0 = k( 1) + k(2) a
c

f(b) = 1 = k( 1) + k(2) b
c c

Then k(2) (b - a ) = 1 .

k(2) = --------­
c c

b - a

k( 1) +

k( 1) =

c
a

c c
b - a

c
-a

c c
b - a

= 0

With the above condition, the function becomes

c c
x - a

f(x) =
c c

b - a

If a = 0 and b = 1 this becomes

c
f(x) = x
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Model 2: The general equation
c

f(x) = 1- ~(1) exp {-11 ( k(2) - x )l

produces a sigmoid, or S-shaped, curve.

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

we find
c

f(a) = 0 = 1 - k(1) ~xp (-1 l(k(2) - a »
c

1 = k(1) exp (-1 l(k(2) - a »
c

feb) = = 1 - k(1) exp (-1 l(k(2) - b »
c

o = k(1) exp (-1 l(k(2) - b » .

Then c
k(1) = exp (1/(k(2) - a »

c c
exp «1/(k(2)-a » - (1/(k(2)-b ») = 0

c c
This is true when 1/(k(2)-a) - 1/(k(2)-b ) = -inf ,

c
i.e., iff lim 1/(k(2)-x) = inf ,

b~x

c
that is, when k(2) = b

c c
Then, k(1) = exp (1/(b - a »

With the above condition, the function becomes

1 1

f(x) = 1 - exp {------~ - --------J
c c

b _ a

If a = 0 and"b = 1 this becomes

c
x

f(x) = 1 - exp {--------l
c

1 - x

c c
b - x
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Model 3: The general equation
c

f(x) = k(1)exp'{-11 (k(2) - (1-x) ))

produces a sigmoid, or S-shaped, curve.

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

we find
c

f(a) = 0 = k( 1) exp (-1 I(k( 2) - (1-a) ) )
c

feb) = 1 = k( 1) exp (-1 l(k(2) - ( 1_b) »
Then

c
k(1) = exp (1/(k(2) - (1-b) »

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

c
This is true when 1/(k(2)-(1-b»

c
1/(k(2)-(1-a) ) = -inf ,

r-:

c
Le., iff lim 1/(k(2)-(1-x» = inf ,

a'x
c

that is, when k(2) = (1-a)
c c

Then, k(1) = exp (1/«1-a) - (1-b) »

With the above condition, the function becomes

1 1
f(x) = exp {-------------- - --------------}

c c
(1-a) - (1-b)

If a = 0 and b = 1 this becomes

c
- (1-x)

f(x) = exp {-------------}
c

1 - (1-x)

Model 4: log(f(x)/(1-f(x» = k1 + k2 x

c c
(1-a) - (1-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 squares was used. Under four of these models, the full range

of items was considered. Models 1b, 2, 3, and 4 define f(O) = 0 and

f(1) = 1. (In the above equations, this sets a = 0, b = 1.) Only

model 1a defines f(O) = O. The equations were transformed into an

additive model in order to use a linear regression analysis. The

reader should note that a least squares fit of the transformed

equation is not necessarily a least squares fit of the original

equation. Let y represent the proportion correct for the student on

10 items and let x represent the proportion correct for the class on

the same 10 items.

c
MODEL 1a: y = d * x regression:

log y =c * log x + d'
where d' = log d

c
MODEL 1b: y = x regression:

log y = c * log x
c

- x
MODEL 2 Y = 1 - exp (--------) regression:

c 1
1 - x log { ----------- + 1 } = c log x

log(1-y) -1
c

- ( 1-x)
MODEL 3 y = exp (------------) regression:

c 1
1 - (1-x) log { --------- + 1 } = c log( 1-x).

log Y -1

MODEL 4 log (y/1-y) = u + v x regression:
on log transform shown
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Because the log 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 est'imatesare

likely to be inaccurate.

Three statistics were used as criteria to compare the models:
2

1- mean squared residual = Z ( 0- E ) / n

2. mean absolute residual = Z abs ( o - E ) / n

3. maximum absolute residual = max (cabs ( 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 1 Grade 2
Mean Mean Max. Mean Mean Max.

Model Sq. Res. Diff. Diff. Sq. Res. Diff. Diff.

1a 0 1 1 2 2 1
1b 1 1 0 3 2 3
2 1 1 0 7 6 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 criteria.
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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 students 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, as anticipated. The first segment

consists of items that the student cannot answer, the second segment

consists of items that the student can answer with probability between

o and 1, and the third segment consists of items that the student will

always answer, with prqbability 1. The middle interval consists 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 student's initial run does not consist of zeros or has length < 2,

then the first segment does not exist, which sets a = O. If the

student's final run does not consist of ones or has length < 2 then

the last segment does not exist, which sets b = 1.

Table 16 shows several 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
4 * * * * *
5 * * * * *
6 _1 * * *
7 1 1 *
8 * *
a p(2) 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 ,,*" indicates

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 Mean of
mean squared
residual

Number of
times as
best model

1a
1b
2
3
4

c
y=a~

y=x c c
y=1-e(-x /1-x )c cy=e(-(1-x) 11-(1-x) )
log y/1-y = u+vx

.03495

.05498

.03109

.05900

.02270 (third)

1
o
4
3
1

Restricted range

1
2
3
4

c c c c
y=( (x -a ,V(g -a p c
y=1-e(1/b -a -1/b -x )c c c cy=e(1/b -a -1/b -(1-x) )
log y/1-y = u+vx

.01483

.03103

.01773

.03522

(smallest)

(second)

7
4
o
o

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 fairly good, and that the mean squared residual was never

extremely bad and never extremely good. Therefore,both models 1 and

3, using the restricted 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
Squared Res.

No. of times
as best model

Mean of Mean
Squared Res.

No. of times
as best model

Low
Middle
High

Total

.0104

.0258

.0211

8
4
9

21

.0142

.0246

.0301

2
5
2

9

The lower residuals in the lower income group may have

resulted from the fact that the mean squared residual was computed

only for those items in the restricted range. Many low inoome

st.udents may have answered correctly only easy exercises, resulting in

a fit consisting of fewer items, whereas several middle and high

income students answered correctly items in the entire range 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 f.12(i) = predicted proportion correct on item i
for Grade 1 on an item that Grade 2 took
using the above arcsin 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 = l: g( f.12(i) )/2
i

i=1, ••• ,220

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

Predicted lower
than observed 88 9 97 7

Predicted higher
than observed 19 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 Scores

Range of II of students for II of students for
prediction-observation model 1 model 3

-10.0 to -7.5 1
-7.5 to -5.0 4
-5.0 to -4.0 6
-4.0 to -3.0 1 20
-3.0 to -2.0 2 25
-2.0 to -1.5 6 12
-1.5 to -1.0 18 18
-1.0 to -.5 38 15
-.5 to 0.0 31 7
0.0 to 0.5 14 6
0.5 to 1.0 9
1.0 to 1.5 3
1.5 to 2.0 1
2.0 to 3.0 3 3
3.0 to 4.0 1 2
4.0 to 5.0 1 1
5.0 to 7.5
7.5 to 10.0

Total 124 124

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

lower than the observed scores.

Modell appeared to be a better predictor of the student's

score than model 3. Of the 124 predictions, 110 fell within one point

of the observed score. For this reason, model 1 was chosen to be the

function which predicts the probability correct for the student from

the probability correct for students in his grade. The predictions

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

The difference is small, however.

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 predicted 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 2 3 4 5
- rounded
observed

-6 1
-5 1 1
-4 3 1 1
-3 1 4 2 4 1
-2 10 7 13 10 8
-1 24 35 38 31 37
o 72 54 58 49 45
1 30 18 25 28 33
2 1 1 14 4 6
3 2 1
4 1
5

Total 143 121 154 127 131

14 15 16

2
152
8 10 15

45 32 50
72 52 61
22 28 27

1 5 5
3 1

1

153 135 160

17 18

1
3 6

12 15
26 34
35 37
14 25
6 5
2 1

.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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Figure 13. Distribution of observed scores and predicted scores.
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tests ipdicated in Table 13. A weighted cumulative frequency
•

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

conversions were determined.

~ Third Function--Predicting Scores for Grade Placements

Most test pUblishers collect their norming data at a few time

periods during the year. In their manuals, they present percentiles

appropriate only at the grade placements for which data was collected.

It is often the case that the test user does not administer the test

at the same time of year as the publisher, and the norms are misused.

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 curve

is fitted to points on a graph with student's score on the ordinate

and the grade placement at which the test was administered on the

abscissa. From this graph, the scores for intervening grade

placements are found. If these curves are fitted for the remaining

percentiles, scores for intervening grade placements may be found for

each percentile, resulting in complete percentile rankings for any

grade placement.

The grade placement for any testing date may be determined

from Table E2 of Appendix E, which divides the typical school year

into tenths. The Primary test data was collected at the .8 grade

placement and the Intermediate test data was collected at the .2

grade placement. For each test at each percentile, scores were

predicted at several grade placements using the first two functions.
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The grade placements for which scores were predicted for each test

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

Table 22

Grade Placements for Which Scores Were Available for Each Test

Test Grade placements

I 0.8 1.8 2.8 3.8 4.2 4.8 5.2 5.8

II 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

IV 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

Intermediate IV 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 location on the abscissa and the score determining

the location 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, whereas 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. Because two separate applications of the sampling

plan produced these two groups, it is possible that noncomparable

samples resulted. An alternative explanation is based on the method
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Figure 15. Score by grade equivalent, Primary II.
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Figure 16. Score by grade equivalent, Primary III.
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Figure 17. Score by grade equivalent, Intermediate IV.
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Figure 18. Score by grade equivalent, Intermediate V.
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Figure 19. Score by grade equivalent, Intermediate VI.
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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 comparable,

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 stugents 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(i)c
where y represents the raw score and

x represents the grade placement.
Scores must range between 0 and the total
number of items.

2. arcsin (y'(i) 1/2 ) = a + b * arcsin (x'(i) 1/2 )
where y' represents the percentage score and

x represents the fraction of the grade
placements fitted.
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The mean squared residuals were smaller for all percentiles using

model 1. This model is clearly more flexible. Because scores must

range between 0 and the total number of items, it may define three

segments, similar to the student functions. Using model 1, a curve

was fitted to these points for each percentile and the score for

intervening grade placements was found. Most of the curves were

concave (c < 1), although there were a few convex curves in the lower

percentiles. The score may not decrease as the percentile increases.

On a few ocassions 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 of

Appendix E. A "*" indicates that the prediction was outside of the

range of grades tested and thus out of the range of accuracy. The

total score-to-percentile conversions for each grade placement appear

in Table E4 of Appendix E. The conversions to stanine scores for

concept scores appear in Table E5 of Appendix E•

•
12. TESTS FOR PARALLELISM OF FORMS

A two-tailed t-test was performed to test the equality of the

means 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 large. 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 for Equality of Means

Test Form A Form B t

I 29.50 30.23 ... 90

II 47.08 49.54 -2.81 **
III 47.66 55.13 -9.00 *
IV 35.69 37.10 -2.26

V 48.62 46.53 2.83 **
VI 51.07 43.99 9.01 *

* P < .001
** P < .01

forms of these tests is not very large. The two forms of the Primary

III and Intermediate VI tests should not be used as pretest and

posttest measures of achievement.

The problem of equality of means may have been 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 ilddition, no correction was made for guessing; since·students·

answers are in free response form, there is only a small probability

that guesses are correct.

The reliability of this test 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 test was clearly defined and equivalence

classes were chosen at random from the different strands, all tests

generated 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 method for deriving weighted means, standard

deviations, and parallel forms reliability coefficients is described

in the manual, presented 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

items presented from the three other concepts. The reliabilities for

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

The Primary I test was clearly too difficult, with a mean

score of only 29.87. The Intermediate IV test was also difficult.

However, the means of the other four levels were qUite good according

to classical test theory. The multiplication, fraction, and division

concepts were too difficult in the Intermediate IV test and the number

concepts strand too easy in the Primary II and III tests.

The standard deviations 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 concepts 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. Addition and subtraction scores correlate highly

with each other. Not surprisingly, in the fourth grade, the highest

correlations 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 basic 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 and division, although there is additionally a high

correlation between measurement and both addition and subtraction.

This may reflect. the content of the measurement exercises.

14. VALIDITY

The mental arithmetic test 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

constitutes a representative sample of the skills tha.t it claims to

represent. Content validity of ·the mental arithmetic test is

demonstrated by the definition of the universe of content by

equivalence classes a!)dtlle stratified sampling plan from the strands

(s~e the Curriculum). For these reasons, concept scores are similarly

content valid. With respect to this type of validity, the suitability

of the test's uses depends on the appropriateness of the content, mode

of response, time allowed for response, etc., for the group being

tested.

Criterion-related validity is demonstrated by comparing the test

scores with an external variable considered to provide a measure of

the characteristic 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 Stanford

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

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 maybe found for each 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 combination of the three subtestscores of the SAT.

To determine this, a regression was run with the three subtest

scores (in percent correct) of the SAT for the Primary students as the

independent variables--the X 's--and the mental arithmetic score
j,i

as the dependent variable, p i Using the arcsin transformation

described earlier to transform p
i '

P
i = a + b1 X1,i + b2 X2,i + b3 X3,i e i

One of the low income schools and one high income second-grade class

were unable to participate in this aspect of the study, leaving

111, 72, and 112 students in the analysis for Grades 1, 2, and 3,

respectively.

The correlation matrices for the three regressions are shown

in Table 24 and the regressions coefficients and 'multiple correlation

coefficients appear in Table 25. The multiple correlation coefficient
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Table 24

Correlations Between the Mental Arithmetic Test and

Stanford Achievement Subtest Scores

Subtest

Mental Measures Problem Number Total
Arith Test Solving Concepts SAT

I .481 .755 .796 .846

Arithmetic Numbers and Problem Total
Computation Measures Solving SAT

II .679 .659 .675 .799

Arithmetic Numbers and Problem Total
Computation Measures Solving SAT

III .714 .643 .493 .794

Table 25

Regression Coefficients and Multiple Correlation of Mental

Arithmetic Test and Stanford Achievement Test

Grade
Constant Measures Problem

Solving
Number Multiple
Concepts correlation

1 .035 .025 .040 .056 .859

Constant

2 .655

3 .704

Arithmetic Numbers and Problem Multiple
Computation Measures Solving correlation

1.065 .511 .765 .800

.774 .633 .292 .801
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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 score (r = .860 vs .846 for Grade 1, r = .800 vs r= .799

for Grade 2, and r = .801 vs r= .794 for Grade 3). This indicates

that the total score is almost as adequate a predictor as is a linear

combination of the subtest scores.

Because Grades 2 and 3 were administered the Primary II

Battery, Form W, a test of the equality of the coefficients for the

two grades was performed. The resulting F-statistic (df = 4, 181)

was 9.78 (p<.001). 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 contribute most in the prediction for Grade

2, whereas Arithmetic Computation and Numbers and Measures contribute

most for Grade 3. In both grades, the Arithmetic Computation

correlates most highly with the mental arithmetic score. Measurement

correlates least with the mental arithmetic score. It may result from

the fact that the measurement strand was not included in the Primary I

test and that the skills required to do measurement exercises are

different from those required to do exercises from the three strands

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
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purposes: to determine an appropriate form of the test and to select

items for the final tests. The structure of the final test is quite

different from that originally conceived. The original tests included

exercises of varying difficulties presented in random order with

varying response times and intervening recovery items. I found that

when items were randomly ordered the students' performance did not

reflect their mental arithmetic ability. The recovery items 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 not 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 on the data from the pretesting phase, the probability

correct for items from each equivalence class was predicted 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 tests were constructed.

The test at each level was administered to classes in six

schools chosen using a sampling procedure developed to represent the

socioeconomic 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 were found. The

first function predicted the probability correct on an item by

students in one grade from the probability correct 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 tenths ofa grade,

Six levels of the mental arithmetic test for elementary school

children were developed and normed. The Primary I test was more

difficult than expected. Howeyer, the mean percent correct for the

other tests is close to 50 percent, the standard used in classical

test theory. Reliabilities on the total test are high, ranging from

.804 to .904. Concept reliabilities are 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 arithm~tic test, the SAT, is

approximately equal to the 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 also analyzed to determine the

proportion 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 between the total score and the

mental arithmetic score. This indicates that the total score is

almost as adequate a predictor as isa linear combination of the

subtest scores.

93

\



REFERENCES

Aiken, L. R. Mental mechanisms in performing elementary numerical

operations. Perceptual and Motor Skills, 1971, 31, 463-465.

American Psychological Association, French, J. W. & Michael, W. B.,

cochairmen. Standards for educational ~ psychological~,

and manuals. Washington D.C.: Authors, 1966.

Anscombe,F. J. The transformation of poisson, binomial and negative-

binomial data. Biometrika, 1948, 32, 246-254.

Austin, J. C. Mental mathematics counts. The Arithmetic Teacher,

1972, 11, 337-338.

Beech, R. P., McClelland, S. D., Horowitz, G. R., & Forlano, G.

Final report: An evaluation of the Dial-~-Drill program. New

York: State Education Department, 1970.

Brenner, M. H. Test difficulty, reliability, and discrimination

as functions of item difficulty order. Journal of Educational

Measurement, 1964, 48, 98-100.

Brown, B•. 1. A study in mental arithmetic: Proficiency and

thought processes of pupils solving subtraction examples.

Unpublished doctoral thesis. Pittsburgh: University of

Pittsburgh, 1957.

Cochran, W. G. Sampling techniques. New York: Wiley, 1967.

Cox, D. R. The analysis of binary~. London: Methuen, 1970.

Cronbach, L. J. Essentials of psychlogical testing. New York:

Harper &Row, 1970.

94



Cronbach, L. J., GIeser, G. C., Nanda, H., & Rajaratnam, N. The

dependability of behavioral measurements. New York: Wiley,

1972.

Dansereau, D, F. An information processing model of mental

multiplication. Unpublished doctoral thesis. Pittsburgh:

Carnegie-Mellon University, 1969.

Dansereau, D. F. & Gr~gg, L. W. An information processing analysis of

mental multiplication. Psychonomic Science, 1966, Q(2), 71-72.

Flaughter, R. L., Melton, R. S. & Myers, C. T. Item rearrangement

under typical test conditions. Educational~ Psychological

Measurement, 1968, 28, 813-824.

Flournoy, M. F. The effectiveness of instruction in mental

arithmetic. Elementary School Journal, 1955, 22, 148-153.

French, J. L. & Greer, D. Effect of test-item .arrangement on

physiological and psychological behavior in primary-school

children. Journal of Educational Measurement, 1964, l, 151-153.

Good, C. V. (Ed.) • Dictionary of education. New York: McGraw-Hill,

1945.

Good, C. V. (Ed. ). Dictionary of education. New York: McGraw-Hill,

1959.

Good, C. V, (Ed.). Dictionary Qf. education. New York: McGraw-Hill,

1973.

Hall,J. V. Solving verbal arithmetic problems without pencil and

paper. Elementary School Journal, 1947, 48, 212-217.

95



Hively, W., Patterson, H. L., & Page, S. H. A 'universe-defined'

system of arithmetic achievement tests. Journal of Educational

Measurement, 1968, 2, 275-290.

Hively, W., Maxwell, G., Rabehl, G., Sension, D., & Lundin, S.

Domain-referenced curriculum evaluation: A technical handbook

and ~~ study from the Minnemast Project (CSE Monograph

Series in Evaluation No.1). Los Angeles: Center for the Study

of Evaluation, University of California, 1973.

Huck, s. W. & Bowers, N. D. Item difficulty level and sequence

effects in mUltiple-choice achievement tests. Journal of

Educational Measurement, 1971, ~, 105-111.

Josephina (Sister). Mental arithmetic in tOday's classroom. The

Arithmetic Teacher, 1960, L, 199-200.

Lord, F. M. & Novick, M. R. Statistical theories of mental~

scores. Menlo Park, Calif: .Addison-Wesley, 1974.

Marso, R. N. Test item arrangement, testing time, and performance.

Journal of Educational Measurement, 1970, L, 113-118.

Moyer, R. S. & Landauer, T. K. Time required for judgements of

numerical inequality. Nature, 1967, £12, 1519-1520.

Olander, H. T. & Brown, B. I. A research in mental arithmetic

involving subtraction. Journal of Educational Research, 1959,

j}(3), 97-102.

Pigge, F. L. Frequencies of unwritten algorisms. ~ Arithmetic

Teacher, 1967,11, 588-593.

96



Rea, Ro & French, JoPayoff in increased instructional time and

enrichment actvities 0 The Arithmetic Teacher, 1972,.12., 663-6680

Restle, Fo Speed of adding and comparing numberso Journal of

Experimental Psychology, 1970, ~(2), 274-2780

Sax, Go & Carr, Ao An investigation of response sets on altered

parallel forms 0 Educational ~ Psychological Measurement,

1962, 22, 371-3760

Sax, Go & Cromack, To Ro The effects of various forms of item

arrangements on test performance 0 Journal of Educational

Measurement, 1966, 3, 309-3110

Schvaneveldt, Ro Wo & Staudenmayer, Ho Mental arithmetic and the

uncertainty effect in choice reaction timeo Journal of

Experimental Psychology, 1970, ~(1), 111-1170

Shuster, Ao Ho & Pigge, Fo.Lo Retention efficiency of meaningful

teachingo The Arithmetic Teacher, 1965, ~, 24-320

Sirotnik, Ko & Wellington, Ro Scrambling content in achievement

testing: An application of mUltiple matrix sampling in

experimental designo Journal of Educational Measurement, 1974,

-f., 179-1880

Smith, DoE 0 ~ Teaching of Arithmetic 0 Boston: Ginn, 19130

Smouse, Ao Do & Munz, Do Co The effects of anxiety and item

difficulty sequence on achievement testing scoreso Journal of

Psychology, 1968, 68, 181-1840

Stanford Achievement Test, Primary I Battery, Form lio New York:

Harcourt,Brace & World, 19640

97



Stanford Achievement Test, Primary 1I Battery, Form li. New York:

Harcourt, Brace & World, 1964.

Stanford Achievement ~, Intermediate ~ Battery, Form X. New York:

Harcourt, Brace & World, 1964.

Stanford Achievement Test, Intermediate II Battery, Form X. New York:

Harcourt, Brace & World, 1964.

Suppes, P., Jerman, M., & Brian, D., Computer-assisted instruction:

Stanford's 1965-66 arithmetic program. New York: Academic

Press, 1968.

Suppes, P., & Morningstar, M., Computer-assisted instruction ~

Stanford, 1966-68. New York: Academic Press, 1972.

Suzzallo, H. ~ teaching of primary arithmetic. Boston: Houghton

Mifflin, 1912.

Thorndike, E. L. ~ psychology of arithmetic. New York: MacMillan,

1922.

Thorndike, R. L. (Ed.). Educational measurement. Washington D. C.:

American Council on Education, 1971.

Wandt, E., & Brown, G. Non-occupational uses of mathematics. ~

Arithmetic Teacher, 1957,1, 147-154.

Whimbey, A., Fischhof, V., & Silikowitz, R. Memory span: A

forgotten capacity. Journal Qf Educational Psychology, 1969,

60(1), 56-58.

Winer, B. J. Statistical principles in experimental design. New

York: McGraw-Hill, 1971.

Wolf, W. C. Non-written figuring: Its role in the elementary

school curricum. Education Research Bulletin, 1960, ~, 20-213.

98



Appendix A: The Curriculum

The curriculum~ described covers the material on which the

tests are based. It includes those topics appropriate for oral

presentation, which are the four basic operations.·addition

subtraction, multiplication, and division--and number concepts,

measurement, and fractions.

The following notation conventions are used in describing

exercise 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 equal 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, whichrepres~nt the different positions for
the answer to appear. The formats are:

a) A * B = &c
b) A * &B = C
c) &A * B = C
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(Appendix A, continued)

Un- No. of Problem type Restrictions
ordered Sub-
class classes

Addition: Primary eqUivalence classes

A1L 3 a + b = c c<6
il·ne •b ; a,b>1

A1H 3 a + b = c 5<c< 10
a.ne.b; a,b>1

A2L 3 a + b = c c<6
a=b or a or b = o or 1

A2H 3 ,a + b = c 5<c< 10
a=b or a or b = o or 1

A3 3 a + b = 10

A4 3 a + b = 1c 0<c<5

A5 3 a + b = 1c 4<c<9

A6LI 3 1O:!"a=1a a<5

A6HI 3 10+a=1a 4<a<10

A6LII 3 a+10=1a a<5

A6HII 3 a+10=1a 4<a<10

A7I 3 aO+b=ab a>1

A7II 3 b+aO=ab a> 1

A8I 3 aO+10=bO 1<a<9

A8II 3 10+aO=bO 1<a<9

A9 3 aO+bO=cO a+b<lO, a,b>1

A10 3 aO+bO=1cO a+b>9, a,b>1

A11LI 3 1a+b=1c c<5

A11HI 3 1a+b=1c 4<c<10

A11LII 3 b+1a=1c c<5
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(Appendix A, continued)

Addition: Primary equivalence classes

Al1HII 3 b+la:1c 4<c<10

A121 3 la+b:2c a+b>9

A12II 3 b+la:2c a+b>9

A131 3 ab+c:ad b+c<10, a>l

A13II 3 c+ab:ad b+c<10, a>l

A141 3 ab+c:de b+c>9, 1<a<9

A14II 3 c+ab:de b+c>9, 1<a<9

A151 3 bc+aO:dc a+b<10, a,b>1

A15II 3 aO+bc:dc a+b<10, a,b>l

A161 3 bc+aO:1dc a+b>9, a,b>1

A16II 3 aO+bc:1dc a+b>9, a,b>l

A17 3 ab+cd:ef a+c<10; b+d<10, a,c>l

A18 3 ab+cd:ef a+c<9; b+d>9, a,c>l

A19 3 ab+cd: lef a+c>9; b+d<10, a,c>1

A20 3 ab+cd:lef a+c>8; b+d>9, a,c>l

A21I 3 aOO+bc:abc b>1

A21II 3 bc+aOO:abc b>1

A221 3 abc+d:abe c+d<10, (b)v(c)

A22II 3 d+abc:abe c+d<10, (b)v(c)

A231 3 abc+d:aef c+d>9; b<9, (b)

A23II 3 d+abc:aef c+d>9; b<9, (b)

A24 3 aOO+bOO:(c)dOO a+b>9, a,b>l

A251 3 abc+dO:aec b+d<10, d>l
(b)v(c)

A3



(Appendix A, continued)

Addition: Primaryequiv.alence classes

A25II 3 dO+abc=aec b+d<10, d>l
(b)v(c)

A261 3 abc+dO=efc b+d>9j (c) , a<9, d>l

A26II 3 dO+abc=efc b+d>9j (c) , a<9, d>l

A27I 3 abc+de=afg c+e<10j b+d<10
(b)v(c),d>l

A27II 3 de+abc=afg c+e<10j b+d<10
(b)v(c),d>l

A281 3 abc+de=afg c+e>9j b+d<9
(b),d>l

A28II 3 de+abc=afg c+e>9j b+d<9
(b),d>l

A291 3 abc+de=fgh c+e>9jb+d>8j(b)
a<9j ,d>l

A29II 3 de+abc=fgh c+e>9 jb+d>8 j (b)
a<9j ,d>l

A301 3 abc+de=fgh c+e< 10j b+d>9j (e)
a<9; ,d>l

A30II 3 de+abc=fgh c+e<10; b+d>9; (c)
a<9j ,d>l

No noncanonical formats will appear for the following classes.

A31 1 a + b + c = &d d<6

A32 1 a + b + c = &d 5<d< 10

A33 1 a + b + c = &de 9<de<15

A34 1 a + b + c = &de 14<de<20

A35 1 a + b + c = &de 19<de<28

A36 1 a + 0 = b + &c a.ne.b; a>l
a.ne.c

A37 1 a + b = 10 +&c a+b> 10
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(Appendix A, continued)

Addition: Primary equivalence classes

A38 a +,b = c + &d 3<a+b<10; a,b,c,d.ne.O
a.ne.c; b.ne.c

A39 1 a + b = c + &(d)e 9<a+b<19,
a.ne.c; b.ne.c

A40 1 aOOO + bOO + cO (a),(b),(c),(d)
+ d = abcd not all zero

not both a and b=O

Addition: Inte!'mediate eqUivalence classes

A2 3 a + b = c c< 10

A5 3 a + b = lc c<9

A6H1 3 10+b=lb b<10

A6HII 3 b+l0=lb b<10

A7I 3 aO+b=ab b<10, a>l

A7II 3 b+aO=ab b< 10, a>l

A9 3 aO+bO=cO a+b<10

Al0 3 aO+bO=lcO a+b>9, a,b>l

Al1H1 3 la+b= lc c<10

AllHII 3 b+la=lc c<10

A121 3 la+b=2c a+b>9

A12II 3 b+la=2c a+b>9

A131 3 ab+c=ad b+c<10, a>l

A13II 3 ,c+ab=ad b+c<10, a>l

A141 3 ab+c=de b+c>9, 1<a<9

A14II 3 c+ab=de b+c>9, 1<a<9

A151 3 bc+aO=dc a+b<10, a,b>l

A15II 3 aO+bc=dc a+b<10, a,b>l
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(Appendix A, continued)

Addition: Intermediate equivalence classes

A16I 3 bc+aO=ldc a+b>9, a,b>l

A16II 3 aO+bc=ldc a+b>9, a,~>l

A17 3 ab+cd=ef a+c<10; b+d<10, a,c>l

AlB 3 ab+cd=ef a+c<9; b+d>9, a,c>l

A19 3 ab+cd=lef a+c>9; b+d<10, a,c>l

A20 3 ab+cd=lef a+c>B; b+d>9, a,c>l

A21I 3 aOO+bc=abc b>l

A21II 3 bc+aOO=abc b>l

A22I 3 abc+d=abe c+d<10, (b)v(c)

A22II 3 d+abc=abe c+d<10, (b)v(c)

A231 3 abc+d=aef c+d>9; b<9, (b)

A23II 3 d+abc=aef c+d>9 ; b<9, (b)

A24 3 aOO+bOO=(c)dOO a+b>9, a,b>l

A25I 3 abc+dO=aec b+d<10, d>l
(b)v(c)

A25II 3 dO+abc=aec b+d<10, d>l
(b)v(c)

A26I 3 abc+dO=efc b+d>9; (c), a<9, d>l

A26II 3 dO+abc=efc b+d>9; (c), a<9, d>l

A27I 3 abc+de=afg c+e<10; b+d<lO
(b)v(c) ,d>l

A27II 3 de+abc=afg c+e<10; b+d<10
(b)v(c),d>l

A2BI 3 al>c+de=afg c+e>9; b+d<9
(b),d>l
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(Appendix A, 'continued)

Addition: Intermediate. equivalence classes

A28II 3 de+abc=afg c+e>9; b+d<9
(b),d>1

A29I 3 abc+de=fgh c+e>9;b+d>8;(b)
a<9; ,d>1

A29II 3 de+abc=fgh c+e>9;b+d>8;(b)
a<9; ,d>1

A30I 3 abc+de=fgh c+e<10j b+d>9; (c)
a<9;,d>1

A30II 3 de+abc=fgh c+e<10; b+d>9; (c)
a<9;,d>1

No noncanonical formats will appear for the following classes.

A32 1

A34 1

A35 1

A36

A37

A38 1

A39 1

A40 1

a + b + c = &d dOO

a + b + c = &de 9<de<20

a + b + c = &de 19<de<28

a + 0 = b + &c a.ne.bj a>1
a.ne.c

a + b = 10 + &c a+b>10

a + b = c + &d 3<a+b<10j a,b,c,d.ne.O
a .. ne .. c; b.ne.c

a + b = c + &(d)e 9<a+b<19,
a .. ne .. c; b.ne.c

aOOO + bOO + cO (a) ,(b) ,(c) ,(d)
+ d = abcd not all zero

not both a and b=O

A7



(Appendix A, continued)

Suotraction: Primary equivalence classes

SlL 3 a- 0 = c a<6
o.ne.c; o,c>l

SlH 3 a - 0 = c 5<a<10
o.ne.c; o,c>l

S2L 3 a - 0 = c a<6
o=c or o or c = o or 1

S2H 3 a - 0 = c 5<a<10
o=c or 0 or c = o or 1

S3 3 10 - a = 0 (a);(o)

S4 3 la - 0 = c 0<a<5; a<o

S5 3 la - 0 = c 4<a<9; a<o

S6L 3 la - 10 = a a<5

S6H 3 la - 10 = a 4<a<10

S7L 3 la - a = 10 a<5

S7H 3 la - a = 10 4<a<10

S8 3 ao - 0 = aO a>l

S9 3 ao - aO = 0 a>1

S10 3 aO - 10 = 00 1<0<9; a>l

S11 3 aD - 00 = 10 1<0<9

S12 3 aO - 00 = cO a>b
o,c>l

S13 3 laO - 00 = cO a<o; a<c,
o,c>l

S14L 3 la - 1b = c a>o, a<5

S14H 3 la - 10 = c a>o, 4<a< 10

S15L 3 la - 0 = lc a>o, a<5

A8



(Appendix A._ continued)

SUbtraction: Primary equivalence classes

S15H 3 la - b = 1c a>b, 4<a<10

S16 3 2a - lb = c a<b

S17 3 2a - b = 1c a<b

S18 3 ab - ac = d b>c; a>l

S19 3 ab - c = ad b>c; a>1

S20 3 ab - cO = db a>c, c,d>l

S21 3 ab - cb = dO a>c, c,d>l

S22 3 lab - cO = db a<c; c,d>l

S23 3 lab _ cb = dO a<c; c,d>l

S24 3 ab - cd = ef b>d; a>c; c,e>1

S25 3 ab - cd = ef b<d; a-Dc; c,e>l

S26 3 ab - cd = e b<d; a=c+l, c>1

S27 3 ab - c = de b<c; a>2, d>l

S28 3 lab - cd = ef b>d; a<c; c,e>l

S29 3 lab - cd = ef b<d; a-1<c; (b) , c,e>1

S30 3 abc - de = agh a>1
e.le.c; d.le.b; d.ne.O

S31 3 abc - aef = gh a< 1
f .le.c; e.le.b

S32 3 abc - e = abd c.ge.e, a>l

S33 3 abc - abf = g c.ge.f, a>l

S34 3 a - 0 = b - c b>a; a<9

S35 4 a - b = c -d a.ne.c;' a-b<8
b,d.ne.Q

A9



(Appendix A, continued)

Subtraction: Intermediate equivalence classes

S2 3 a - b = c a<10

S5 3 1a - b = c a<9; a<b

S6H 3 1a - 10 = a a<10

S7H 3 1a - a = 10 a<10

S8 3 ab - b = aO a>1

S9 3 ab - aO = b a>1

S10 3 aO - 10 = bO 1<b<9; a>1

S11 3 aO - bO = 10 1<b<9

S12 3 aO - bO = cO a>b
b,c>1

S13 3 1aO - bO = cO a<bj a<c,
b,c>1

S14H 3 1a - 1b = c b<a<10

S15H 3 1a - b = 1c b<a< 10

S16 3 2a - 1b = c a<b

S17 3 2a - b = 1c a<b

s18 3 ab - ac = d b>c; a>1

S19 3 ab - c = ad b>c; a>1

S20 3 ab cO = db a>c, c,d>1

321 3 ab - cb - dO a>c, c,d>1

S22 3 1ab - cO = db a<c; c,d>1

323 3 1ab - cb = dO a<c j c,d>1

S24 3 ab - cd = ef b>d; a>cj c,e>1

325 3 ab - cd = ef b<d; a-1>c j c,e>1

A10



(Appendix A, continued)

Subtraction: Intermediate equivalence classes

S26 3 ab - cd = e b<d; a=c+l, c>l

S27 3 ab - c = de b<c; a>2, d>l

S28 3 lab - cd = ef .b>d; a<c; c,e>l

S29 3 lab - cd = ef b<d; a-l<c; (b) , c,e>l

S30 3 abc - de = agh a>l
e,,1e.c; d.le.b; d.ne.O

S31 3 abc - aef = gh a<l
f.le.c; e.le.b

S32 3 abc - e = abd c.ge.e, a>l

S33 3 abc - abf = g c.ge.f, a>l

S34 3 a - 0 = b - c b>a; a<9

S35 4 a - b = c - d aone.c; a-b<8
b,d.ne.O

All



(Appendix A, continued)

Number concepts

NCl 1 what .comes after a? a<5

NC2 1 what comes before a? 1<a<6

NC3 what comes between a and b? a<4j b=a+2

NC4 what .comes after a? 4<a<10,

NC5 1 what comes before a? 5<a<11

NC6 1 what comes between a and b? 3<a<9 j b=a+2

NC7 what comes after A? 9<A<20

NC8 1 what comes before A? 10<A<21

NC9 1 what comes between A and B? 8<A<19j B=A+2

i
NC10 1 what comes after A? A=abj 1<a<10j b=O or 9

NCll 1 what comes before A? A=abj 1<a<10j b=O or

NC12 what comes between A and B? A=abj 1<a<10j b=8 or 9 or 0
B=A+2

NC19 1 what comes after A? A=abc j c=O or 9

NC20 1 what comes before A? A=abc j c=O or

NC21 what comes between A and B? A=abcj c=8 or 9 or 0
B=A+2

NC22 what comes after A? A=abcd j d=O or 9

NC23 1 what comes before A A=abcdj d=O or 1

NC24 1 what comes between A and B? A=abcdj d=8 or 9 or 0

NC25A .wdte the number A A<6

NC25B' write the number A A<10

NC25C 1 write the number A A=laj (a)

A12



(Appendix A,. continued)

Number concepts

.NC26..1 .write the number A A=aO; 1<a

NC27

NC28.

NC30

NC31

NC32

NC35

NC38

NC39

Nc40

NC41

NC42

NC43

NC44

NC45

NC46.

NC47

NC6.9

1 write the number A

1. write the number A

1 write the number A

write the number A

1 write the number A

write the number A

.1 write the number A

count by t.ens.
aO, bO, then what?

1 count by twos.
2Xa, 2Xb, then what?

count by twos.
2Xa, 2Xb, then what?

1 count by twos.
2XA, 2XB, then what?

1 count .by fives.
5Xa, 5Xb, then what?

1 count by fives.
5XA, 5XB,then what?

count by threes.
3Xa, 3Xb, then what?

count by fours.
4XA, 4XB, then What?

count by threes (or fours).
3XA, 3XB (or 4XA, 4XB)
then What?

1 which is even, a or b or c?

A13

A=ab; a> 1

A=abc; b or c=O

A=abc; b,c=O

A=abc

A=abcd; b,c,or d=O

A=abcd; c,d=O
or b,c=O or b,d=O

A=abcd

a<8

a<4

3<a<9

8<A<49

a<9

8<A<19

a<9

A<9

8<A<28

two odd numbers;
one even



(Append~x A, continued)

Number concepts

NC70.

NC71

NC72

NCB

NC74

NC75

NC76

NC77

NC78.

SNClI

SNC1II

SNC21

1 which is odd, a or b or c?

1 which is even, A or B or C?

1 which is odd, a or b or c?

1 which is prime? A, B, or C

.1 The average of b numbers is A.
What is the total of them?

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

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

1 What is the least common
mu~tiple of A and B

1 What is the greatest common
factor cf A and B.

which is bigger? a or b?

which is bigger? a or b?

which is bigger? a or b

two even numbers;
one odd

two odd numbers;
one even, largest<100

two even numbers;
one odd, largest<100

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

1<A<16, 1<b<6

5<A<31, one a
multiple, one < but
not a factor, one>
but not a multiple

A<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, a>b, a-b<3

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

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

SNC2I1 1 which is bigger? a or b

SNC3AI 1 which is higger? a or b

A14

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

5<max[a,b]<10, a>b
a-b<3
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(Appendix A, continued)

Multiplication

MlI 3 a x b = c b = o or 1; (a)

M1II 3 a x b = c a = 0 or J; (b)

M21 3 a x 2 = c 1<a<6

M2II 3 2 x a = c 1<a<6

M3 3 a x b = (c)d 2<a,b<6

M41 3 a x b = cd 5<a<8 ; 1<b<6

M4II 3 a x b = cd J<a<6; 5<b<8

M51 3 a x b = cd 7<a< 10; 1<b<6

M5II 3 a x b = cd J<a<6; 7<b<10

M6 3 a x b = cd 5<ab<8

M71 3 a x b = cd 7<a< 10; 5<b<8

M7II 3 a x b = cd 5<a<8; 7<b<10

M8 3 a x b = cd 7<a,b(J0

M91 3 10 x a = cd l<a

M9II 3 a x 10 = cd l<a

Ml01 3 11 x a = cd l<a

Ml0II 3 a x 11 = cd l<a

M121 3 12 x a = (1 )cd l<a

M12II 3 a x 12 = ( J)cd l<a

M131 3 100 x a = aDO l<a

M13II 3 a x 100 = aDO l<a

M14 3 la x la = lcd a<3; (a)

M15 3 la x lb = lcd a,b<3; a.ne.b; (a); (b)

A16



(Appe.nciix 11-, continued)

Multiplication

M161 3 aO'x b = cdO 1<a< 6, 5<b<10

M16II 3 b x aO = cdO 1<a<6, 5<b< 10

M171 3 aO x b = cdO 5<a<10, 1<b<6

M17II 3 b x aO = cdO 5<a<10, 1<b<6

M181 3 aO x b = cdO 5<a,b<10

M18II 3 b x aO = edO 5<a,b<10

M191 3 aOO x b = (c)dOO a,b>l

M19II 3 b x aOO = (e)dOO a,b>l

M20 3 aO x bO = (e)dOO a,b>l

M21I 3 la x b = ( 1) cd a>2, 1<b<6

M21II 3 b x la = ( 1)cd a>2, 1<b<6

M221 3 la x b = ( 1)cd a>2, 5<b<10

M22II 3 b x la = ( 1) cd a>2, 5<b< 10

M231 3 be x a = (d)ef a>l, a X c < 10

M23II 3 a x bc = (d)ef a> 1, a Xc < 10

M24II 3 bOc x a = defg a>l

M241 3 a x bOc = defg a>l

A18



(Appendix. A,. continued)

Divisi.on.

Dl 3 a(b) / c = d 1<c,d<6

D2 3 ab / c = d 1<c<6, 5<d<8
or' 1<d<6,5<c<8

D3 3 ab / c = d 1<c<6, 7<d<10
Or' 1<d<6,7<c<10

D4 3 ab / c = d 5<c,d<8

D5 3 ab / c = d 5<c<8, 7<d<10
Or' 5<d<8, 7<c<10

D6 3 ab / c = d 7<c,d<10

D7 3 o / a = 0
Or'
a / 1 = a
Or'
a / a = 1

D8 3 aO / a = 10
Or'
aOO / a = 100
OR
aD / 10 = a.
Or'
aOO / 100 = a

D9 3 abO/c = dO
Or'
abOO/c=dOO

Dl0 3 abO/cO=d
Or'
abOO/cO=dO

Dll 3 ( 1)abl1c=D l<D<13, (c) , c<3

D12 3 (1)ab/lc= ld (d), d<3

A18



(Appendix._ A, continued)

Fractions

Fl write the fraction lla

F2 1 write the fraction alb a<b

F3 1 which is bigger, a/c or b/c a,b<c, a<b or b<a

F4 1 which is bigger, 1/a or lib a<b or b<a

F5 1 which is bigger, AlB or C/D D=kXB or B=kXD,
B,D<21, A<B, C<D

F6 which is bigger, Alb or c A>b, A/b>c or c>A/b,
IA/b-c:<l,
A<27, 1<b< 6, c< 6

F7 1 what is lib of a? a=bXk,k<11,1<b<6

Fa .1 what is liB of A A=BXK, l<K<ll,
9<A<51, l<B< 11

F9 1 what is a/c + b/c a+b<c 3<c<10

FlO what is A/C + B/C A+B<C, 9<C<25

Fll what is ale - b/c a,b<c, a>b, c<10

F12 1 what is A/C B/C A,B<C, A>B, 9<C<25

F13 1 what is lla * lib

F14 1 what is alb * b/c a<b<c

F15 1 what is alb * c/d a*c<21, b*d<21

A19



(Appendix A, continued)

Measurement

E1 1 a pennies + b
pennies = &c pennies

E2 a cents + b cents=&C cents

E3 a pennies = &a cents

E4 1 a nickels = &b cents
OR
a dimes = &b cents

E5 1 A pennies = &A cents

E6 1 a(word)+b(word)=&C(word)

c < 6

5 < c < 11

a < 3

9 < A < 26

9 < C < 15
word is pennies,
nickels or dimes

E7

E8

1 _

1

a nickels = &C cents
OR
b dimes = &C cents

1 pint = &2 cups
OR
1 quart = &4 cups
OR
1 quart = &2 pints
OR
2 cups = &1 pints
OR
4 cups = &1 quart
OR
2 pints = &1 quart

2 < a < 11
2< b < 10

E9

E10

a nickels +b pennies=&C cents C < 26, b < 5

a dimes + b nickels = &C cents C < 26
OR
A dimes + b pennies = &C cents

A20



(Appendix A, continued)

Measurement

Ell 1 a (word) + b (word) = &C (word) 14 < C < 19
word is cups
pints or quarts

E12 a dimes + b nickels 15 < D < 41
+ c pennies = &D cents

E13 1 1 foot = &12 inches
OR
1 dozen = &12 things
OR
12 inches = &1 foot
OR
12 things = &1 dozen
OR
1 yard = &3 feet
OR
3 feet = &1 yard

E14

E15

1

1

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

A (things,inches) =
1 (dozen,foot) +
&b (things,inches)

Example .
1 quart = 4 cups,So
2 quarts = cups

12 < A< 19

E16 1 a pints = &C cups. a < 5
OR
b quarts = &C cups b < 4
OR
b quarts = &C pints

E17

•

1 1 quarter + a dimes
+ b nickels = &C cents

A21

25 < C < 51



(AppendiL. A, continued)

Measurement

E18 1 1 gallon = &4 quarts
OR
1 gallon = &8 pints
OR
4 quarts = &1 gallon
OR
8 pints = &1 gallon

E19 1 2xa cups = &b pints a < 4
OR
4Xa cups = &B quarts
OR
2xa pints = &b quarts

a < 6
b < 3

E20 1 aO cents=&c(dimes,nickels
OR
$ b.OO = &c quarters
OR
aO pennies = &c (dimes, nickels)
OR
4Xb quarters = &c dollars

E21 1 a hour = &B minutes a < 3
OR
a minutes = &B seconds
OR
a days = &B hours

E22 60Xa minutes = &b hours a < 3
OR
60Xa seconds = &b minutes
OR
24Xa hours = &i:>·days

E23 1 a gallons = &b quarts 1 < a < 4
OR
a gallons = &b pints
OR
4Xa quarts = &b gallons
OR
8Xa pints = &b gallons

A22



(Appendix.A,. continued)

Measurement

E24

E25

E26

t.

1

1

aehalf-dollars + b
quarters + c dimes
+ d nickels + e
pennies = &F cents

1 year = &52 weeks
OR
1 year = &365 days
OR
a years = &B months
OR
a weeks = &B days

52 weeks = &1 year
OR
365 days = &1 year
OR
12Xa months = &b years
OR
7Xa days = &b weeks

F < 101 two of
a,b,c,d,e are zero. When
presented, this problem
will have three addends.

a < 3

a < 3

E28 1 a pounds = &B ounces a < 3
OR
a tons = &C pounds
OR
16 X a ounces = &a pounds
OR
2000 X a pounds = &a tons

E29

E30

1 a (dozen, feet) =
&B(things, inches)

a cups = &B fluid ounces
OR
16 fluid ounces =& 1 pint
OR
8 fluid ounces = &1 cup
OR
1 pint = &16 fluid ounces

A23

a is 1/2 OR
2 or 3

a < 3



(Appendix. A., continued)

Measurement

E31

E32

E33

E34

E35

1

1

A seconds+ &C seconds:1 minute A < 61
OR
A minutes+ &B minutes:1 hour
OR B < 13
B inches + &C inches: 1 foot

A ounces + &C ounces : 1 pound A < 17
OR
b cups + &c cups : 1 quart b < 5
OR
b quarts + &c quarts : 1 gallon

a feet b inches :&C inches a < 6

A minutes+ &E minutes:2 hours A < 61
OR
A seconds+ &E seconds:2 minutes
OR
B inches+ &E inches:2 feet B < 25
OR
C ounces+ &E ounces:2 pounds C < 33
OR
d cups+ &E cups:2 quarts d < 9
OR
d quarts+ &E quarts:2 gallons

A days : &C weeks, . &D days 7 < A < 36
OR
B months: &C years, &D months 12 < B < 36

.,'''"

E36 How many minutes
are there from
albc (A.M,P.H.) to
a:de (A.M.,P.H.)
OR
How many hours are
there from a (A.M.,
P.H. )
TO b (A.M.,P.H.)

A24

de > bc

a < b



(Appandi~ A, continued)

Measurement

E37 A dozen = &B things
OR
12XA things = &A dozen

2 < A < 13

E38 1 ,a ft + &d ft = b yd a < 9, b < 4
OR
C in + &d in = 1 yd C < 33
OR
b oup + &d cup = 1 quart
OR
a oz + &d oz = 1 oup
OR
C oz + &d oz = quart

E39

E40

E41

E42

E43

1

1

1

1

A feet = c yds &d ft
OR
B inches = c ft&O in

A pounds = c tons &0 pounds
OR
B tons = &Dpounds

a 'lb B oz = &C oz
OR
D oz = a lb &B oz

1 liter=&B milliliters
OR
3 liters=&B deciliters

How many hours are
there from A:OO (A.M••
P.M.) to B:OO (P.M.,
A,M.)

A25

3< A < 16

12 < B < 51

1999 < A < 10,001
2 < B < 11

a < 3. B < 16

9 < D< 32

1< B < A < 13



(Appendix A, continued)

.Measurement

E44 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

E46

E47

1

alB dozen = &C things

1 kilogram=&B grams

alB (hI', min) =
&C (min, sec)

a < B, B is one of
2, 3, 4, 6, 12

60.em.b, a < B

E48 1 The time is now a:bc
What time will it be
d hours, ef minutes?

A.M. (P.M.)
in

E49

E50

1

1

alB days= &D hours OR
c/7 weeks= &D days

1 meter = &100 centimeters
OR
1 meter = &1000 millimeters
OR
1 centimeter = &10 millimeters
OR
100 centimeters = &1 meter
OR
1000 millimeters = &1 meter

a < B, 24.em.b
c < 7

E51 1 a yds = &C inches a < 4
OR
a gals = &C cups b < 3
OR
b hI's = &C sec·

E52

E53

E54

1

1

1

A meters = &B kilometers
OR
B kilometers = &A meters

A(m) = &B( cm)
OR
B(cm) = &A(mm,m)

A kilograms = &B grams
OR
B grams = &A kilograms

A26

B < 10 or
decimal b.5

3
A a 10

A < 10
or decimal a.5



(Appendix A, continued)

Measurement

E55 1 The time is now A:bc(A.M.,P.M.) D < 12, E < 60
What time will it be in
D hr. E min.

E56 A in = B yd C ft Din A<101,if B 01' C 01' D
OR is zero, word is not
Eft = _ yd printed
OR E < 37, F < 13
F ft = in
OR
5280 ft = mile
OR
1 mile = ft

E57 1 The time is now A:bc A < 13, D < 12
(A.M,P.M.) E < 60, b < 6
What time was it D hI' E min ago

E58 1 word problems using
perimeter, area, volume

E59 1 word problems using money

A27





ADDITION:

NA = 1
0

NL =

NS =

Appendix B: Regression Variable Definitions

(used in Primary regressions)

if there are 3 addends
if there are 2 addends

no. of digits in the largest addend

no. of digits in the smallest addend

MAG =-2
-1
o
1
2
3

if c<6
if 5<C<10
if C=10
if 10<C<15
if 14<C<20
otherwise

/the problem is in the form
\A+B=C

EQ = 0

1

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

POWER =

TEN = 1
o

o

if at least one addend = 10
otherwise

b
if exactly one addend = a * 10 ;

a or b>1, (aO or aOO, but
otherwise

0<a<10,0<b<3,
not 10 or 100)

BOTH =

o

b
if both addends = a * 10; 0<a<10,0<b<3, a or b>1

(both =aO or aOO, neither = 10 or 100)
otherwise

AB = 1

o

if an addend is described as ab, a>1,b>0
or abc where not both b,c=O.

otherwise

REGR1 =

o

REGR2 = 1

o

if there is a regroup (carry) in the rightmost column
and there is more than one column

otherwise

if there is a regroup (carry) in the 10's column
and there are more than two columns

otherwise

BAF =
o

if there is a carry from the leftmost column
(Basic Addition Fact)

otherwise

B1



(Appendix B,continued)

ADDITION; (used in Primary regressions)

COM1 ~ 2 if the first addend is in a same category as the
second, based on the following scheme:
i) a
ii) 10
iii) aO a> 1 or aOO
iv) 1a
v) ab a>1
vi) abc

-1 if the 1st addend is in a different category than
the second

COM2 = 0 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 sign
2 if the "blank" is on the right of the equal sign

NONCAN= 1 if the "blank" is on the left of the plus sign
.-1 if the "blank" is on the right of the plus sign

0 if the "blank" is on the right of the equal sign

(ie, + b = c CANON=-1 NONCAN=1
a + = c CANON=-1 NONCAN=-1
a + b = CANON=2 NONCAN=O

ADDITION: (used in Intermediate regressions)

NA = 1 if there are 3 addends
0 if there are 2 addends

NL = no. of digits in the largest addend

NS = no. of digits in the smallest addend

if exactly one addend is a power of 10
otherwise

MAG = 1
·2

3

POWER = 1
0

if C<=10
if 10<C<20
if C>19

/the problem is in the form
\A+B=C
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ADDITION: (used in Intermediate regressions)

BOTH = 1
o

AB = 1

o

REGR1 = 1

o

REGR2 = 1

o

if both addends are powers of 10
otherwise

if an addend is described as ab, a>l,b>O
or abc where not both b,c=O.

otherwise

if there is a regroup (carry) in the rightmost column
and there is more than one column

otherwise

if there is a regroup (carry) in the 10's column
and there are more than two columns

otherwise

BAF = 1

o

if there is a carry from the leftmost column
(Basic Addition Fact)

otherwise

COM 1 = 2 if the first addend is in a same category as the
second,. based on the following scheme:
1) a
ii) 10
iii) aO a>l or aOO
iv) 1a
v) ab a>l
vi) abc

-1 if the 1st addend is in a different category than
the second

COM2 = 0
1

-1

CANON = -1
2

NONCAN= 1
-1
o

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

the second
if the first addend is in a lower category than

the second

if the "blank" is on the left of the equal sign
if the "blank" is on the right of the equal sign

if the "blank" is on the left of the plus sign
if the "blank" is on the right of the plus sign
if the "blank" is on the right of the equal sign

(ie, +b=c
a + = C

a + b =

B3
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SUBTRACTION: (used in Primary regressions)

Nl = no of digits in subtrahend = 1,2,3

N2 = no of digits in difference = 1,2,3

MAG = -2 if A<6 Ifor problems of the form
-1 if 5<A<10 \A-B=C

0 if A=10
1 if 10<A<15
2 if 14<A<20
3 otherwise

EQ = 0 if (b.ne.c, b,c>l, and a<10) or a>10 land the problem is of
1 if b=c or b or c =0 or 1 \ the form a-b=c

TEN = 1 if subtrahend or difference = 10
0 otherwise

b
POW = if exactly one of subtrahend and difference = a X 10 ,

0<a<10, 0<b<3, a or b>l
0 otherwise

b
BOTH = 1 if both subtrahend and difference = a x 10

0<a<10,0<b<3, a or b>l
0 otherwise

AB = 1 if one or, both of subtrahend or difference = ab,
a>l,b>O or = abc where not both b,c=O

o otherwise

BaR = 1 if there is at least one borrow (which is not a BSF)
o otherwise

BSF = if there is a Basic Subtraction Fact:
la_
b_ a<b

c_
O otherwise

COMl = 2

-1

if subtrahend and difference are in same category
as described above for addition
otherwise
(classes defined in addition section)
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SUBTRACTION: (used in Primary regressions)

COM2 ;, 0
1

-1

CANON ,,-1
2

NONCAN" 1
-1
o

if subtr. and diff. are in the same category
if subtrahen~is in higher class than difference
if subtrahend is in lower class as difference
(classes defined in addition section.)

if the "blank" is on the left of the equal sign
if the "blank" is on the right of the equal sign

if the "blank" is on the left of the minus sign
if the "blank" is on the right of the minus sign
if the "blank" is on the right of the equal sign
(1. e. , - b"c CANON,,-1 NONCAN= 1

a - _"c CANON:-1 NONCAN,,-1
a ~ 'b,,_ 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 Ifor problems of the fohn
2 if 10<A<20 \A-B:C
3 if A>19

POW : if exactly one of subtrahend and difference is a
power of 10

0 otherwise

BOTH " 1 if both subtrahend and difference are powers of 10
0 otherwise

BSF

" 1

0

" 1
0

" 1 if there is a BaSic Subtraction Fact:
1a_
b_ a<b

c_
O otherwise
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SUBTRACTION: (used in Intermediate regressions)

COMl = 2 if subtrahend and difference are in same category
as described 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
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=c
a - _=c
a - b=-_

CANON=-l
CANON=-l
CANON= 2

NONCAN= 1
NONCAN=-l
NONCAN= 0

NUMBER CONCEPTS: (used in Primary regressions)

for questions of the form: which is bigger, a or b?

Nl = 1 if largest integer < 6
2 if 5 < largest integer < 10
3 if 9 < largest integer < 20
4 if 19 < largest integer < 100
5 if 99 < largest integer < 1000
6 if 999 < largest integer < 10000
o if question is of another form

DD = 1 if a>b
o 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=ab,b=cd,a.neq.c
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NUMBER CONCEPTS: (used in Primary regressions)

for questions of the form, what comes after, before, or between

N2 = 1 if largest number is <6
2 if 5 < largest number is <11
3 if 9 < largest number is <21
4 if 19 < largest number is <101
5 if 99 < largest number is <1001
6 if 999 < largest number is <10001
a if question is of another form

V1 = 2 if the question is what comes between
-1 otl}erwise
a if question is of another form

V2 = -1 if the question is what comes after
1 if the question is what comes before
a if the question is what comes between

or if question is of another form

for questions of the form: write the number a

N3 = 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
a if question is of another form

ZERO = 2 if there are no zero digits
-1 if there is at least one zero digit
a if question is of another form

NZ = -1 if there is exactly one zero
1 if there is exactly two zeros
a if there are no zero digits

or if question is of another form

Q2

,: -1 if question is "which is bigger?"
-1 if question is "what come before, after or between"

2 if question is "write the number "

= -1 if question is "which is bigger?"
1 if question is "what come before, after or between"
a if question is "write the number "
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MULTIPLICATION: (used in Intermediate regressions)

Ml = 1 if question is from equivalence class Ml
0 otherwise

M2 = 1 if question is from equivalence class M2
0 otherwise

M3 = 1 if question is from eqUivalence class M3
0 otherwise

M4 = 1 if question is from equivalence class M4
0 otherwise

M5 = 1 if question is from equivalence class M5
0 otherwise

M6 = 1 if question is from eqUivalence class M6
0 otherwise

M7 = 1 if questioll is from equivalellce class M7
0 otherwise

M8 = 1 if question is from eqUivalence class M8
0 otherwise

M9 = 1 if question is from eqUivalence class M9
0 otherwise

Ml0 = 1 if question is from equivalence class Ml0
0 otherwise

Mll = 1 if question is from equivalence class Ml1
0 otherwise

M12 = 1 if question is from eqUivalence class M12
0 otherwise

M13 = 1 if question is from equivalence class M13
0 otherwise

M14 = 1 if question is from equivalence class M14
0 otherwise

M15 = 1 if question is from eqUivalence class M15
0 .otherwi$e

B8



(Appendix B, continued)

MULTIPLICATION: (used in Intermediatec,regressions)

M16 = 1 if question is from equivalence class M16
o otherwise

M17 = 1 if question is from equivalence class M17
o otherwise

M18 = 1 if question is from equivalence class M18
o otherwise

M19 = 1 if question is from equivalence, class M19
o otherwise

M20 = 1 if question is from equivalence class M20
o otherwise

M21 = 1 if question is from equivalence class M21
o otherwise

M22 = 1 if question is from equivalence class M22
o otherwise

M23 = 1 if question is from equivalence class M23
o otherwise

M24 = 1 if question is from equivalence class M24
o otherwise

COM1 = 2 if the first factor is in the same category as the
second, based on the .following scheme:

i) a (a=O,1)
ii) a (a=2)

iii) a (2<a<6)
iv) a (5<a<8)
v) a (7<a<10)

vi) 1a
vii) ab (b)

viii) abc (b) (c)

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

COM2 = 0 if the factors are in the same category
1 if the first factor is in a higher category than the second

-1 if the first factor is in a lower category than the second
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MULTIPLICATION: (used in Intermediate regressions)

CANON =-1 if the "blank" is on the left of the equal sign
2 if the "blank" is on the right of the times sign

NONCAN= 1 if the "blank" is on the left of the times sign
-1 if the "blank" is on the right of the times sign
o if the "blank" is on the right of the equal sign

DIVISION: (used in Intermediate regressions)

D1 = 1 if question is from equivalence class D1
o otherwise

D2 = 1 if question is from equivalence class D2
o otherwise

D3 = 1 if question is from equivalence class D3
o otherwise

D4 = 1 if question is from equivalence class D4
o otherwise

D5 = 1 if question is from equivalence class D5
o otherwise

D6 = 1 if question is from equivalence class D6
o otherwise

D7 = 1 if question is from equivalence class D7
o otherwise

D8 = 1 if question is from equivalence class D8
o otherwise

D9 = 1 if question is from equivalence class D9
o otherwise

D10 = 1 if question is from equivalence class D10
o otherwise

D11 = 1 if question is from equivalence class D11
o otherwise
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DIVISION: (used in Intermediate regressions)

D12 = 1 if question is from equivalence class D12
o otherwise

CANON =-1 if the "blank" is on the left of the equal sign
2if the "blank" is on the right of the equal sign

NONCAN= 1 if the "blank" is on the left of the division sign
-1 if the "blank" is on the right of the division sign

0 if the "blank" is on the right of the equal sign

B11





Appendix C: Rank Ordering

The final rank ordering was carried out in three steps, each

of which produced a temporary ranking of equivalence 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, II, and III. The procedure was repeated to produce

the ordered list of all classes for Intermediate IV, V, and VI.

To help understand the procedure, we will use a hypothetical

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 list of six items. The items are referred to by

the alphabetic characters, A through J. The rank ordering of this

sample data appears in Table C1.

Table C1

Rank Ordering of sample Data

Rank Grade Grade 2 Grade 3
1 ' A E B
2 B D F
3 E C G
4 C B E
5 D I I
6 F H J
7 G F

Step 1: The classes common to all three lists are reranked

using the sum-of-the-ranks procedure. This procedure reranks 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.
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(Appendix C, continued)

In the above example, B, E, and F are common to the three

grades. These three reranked items appear in Table C2.

Table C2

~~tlq Triplet Items

Rank Grade 1 Grade 2 Grade 3
1 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 C3

New Ranks of Triplet Ordering

New rank
1
2
3

Item
B
E
F

Sum
1+2+1:4
2+1+3:6
3+3+2:8

Step 2: The equivalence classes common to at least two

grades are summed similarly. This includes classes common to only two

grades, as well as classes common to all three grades. The classes

common to only two grades are entered into the triplet ordering. The

position in the order for each class in a pairwise ranking that is not

present in the triplet ranking is found. This position is estimated

by using four classes that appeared in the triplet ranking, the two

closest with a higher rank, and the two closest with a lower rank.

The ranks of these four classes on the triplet ranking are averaged

to produce the position of this class in the master ordering. After

all three pairwise orderings are entered into the master ordering,

the master ordering is renumbered to again produce integral values

for the ranks. This pairwise ordering produces the second ranking.
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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 Grade 2 Grade 2 Grade 3 Grade 1 Grade 3

1 B E E B B B
2 E D 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 D 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, therefore, assigned the average of the two ranks. They

are placed in a random order, although their ranks are equal. We

find both Band F appearing in the triplet ordering. Therefore the

new position given to C and D is the average of the ranks of Band F

in the triplet ordering. The rank of B was 1 and the rank of F was 3.

producing the rank of C and D as 2. Notice that the third item, E,
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in the original triplet ordering also 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

Grades 1 and 3 produces the orders shown in Table C6. Both I and G

Table C6

Ne.wRanks 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
4 I 7 G 7

fall at the tail end of the orderings and are placed in random order

after the last item. The pairwise ordering appears in Table C7.

Table C7

Pairwise Ranking

Rank Item.
1 B
3 C
3 D
3 E
5 F
6 G
7 I

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 that was used to enter classes common to only two grades

into the triplet ranking is used to enter classes predicted by a

single grade into the pairwise ordering. All classes are thus
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included and the list of classes is renumbered to give integral

values of the rankings , producing the master ordering for the three

Prcimary grades.

In our example, we must enter A for Grade 1, H for Grade 2,

and.,:I· .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 cgrade. 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

master ordering of items in this example appears in Table C8.

Table C8

Final Rank Ordering of all Classes in Example

Rank Item
1 A
2 B
3 C
4 D
5 E
6 F
7 G
8 H
9 I

10 J
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Appe,ndix. D: Participating Schools

The following schools participated in pretesting or norming

of the Stanford Mental Arithmetic Test.

Participating school

Dublin Elementary School

Cypress Elementary School

Tierra Linda Elementary School

Central School

Lincoln School

Edenvale School

Bayside Middle School

Berryessa School

EI Crystal School

Hillside School

Wilson School

Ponderosa School

Audubon School

Forest Hill School

Albany Primary

Selby Lane School

Roy Cloud School

District

Murray Elementary School District

Campbell Union Elementary District

San Carlos Elementary School District

San Carlos Elementary School District

Cupertino School District

Oak Grove School District

San Mateo School District

Berryessa Union District

San Bruno School District

san Lorenzo School District

Cupertino School District

South San Francisco School District

San Mateo School District

Campbell School District

Albany School District

Redwood City School District

Redwood City School District
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Appendix E: Manual for Administration~ Interpretation of

the Stanford Mental Arithmetic~ (SMAT)
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Section Title
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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

arithmetic consists of items presented orally with no supporting

visual stimuli. Norms have been established for six test levels, one

for each of Grades 1 - 6. Each test consists of 100 or 110 exercises,

presented in ascending order of difficulty using a prerecorded tape,

allowing the student 6 seconds to answer each item. The test at each

grade level covers items with probability correct ranging from 0 to 1.

Students respond on prepared answer sheets and written free-response

answers are expected. Students are instructed to 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 curriculum is described by defining equivalence classes,

which are to be described.

Each equivalenCe class consist§ of a set of exercises which
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have structural features in common, such as size of numbers, existence

of a carry or borrow, and format. Empirical evidence for the

appropriateness of these structural features has been found in the

drill-and-practice arithmetic strands program developed at the
,

Institute for Mathematical Studies in the Social Sciences at Stanford

University. As an example, in the curriculum from which the tests

are constructed, there is a class with the description, ab + c = de,

with the restriction b+c>9 and 1<a<9, where a, b, c, d, and e

represent digits. This class contains all exercises with two digits

in the first addend, one 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 number of equivalence classes to be included from

each strand, as well as the range of classes. The relative proportion

of exercises presented on each test from each strand is shown in

Table E1. With the constraint imposed by the distribution of classes

Table E1

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

Add Sub

Primary I .52 .33
Primary II .52 .36
Primary III .52 .40
Intermed. IV .20 .20
Intermed. V .17 • 17
Intermed. VI • 15 • 15

Mul

.15

.17

.20

E3

Div

.15

.17

.20

Num

.15

.12

.09

.12

.13

.10

Frac

.08

.09

.10

Meas

.10

.10

.10
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shown for each 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 formats shown below for exercises in

addition, sUbtraction, multiplication, and division. For exercises

presented as A + B = C, the A format supplies Band 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 Band

asks the student to respond with C. The latter format is called

canonical (can) and the former two are called noncanonical (none).

The written form of each exercise is then translated into a

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

SMAT are as follows:

Verbal Form

ADDITION

Written Form

C format
B format
A format

C format
B format
A format

What is 2 plus 3?
2 plus what equals 5?
What plus 3 equals 5?

SUBTRACTION

What is 5 take away 3?
5 take away what equals 2?
What take away 3 equals 2?

E4

2+3= __
2 + = 5

+ 3 = 5

5 - 3 = _
5 - _ = 2

- 3 = 2
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MULTIPLICATION

C format What is 4 times 27
B format 4 times what equals 87
A format What times 2 equals 87

,
DIVISION

C format What is 6 divided by 27
B format 6 divided by what equals 37
A format What divided by 2 equals 37

FRACTIONS

2 over 3 equals what over 67
What is 1/3 plus 1/67

NUMBER CONCEPTS

4 X 2 =
4 X _ = 8

X 2 = 8

6 / 2 =
6 / = 3

/2= 3

2/3 =_/6
1/3 + 1/6 =

Write the number 12.
Which is bigger, 2 or 67
What comes after (before, between) 7 (and 9)7

3. FORMS 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 4 - 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 provided for such usage of the tests.
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All grades are given the same instructions on the tape. The

structure of the tests is identical, except for the number of items

presented, the indices used to identify exercises, the directions to

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

includes 100 items representing 100 different equivalence classes.•

All other tests cover 110 classes and thus have 110 items. Each

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 difficulty that arises when numbers are used to identify

numerical exercises, the exercises are labelled by letters. All tests
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employ written free-response items, presented with a uniform 6 second

response time.

The following table indicates the range of difficulty for

each problem type.

Test I

Add Can
Add None
Sub Can
Sub None
Num

Test II

Add Can
Add None
Sub Can
Sub None
Num

Test III

Add Can
Add None
Sub Can
Sub None
Num

Test IV

Add Can
Add None
Sub Can
Sub None
Mul Can
Mul None
Div Can
Div None
Frac

Meas

Num

Easiest

2 + 3 =_
3 + _ = 5
5 - 3 =_
5 - _ = 3
Write the number 3

2 + 3 =_
3+_·=5
5 - 3 =_
5 - _ = 3
Write the number 3.

8 + 0 =
_ + 4 = 7
5 - 3 =_
5 - _ = 3
Write the number 23.

10 + 5 =
1 + _ = 13
69 - 60 = _
99 - _ = 90
10 X 5 = _
_ X 3 = 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.

E7

Most difficult

400 + 25 =_
13 + _ = 20
120 - 90 = _

- 10 = 4
Write the number 4596

20 + 286 =
+ 57 = 557

82 - 32 =_
- 9 = 6

What comes between
6248 and 6250.

61 + 89 =
+ 28 = 86

73 - 37 =
- 5 = 19

What comes between

28 + 46 =
42 + _ = 83
78 - 21 =_
_ - 16 = 5
8 X 18 =
2 X _ = 36
5400 / 60 =
240 / _ = 3
What is 1/2 of 6.

1 gal. = how many cups.

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

Add Can
Add None
Sub Can
Sub None
Mul Can
Mul None
Diy Can
Diy Nonc
Frac

Meas

Num

Test VI

Add Can
Add Nonc
Sub Can
Sub Nonc
Mul Can
Mul Nonc
Diy Can
Diy Nonc
Frac

Meas

Num

10 + 5 = _
1+_=13
69 - 60 = _
99 - _. = 90
10 X 5 =
_ X 3 = 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 = 6
27/3=_
48 / = 8
Which is bigger,
2/6 or 4/6.
1 year equals how
many weeks.
Count by twos.
10, 12 then what.

83 + 77 =_
29 + _ = 87
73 - 37 = _
121 - _ = 35
6 X 906 = _
3 X = 156
5400 / 60 = _

/ 8 = 10
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.

758 + 64 = _
97 + _ = 171
165 - 99 = _
_ - 33 = 25
6 X 906 = _
6 X _ = 96
5400 / 60 = _
42 / . = 6
What is 2/3 X 3/5.

3 liters equals how many
deciliters.
Which is a multiple of 18,
36 or 9 or 24 or 12.

4. ADMINISTRATION OF 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

E8



(Appendix E, continued)

results will be most meaningful if the testing room is quiet, well-

lighted and ventilated, and comfortable in temperature,andif

seating is arranged to discourage copying. Answer sheets are

distributed to all students.

Students are instructed to write only the answer and not the

problem statement. Instructions are given to cross out rather than

erase each answer a student wants to change.

See_separate sections in this manual for general guidelines

on the SMAT test administration and for sample instructions.

5. PROCEDURES FOR SCORING TESTS

Students' answers are given ina 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 theSMAT are as follows:

1. Any answer involving an erasure is 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.

4. Omitted answers are marked incorrect.

5. If more than one answer is given, the item is marked
incorrect.
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6. Where the right answer to a question is35 , a
response in which one or more digits are written
backwards (e.g.~~) is counted as correct, while a
response in which the digits are transposed
(e.g.58 or ee) 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 partial credit ~s 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,

percentile 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 provides a measure of the pupil's overall

achievement. The concept scores describe how well the student has

done in each of the separate concepts.

Taken by itself, the raw SMAT score is a criterion-referenced

score. By selecting a "passing" score, the student's performance may

be judged according to 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
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criterion may be established, and the raw score will have meaning

relative to this criterion.

Often, however, the focus is on the student's standing

relative to other students. Norm-referenced measurements are used to

discriminate among individuals according to their achievement. The

purpose for obtaining measurements 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 school 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 .0
Sept. 16 - Oct. 15 •1
Oct. 16 - Nov. 15 .2
Nov. 16 - Dec. 15 .3
Dec. 16 - Jan. 15 .4
Jan. 16 - Feb. 15 .5
Feb. 16 - Mar. 15 .6
Mar. 16 - Apr. 15 .7
Apr. 16 - May 15 .8
May 16 - June 15 .9
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divides the typical school year into tenths. For example, a student

in the fourth grade who is administered a test 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 the performance of the median student

at grade level 4.23. He is. well above his actual grade level on

mental arithmetic skills. His addition score, found in the table,

corresponds 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, and her addition

score has a grade equivalent of 4.60. 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 out of the range of accuracy.
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Table E3

Score-to-Grade Placement Conversions

Primary I

Score Total Addition Subtraction Number
Concepts

1 .83 .93 .99 .(5
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
9 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 4.21
23 1.42 2.52 4.44
24 1. 46 2.62 4.68
25 1.49 2.73 4.92
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 4.23
38 2.01 4.38
39 2.05 4.53
40 2.10 4.69
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Score

41
42
43
44
45
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
4.55
4.64
4.74
4.83

Addition Subtraction Number
Concepts

4.84
5.01
5.17
5.34
5.52
5.70
5.88 .
*
*
*
*
*
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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
92 *
93 *
94 *
95 *
96 *
97 *
98 *
99 *

100 *

Score Total Addition Subtraction Number
Concepts
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Primary II

Score Total Addition .Subtraction Number
Concepts

1 .88 .93 1.02 .89
2 .91 1.00 1. 16 .99
3 .94 1.06 1. 30 1. 11
4 .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 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 4.71
24 1. 78 3.08 4.91
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 4.01 *
32 2.18 4.15 *
33 2.23 4.30 *
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 *
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Addition Subtraction Number
Concepts

Score

41
42
43
44
45
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

Total

2.69
2.76
2.82
2.88
2.94
3.01
3.07
3·14
3.21
3.27
3.34
3.41
3.48
3.55
3.63
3.70
3.77
3.85
3.92
4.00
4.07
4.15
4.23
4.31
4.39
4.47
4.56
4.64
4.72
4.81
4.89
4.98
5.07
5.16
5.25
5.34
5.43
5.52
5.61

5.56
5.73
5.91
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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Score

80
81
82
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

Total

5.71
5.80
5.90
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

.
Addition Subtraction Number

Concepts
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Primary III

Score Total Addition Subtraction Number
Concepts

1 .94 .97 1.04 1.00
2 .97 1.03 1.17 1.23
3 1.00 1. 11 1. 30 1.52
4 1.04 1.18 1.45 1.90
5 1.07 1.26 1.60 2.41
6 1• 11 1.34 1. 76 3. 11
7 1.15 1.42 1.93 4.08
8 1.18 1. 51 2.10 5.47
9 1.22 1.60 2.29 *10 1.26 1. 70 2.48

11 1.30 1.80 2.69
12 1.35 1.90 2.90
13 1.39 2.01 3.12
14 1.43 2.12 3.34
15 1.48 2.24 3.58
16 1.53 2.36 3.83
17 1.57 2.48 4.08
18 1. 62 2.61 4.34
19 1.67 2.74 4.62
20 1. 72 2.88 4.90
21 1. 78 3.02 5.19
22 1.83 3.17 5.49
23 1.89 3.32 5.80
24 1.94 3.47 *
25 2.00 3.64 *26 2.06 3.80 *
27 2.12 3.97 *28 2.18 4.15 *29 2.24 4.33 *
30 2.31 4.52 *
31 2.37 4.71 *32 2.44 4.91 *
33 2.51 5. 11 *
34 2.58 5.32 *
35· 2.65 5.54 *
36 2.72 5.76 *
37 2.80 5.99 *38 2.87 6.22 *
39 2.95 6.46 *40 3.03 6.71 *
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Score Total Addition Subtraction Number
Concepts

41 3. 11 6.96 *42 3.20 * *43 3.28 * *44 3.37 * *45 3.45 *46 3.54 *47 3.64 *48. 3.73 *
49 3.82 *50 3.92 *
51 4.02 *52 4.12 *
53 4.23· *
54 4.33 *
55 4.44 *
56 4.55 *
57 4.66 *
58 4.77
59 4.89
60 5.00
61 5.12
62 5.24
63 5.37
64 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
74 6.89
75 *
76 *
77 *
78 *
79 *
80 *
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Score

'81
82
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

Total

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Addition Subtraction Number
Concepts
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Intermediate IV

Score Total Addi- Subtrac- Number Multipli- Divi- Measure- Frac-
tion tion Concepts cation sian ment tions

1 1,57 1.77 2.04. 1.63 2.12 2.81 2.28 2.98
2 1.63 1.97 2.32 1.80 2.57 3.49 2.83 3.97
3 1.69 2.18 2.62 1.99 3.03 4. 11 3.44 4.86
4 1.74 2.42 2.93 2.21 3.52 4.68 4.10 5.69
5 1.80 2.67 3.26 2.48 4.03 5.21 4.82 6.46
6 1.86 2.95 3.59 2.80 4.56 5.71 5.59 7.20
7 1.92 3.25 3.95 3.18 5.10 6.19 6.43 7.90
8 1.97 3.57 4.31 3.66 5.66 6.65 7.31 *
9 2.03 3.92 4.69 4.26 6.24 7.10 * *10 2.09 4.30 5.08 5.02 6.84 7.53 *

11 2.16 4.70 5.49 6.02 7.44 7.94 *12 2.22 5.13 5.90 7.36 * *13 2.28 5.60 6.33 * * *14 2.34 6.10 6.77 * * *
15 2.40 6.64 7.22 * *
16 2.47 7.21 7.68 * *
17 2.53 7.82 *
18 2.60 * *
19 2.66 * *
20 2.73 * *
21 2.79 * *
22 2.86 * *
23 2.93
24 2.99
25 3.06
26 3.13
27 3.20
28 3.27
29 3.34
30 3.41
31 3.48
32 3.55
33 3.62
34 3.69
35 3.76
36 3.84
37 3.91
38 3.98
39 4.06
40 4.13
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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
44 4.44
45 4.51
46 4.59
41 4.61
48 4.15
49 4.82
50 4.90
51 4.98
52 5.06
53 5.14
54 5.22
55 5.30
56 5.38
51 5.41
58 5.55
59 5.63
60 5.11
61 5.80
62 5.88
63 5.96
64 6.05
65 6. 13
66 6.22
61 6.30
68 6.39
69 6.41
10 6.56
11 6,65
12 6.14
13 6.82
14 6.91
15 1.00
16 1.09
11 1.18
18 1.21
19 1.36
80 1.45
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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 *
91 *
92 *
93 *
94 *
95 *
96 *
97 *
98 *
99 *

100 *
101 *
102 *
103 *
104 *
105 *
106 *
107 *
108 *
109 *
110 *

E24



(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 4.01 4.58 3.35 4.63 4.80 5.04 7.76
7 2.00 4.50 5.07 4.01 5.24 5.28 6.14 8.86
8 2.06 5.00 5.57 4.88 5.86 5.74 7.56 *
9 2.12 5.52 6.08 6.05 6.49 6.17 * *10 2.17 6.05 6.61 7.68 7.14 6.59 * *11 2.23 6.59 7.14 * 7.80 7.00 *12 2.30 7.15 7.69 * 8.47 7.39

13 2.36 7.72 8.25 * * 7.78
14 2.42 8.30 8.82 * 8.15
15 2.48 8.90 * * 8.51
16 2.55 * * * 8.87
17 2.61 * * * *18 2.68 * * * *
19 2.74 * * * *20 2.81
21 2.88
22 2.95
23 3.02
24 3.09
25 3.16
26 3.24
27 3.31
28 3.38
29 3.46
30 3.54
31 3.61
32 3.69
33 3.77
34 3.85
35 3.93
36 4.01
37 4.10
38 . 4.18
39 4.26
40 4.35
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Score Total Addi- Subtrac- Number MUltipli- Divi- Measure- Frac-
tion tion Concepts cation sion ment tions

41 4.44
42 4.52
43 4.61
44 4.70
45 4.79
46 4.88
47 4.97
48 5.07
49 5.16
50 5.26
51 5.35
52 5.45
53 5.55
54 5.64
55 5.74
56 5.84
57 5.94
58 6.05
59 6. 15
60 6.25
61 6.36
62 6.46
63 6.57
64 6.68
65 6.79
66 6.90
67 7.01
68 7.12
69 7.23
70 7.35
71 7.46
72 7.58
73 7.69
74 7.81
75 7.93
76 8.05
77 8.17
78 8.29
79 8.41
80 8.53
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Score Total Addi- Subtrac- Number Multipli- Divi- Measure- Frac-
tion tion Concepts cation sion ment tions

81 8.66
82 8.18
83 8.91
84 *
85 *
86 *
87 *
88 *
89 *
90 *
91 *
92 *
93 *
94 *
95 *
96 *
91 *
98 *
99 *

100 *
101 *
102 *
103 *
104 *
105 *
106 *
107 *
108 *
109 *
110 *
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Intermediate VI

Score To.tal Addi- Subtrac- Number Multipli- Divi- Measure- Frac-
tion tion Concepts cation sion ment tions

1 2.69 2.59 3.22 2.43 2.72 2.41 3.43 3.37
2 2.73 3.01 3.44 2.86 2.94 2.64 4.12 3.66
3 2.76 3.50 3·71 3.42 3.19 2.89 .5.09 4.02
4 2.80 4.06 4.03 4.14 3.46 3.16 6.52 4.49
5 2.84 4.70 4.45 5.13 3.75 3.46 8.81 5.15
6 2.88 5.42 5.00 6.50 4.07 3.78 * 6.14
7 2.92 6.25 5.77 8.50 4.43 4.13 * 7.84
8 2.96 7.20 6.95 * 4.82 4.51 * *
9 3.00 8.26 * * 5.25 4.91 * *10 3.04 *' * * 5.73 5.35 * *'

11 3.09 * * * 6.25 5.82 * *12 3.13 * * 6.84 6.34 *
13 ' 3.18 * * 7.48 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
29 4.04
30 4. 11
31 4.17
32 4.24
33 4.31
34 4.38
35 4.46
36 4.53
37 4.61
38 4.69
39 4.77
40 4.85
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Score Total Addi- Subtrac- Number Multipli- Divi- Measure- Frac~

tion tion Concepts cation sion ment tions

41 4.93
42 5.02
43 5.11
44 5.20
45 5.29
46 5.39
47 5.49
48 5.59
49 5.69
50 5.80
51 5.91
52 6.02
53 6.13
54 6.25
55 6.37
56 6.50
57 6.63
58 6.76
59 6.89
60 7.03
61 7.18
62 7.33
63 7.48
64 7.63
65 7.80
66 7.96
67 8.14
68 8.31
69 8.50
70 8.69
71 8.88
72 *
73 *
74 *
75 *
76 *
77 *
78 *
79 *
80 *
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Score Total Addi., Subtrac- Number Multipli- Divi~ Measure- Frac-
tion tion Concepts cation sion ment tions

81 *
82 *
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 *
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Comparison of Students at the Same Grade Placement.

Percentile Ranks. Comparison of a student's score with

students at the same grade placement 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 appropriate only at the grade placements for which data

was collected. It is often the case that the test user does not

administer the test at the same time of year as the publisher, and the

norms are misused. For this reason, percentiles for several grade

placements have been estimated in addition to those obtained from the

norming sample. Percentile ranks corresponding to raw scores for

total test scores are given in Table E4 for every .2 grade placements.

Raw scores not included in the table may be assigned the same

percentile rank as the next higher score which appears in the table.

The percentile rank corresponding to a raw score indicates the

percentage of students in that grade placement having scores less

than the given score.

Using the examples from the previous section, locate John's

total score, 63, on the Primary II test in Table E4 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.

E31



(Appendix E, continued)

·Table E4

Total Score-to-Percentile and Stanine Conversions

Primary I

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
-----------------------------------------------------------------------
1 1 0 0 1 3 5 7 8 10 12 14 16 17 19 21 22 24

2 0 0 1 3 5 7 9 11 13 15 17 19 21 23 25 27
-----------------------------------------------------------------------
2 4 0 0 1 4 6 8 10 12 15 17 19 22 24 26 29 31

6 0 0 2 4 6 8 11 13 16 18 21 24 27 29 32 35
8 0 0 2 5 7 10 13 15 18 21 24 27 30 33 36 39

10 0 0 3 6 9 12 15 17 20 23 26 29 32 36 39 42
-----------------------------------------------------------------------
3 11 0 0 3 6 9 12 15 18· 21 24 28 31 34 37 40 43

12 0 0 3 6 10 13 16 19 22 26 29 32 35 38 41 44
14 0 0 4 8 12 15 18 22 25 28 32 35 38 41 44 47
16 0 1 5 8 12 16 19 23 26 30 33 36 39 43 46 49
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 34 37 41 44 47 50 53

-----------------------------------------------------------------------
4 23 0 2 7 12 16 20 24 28 31 35 38 42 45 48 51 54

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 47 50 53 56
28 0 3 9 14 18 22 27 30 34 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 34 38 41 45 48 51 54 57 60
34 0 5 11 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
38 0 6 12 18 23 28 32 37 41 44 48 51 54 57 60 63

-----------------------------------------------------------------------
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(Appendix E, Table E4, cent.)

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 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
44 0 7 14 20 25 30 35 39 43 46 50 53 56 59 62 65
46 0 7 14 21 26 31 36 40 44 48 51 54 58 60 63 66
48 0 8 15 21 27 32 37 41 45 48 52 55 58 61 64 67
50 0 8 16 22 28 33 38 42 46 50 53 57 60 63 65 68
52 0 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 71
58 1 11 19 26 32 37 42 46 50 54 57 61 63 66 69 71

-----------------------------------------------------------------------
6 60 2 12 20 27 33 39 43 48 52 55 59 62 65 67 70 72

62 2 13 21 29 35 40 45 49 53 57 60 63 66 69 71 73
64 2 13 22 29 36 41 46 50 54 58 61 64 67 69 72 74
66 2 14 23 31 37 42 47 52 55 59 62 65 68 70 73 75
68 2 14 24 32 38 44 49 53 57 60 63 66 69 71 74 76
70 2 15 25 32 39 45 50 54 58 61 64 67 70 72 75 77
72 3 16 25 33 40 45 50 54 58 62 65 68 70 73 75 77
74 3 16 26 34 41 46 51 56 59 63 66 69 71 74 76 78
76 4 17 27 35 41 47 52 56 60 63 67 69 72 74 77 79

-----------------------------------------------------------------------
7 77 4 17 27 35 42 47 52 57 60 64 67 70 72 75 77 79

78 4 17 27 35 42 47 52 57 60 64 67 70 72 75 77 79
80 4 18 28 36 43 49 53 58 62 65 68 71 73 76 78 80
82 5 19 29 38 44 50 55 59 63 66 69 72 74 77 79 81
84 6 21 32 41 48 53 58 62 66 69 72 75 77 79 81 83
86 7 22 34 43 50 55 60 64 68 71 74 76 79 81 82 84
88 7 24 36 45 53 58 63 67 71 74 76 79 81 83 84 86

-----------------------------------------------------------------------
8 89 7 25 37 47 54 60 65 69 72 75 78 80 82 84 85 87

90 8 26 39 48 55 61 66 70 73 76 78 81 83 84 86 87
92 8 27 40 50 57 63 67 71 75 78 80 82 84 86 87 89
94 9 30 44 54 62 67 72 75 78 81 83 85 87 88 89 91

-----------------------------------------------------------------------
9 96 11 33 47 57 64 70 74 78 81 83 85 87 89 90 91 92

98 12 38 54 64 71 76 80 84 86 88 90 91 92 93 94 95
99 14 40 55 66 73 78 82 85 88 90 91 93 94 95 96 96
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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
------------------------------------------------
1 1 25 27 28 30 32 33 35 36 37 39

2 29 31 33 36 38 40 42 44 46 48
------------------------------------------------
2 4 33 36 38 41 43 46 48 51 53 55

6 38 41 44 47 51 54 57 60 64 67
8- 42 45 48 51 54 58 61 64 67 71

10 45 48 51 54 57 60 63 66 69 72
------------------------------------------------
3 11 46 49 52 55 58 62 65 68 71 74

12 47 50 53 56 59 62 65 68 71 74
14 50 53 56 58 61 64 67 70 73 75
16 52 55 58 61 64 67 70 72 75 78
18 54 56 59 62 65 68 71 73 76 79
20 55 58 61 64 67 69 72 75 77 80
22 56 59 62 65 67 70 73 75 78 81

------------------------------------------------
4 23 57 60 63 65 68 71 73 76 79 81

24 57 60 63 66 68 71 74 76 79 81
26 59 62 64 67 70 72 75 77 80 82
28 60 63 66 68 71 74 76 79 . 81 84
30 61 64 67 69 72 75 77 79 82 84
32 63 65 68 71 73 75 78 80 82 84
34 64 66 69 71 74 76 79 81 83 85
36 65 67 70 72 74 77 79 81 83 85
38 66 68 71 73 75 78 80 82 84 86

------------------------------------------------
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(Appendix E, Table E4, conto )

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
------------------------------------------------
5 40 66 69 71 74 76 78 80 83 85 87

42 67 70 72 74 77 79 81 83 85 87
44 68 70 73 75 77 80 82 84 86 88
46 69 71 74 76 78 80 83 85 87 89
48 69 72 74 76 79 81 83 85 87 89
50 70 73 75 78 80 82 84 86 88 90
52 71 74 76 78 80 83 85 86 88 90
54 72 75 77 79 81 83 85 87 89 90
56 73 76 78 80 82 84 85 87 89 91
58 74 76 78 80 82 84 86 87 89 91

------------------------------------------------
6 60 75 77 79 81 83 85 86 88 90 91

62 75 78 80 81 83 85 87 88 90 91
64 76 78 80 82 84 85 87 88 90 91
66 77 79 81 83 84 86 87 89 90 92
68 78 80 82 83 85 87 88 89 91 92
70 79 80 82 84 85 87 88 90 91 92
72 79 81 83 84 86 87 89 90 91 92
74 80 82 84 85 87 88 90 91 92 93
76 81 83 84 86 87 89 90 92 93 94

------------------------------------------------
7 77 81 83 85 86 88 89 91 92 93 94

78 81 83 85 86 88 89 91 92 93 94
80 82 84 85 87 88 90 91 92 94 95
82 83 84 86 87 89 90 91 93 94 95
84 85 86 88 89 90 91 92 93 94 95
86 86 87 89 90 91 92 93 94 95 96
88 87 89 90 91 92 93 94 95 96 96

------------------------------------------------
8 89 88 89 91 92 93 94 94 95 96 97

90 89 90 91 92 93 94 95 95 96 97
92 90 91 92 93 94 95 95 96 97 97
94 92 93 93 94 95 96 96 97 97 98

------------------------------------------------
9 96 93 94 95 95 96 97 97 98 98 99

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 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
-----------------------------------------------------------------------

1 0 0 0 0 2 3 4 . 6 7 9 10 11 13 14 16 17
2 0 0 1 2 4 5 6 8 10 11 13 14 16 18 19 21

-----------------------------------------------------------------------
2 4 0 0 1 3 4 6 8 9 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 30

10 0 0 1 3 6 8 10 12 15 17 20 22 25 27 30 33
-----------------------------------------------------------------------
3 11 0 0 2 4 7 9 12 14 17 19 22 24 27 30 32 35

12 0 0 2 4 7 9 12 15 17 20 22 25 27 30 33 35
14 0 0 2 5 8 11 13 16 19 21 24 27 29 32 35 37
16 0 0 3 6 8 11 14 17 20 23 25 28 31 34 36 39
18 0 0 3 6 9 12 15 18 21 24 27 30 32 35 38 41
20 0 0 4 7 10 13 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 43

-----------------------------------------------------------------------
4 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 36 39 41 44
26 0 1 5 9 12 16 19 22 25 28 31 34 37 40 43 46
28 0 2 5 9 13 16 20 23 26 29 32 35 38 41 44 47
30 0 2 6 10 14 17 21 24 27 30 34 37 39 42 45 48
32 0 2 6 10 14 18 21 25 28 31 35 38 41 44 46 49
34 0 3 7 12 16 20 23 27 30 33 37 40 43 45 48 51
36 0 3 8 12 16 20 24 28 31 34 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 E4, cont. )

Primary II

Sta- %ile Grade Placement
nine Rank

.8 100 1.2 1.4 106 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 42 45 48 51 54

42 0 4 9 14 18 22 26 30 33 37 40 43 46 49 52 54
44 0 4 9 14 18 22 26 30 34 37 40 43 46 49 52 55
46 0 4 10 15 19 23 27 31 35 38 41 44 48 50 53 56
48 0 4 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 46 49 52 55 57
52 0 5 11 17 21 26 30 34 38 41 44 48 51 53 56 59
54 0 5 12 17 22 26 31 35 38 42 45 48 52 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 57 60 62

-----------------------------------------------------------------------
6 60 0 8 14 20 25 30 34 38 42 45 49 52 55 58 60 63

62 1 8 15 20 25 30 34 39 42 46 49 52 55 58 61 64
64 1 9 16 22 27 32 36 41 44 48 51 54 57 60 63 66
66 1 9 16 22 27 32 37 41 45 48 52 55 58 61 64 66
68 2 10 17 23 28 33 38 42 46 49 53 56 59 62 64 67
70 2 11 18 24 30 35 39 43 47 51 54 57 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 41 45 49 52 56 59 62 65 68 70
76 4 12 20 26 32 37 41 46 50 53 57 60 63 66 68 71

-----------------------------------------------------------------------
7 77 4 13 20 27 32 38 42 46 50 54 57 61 64 66 69 72

78 4 13 21 27 33 38 43 47 51 54 58 61 64 66 69 72
80 4 13 21 28 33 39 43 48 52 55 59 62 65 68 70 73
82 5 14 22 29 35 40 45 49 53 57 60 63 66 69 72 74
84 6 16 24 31 37 42 47 51 55 59 62 65 68 71 73 76
86 7 17 26 33 39 44 49 53 57 60 64 67 70 72 75 77
88 8 19 28 35 41 46 51 55 59 63 66 69 72 74 77 79

-----------------------------------------------------------------------
8 89 8 20 29 36 43 48 53 57 61 65 68 71 74 76 78 81

90 9 21 30 38 44 50 54 59 63 66 69 72 75 77 79 82
92 9 22 32 41 47 53 58 62 66 69 72 75 78 80 82 ?4
94 11 25 36 44 51 57 62 66 70 73 76 79 81 83 85 87

-----------------------------------------------------------------------
9 96 13 27 38 47 54 60 64 69 72 76 79 81 84 86 88 90

98 15 33 46 55 62 68 73 77 80 83 86 88 90 92 94 96
99 26 41 52 60 67 72 77 80 84 87 89 91 93 95 97 98
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(Appendix E, Table E4, cent 0)

sta- %ile Grade Placement
nine Rank

400 402 404 406 408 500 502 504 506 508
------------------------------------------------

1 19 20 22 23 25 26 28 29 31 32
2 23 24 26 28 30 32 33 35 37 39

------------------------------------------------
2 4 26 28 30 32 34 36 39 41 43 45

6 30 33 35 38 41 43 46 49 52 55
8 33 36 38 41 44 47 50 52 55 58

10 35 38 41 43 46 49 52 55 58 60
------------------------------------------------
3 11 37 40 42 45 48 50 53 56 58 61

12 38 40 43 46 48 51 53 56 59 61
14 40 43 45 48 51 53 56 58 61 63
16 42 45 47 50 53 55 58 61 63 66
18 43 46 49 52 54 57 60 62 65 68
20 45 48 50 53 56 58 61 64 66 69
22 46 49 52 54 57 60 62 65 67 70

------------------------------------------------
4 23 47 49 52 55 57 60 62 65 67 70

24 47 50 52 55 58 60 63 65 68 70
26 48 51 54 56 59 61 64 66 69 71
28 50 53 55 58 60 63 66 68 71 73
10 51 53 56 59 61 64 66 69 71 74
32 52. 55 57 60 63 65 68 70 73 75
34 54 56 59 61 64 66 69 71 73 75
36 54 57 60 62 64 67 69 72 74 76
38 55 58 60 63 65 67 70 72 74 77

------------------------------------------------
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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
------------------------------------------------
5 40 56 59 62 64 67 69 71 74 76 78

42 57 60 62 65 67 70 72 74 76 79
44 58 60 63 65 68 70 73 75 77 79
46 59 61 64 66 69 71 73 76 78 80
48 59 62 65 67 69 72 74 76 79 81
50 60 63 65 68 70 72 74 77 79 81
52 62 64 67 69 71 74 76 78 80 82
54 63 65 68 70 72 75 77 79 81 83
56 64 66 69 71 73 75 78 80 82 84
58 65 67 70 72 75 77 79 81 83 85

------------------------------------------------
6 60 66 68 70 73 75 77 79 81 83 85

62 66 69 71 73 76 78 80 82 84 86
64 68 70 73 75 77 79 81 83 85 87
66 69 71 74 76 78 80 82 84 86 88
68 70 72 74 77 79 81 83 85 87 88
70 70 73 75 77 79 81 83 85 87 89
72 71 74 76 78 80 82 84 86 88 90
74 73 75 77 79 82 84 86 87 89 91
76 73 76 78 80 82 84 86 88 90 91

------------------------------------------------
7 77 74 76 78 80 82 84 86 88 90 91

78 74 77 79 81 83 85 87 89 91 93
80 75 78 80 82 84 86 88 90 91 93
82 77 79 81 83 85 87 89 91 93 94
84 78 80 82 84 86 88 . 90 92 93 95
86 80 82 84 86 88 89 91 93 94 96
88 81 83 85 87 89 90 92 94 95 96

------------------------------------------------
8 89 83 85 87 88. 90 92 93 95 96 97

90 84 85 87 89 91 92 94 95 96 98
92 86 88 90 91 93 94 95 96 98 99
94 89 90 92 93 95 96 97 98 99 100

------------------------------------------------
9 96 91 93 94 96 97 98 99 100 101 102

98 97 98 99 101 102103 103 104 105 106
99 100 101 102 103 104 105 106 107 108 108
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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
-----------------------------------------------------------------------

1 0 0 0 0 2 3 4 5 6 7 8 8 9 10 11 11
2 0 0 0 1 2 3 4 5 6 8 9 10 11 12 14 15

-----------------------------------------------------------------------
2 4 0 0 0 1 2 4 5 7 8 10 11 12 14 15 17 18

6 0 0 0 1 3 5 7 8 10 12 14 15 17 19 20 22
8 0 0 0 1 3 5 7 9 11 13 15 17 19 21 23 25

10 0 0 0 2 4 7 9 11 13 15 17 19 21 23 25 27
-----------------------------------------------------------------------
3 11 0 0 0 3 5 8 10 12 14 17 19 21 23 25 26 28

12 0 0 0 3 5 8 10 12 15 17 19 21 23 25 27 29
14 0 0 1 4 6 9 11 14 16 18 20 22 24 26 28 30
16 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 31 33 35
22 0 0 3 6 9 12 15 18 21 23 25 28 30 32 34 36

-----------------------------------------------------------------------
4 23 0 0 3 7 10 13 16 19 21 24 26 28 31 33 35 37

24 0 0 3 7 10 13 16 19 21 24 26 28 31 33 35 37
26 0 0 4 7 11 14 17 20 22 25 27 29 32 34 36 38
28 0 0 4 8 12 15 18 21 24 26 29 31 33 35 37 39
30 0 0 4 8 12 15 18 21 24 26 29 31 33 36 38 ltO
32 0 1 5 10 13 17 20 23 26 28 31 33 35 37 39 41
34 0 1 6 10 14 17 21 24 26 29 32 34 36 38 40 42
36 0 1 6 10 14 18 21 24 27 30 32 35 37 39 41 43
38 0 2 6 11 15 18 22 25 27 30 33 35 37 40 42 44

-----------------------------------------------------------------------
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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
-----------------------------------------------------------------------
5 40 0 2 7 12 16 19 23 26 29 31 34 36 39 41 43 45

42 0 2 7 12 16 20 23 26 29 32 35 37 39 42 44 46
44 0 2 7 12 16 20 23 26 29 32 35 37 40 42 44 46
46 0 2 8 13 17 21 24 27 30 33 36 38 41 43 45 47
48 0 3 8 13 17 21 25 28 31 34 37 39 41 44 46 48
50 0 3 8 13 18 21 25 28 31 34 37 40 42 44 47 49
52 0 4 9 14 19 23 26 30 33 36 38 41 43 46 48 50
54 0 4 10 15 20 24 27 31 34 37 39 42 44 47 49 51
56 0 4 10 16 20 24 28 31 35 38 40 43 45 48 50 52
58 0 5 11 17 21 26 29 33 36 39 41 44 46 49 51 53

-----------------------------------------------------------------------
6 60 0 5 11 17 21 26 29 33 36 39 42 44 47 49 51 53

62 0 6 12 17 22 26 30 34 37 40 43 45 48 50 52 54
64 0 6 12 18 23 27 31 35 38 41 44 46 49 51 53 55
66 0 7 14 19 24 29 33 36 40 42 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 7 14 20 25 30 34 38 41 44 47 49 52 54 56 58
72 0 8 15 21 26 31 35 38 42 45 47 50 52 55 57 59
74 0 8 15 21 27 31 35 39 42 46 48 51 53 56 58 60
76 0 9 16 22 27 32 36 40 43 46 49 52 54 57 59 61

-----------------------------------------------------------------------
7 77 0 9 16 22 28 32 36 40 43 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 61 63
82 1 10 18 24 30 35 39 43 46 49 52 55 58 60 62 64
84 1 12 20 27 33 38 42 46 49 52 55 58 60 62 64 66
86 2 13 22 29 35 40 44 48 51 54 57 60 62 64 66 68
88 2 14 24 31 37 42 47 51 54 57 60 63 65 67 69 71

-----------------------------------------------------------------------
8 89 3 15 24 31 38 43 47 51 55 58 60 63 65 68 70 71

90 3 16 26 33 39 45 49 53 56 59 62 65 67 69 71 73
92 3 17 28 36 42 48 52 56 60 63 65 68 70 72 74 75
94 4 20 31 39 46 52 56 60 64 66 69 71 74 75 77 79

-----------------------------------------------------------------------
9 96 5 22 34 43 50 55 60 64 67 70 73 75 77 79 80 82

98 10 29 42 51 58 64 68 72 75 77 80 82 83 85 86 88
99 17 36 49 58 65 70 74 78 80 83 84 86 88 89 90 91
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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
-------------------------------------------------------

1 12 13 13 14 14 15 15 16 17 17 18 18
2 16 17 19 20 21 22 23 25 26 27 28 30

----------------------------------------.--------------
2 4 19 21 22 24 25 27 28 29 31 32 33 35

6 24 25 27 29 30 32 34 35 37 38 40 42
8 27 28 30 32 34 36 38 39 41 43 45 47

10 29 31 32 34 36 38 40 41 43 45 47 48
-------------------------------------------------------
3 11 30 32 34 36 37- 39 41 42 44 46 47 49

12 30 32 34 36 38 39 41 43 45 46 48 50
14 32 34 36 38 39 41 43 44 46 48 49 51
16 34 36 38 40 42 43 45 47 48 50 51 53
18 36 38 40 41 43 45 47 48 50 52 53 55
20 37 39 40 42 44 46 47 49 50 52 53 55
22 38 40 42 43 45 47 49 50 52 53 55 56

-------------------------------------------------------
4 23 39 41 42 44 46 48 49 51 53 54 56 57

24 39 41 43 44 46 48 50 51 53 55 56 58
26 40 42 44 45 47 49 50 52 54 55 57 58
28 41 43 45 47 49 50 52 54 55 57 58 60
30 42 44 45 47 49 51 52 54 56 57 59 60
32 43 45 47 49 50 52 53 55 56 58 59 61
34 44 46 48 50 51 53 54 56 57 59 60 62
36 45 47 49 51 52 54 56 57 59 60 62 63
38 46 47 49 51 53 54 56 57 59 60 62 63

-------------------------------------------------------
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(Appendix E, Table E4, cont.)

Sta- %He 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
-------------------------------------------------------
5 40 47 48 50 52 54 55 57 58 60 61 62 64

42 48 50 51 53 55 56 58 60 61 62 64 65
44 48 50 52 54 55 57 59 60 62 63 65 66
46 49 51 53 55 56 58 60 61 63 64 65 67
48 50 52 54 55 57 59 60 62 64 65 67 68
50 51 53 55 56 58 60 62 63 65 66 68 69
52 52 54 56 57 59 61 62 64 65 67 68 70
54 53 55 56 58 60 61 63 65 66 67 69 70
56 54 56 58 59 61 63 64 66 67 69 70 71
58 55 57 58 60 62 63 65 66 68 69 70 72

-------------------------------------------------------
6 60 55 57 59 61 62 64 66 67 68 70 71 73

62 56 58 60 61 63 65 66 68 69 70 72 73
64 57 59 61 63 64 66 67 69 70 72 73 74
66 58 60 62 64 65 67 68 70 71 72 73 75
68 59 61 63 64 66 67 69 70 71 73 74 75
70 60 62 63 65 67 68 69 71 72 73 75 76
72 61 62 64 66 67 69 70 71 73 74 75 76
74 62 63 65 67 68 70 71 73 74 75 76 78
76 63 64 66 68 69 71 72 74 75 76 78 79

-------------------------------------------------------
7 77 63 65 67 68 70 71 73 74 76 77 78 80

78 64 66 67 69 70 72 73 75 76 77 79 80
80 65 67 68 70 72 73 75 76 77 79 80 81
82 66 68 70 71 73 74 76 77 78 80 81 82
84 68 70 71 73 74 76 77 78 79 81 82 83
86 70 71 73 74 76 77 78 79 81 82 83 84
88 72 74 75 77 78 79 81 82 83 84 85 86

-------------------------------------------------------
8 89 73 75 76 78 79 80 82 83 84 85 86 87

90 74 76 77 79 80 81 82 83 84 85 86 87
92 77 78 80 81 82 83 84 85 86 87 88 88
94 80 81 83 84 85 86 87 88 89 89 90 91

-------------------------------------------------------
9 96 83 84 86 87 88 89 89 90 91 92 92 93

98 89 90 91 91 92 93 94 94 95 95 96 96
99 92 93 93 94 95 95 96 96 97 97 97 98
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(Appendix E, Table E4, cont.)

Intermediate IV

Sta- %ile Grade Placement
nine Rank

1.8 2.0 2.2 2.4 2.6 2.8 3.0 302 3.4 306 308 4.0 4.2 404 4.6 408
-----------------------------------------------------------------------
1 1 0 0 0 0 1 2 3 4 5 5 6 7 7 8 8 9

2 0 0 0 1 2 2 3 4 5 5 6 7 8 9 10 11
-----------------------------------------------------------------------
2 4 0 0 o. 1 2 3 4 5 6 8 9 10 11 12 14 15

6 0 0 0 2 3 5 6 8 9 11 12 14 15 17 18 20
8 0 0 0 2 4 5 7 9 10 12 14 15 17 19 20 22

10 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 7 8 10 12 14 16 17 19 21 23 26
14 0 1 3 4 6 8 9 11 13 15 17 19 21 23 25 27
16 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

-----------------------------------------------------------------------
4 23 1 2 4 6 8 11 13 15 17 20 22 24 27 29 31 34

24 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 11 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 40
34 2 5 7 10 13 16 18 21 23 26 28 31 33 36 38 41
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- :tile 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 34 36 39 41 44

42 3 6 9 12 15 18 21 24 26 29 32 34 37 40 42 45
44 4 7 10 13 16 19 21 24 27 30 32 35 38 40 43 45
46 4 7 11 14 17 20 23 26 28 31 34 37 39 42 44 47
48 4 8 11 14 17 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 49
52 5 9 12 16 19 22 25 28 31 34 37 39 42 45 47 50
54 6 10 13 17 20 23 26 29 32 35 38 41 44 46 49 51
56 6 10 14 18 21 24 28 31 34 36 39 42 45 47 50 52
58 7 11 14 18 22 25 28 32 35 38 41 43 46 49 51 54

-----------------------------------------------------------------------
6 60 7 11 15 19 23 26 30 33 36 39 42 44 47 50 52 55

62 8 13 17 21 24 28 31 34 37 40 43 46 49 51 54 56
64 8 13 17 21 25 28 32 35 38 41 44 47 49 52 55 57
66 9 14 18 22 26 29 33 36 39 42 45 48 50 53 55 58
68 10 15 19 23 27 30 34 37 40 43 46 49 52 54 57 59
70 11 16 20 24 28 32 35 39 42 45 48 50 53 56 58 60
72 11 16 21 25 29 32 36 39 42 45 48 51 54 56 59 61
74 12 17 21 26 29 33 37 40 43 46 49 52 54 57 59 62
76 15 19 23 27 31 34 38 41 44 47 50 53 55 58 60 63

-----------------------------------------------------------------------
7 77 15 19 24 28 32 35 39 42 45 48 51 54 56 59 61 64

78 15 19 24 28 32 35 39 42 45 48 51 54 56 59 62 64
80 16 20 25 29 33 37 40 44 47 50 53 56 58 61 63 66
82 16 21 26 30 34 38 41 45 48 51 54 57 60 62 65 67
84 19 24 28 33 37 40 44 47 50 53 56 59 61 64 66 69
86 21 26 30 35 39 43 46 49 53 56 58 61 64 66 68 71
88 24 29 34 38 42 46 49 53 56 59 61 64 67 69 71 73

-----------------------------------------------------------------------
8 89 25 30 34 39 43 46 50 53 56 59 62 64 67 69 72 74

90 26 31 36 40 44 48 51 54 57 60 63 66 68 71 73 75
92 29 35 40 45 49 53 56 59 62 65 67 70 72 74 76 78
94 35 40 45 50 54 57 61 64 67 69 71 74 76 78 80 81

-----------------------------------------------------------------------
9 96 37 44 49 54 58 62 66 69 71 74 76 78 80 82 84 85

98 46 54 60 65 70 73 77 79 82 84 85 87 89 90 91 92
99 50 59 66 72 76 80 83 85 88 89 91 92 94 95 96 96
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(AppendixE, Table E4, cont.)

Sta- :tile 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
-------------------------------------------------------

1 9 10 11 11 12 12 13 13 14 14 15 15
2 12 13 14 16 17 18 19 20 21 22 24 25

-------------------------------------------------------
2 4 16 17 19 - 20 21 22 24 25 27 28 29 31

6 21 23 24 26 27 29 30 32 33 35 36 38
8 24 26 27 29 31 33 35 36 38 40 42 44

10 26 27 29 31 33 36 38 40 42 44 46 48
-------------------------------------------------------
3 11 27 29 31 34 36 38 40 42 44 47 49 51

12 28 30 32 34 36 39 41 43 46 48 51 53
14 29 32 34 36 39 41 43 46 48 51 53 56
16 31 34 36 39 41 44 46 49 52 55 57 60
18 34 36 38 41 43 46 48 51 53 56 58 61
20 35 37 40 42 45 47 50 53 56 58 61 64
22 36 39 41 44 46 49 51 54 56 59 62 64

-------------------------------------------------------
4 23 36 39 41 44 46 49 51 54 57 59 62 65

24 37 39 42 45 47 50 52 55 57 60 63 65
26 38 41 43 46 48 51 53 56 58 61 63 66
28 40 42 45 47 50 52 55 57 60 62 65 68
30 41 44 46 49 51 53 56 58 61 63 66 68
32 42 45 47 49 52 54 57 59 61 64 66 69
34 43 46 48 50 53 55 57 60 62 64 66 69
36 44 47 49 51 54 56 58 61 63 65 67 70
38 46 48 50 53 55 57 59 62 64 66 68 71 .

-------------------------------------------------------
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(Appendix E, Table E4, cont.)

sta- %11e 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
-------------------------------------------------------
5 40 46 49 51 54 56 58 61 63 65 68 70 72

42 48 50 53 55 58 60 63 65, 68 70 72 75
44 48 51 53 56 58 61 63 65 68 70 73 75
46 49 52 54 57 59 62 64 66 69 71 73 75
48 51 53 56 58 60 63 65 67 70 72 74 76
50 51 54 56 59 61 63 66 68 70 73 75 77
52 52 55 57 60 62 65 67 69 71 74 76 78
54 54 56 59 61 63 66 68 70 72 74 76 79
56 55 57 59 62 64 66 68 71 73 75 77 79
58 56 59 61 63 66 68 70 72 74 76 78 80

-------------------------------------------------------
6 60 57 59 62 64 66 68 70 72 74 76 78 80

62 58 61 63 65 67 69 71 73 75 77 79 81
64 59 62 64 66 68 70 72 74 76 78 80 82
66 60 62 65 67 69 71 73 75 77 79 81 82
68 61 64 66 68 70 72 74 76 78 80 82 84
70 63 65 67 69 71 73 75 77 79 81 83 84
72 63 66 68 70 72 74 76 78 80 82 83 85
74 64 66 69 71 73 75 77 79 81 83 85 86
76 65 67 70 72 74 76 78 80 82 84 86 88

-------------------------------------------------------
7 77 66 68 70 73 75 77 79 80 82 84 86 88

78 66 69 71 73 75 77 79 81 83 85 87 89
80 68 70 73 75 77 79 81 83 85 87 89 90
82 69 72 74 76 78 80 82 84 86 88 90 91
84 71 73 75 78 80 81 83 85 87 89 91 92
86 73 75 77 79 81 83 85 87 88 90 92 93
88 76 78 - 80 81 83 85 87 88 90 92 93 95

-------------------------------------------------------
8 89 76 78 80 82 84 86 87 89 91 92 94 95

90 77 79 81 83 85 87 88 90 91 93 95 96
92 80 82 84 85 87 88 90 91 92 94 95 96
94 83 85 86 88 89 90 92 93 94 95 96 97

-------------------------------------------------------
9 96 87 88 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 99 99 100 100 101 101 101 102 102 102
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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 0 0 1 1 2 3 4 4 5 6 6 7 8 9 9 10 11
2 0 0 2 2 4 5 7 8 9 10 11 13 14 15 16 17

-----------------------------------------------------------------------
2 4 0 1 2 4 6 7 9 10 11 13 14 15 16 18 19 20

6 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 17 19 21 23 24 26 28 29 31
-----------------------------------------------------------------------
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
14 4 7 9 12 14 17 19 21 23 25 26 28 30 31 33 35
16 4 7 10 13 15 18 20 23 25 27 29 31 32 34 36 37
18 5 9 12 14 17 19 22 24 26 28 30 32 34 35 37 38
20 6 9 12 15 18 20 22 25 27 29 31 33 35 37 38 40
22 6 10 13 16 18 21 23 26 28 30 32 34 36 38 39 41

-----------------------------------------------------------------------
4 23 7 10 13 16 19 21 24 26 28 30 32 34 36 38 40 42

24 7 11 14 16 19 22 24 27 29 31 33 35 37 39 41 42
26 9 12 15 17 20 23 25 27 30 32 34 36 38 39 41 43
28 10 13 16 18 21 24 26 28 31 33 35 37 39 41 43 45
30 11 14 17 19 22 24 27 29 31 33 36 38 40 42 44 45
32 13 16 18 21 23 25 28 30 32 34 36 38 40 42 44 46
34 13 16 19 21 24 26 28 31 33 35 37 39 41 43 45 47
36 15 17 20 23 25 27 30 32 34 36 38 40 42 44 46 48
38 16 19 21 24 26 28 31 33 35 37 39 41 43 45 47 49

-----------------------------------------------------------------------
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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
-----------------------------------------------------------------------
5 40 16 19 22 24 27 29 31 34 36 38 40 42 44 46 48 50

42 16 19 22 24 27 30 32 35 37 39 41 44 46 48 50 52
44 17 19 22 25 28 30 32 35 37 39 42 44 46 48 50 52
46 19 21 24 26 29 31 34 36 38 40 43 45 47 49 51 53
48 19 22 25 27 30 32 35 37 40 42 44 46 48 50 52 54
50 20 23 26 28 31 33 36 38 41 43 45 47 49 52 54 56
52 21 24 26 29 31 34 36 39 41 43 46 48 50 52 54 56
54 22 25 28 31 33 36 38 40 43 45 47 49 51 53 55 57
56 23 26 28 31 34 36 39 41 43 46 ,48 50 52 54 56 58
58 23 26 .29 32 35 37 40 42 45 47 49 51 53 55 57 59

-----------------------------------------------------------------------
6 60 25 28 31 33 36 39 41 43 46 48 50 52 54 56 58 60

62 25 28 31 34 37 39 42 44 46 49 51 53 55 57 59 61
64 26 29 32 35 38 41 43 46 48 51 53 55 57 59 61 63
66 26 29 33 36 38 41 44 46 48 51 53 55 57 59 61 63
68 27 30 34 37 39 42 45 47 50 52 54 56 59 61 63 64
70 29 32 35 38 41 43 46 48 50 53 55 57 59 61 63 65
72 30 33 36 39 42 44 47 49 51 54 56 58 60 62 64 66
74 31 34 37 40 43 45 48 50 52 55 57 59 61 63 65 67
76 33 36 38 41 44 46 49 51 53 56 58 60 62 64 66 68

---------------------------------~-------------------- -----------------
7 77 33 36 39 42 44 47 49 52 54 56 58 60 63 65 67 69

78 33 36 39 42 45 47 50 52 55 57 59 61 63 65 67 69
80 34 37 40 43 46 48 51 53 56 58 60 62 65 67 69 71
82 36 39 42 45 48 50 53 55 58 60 62 64 66 68 70 72
84 37 40 43 46 49 52 55 57 60 62 64 66 68 70 72 74
86 38 42 45 48 51 54 57 59 62 64 66 68 70 72 74 76
88 42 45 49 52 54 57 60 62 64 66 68 70 72 74 76 78

-----------------------------------------------------------------------
8 89 43 46 50 52 55 58 60 63 65 67 69 71 73 75 77 78

90 45 49 51 54 57 59 62 64 66 68 70 72 74 76 77 79
92 52 55 57 59 61 63 65 67 69 71 73 74 76 78 79 81
94 56 58 61 63 65 67 69 71 73 75 77 78 80 81 83 84

-----------------------------------------------------------------------
9 96 62 64 67 69 70 72 74 76 77 79 80 82 83 84 86 87

98 74 75 77 78 80 81 83 84 85 86 87 88 89 90 91 92
99 79 81 82 83 84 86 87 88 89 90 91 92 92 93 94 95
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Sta- lIile 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
------------------------------------------------

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

-------------------------------------------------------
2 4 21 22 23 24 25 26 27 27 28 29 30 31

6 27 28 29 31 32 33 34 35 36 37 38 39
8 30 32 33 34 35 37 38 39 40 41 .42 43

10 32 33 35 36 37 39 40 41 42 43 45 46
-------------------------------------------------------
3 11 33 35 36 38 39 40 41 42 44 45 46 47

12 34 36 37 38 40 41 42 43 44 46 47 48
14 36 37 39 40 41 43 44 115 46 47 48 50
16 39 40 42 43 45 46 47 119 50 51 52 53
18 110 41 43 44 46 117 48 119 50 52 53 54
20 42 113 45 46 47 49 50 52 53 54 55 56
22 43 44 46 47 49 50 52 53 54 55 57 58

-------------------------------------------------------
II 23 113 45 46 48 50 51 52 54 55 56 58 59

24 44 46 47 49 50 52 53 54 56 57 58 60
26 115 46 48 50 51 53 54 55 57 58 60 61
28 47 118 50 52 53 55 57 58 60 61 63 64
30 47 49 51 53 54 56 58 59 61 62 64 65
32 118 50 52 54 55 57 59 60 62 64 65 67
34 49 51 53 55 56 58 60 62 63 65 66 68
36 50 52 54 55 57 59 61 62 64 66 67 69
38 51 53 55 56 58 60 61 63 65 66 68 69

-------------------------------------------------------
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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 54 56 58 59 61 63 65 66 68 69 71

42 54 55 57 59 61 63 64 66 68 69 71 72
44 54 56 58 60 62 63 65 67 69 70 72 74
46 55 57 59 61 63 65 67 69 71 72 74 76
48 56 58 60 62 64 66 67 69 71 73 74 76
50 58 59 61 63 65 67 69 70 72 74 76 77
52 58 60 62 64 66 68 70 71 73 75 77 78
54 59 61 63 65 66 68 70 72 73 75 77 79
56 60 62 64 66 67 69 71 73 74 76 77 79
58 61 63 65 67 69 70 72 74 75 77 79 80

-------------------------------------------------------
6 60 62 64 66 68 69 71 73 74 76 77 79 81

62 63 65 66 68 70 71 73 75 76 78 79 81
64 64 66 68 69 71 73 74 76 77 78 80 81
66 65 67 69 70 72 74 75 77 79 80 82 83
68 66 68 70 72 73 75 76 78 79 81 82 84
70 67 69 71 72 74 76 77 79 81 82 84 85
72 68 69 71 73 75 76 78 80 81 83 84 86
74 69 71 72 74 76 77 79 81 82 84 85 87
76 70 71 73 75 77 78 80 82 83 85 86 88

-------------------------------------------------------
7 77 71 72 74 76 78 80 82 83 85 87 88 90

78 71 73 75 77 79 80 82 84 85 87 89 90
80 73 74 76 78 80 82 83 85 87 88 90 92
82 74 76 .78 80 81 83 85 86 88 89 91 92
84 16 78 79 81 82 84 85 87 88 90 91 92
86 78 79 81 82 84 85 87 88 90 91 92 94
88 79 81 82 84 85 87 88 89 90 92 93 94

-------------------------------------------------------
8 89 80 81 83 84 86 87 89 90 91 92 94 95

90 81 82 84 85 86 88 89 91 92 93 94 96
92 82 84 85 87 88 89 91 92 93 . 95 96 97
94 85 87 88 89 90 92 93 94 95 96 97 98

-------------------------------------------------------
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
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Intermediate VI

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
-----------------------------------------------------------------------

1 0 0 1 1 1 1 2 2 3 3 4 4 5 5 6 7
2 0 0 1 2 3 4 5 6 7 8 9 9 10 11 12 12

-----------------------------------------------------------------------
2 4 0 0 2 4 5 6 8 9 10 11 12 14 15 15 16 17

6 0 2 5 7 10 12 13 15 17 18 19 21 22 23 24 25
8 2 5 7 10 12 14 16 18 19 21 22 23 24 25 26 27

10 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
14 4 8 12 15 17 20 22 24 26 27 29 30 32 33 34 35
16 6 10 14 17 19 22 24 26 28 30 31 33 34 35 37 38
18 9 12 16 19 21 24 26 28 30 32 33 34 36 37 38 39

.20 9 13 16 19 22 25 27 29 31 32 34 35 37 38 39 40
22 10 14 17 21 23 26 28 30 32 34 36 37 39 40 41 43

-----------------------------------------------------------------------
4 23 11 15 18 21 24 26 28 30 32 34 36 37 39 40 42 43

24 12 16 19 22 24 27 29 31 33 35 36 38 39 41 42 43
26 13 16 20 23 25 28 30 32 34 36 38 40 41 42 44 45
28 15 18 21 24 27 29 31 33 35 37 39 40 42 44 45 46
30 16 19 22 24 27 29 32 34 36 38 40 41 43 45 46 48
32 17 20 23 26 29 31 33 36 38 39 41 43 44 46 47 49
34 18 21 24 27 29 32 34 36 38 40 41 43 45 46 48 49
36 19 22 25 28 30 33 35 37 39 41 43 44 46 47 49 50
38 20 23 26 29 31 34 36 38 40 42 44 45 47 48 50 51

-----------------------------------------------------------------------
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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
-----------------------------------------------------------------------
5 40 22 25 27 30 32 35 37 39 41 43 45 47 48 50 51 53

42 22 25 28 31 33 36 38 40 42 44 46 48 50 51 53 54
44 22 26 29 31 34 36 39 41 43 45 47 48 50 52 53 55
46 24 27 30 33 35 38 40 42 44 46 48 49 51 53 54 55
48 25 28 31 34 36 39 41 43 45 47 49 51 53 54 56 57
50 25 28 31 34 37 39 42 44 46 48 50 52 54 55 57 58
52 26 29 32 35 38 40 43 45 47 49 51 52 54 56 57 59
54 27 31 34 36 39 42 44 46 48 50 52 54 55 57 58 60
56 28 32 35 37 40 43 45 47 49 51 53 55 56 58 59 61
58 29 33 36 39 41 44 46 48 50 52 54 56 57 59 60 62

-----------------------------------------------------------------------
6 60 31 34 37 40 43 45 48 50 52 54 55 57 58 60 61 63

62 31 34 38 41 43 46 48 50 52 54 56 58 59 61 62 63
64 32 35 39 42 45 48 50 52 54 56 58 59 61 62 63 64
66 33 37 40 43 46 49 51 53 55 57 59 60 61 63 64 65
68 33 37 41 44 47 49 52 54 56 58 60 61 63 64 66 67
70 35 39 42 45 48 51 53 55 57 59 61 62 64 65 66 68
72 36 40 43 46 49 51 53 56 58 59 61 63 64 66 67 69
74 37 41 44 47 50 52 55 57 59 61 62 64 65 67 68 69
76 38 42 45 48 51 53 55 58 60 62 63 65 66 68 69 71

-----------------------------------------------------------------------
7 77 38 42 45 48 51 54 56 58 60 62 64 66 67 69 70 72

78 38 42 45 49 51 54 57 59 61 63 65 66 68 69 71 72
80 40 44 47 50 53 56 58 60 62 64 66 68 69 71 72 74
82 41 45 49 52 55 58 60 62 64 66 68 69 71 72 73 75
84 43 47 51 54 57 60 62 64 66 68 70 71 73 74 75 76
86 44 49 53 56 59 62 65 67 69 71 72 74 75 76 77 78
88 47 52 56 59 62 65 67 69 71 73 74 76 77 78 79 80

-----------------------------------------------------------------------
8 89 49 53 57 61 63 66 68 70 72 74 75 76 77 78 79 80

90 48 53 57 61 64 66 69 71 73 74 76 77 78 79 80 81
92 52 57 61 64 67 69 72 74 75 77 78 80 81 82 83 64
94 56 61 64 68 70 73 75 77 78 80 81 82 83 84 85 86

-----------------------------------------------------------------------
9 96 63 66 69 72 74 76 78 80 81 82 83 84 85 86 87 88

98 70 74 77 80 82 84 85 86 88 89 89 90 91 91 92 92
99 75 79 82 85 87 89 90 91 92 93 93 94 94 94 95 95
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Sta- %ile Grade Placement
nine Rank

7.0 7.2 7.4 7.6 7.8 8.0 8.2
------------------------------------
1 1 8 9 10 11 12 13 14

2 13 14 14 15 16 16 17
------------------------------------
2 4 18 19 20 21 21 22 23

6 26 27 27 28 29 30 30
8 28 29 30 31 32 32 33

10 32 33 34 35 36 37 38
------------------------------------
3 11 33 34 35 36 37 38 38

12 34 35 36 37 38 39 40
14 36 37 38 39 39 40 41
16 39 40 41 42 42 43 44
18 40 41 42 43 43 44 45
20 41 42 43 44 45 46 47
22 41t 45 46 46 47 48 49

------------------------------------
4 23 44 45 46 47 48 49 50

24 44 45 46 47 48 49 50
26 46 47 48 49 50 51 52
28 48 49 50 51 52 53 54
30 49 50 52 53 54 55 57
32 50 51 52 54 55 56 57
34 50 52 53 54 55 56 57
36 51 52 54 55 56 57 58
38 53 54 55 57 58 59 60

E54



(Appendix E, Table E4, cant. )

Sta- %ile Grade Placement
nine Rank

7.0 7.2 7.4 7.6 7.8 8.0 8.2
----------------_._-----------------
5 40 54 56 57 58 60 61 62

42 55 57 58 59 60 61 63
44 56 58 59 60 61 62 64
46 57 58 59 61 62 63 64
48 59 60 61 63 64 65 66
50 60 61 62 64 65 66 67
52 60 62 63 64 66 67 68
54 61 63 64 65 66 67 68
56 62 63 65 66 67 68 69
58 63 64 65 66 67 68 69

------------------------------------
6 60 64 65 66 67 68 69 70

62 64 65 66 67 68 69 70
64 66 67 67 68 69 70 71
66 66 67 68 69 70 71 71
68 68 69 70 71 72 73 74
70 69 70 71 72 73 73 74
72 70 71 72 73 74 75 76
74 71 72 73 74 75 76 76
76 72 73 74 75 76 77 78

------------------------------------
7 77 73 74 75 76 77 78 79

78 73 75 76 77 78 79 80
80 75 76 77 78 79 80 81
82 76 77 78 79 80 80 81
84 78 79 80 80 81 82 83
86 79 80 81 82 82 83 84
88 81 81 82 83 83 84 85

------------------------------------
8 89 81 82 82 83 84 84 85

90 82 83 84 84 85 85 86
92 85 86 86 87 87 88 89
94 86 87 87 88 88 89 89

------------------------------------
9 96 88 89 89 90 90 91 91

98 93 93 93 94 94 94 94
99 95 95 96 96 96 96 96
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Stanine scores. Stanine scores also indicate the student's

standing in comparison with other students in the same grade

placement. Stanines by definition have the same standard deviation

from one concept to another. Such scores yield directly comparable

results for different concepts. A stanine is a normalized standard

score on a nine-point scale ranging from 1 (low) to 9 (high) and

having a mean of 5 for the norming group. Stanine scores are

directly related to percentiles as shown in Figure El.

Average

7% 12% 17% 20% 17% 12% 7%

Poor

STANINE

Below
Average

2 3 4 5 6 7

Above
Average

8 9
PERCENTILE 4 II 23 40 60 77 89 96

Figure El. Percentage of cases at each stanine level in the
norm group,
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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 E4, we also find that John has a total,

stanine score of 7, two standard deviations above the mean. In Table

E5, we locate John's addition score, 22, under the column labeled 2.6

for Primary II Addition. His addition stanine score is only 5, the

average stanine score. We conclude that John is well above average

on mental arithmetic skills, but his mental addition skills are only

average. Mary's total stanine score is 8 and her addition stanine

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 Eq~ivalent. 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 E4 (Table E5 for
concept scores) labeled stanine and' f'ind,·the··st"anine
score in a manner identical to that for finding
percentiles.
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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

1 0 0 0 1 2 3 4 5 6 7 8 9 10 11 13 14
2 0 0 0 2 3 5 6 8 9 11 13 14 16 17 19 21
3 0 0 2 5 7 9 11 13 14 16 18 20 21 23 25 26
4 0 1 5 8 10 13 15 17 19 21 23 25 27 29 30 32
5 0 4 9 12 16 18 21 23 26 27 29 31 33 34 35 37
6 1 7 12 16 20 23 25 28 30 32 33 35 37 38 39 40
7 1 11 17 22 26 30 32 35 37 38 40 41 42 43 44 45
8 2 16 24 30 34 37 39 41 43 44 45 46 47 48 48 49

Primary I Subtraction

.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 0 0 0 0 0 1 1 2 2 3 3 4 5 5 6 7
2 0 0 0 0 1 2 3 3 4 5 6 7 8 9 10 11
3 0 0 1 2 3 4 5 6 7 9 10 11 12 13 14 15
4 0 0 2 4 5 7 8 9 11 12 13 14 15 17 18 19
5 0 2 4 7 8 10 12 13 15 16 17 18 19 20 21 22
6 0 3 6 9 11 13 15 16 18 19 20 21 22 23 24 24
7 0 5 9 12 15 17 18 20 21 22 23 24 25 26 27 27
8 1 8 13 16 19 21 23 24 25 26 27 28 29 29 30 30

Primary I Number Concepts

.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 0 0 2 3 4 4 5 6 6 7 8 8 9 9 10 10
2 0 1 2 4 5 5 6 7 8 8 9 9 10 10 11 11
3 0 2 3 5 6 7 8 8 9 10 10 11 11 11 12 12
4 1 3 5 7 8 9 9 10 10 11 11 12 12 12 13 13
5 2 5 7 8 9 10 11 12 12 12 13 13 13 13 14 14
6 3 6 8 9 10 11 12 12 13 13 13 14 14 14 14 14
7 5 8 9 11 11 12 13 13 13 13 14 14 14 14 14 14
8 6 9 11 12 13 13 14 14 14 14 14 15 15 15 15 15
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Primary I Addition

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

1 15 17 18 19 20 22 23 25 26 27
2 22 24 26 27 29 31 32 34 36 38
3 28 30 31 33 34 36 37 39 40 42
4 33 35 36 38 39 40 42 43 44 45
5 38 39 40 42 43 44 45 45 46 47
6 42 43 44 45 46 46 47 48 49 50
7 46 46 47 48 48 49 49 50 50 50
8 49 50 50 50 51 51 51 51 52 52

Primary I Subtraction

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

1 7 8 9 10 11 12 12 13 14 15
2 12 13 14 15 16 18 19 20 21 23
3 16 17 18 19 20 21 22 23 24 25
4 20 21 22 22 23 24 25 26 27 28
5 23 24 24 25 26 27 27 28 29 29
6 25 26 27 27 28 28 29 29 30 30
7 28 28 29 29 30 30 31 31 31 32
8 31 31 31 32 32 32 33 33 33 33

Primary I Number Concepts

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

1 \ 10 11 11 12 12 12 13 13 13 14
2 12 12 12 13 13 13 14 14 14 15
3 13 13 13 13 14 14 14 14 15 15
4 13 13 13 14 14 14 14 14 14 14
5 14 14 14 14 14 15 15 15 15 15
6 14 14 15 15 15 15 15 15 15 15
7 14 15 15 15 15 15 15 15 15 15
8 15 15 15 15 15 15 15 15 15 15
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Primary II Addition

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2•.4 2.6 2.8 3.Q 3.2 3.4 3.6 3.8

1 0 0 0 0 0 1 1 2 3 3 4 5 6 7 8 9
2 0 0 0 1 2 3 5 6 7 8 10 11 12 14 15 16
3 0 0 2 3 5 7 8 10 11 13 14 16 18 19 21 22
4 0 1 4 6 8 10 12 14 16 18 19 21 23 24 26 27
5 0 3 7 9 12 15 17 19 21 23 24 26 28 29 31 32
6 2 6 . 10 13 16 19 21 23 26 27 29 31 32 34 35 37
7 4 10 14 18 22 24 27 29 31 33 35 36 38 39 40 42
8 6 14 21 26 29 32 35 37 39 40 42 43 44 45 46 47

Primary II Subtraction

.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 0 0 0 0 0 1 1 2 2 2 3 3 4 4 5 6
2 0 0 0 0 1 1 2 2 3 4 5 5 6 7 8 9
3 0 0 1 1 2 3 4 5 6 7 8 9 10 11 12 13
4 0 0 1 3 4 5 6 7 9 10 11 12 13 14 15 16
5 0 2 3 5 7 8 10 11 12 14 15 16 17 18 20 21
6 1 3 5 7 9 11 12 14 15 17 18 19 20 22 23 24
7 2 5 8 11 13 15 16 18 19 21 22 23 25 26 27 28
8 4 8 12 15 17 19 21 23 24 26 27 28 29 30 31 32

Primary II Number Concepts

.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 0 0 1 2 2 3 4 4 5 5 5 6 6 6 7 7
2 0 1 2 2 3 4 4 5 5 6 6 7 7 7 8 8
3 0 1 2 3 4 5 5 6 6 7 7 7 8 8 8 9
4 0 2 3 4 5 5 6 7 7 7 8 8 8 9 9 9
5 0 3 4 5 6 7 8 8 8 9 9 9 9 10 10 10
6 1 3 5 6 7 8 8 9 9 9 9 10 10 10 10 10
7 2 5 7 8 8 9 9 10 10 10 10 10 11 11 11 11
8 4 6 8 8 9 10 10 10 10 11 11 11 11 11 11 11
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Primary II Addition

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

1 10 11 12 14 15 17 19 20 22 24
2 18 19 21 22 24 25 27 29 30 32
3 23 25 26 28 29 31 32 34 35 36
4 28 30 31 33 34 35 37 38 39 40
5 34 35 36 38 39 40 41 42 43 44
6 38 39 41 42 43 44 45 46 47 48
7 43 44 45 46 47 47 48 49 50 51
8 48 49 49 50 50 51 51 52 52 53

Primary II SUbtraction

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

1 6 7 7 8 9 9 10 11 12 13
2 10 11 12 13 14 15 16 17 19 20
3 14 15 16 17 18 19 20 21 22 24
4 18 19 20 21 22 23 24 25 26 27
5 22 23 24 25 26 27 28 29 30 31
6 25 26 27 28 29 30 31 32 32 33
7 29 30 30 31 32 33 34 34 35 36
8 33 33 34 35 35 36 36 37 38 38

Primary II Number Concepts

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

1 7 8 8 8 9 9 9 9 10 10
2 8 9 9 9 9 10 10 10 10 11
3 9 9 9 9 10 10 10 10 10 11
4 9 10 10 10 10 10 10 11 11 11
5 10 10 10 10 10 11 11 11 11 11
6 10 10 10 11 11 11 11 11 11 11
7 11 11 11 11 11 11 11 11 11 11
8 11 11 11 11 11 11 11 11 12 12
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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 0 0 0 0 1 1 2 3 4 4 5 6 7 8 8 9
2 0 0 0 1 2 3 5 6 7 8 9 10 11 13 14 15
3 0 0 1 3 4 6 8 9 10 12 13 14 16 17 18 19
4 0 1 3 5 7 9 11 13 14 16 17 19 20 21 23 24
5 0 3 6 9 11 14 16 18 19 21 23 24 25 27 28 29
6 0 4 8 11 14 17 19 21 23 24 26 28 29 30 32 33
7 1 8 13 17 20 23 26 28 30 31 33 34 35 37 38 39
8 3 12 18 23 26 29 32 34 36 37 39 40 41 42 43 44

Primary III Subtraction

.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 0 0 0 0 0 1 1 2 2 3 3 3 4 4 5 5
2 0 0 0 0 1 1 2 3 3 4 5 5 6 7 7 8
3 0 0 0 1 2 3 4 5 6 6 7 8 9 10 10 11
4 0 0 2 3 4 6 7 8 9 10 11 11 12 13 14 15
5 0 1 3 4 6 7 9 10 11 12 13 14 15 16 17 18
6 0 2 4 6 8 10 11 13 14 15 16 17 18 19 20 21
7 1 4 7 9 11 13 15 16 18 19 20 21 22 23 24 25
8 1 6 10 13 16 18 20 21 23 24 25 27 28 28 29 30

Primary III Number Concepts

.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 3.63.8

1 0 0 0 0 1 1 1 2 2 2 2 3 3 3 4 4
2 0 0 0 1 1 2 2 2 3 3 3 4 4 4 4 5
3 0 0 1 2 2 3 3 3 4 4 4 5 5 5 5 6
4 0 1 1 2 3 3 4 4 4 5 5 5 6 6 6 6
5 0 1 3 3 4 5 5 5 6 6 6 6 7 7 7 7
6 0 2 3 4 5 '5 6 6 6 6 7 7 7 7 7 7
7 1 3 4 5 6 6 6 7 7 7 7 7 7 7 8 8
8 1 4 5 6 7 7 7 7 8 8 8 8 8 8 8 8
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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

1 10 11 12 13 14 14 15 16 17 18 19 20
2 16 17 18 19 20 21 22 23 24 25 26 27
3 21 22 23 24 25 26 27 28 29 30 31 32
4 25 26 27 28 29 30 31 32 33 34 35 36
5 30 31 32 33 34 35 36 36 37 38 39 40
6 34 35 36 37 38 39 40 41 41 42 43 44
7 40 40 41 42 43 43 44 45 45 46 46 47
8 44 45 46 46 47 47 48 48 49 49 50 50

Prirnar~ III Subtraction

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2

1 6 6 7 7 8 8 9 9 9 10 10 11
2 8 9 10 11 11 12 13 13 14 15 15 16
3 12 12 13 14 15 15 16 17 17 18 19 19
4 15 16 17 17 18 19 19 20 20 21 21 22
5 19 19 20 21 22 22 23 24 24 25 26 26
6 22 23 24 24 25 26 27 27 28 29 29 30
7 26 27 28 28 29 30 30 31 32 32 33 34
8 31 32 32 33 33 34 35 35 36 36 36 37

Intermediate IV Number Concepts

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2

1 4 4 5 5 5 5 5 6 6 6 6 7
2 5 5 5 6 6 6 6 7 7 7 7 7
3 6 6 6 6 6 7 7 7 7 7 7 8
4 6 7 7 7 7 7 7 8 8 8 8 8
5 7 7 7 8 8 8 8 8 8 8 8 8
6 7 7 8 8 8 8 8 8 8 8 8 8
7 8 8 8 8 8 8 8 8 8 8 8 8
8 8 8 8 8 8 8 8 8 8 8 8 8
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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 0 0 0 0 1 1 1 2 2 2 2 3 3 3 4 4
2 0 0 1 1 2 2 2 3 3 4 4 4 5 5 6 6
3 0 1 1 2 2 3 3 4 5 5 6 6 7 7. 8 8
4 1 2 3 3 4 5 5 6 6 7 7 8 9 9 10 10
5 2 3 4 5 6 6 7 8 8 9 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 0 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2
2 0 0 0 0 1 1 1 1 2 2 2 2 3 3 4 4
3 0 0 1 1 1 2 2 3 3 4 4 4 5 5 6 6
4 0 1 1 2 2 3 3 4 4 5 5 6 7 7 8 8
5 1 2 3 3 4 5 5 6 7 7 8 8 9 9 10 11
6 2 3 4 5 6 7 7 8 9 9 10 10 11 12 12 . 13
7 4 5 6 7 8 9 10 10 11 12 12 13 13 14 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 4 4 4 5 5
2 0 1 1 2 2 3 3 4 4 5 5 5 6 6 7 7
3 0 1 2 3 3 4 5 5 6 6 7 7 7 8 8 8
4 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 4 5 6 7 7 8 8 9 9 10 10 10 10 11 11 11
7 6 7 8 8 9 9 10 10 10 11 11 11 11 11 11 12
8 8 9 9 10 10 11 11 11 12 12 12 12 12 12 12 12
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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

1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
2 0 0 0 0 1 1 1 1 1 1 2 2 2 2 3 3
3 0 0 0 1 1 1 1 2 2 2 2 3 3 3 4 4
4 0 0 1 1 1 2 2 3 3 3 4 4 4 5 5 5
5 1 1 2 2 3 3 4 4 4 5 5 6 6 6 7 7
6 2 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8
7 3 4 4 5 5 6 6 7 7 8 8 9 9 9 10 10
8 5 6 7 7 8 8 9 9 10 10 10 11 11 11 12 12

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

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
3 0 0 0 0 0 0 0 0 0 1 1 1 1 2 2 2
4 0 0 0 0 0 1 1 1 1 1 2 2 2 2 3 3
5 0 0 1 1 1 1 2 2 2 3 3 4 4 4 5 5
6 0 1 1 2 2 3 3 4 4 5 5 5 6 6 7 7
7 2 3 3 4 4 5 5 6 6 7 7 8 8 8 9 9
8 3 4 5 6 7 8 8 9 9 9 10 10 11 11 11 11

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 4.8

1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
2 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 3
3 0 0 0 1 1 1 1 1 1 2 2 2 2 3 3 3
4 0 0 1 1 1 2 2 2 2 3 3 3 4 4 4 4
5 1 1 2 2 2 3 3 3 3 4 4 4 5 5 5 5
6 1 2 2 3 3 4 4 4 5 5 5 5 6 6 6 6
7 3 3 4 4 5 5 5 5 6 6 6 6 7 7 7 7
8 3 4 4 5 5 6 6 6 7 7 7 7 8 8 8 8

Intermediate IV Fractions
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 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
3 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
4 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2
5 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4
6 0 0 1 1 1 2 2 2 3 3 3 3 4 4 4 4
7 1 1 2 2 3 3 3 4 4 4 4 5 5 5 5 6
8 2 3 3 4 4 5 5 5 6 6 6 6 6 7 7 7
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Intermediate IV Addition

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 4 5 5 5 5 6 6 6 7 7 7 8
2 7 7 8 8 9 9 9 10 10 11 11 12
3 9 9 10 10 11 11 11 12 12 13 13 14
4 11 11 11 12 12 13 13 14 14 15 15 15
5 13 13 14 14 14 15 15 16 16 16 17 17
6 14 15 15 16 16 16 17 17 17 18 18 18
7 16 17 17 17 17 18 18 18 19 19 19 19
8 18 18 19 19 19 19 19 19 20 20 20 20

Intermediate IV Subtraction

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 3 3 3 3 4 4 4 5 5 5
2 4 5 5 6 6 7 7 8 8 9 10 10
3 7 7 8 8 9 9 10 11 11 12 12 13
4 9 9 10 10 11 11 12 13 13 14 14 15
5 11 12 12 13 13 14 14 14 15 15 16 16
6 13 13 14 14 15 15 16 16 16 17 17 17
7 15 15 16 16 17 17 17 18 18 18 18 19
8 18 18 18 18 19 19 19 19 20 20 20 20

Intermediate IV Number Concepts

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 5 6 6 6 7 7 7 8 8 8 8 9
2 7 8 8 8 8 9 9 9 10 10 10 10
3 9 9 9 9 10 10 10 -10 10 11 11 11
4 10 10 10 10 10 11 11 11 11 11 11 11
5 10 11 11 11 11 11 11 11 11 12 12 12
6 11 11 11 11 12 12 12 12 12 12 12 12
7 12 12 12 12 12 12 12 12 12 12 13 13
8 13 13 13 13 13 13 13 13 13 13 13 13
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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 4 4 5 5 5 6 6 7 7
3 4 5 5 6 6 6 7 7 8 8 8 9
4 6 6 6 7 7 8 8 8 9 9 9 10
5 8 8 8 9 9 9 10 10 10 11 11 11
6 9 9 9 10 10 10 11 11 11 12 12 12
7 10 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 6.0 6.2 6.4 6.6 6.8 7.0 7.2

1 0 0 0 0 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 3 3 3 4 4
3 2 3 3 3 4 4 5 5 5 6 6 7
4 3 4 4 4 5 5 6 6 7 7 8 8
5 5 6 6 7 7 8 8 8 9 9 10 10
6 7 8 8 9 9 9 10 10 10 11 11 11
7 9 10 10 10 11 11 11 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 3 3
2 3 3 3 3 4 4 4 4 4 5 5 5
3 3 4 4 4 5 5 5 6 6 6 7 7
4 5 5 5 5 6 6 6 6 6 7 7 7
5 6 6 6 6 7 7 7 7 7 8 8 8
6 7 7 7 7 8 8 8 8 8 8 9 9
7 8 8 8 8 8 8 9 9 9 9 9 9
8 8 9 9 9 9 9 9 9 10 10 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 0 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 4 5 5
4 2 3 3 3 3 4 4 4 4 5 5 5
5 4 4 4 5 5 5 5 5 6 6 6 6
6 5 5 5 5 6 6 6 6 7 7 7 7
7 6 6 6 6 7 7 7 7 7 7 7 8
8 7 7 7 7 8 8 8 8 8 8 8 8
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Intermediate 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

1 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 3
2 0 1 1 1 2 2 2 3 3 3 4 4 4 5 5 5
3 0 1 2 2 3 3 4 4 5 5 5 6 6 7 7 7
4 2 3 3 4 4 5 5 6 6 7 7 7 8 8 8 9
5 3 4 5 5 6 6 7 7 8 8 9 9 9 10 10 11
6 5 6 6 7 8 8 8 9 9 10 10 11 11 11 12 12
7 7 8 8 9 9 10 10 11 11 11 12 12 12 13 13 13
8 10 11 11 11 12 12 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 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2
2 0 0 0 0 1 1 2 2 2 3 3 3 3 4 4 4
3 0 o. 1 1 2 2 3 3 4 4 4 5 5 5 . 6 6
4 1 2 2 3 3 4 4 5 5 5 6 6 7 7 7 8
5 3 4 4 5 5 6 6 7 7 7 8 8 9 9 9 10
.6 4 5 5 6 6 7 7 8 8 9 9 10 10 10 11 11
7 6 7 7 8 9 9 10 10 10 11 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 1 2 2 3 3 3 4 4 4 5 5 5 6
2 1 2 2 3 3 4 4 5 5 6 6 6 6 7 7 7
3 3 4 4 5 5 6 6 6 7 7 7 7 8 8 8 8
4 4 5 5 6 6 7 7 7 7 8 8 8 8 9 9 9
5 6 6 7 7 7 8 8 8 8 8 9 9 9 9 9 10
6 7 7 8 8 8 8 9 9 9 9 9 9 10 10 10 10
7 8 8 9 9 9 9 10 10 10 10 10 10 10 10 11 11
8 9 9 10 10 10 10 10 10 11 11 11 11 11 11 11 11
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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

1 0 0 0 0 1 1 1 1 2 2 2 2 2 2 3 3'
2 1 1 1 2 2 2 2 2 3 3 3 3 4 4 4 4
3 1 1 2 2 3 3 3 4 4 4 5 5 5 5 6 6
4 2 2 3 3 4 4 4 5 5 5 6 6 6 7 7 7
5 3 3 4 4 5 5 6 6 7 7 7 8 8 8 9 9
6 5 5 5 6 6 6 7 7 8 8 8 9 9 9 10 10
7 6 6 7 7 8 8 9 9 10 10 10 11 11 12 12 12
8 9 10 10 11 11 11 12 12 12 13 13 13 13 14 14 14

Intermediate V Division
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 0 0 0 0 0 0 0 0 1 1 1 1 1 1
2 0 0 0 0 0 1 1 1 1 2 2 2 3 3 3 4
3 0 1 1 1 1 2 2 2 3 3 3 4 4 4 5 5
4 2 2 2 3 3 3 4 4 4 5 5 6 6 6 7 7
5 3 4 4 4 5 5 6 6 6 7 7 8 8 8 9 9
6 5 5 6 6 7 7 7 8 8 9 9 9 10 10 11 11
7 6 7 8 8 9 9 10 10 10 11 11 12 12 12 13 13
8 10 11 11 12 12 12 13 13 13 14 14 14 14 15 15 15

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

1 0 0 0 0 1 1 1 2 2 2 2 2 3 3 3 3
2 1 1 1 2 2 2 3 3 3 3 4 4 4 4 4 5
3 1 1 2 2 3 3 3 4 4 4 5 5 5 5 5 6
4 3 3 3 4 4 4 4 5 5 5 5 5 6 6 6 6
5 4 4 4 5 5 5 5 6 6 6 6 6 7 7 7 7
6 5 . 5 5 5 6 6 6 6 7 7 7 7 7 8 8 8
7 6 6 6 6 7 7 7 7 8 8 8 8 8 8 9 9
8 7 7 7 7 8 8 8 8 8 9 9 9 9 9 9 9

Intermediate V Fractions
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 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
3 0 0 0 0 1 1 1 1 1 2 2 2 2 2 2 2
4 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3
5 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5
6 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 5
7 3 3 3 4 4 4 5 5 5 6 6 6 6 6 7 7
8 5 5 5 6 6 6 6 7 7 7 7 7 7 7 8 8
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Intermediate V Addition

6.0 6.2 6.46.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 4 4 4 4 4 4 5 5 5 5 5 5
2 5 6 6 6 6 7 7 7 7 8 8 8
3 8 8 8 8 9 9 9 9 10 10 10 10
4 9 10 10 10 11 11 11 11 12 12 12 13
5 11 11 12 12 12 13 13 13 13 14 14 14
6 12 13 13 13 13 14 14 14 15 15 15 15
7 14 14 14 14 15 15 15 15 16 16 16 16
8 15 15 16 16 16 16 16 17 17 17 17 17

Intermediate V SUbtraction

6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 2 3 3 3 3 3 3 3 4 4 4 4
2 5 5 5 5 5 6 6 6 6 6 7 7
3 6 7 7 7 7 8 8 8 8 9 9 9
4 8 8 9 9 10 10 10 11 11 11 11 12
5 10 10 11 11 11 12 12 12 13 13 13 13
6 12 12 12 13 13 13 14 14 15 15 15 16
7 13 14 14 14 15 15 15 15 16 16 16 16
8 15 15 15 16 16 16 16 17 17 17 17 17

Intermediate V Number Concepts

6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 6 6 6 7 7 7 7 7 8 8 8 8
2 7 8 8 8 8 8 8 8 9 9 9 9
3 8 9 9 9 9 9 9 9 9 9 10 10
4 9 9 9 9 10 10 10 10 10 10 10 10
5 10 10 10 10 10 10 10 11 11 11 11 11
6 10 10 10 10 10 11 11 11 11 11 11 11
7 11 11 11 11 11 11 11 11 11 11 11 11
8 11 11 11 12 12 12 12 12 12 12 12 12
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Intermediate V Multiplication
6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 3 3 3 3 3 4 4 4 4 4 4 4
2 4 5 5 5 5 5 6 6 6 6 6 7
3 6 6 7 7 7 7 7 8 8 8 8 8
4 7 8 8 8 9 9 9 9 10 10 10 10
5 9 10 10 10 10 11 11 11 11 12 12 12
6 10 11 11 11 12 12 13 13 13 14 14 14
7 12 13 13 13 14 14 14 14 15 15 15 15
8 14 14 15 15 15 15 15 16 16 16 16 16

Intermediate V Division
6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 2 2 2 2 2 2 2 3 3 3 3 3
2 4 4 4 5 5 5 6 6 6 6 7 7
3 6 6 6 7 7 8 8 9 9 9 10 10
4 8 8 9 9 10 10 11 11 12 12 13 13
5 10 10 11 11 11 12 12 13 13 14 14 15
6 11 12 12 13 13 13 14 14 15 15 15 16
7 13 14 14 14 15 15 15 15 16 16 16 16
8 15 15 16 16 16 16 16 17 17 17 17 17

Intermediate V Measurement
6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 3 4 4 4 4 4 5 5 5 5 5 5
2 5 5 5 5 5 6 6 6 6 6 6 6
3 6 6 6 6 6 7 7 7 7 7 7 7
4 6 7 7 7 7 7 7 8 8 8 8 8
5 7 7 8 8 8 8 8 8 9 9 9 9
6 8 8 9 9 9 9 9 9 10 10 10 10
7 9 9 9 9 9 10 10 10 10 10 10 10
8 9 10 10 10 10 10 10 10 10 10 10 10

Intermediate V Fractions
6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 0 0 1 1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 4 4 4 4
4 3 3 4 4 4 4 4 5 5 5 5 5
5 5 5 5 5 6 6 6 6 6 7 7 7
6 6 6 6 6 7 7 7 7 7 8 8 8
7 7 7 7 7 7 8 8 8 8 8 8 8
8 8 8 8 8 8 8 9 9 9 9 9 9
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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

1 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2
2 0 1 1 1 2 2 2 2 3 3 3 3 3 3 4 4
3 1 2 2 3 3 3 4 4 4 4 4 5 5 5 5 5
4 2 3 3 4 4 5 5 5 6 6 6 6 7 7 7 7
5 4 5 5 5 6 6 6 7 7 7 7 8 8 8 8 9
6 5 6 6 7 7 7 8 8 8 9 9 9 9 10 10 10
7 6 7 8 8 9 9 9 10 10 10 10 11 11 11 11 11
8 8 9 9 10 10 10 11 11 11 11 12 12 12 12 12 12

Intermediate VI SUbtraction

3.8 4.0 4.24.4 4.6 4.8 5.0 5.2 5.~5.6 5.8 6.0 6.2 6.4 6.6 6.8

1 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2
2 1 1 1 2 2 2 3 3 3 3 3 4 4 4 4 4
3 1 2 2 3 3 4 4 4 5 5 5 5 5 6 6 6
4 2 3 4 4 5 5 5 6 6 6 6 7 7 7 7 7
5 5 5 5 6 6 6 6 7 7 7 7 8 8 8 8 9
6 5 6 6 7 7 7 8 8 9 9 9 9 10 10 10 10
7 6 7 8 9 9 9 10 10 10 11 11 11 11 11 12 12
8 9 10 10 10 11 11 11 11 12 12 12 12 12 13 13 13

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

1 O· 0 0 1 1 1 1 2 2 2 2 2 2 3 3 3
2 1 1 2 2 3 3 3 3 4 4 4 4 4 4 5 5
3 2 2 3 3 3 4 4 4 4 5 5 5 5 5 5 5
4 3 3 4 4 4 5 5 5 5 5 5 5 6 6 6 6
5 3 4 4 5 5 5 6 6 6 6 6 6 7 7 7 7
6 5 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7
7 6 6 6 7 7 7 7 7 7 7 8 8 8 8 8 8
8 7 7 7 8 8 8 8 8 8 8 9 9 9 9 9 9
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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 6.4 6.6 6.8

1 0 0 0 1 1 1 2 2 2 2 3 3 3 3 4 4
2 1 2 2 3 3 4 4 4 5 5 5 6 6 6 6 7
3 2 3 4 4 5 5 6 6 7 7 7 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 14 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 4 4 5 5 5 5 6 6 6 6
3 3 4 4 5 5 6 6 6 7 7 8 8 8 9 9 9
4 5 6 6 7 7 8 8 9 9 10 10 10 11 11 11 12
5 7 8 8 9 10 10 11 11 12 12 12 13 13 13 14 14
6 8 9 10 10 11 12 12 13 13 14 14 14 15 15 15 16
7 11 12 12 13 14 14 15 15 15 16 16 16 17 17 17 18
8 14 14 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 4
5 2 2 3 3 3 4 4 4 4 4 4 4 5 5 5 5
6 2 3 3 4 4 4 4 5 5 5 5 5 5 5 6 6
7 3 4 4 5 5 5 6 6 6 6 6 6 7 7 7 7
8 5 6 6 6 6 7 7 7 7 7 7 8 8 8 8 8

Intermediate VI Fractions
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 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 4 4 4 4 4 5 5
4 3 3 3 3 3 4 4 4 4 5 5 5 5 5 6 6
5 4 4 4 5 5 5 5 6 6 6 6 6 7 7 7 7
6 5 5 5 6 6 6 7 7 7 7 7 8 8 8 8 8
7 6 6 6 7 7 7 8 8 8 8 8 9 9 9 9 9
8 7 8 8 8 8 9 9 9 9 9 9 10 10 10 10 10
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Intermediate VI Addition

7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 2 2 2 ? 2 2 3
2 4 4 4 4 4 4 4
3 5 6 6 6 6 6 6
4 7 8 8 8 8 8 8
5 9 9 9 9 10 10 10
6 10 10 10 11 11 11 11
7 11 11 11 11 12 12 12
8 12 12 12 12 13 13 13

Intermediate VI Subtraction

7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 2 2 2 3 3 3 3
2 4 4 5 5 5 5 5
3 6 6 6 6 6 7 7
4 8 8 8 8 8 8 8
5 9 9 9 9 10 10 10
6 11 11 11 11 11 12 12
7 12 12 12 12 12 12 12
8 13 13 13 13 13 14 14

Intermediate VI Number Concepts

7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 3 3 3 3 3 3 4
2 5 5 5 5 5 5 5
3 5 5 5 5 5 6 6
4 6 6 6 6 6 6 6
5 7 7 7 7 7 7 7
6 7 7 7 8 8 8 8
7 8 8 8 8 8 8 8
8 9 9 9 9 . 9 9 9
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Intermediate VI Multiplication
7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 4 4 4 4 5 5 5
2 7 7 7 7 7 8 8
3 9 9 9 9 9 10 10
4 11 12 12 12 12 13 13
5 13 13 13 14 14 14 14
6 15 15 15 15 16 16 16
7 17 17 17 17 17 18 18
8 18 19 19 19 19 19 19

Intermediate VI Division
7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 3 3 3 3 3 3 3
2 6 6 7 7 7 7 7
3 10 10 10 10 11 11 11
4 12 12 12 13 13 13 13
5 14 15 15 15 16 16 16
6 16 16 16 17 17 17 17
7 18 18 18 18 19 19 19
8 20 20 20 20 20 20 20

Intermediate VI Measurement
7,0 7.2 7.4 7.6 7.8 8.0 8.2

1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2
3 2 2 2 3 3 3 3
4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5
6 6 6 6 6 6 6 6
7 7 7 7 7 7 7 7
8 8 8 8 8 8 8 8

Intermediate VI Fractions
7.0 7.2 7.4 7.6 7.8 8.0 8.2

1 1 1 2 2 2 2 2
2 3 3 3 3 3 3 3
3 5 5 5 6 6 6 6
4 6 6 6 7 7 7 7
5 7 7 8 8 8 8 8
6 8 8 8 8 9 9 9
7 9 9 9 9 10 10 10
8 10 10 10 10 11 11 11
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1
9. SAMPLING PROCEDURES

Selection of the norming sample was based on socioeconomic

status (SES), not on measures of ability. Using an SES scale derived

from data supplied by the California State Board of Education on the

1972 Elementary School Questionnaire, a cumulative frequency

distribution was constructed of elementary schools in the San

Francisco' Bay area (the six counties of Alameda, Contra Costa, Marin,

San Francisco, San Mateo, and Santa Clara). The population was

divided into thirds and stratified as low, middle, and high SES

groups. From each stratum, schools were hand-selected to avoid the

bias which arises when schools decline to participate. Distribution

of test subjects according to socioeconomic level is found in Table E6.

10. RELIABILITY

The notion of reliability of a test refers to its

reproducibility. The choices of a particular test form, testing time,

and test administrator or scorer are among the sampling operations

which influence the test score. Although reliability may be affected

by scoring-error variance, no between-scorer reliability was computed

for the SMAT. In addition, no correction was made for guessing;

since students' answers are in free-response form, there is only a

small probability that guesses are correot.

E76



(Appendix E, continued)

Table E6

Test and Concept 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 II III IV V VI
Taken

N total 143 121 154 153 135 160
N low 42 41 57 52 45 48
N middle 47 33 52 49 50 52
N high 54 47 45 52 40 60

Number of items

N 15 12 9 14 13 11
A 52 57 57 22 19 16
S 33 41 44 22 19 16
E 11 11 11
M 16 19 22
F 9 10 12
D 16 19 22
T 100 110 110 110 110 110

Reliabilities:

N .752 .510 .572 .561 .511 .550
A .874 .880 .777 .727 .762 .659
S .814 .801 .753 .803 .795 .684
E .668 .693 .666
M .780 .804 .694
F .635 .689 .739
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
S 7.09 14.66 16.97 6.74 7.32 . 6.76
E 3.68 6.06 3.46
M 4.52 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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Weighted Mean Percent Correct

Grade Placement at time of testing

1.8 2.8 3.8 4.2 5.2 6.2

N 60.6 75.9 83.4 58.6 67.2 52.5
A 26.3 43.1 48.0 39.5 44.0 41.0
S 21.5 35.8 38.1 30.6 38.5 42.3
E 33.5 52.4 31.4
M 28.2 35.1 43.5
F 20.9 32.5 42.3
D 16.8 39.5 47.0
T 29.9 43.9 46.7 33.1 43.3 43.2

Standard Deviation of Weighted Mean Percent Correct

N 22.1 9.6 12.9 14.5 12.5 12.6
A 20.6 18.6 15.2 15.9 18.2 16.8
S 18.2 18.5 14.6 17.1 20.9 17.5
E 16.0 16.8 17.2
M 17.2 17.6 16.5
F 19.4 22.0 21.5
D 20.1 24.4 22.7
T 19.4 17 .2 14.2 15. 1 17.3 16.3

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 1.65 2.01 1.75
M 1.93 2.14 1.56
F 2.33 3.45 2.63
D 2.59 4.28 2.96
T 2.81 2.35 1.28 1. 46 2.06 1.52
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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 from the different strands, all tests

generated for a specific grade level 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 method for deriving

weighted means, standard deviations, and parallel forms reliability

coefficients is described in a separate section;

Test and concept means, standard deviations, variances of

estimated means, and reliability coefficients for the different grades

are found in Table E6. Computed variances of the estimates of weighted

means allow the reader to assess the accuracy of means which were

estimated due to 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 E7.

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 constitutes a
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Table E7

Concept Correlation Matrices

Grade 1 Grade 2 Grade 3

N A S T N A S T N A S T
N 1.000 .833 .808 .882 1. 000 .801 .737 .807 1. 000 .732 .689 .761
A 1.000 .951 .990 1. 000 .951 .992 1.000 .916 .984
S 1. 000 .974 1. 000 .980 1. 000 .970
T 1. 000 1.000 1.000

Grade 14

A S M D N F E T
A 1.000 .854 .777 .686 .765 .730 .793 .923
s 1. 000 .791 .731 .740 .747 .796 .936
M 1.000 .807 .670 .689 .708 .898
D 1. 000 .545 .707 .606 .846
N 1. 000 .626 .710 .812
F 1. 000 .709 .834
E 1.000 .853
T 1.000

Grade ,15

A S 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 .749 .717 .944
D 1.000 .604 .690 .708 .921
N 1.000 .616 .713 .740
F 1.000 .665 .833
E 1.000 .833
T 1. 000

Grade 16

A S M D N F E T
A 1.000 .843 .753 .726 .652 .767 .803 .883
S 1.000 .739 .721 .711 .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 .891
E 1.000 .873
T 1. 000
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representative sample of the skills and knowledges that it claims to

represent. The method of development of the SMAT assures its content

validity; the universe of content is defined by equivalence 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 of validity, the

suitability of the test's uses depends on the appropriateness of the

content, mode of response, time, etc., for the group being tested.

Criterion~relatedvalidity is demonstrated by comparing the test

score with an external variable considered to provide a measure of

the characteristic or, behavior in question. This validity is

assessed by obtaining the coefficient of determination, the

correlation of the test score with a criterion measure, in this case

the score on the mathematics section of the Stanford Achievement Test

(SAT). The SMAT and SAT tests were administered within a two-week

period. The validity coefficient is the squared correlation

coefficient, and may be found for each level in Table E8.

Table E8

Validity Coefficients
2

Test N r r
(correlation)

I 113 .846 .716
II 77 .799 .638
III 112 .794 .630
IV 110 .640 .409
V 118 .771 .595
VI 142 .586 .344
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12. GENERAL INSTRUCTIONS

1. Materials Needed for Testing

For each stuqent:
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
c) 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 as: 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.

E82



(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 classe~, 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 question (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. ItwO") to answer the questions.

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 dlfficult 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 questions are supposed to
be too difficult 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 sufficient time is available to complete it
at one sitting.
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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
is discouraged.

Check the room and the students' desks to make
sure that supporting visual' stimuli are not
available.

Draw a copy of the first page of the test
booklet on the chalkboard like this':

NAME ------------­
A----­
B----­
C----­
D----­
E-----

SAY TO THE STUDENTS:

"Hello, my name is ----------. I have
a tape recorder that asks many arith­
meticquestions. The tape recorder
will tell you everything you have to
do. But first I would like to know:

"Does 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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SAY TO THE STUDENTS:

NO
ERASURES

NAMES

GRADE

EXTRA
PENCILS

DIFFICULTY
OF

TEST

RAISE HAND
IF QUESTION

"Do not use any eraser. If you make a
mistake, just cross out your old answer
and write your new answer next to the
old one."

"Write your name on the blank line
next to the word NAME."

(Pause)
"Does anyone need more time?"

"Now write down what grade you are in."

"If you need another pencil while you
you are answering the questions, just
raise your hand, and I will bring
you one 0 n

"This test is for first, second, and
third graders. So some of the ques­
tions in this test might be very hard
and you might not know how to answer them.
Just leave those problems blank and
go on to the next problem, O.K.?

"I am going to turn on the tape
recorder and you will hear all of the
instructions that you need.
If you have any questions, do not speak
out. Raise your hand and I will come
to help you."

TURN 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 direotions.
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After ONE question has been asked,
the chalkboard should look like this:

PART 1
A---2--­
B------­
C------­
D------­
E-------

Blackboard after After
TWO questions: THREE questions:

PART 1 PART 1
A---2--- A---2---
B---5--- B---5---
C------- C---4---
D------- D-------
E------- E-------

After
FOUR questions

PART 1
A---2--­
B---5---
C---4---
D---3---
E-------

After
FIVE questions:

PART 1
A---2---
B---5--­
C---4---
D---3--­
E---2---

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 ~tudents 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) 1 (N * n(k» = n 1 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 i
W= ~ ~ w(k) = n = sum of weights for all students~

3 n(k)

x(k,i) = score for student i from stratum k on test x

y(k,i) = score for student i from stratum k on test y
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Then we may compute the following:

the weighted mean:

3 n(k)
~ ~ w(k) x(k,i)
k i

w

the weighted variance:

3 n(k)
~ ~ w(k) y(k,i)
k i

w

n(k)
~ w(k)*(x(k,i)_Mx)2
i

W - 1

3 n(k) 2
~ ~ w(k)*(y(k,i)-My)
k i

W - 1

the weighted reliability coefficient:

3 n(k)
~ ~. w(k)*(x(k,i)-Mx)*(y(k,i)_My) / ( W - 1)
k i

rxy=---------------------------------------_----------- _
(Sx2 * Sy2)1/2

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 possible, therefore, that

this·regional factor produced a systematic error in the establishment

of test norms, which must be considered in interpretation.

2. The criterion-related validity for the Primary levels was

found for a cross-section of the population, including only one low

SES group, and two each of the middle and high SES groups. It may,

therefore, not be accurate for any particular homogeneous population.
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