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Abstract

This paper is the second of a series of four reports that document

the achievement monitoring component of a three-year study on the
acquisition of addition-subtraction problem-solving skills by young
children. A set of performance objectives contained in or ancillary
to ten instructional units on sentence-writing for verbal problems

and algorithms specified test sontent. Tests measuring group progress
toward these objectives were administered after each unit. Data for
the tests given after the three units covered in the fall semester of
grade 2 are presented in this paper. The scores for each objective,
developed using matrix sampling procedures, indicated satisfactory
progress on all but three objectives for which mastery had been ex-
pected. These objectives involved sentence=writing for the numbers
0-20. Performance on the other objectives was generally satisfactory
and in fact frequently surpassed expectations relative to instruction,

particularly for objectives associated with the numbers 0=99,



Introduction

The Mathematics Work Group of the Wisconsin Center for Education
Research is presently conducting a program of research focused on
children's acquisition of concepts and skills related to addition and
subtraction of whole numbers. A major aim of mathematical instruction
is to enable students to acquire concepts and skills requisite for
solving problems of many types. A goal of our current research is to
understand how pedagogical and psychological factors are related to
their acquisition.

The interrelationship of pupil performance on selected arithmetic
skills, pupil cognitive processes, instructional materlals, and teachers'
cl#ssroom behaviors is depicted in Figure 1. Using this framework, we
are proceeding to:

1, identify important additiun and subtraction skills;

2, review past empirical data or collect new data on these

skills}

3. re-examine these mathematical skills and hypothesize how théy

are related to underlying cognitive sk1119§

4. examine the instructional materials designed to teach these

skills; and

5. conduct a series of empirical studies on the appropriateness

of particular teacher classroom behaviors, the appropriate-
ness of instructional materials, and the relationship of

specific cognitive skills to mathematical skills.
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The work of the Mathematics Work Group is built around the concep-
tual framework exemplified in Figure 1. The empirical and theoretical
investigations generally involve two or more of the factors depicted
and have been organized into four major categories. These are a concep-
.tual paper series, a set of short empirical studies, a major longitudinal
study, and an invitationsl conference of scholars.

This paper is one of a series of summary reports from the longit.-
dinal study. Approximately 180 students in three schools were identified
as subjects for the study. One school with about 60 students chose not
to continue into the second year of the study. Thus, about 120 children
were followed for three school years. Pupil performance was measured .in
several ways:

1. 1Individual interviews. At several times during each school
year, individual children were administered a set of problem
tasks dealing with addition and subtraction. The interviewer
attempted to ascertain the children's solution strategy,
correctness of answer, type of errors made, and modeling
procedures.

2. Group-administered paper-and-pencil tests. There were two
categories of tests:

a. Achievement monitoring. These tests measured pupil pro-
gress toward a set of performance objectives contained
in the instructional materials. By means of matrix
sampling procedures, estimates were made of group

performance. Achievement monitoring tests were given

11



shortly after the completion of the instructional units
related to arithmetic objectives.
b. Topic inventories. These were very short tests that
measured pupil progress toward mastery of the objectives
of a specific instructional unit or topic.. Every subject
took the same test, resulting in a measure of individual
performance.
Each topic inventory was given only once, providing a measure of perform-
ance on a few objectives at a single point in time; in contrast, there
were repeated administrations of the same achievement monitoring test, in
order to examine change in performance over time on a broad set of objec-
tives.

Instruction and classroom environment were assessed by direct class-
room obser;ation nof teacher actions, pupil behaviors, and instructional
materials. A trained observer was present each day the instrhctiénal
units, or topics, dealing with arithmetic objectives were used. Organiza-
tional and grouping measures were noted, along with interactions betaeen
teacher and pupils and among pupils. Measures of pupil engaged time were
estimated by observing gix target students.

The purpose of this paper is to report the administration of and re-
sults for the achievement monitoring tests given to grade 2 students
during the fall semester of the second year of the study in the period
October 1979 through February 1980. The tests were administered following
instruction in the three sentence-writing topics (S-4, S~5, and S-6). The

paper has four major sections: background information on the subjects and

12



instructional materials, description of the three-year achievement moni-
toring plan and the tests, report of the data collection procedures, and
discussion of the results. Samples of the tests, administrator's manuals,

and complete item and test statistics appear in the appendices.

Background Information

Subjects

The subjects were 120 second-grade studente in six clgsses from two

elementary schools in predominantly middle class areas.

Curriculum Materials and Instructinnal Objectives

Each of the schools used as their mathematics curriculum the Develop-~
ing Mathematical Processes (DMP) program (Romberg, Harvey, Mosef. &
Montgomery, 1974). Ten new instructional topics on addition-subtraction,
to be integrated into the regular DMP sequence of topics, had been developed
for the three-year study. The topics covered during the fall semester of
grade 2 yere S-4, S-5, and S-6 which were sentence-writing topics; three
sentence-writing topics (S-1, S=2, and s-3)lwhich included the same ob-
Jectives had been completed in grade 1. For the spring semester of grade 2
and first months of grade 3, four algorithm topics (A-1 through A-4) were
taught. Instruction in other DMP topics was carried out as usual in all
three grades, except for topics replaced by the ten special topics.

The ultimate goal of the ten topics was that children develop effi-
cient problem-golving behavior in addition and subtraction problem gitua-
tions. The specific skills believed to result in this behavior are the

ability to symbolize verbal problems in the form of written addition or
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subtraction sentences and the ability to retrieve addition and subtrac-
tion "facts" and/or use addition-subtraction algorithms.

The content of the three topics taught in the fall semester of
grade 2 is summarized here:

Topic S-4. The simple joining, separating, and part-part-whole
situations already introduced were varied by increasing the complexity
of wording and context and by varying the position of the unknown part
for joining and separating such that the situation was not directly trans-
latable into a canonical sentence, i.e., "missing addends or subtrahends"
were presented. Open sentences 0-20 were practiced, with stress on the
11-14 facts, and the noncanonical form was introduced.

Topic S-5. Comparison situations were focused onm, including the
use of the part-part=whole ¢hart in analyzing them. Also, separating
situations in which the whole is unknown were covered; that is, "missing
minuends." Open sentences 0-20 were reviewed, with emphasis 6n the
canonical form.

Topic S-6. Mastery of all three objectives was expected at the end
of S-6, in which all the sentence-writing situations and the open sen-
tences were reviewed.

The skills covered in these three topics were expressed formally by
the fdllowing instructional objectives common to all six sentence=-writing
topics:

1, Given an open problem situation involving the numbers 0-20 that

is solvable by using either addition or subtraction, writes a

sentence that represents the situation.

14



a
2. Given an open sentence of the form a + b = [:] or + b involving

the numbers 0-20.1 solves it.
3. Given an open gentence of the forma -~ b = D or i involving
the numbers 0-20, solves it.
Of the many objectives included in the regular DMP topics taught
in 3rade 2, only those which developed the notions of numerousness,
ordering, and place value for the numbers 0~99 were essential
in terms of the present study, since this content was Prerequisite
to the objectives of the algorithm topics. These prerequisite objectives
were:
l. Given a set of 0~99 objects (or the spoken number), represents
the numerousness of that set by wri;ing the appropriate number.
2. Given a number 0-99, represents it physically or pictorially.
3. Given a set of numbers 0-99, orders them.
4, Given’a number 0-99, written in compact/expanded notation,

writes it in expanded/compact notation.

Instruction

Instruction in the sentence-writing topics S-4, S-5, and S~6 occurred
in the period from October 1979 to February 1980 for all classes except the
lowest achievement group in school 1 which completed S~6 in mid-March 1980,
The topic pertaining to numerousness, ordering, and place value for the
numbers 0~99 was completed just after S-6. The teachers cooperated with
the request that the three S topics be taught according to the specifica-

tions in the instructional materials.

1The basic fécts 0-10 were emphasized in S-l through S-3.

Pl v ERE e el T e



The mathematics ciasses were homogeneously grouped at school 1 into
four levels. The two classes in school 3twere heterogeneously grouped.
(School 2 did not participate in the study after the first year.)

The time allowed for‘mathematics was: |

school 1, four classes 35-minute periods daily

school 3, two classes 45-minute periods daily
It had been suggested that each topic be covered in about three weeks.
The actual range of time spent by the six classes appears in Table lband
indicates that for S-4 and S-5 most classes spent more than the recommended
time. This occurred primarily because teachers expected students t§ master
the material at S-4 and/or S-5 and were uncomfortable about moving on, even
though mastery was not required by the program Specificétions until S-6.
Since there was much variability among classes in the amount of time per
topic, interesting relationships to achievemeﬁt might be demonstrated.
However, no attempt to do so will be made in this report which is concerned

with performance of the total population.

Achievement Monitoring Plan and Tests

Overview of the Three-~Year Plan

Figure 2 presents an overview of the achievement monitoring plan for
the tﬁree years of the study. All objectives on which performance was
assessed are listed in abbreviated form with an indication of the points
in time when instruction occurred, when mastery was expected, and when
achievement was monitored. The schedule called for 1l test times: the

baseline test and a test after each instructional topic.
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Table 1

Time Spent on Instruction in Sentence-writing Topics

Tobic Minimum Average Maximum

S=~4 675 min., 19 daysa 842 min., 26.3 days 1063 min., 33 days
S-5 425 min., 15 days 609 min., 18.8 days 905 min., 27 days

S-6 349 min., 12 days 462 min., 14.5 days 666 min., 20 days

8Minutes and days do not necessarily represent the same class.
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Following the general rule that objectives should be assessed both
prior to and following instruction, yet avoiding test situations which
would be overly frustrating or extremely easy for the students, four over-
lapping test periods were identified and objectives added to or dropped from
the achievement monitoring schedule accordingly. The four test periods
covered the middle of grade 1 to the end of grade 1 (baseline through S-ﬁ),
the middle of grade 1 to the middle to grade 2 (baseline through $-6), the
beginning of grade 2 to the middle of grade 3 (S-4 through A~4), and the
middle to grade 1 to the mid?'le of grade 3 (S-1 through A~4). Achievement
was ﬁssessed a minimum of four times and a maximum of 11 times per objec-
tive.

In order to limit the time any student spent in a testing situation
and yet to gather a maximum amount of information about progress toward
each objective, a matrix sampling plan based on earlier work in this
area was followed (Romberg & Braswell, 1973). All students in each class
were assigned randomly to one of three test groups. Each test group was
then assigned one of three test forms for each adminigtration period.

Each ohjective was represented by items on at least two and usually all
three of the test forms. A description of the tests is given in the follow~
ing section. | |

The objectives included in the achievement monitoring program were
classified as (1) prerequisite instructional objectives, which were those
considered necessary for acyievement of the objectives of the S and A
topics, (2) instructional objectives for the S and A ;opics. and (3) non;

instructfonal objectives. The noninstructional objectives pertained to

20
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skills which were not formally taught in the regular DMP program or the

S and A topics. However, since there was potentially a relatibnship
between growth in these skills and progress on the formal instructicnal
objectives, they were included in the test program. The noniastructional
skills were:

1., problem~solving 0-20 and 0-99

2. counting on and counting back

3. recall of basic addition-subtraction facts under a speeded

test condition

4. use of addition-subtraction algorithms under a timed test

condition

The problem-solving objectives were created for achievement monitoring
because the instructional objectives stated for the S and A topics speci-
fied sentence-writiné skills and open sentence/algorithmic skills as dis-
crete objectives but did not actually express as objectives the ability
to integrate these skills in problem=-solving situations. Assessment of
problem-solving per se was also of interest because these data paralleled
that gathered in the individual interview component of the study.

The objectives were also organized in terms of general mathematical
content.areas such as numerousness, ordering, and open sentences. (Sce
Figure 2.) Each of these areas repfesented what may be. thought of as a
composite objective. For example, in the area of numerousness, there was
an individual objective related to writing 0-99 and another objective for

representing 0-99; when these two objectives were treated as one, they
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formed a composite objective called numerousness. The composite objec-
tives will be used in later analyses in which aggregate data are desirable
to reduce the number of variables. In che pPresent paper, the discussion

' primarily concerns individual objectiv.s,

The scntence-writing objectives were stated as composite objectives
in the instructional materials; that is, there was no explicit breakdown
into individual objectives for each problem type, such as joining, separat-
ing and comparison. For two reasons, the sentence-writing objectives were
broken down into several discrete objectives, each reflecting a different
problem situation: first, the various problem situations were introduced
at different points in the sequence of sentence~writing topics§ second,
and more importantly, the achievement monitoring data will eventually be
integrated with data from the interview component of the study which was

gathered and analyzed in terms of problem type.

Objectives Assessed in Grade 2 (Fall)

The prerequisite instructional objectives and the instructional objed-
tives for the S topics included in the test prdgram for grade 2.(fa11) were
stated in full in the first section. Since two of the four algorithm topics
would be covered during the spring semester of grade 2, fhe three objectives
for those topics were also assessed during the fall semester of grade 2 for
baseline purposes. These objectives, which are the same for the four

algorithm topics, are:
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1. Given an open addition or subtraction situation involving the
numbers 0-.., writes a sentence that represents the situation.

2. Given two numbers whose sum is 0-99, computes their sum.

3. Given two numbers 0-99, computes their difference.
The noninstructional skills for problem-solving, counting, and recall of
basic facts were assessed throughout this phase of the achievement moni-
toring. The use of addition and subtraction algorithms under a free-
response timed condition was assessed only at S-6, because earlier testing
of these skills would have unnecessarily frustrated the children. The 38
individual objectives assessed in grade 2 (fall) are marked with an

asterisk in Figure 2 and are summarized in Table 2.2

Mastery expectations were established for the prerequisite and S and
A instructional objectives. The numerousness, ordering, and place value
objectives for the numbers 0-99 were to be mastered juét before the first
A topic; that is, mastery was not expected until the A-l1 test time. Mas~-
tery of the sentence-writing objectives for numbers 0-20 was expected
after the completion of S-6. Mastery of open sentences for sums or minuends
to 10 had been expected after S-3 while mastery of the remaining facts—-
open sentences for sums or minuends to 20--was anticipated after S-6.
Since instruction on all of the instructional objectives associated with
the algorithms and with sentence-writing for numbers 0-99 would occur in
the spring semester of grade 2 and fall semester of grade 3 during the A-1

to A-4 .topics, mastery was not expected until A-4.

2Aftef the original specification of noninstructional objectives, it was

decided to add 3-digit numbers (objectives) to the algorithm timed sub-
tests and also to subdivide the timed test objectives according to
criteria such as whether or not regrouping was required; therefore, the
final number of objectives was > 38.
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Table 2

Objectives Assessed in Grade 2 (Fall)

Numerousness
writes 0-99
represents 0-99

Ordering, Place Value
ordering 0-99
notation 0-99

Open Sentences
add 0-20
subt 0-20

Sentence-writing 0-20
add-simple joining
subt-simple separating
subt-part part whole-addend
add-part part whole
subt-comparison
subt~join-addend

Sentence~-writing 0-99
add-simple joining
subt-simple separating
subt-part part whole-addend
add-part part whole
subt-comparison
subt~join-addend -

Problem~solving 0-20
add-simple joining
subt-simple separating
subt-part part whole-addend
add-part part whole
subt-comparison
subt-join-addend

Problem-solving 0-99
add-simple joining
- subt-simple separating
subt-part part whole-addend
add-part part whole
subt-comparison
subt-join-addend

Algorithms
add 0-99
subt 0-99

Counting
on 9-31
back 9-31

15

Basic Facts Recall--Speeded Test

add 0-20
subt 0-20

Algorithms--Timed Test:1
~add 0-99
subt 0-99

lAssessed only at S-6.
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There were no specific predictions for time of mastery for the non-
instructional objectives; however, it was anticipated that performance on
the recall and problem-solving skills for numbers 0-20'wou1d be related
to growth on the open sentence and sentence-writing 0-20 objectives and
that there would be improvement i~ counting skills due to informal work in
this area both at home and'af school. Similarly, it was presumed that
problem=-solving skills for numbers 0-99 and algorithmic performance under
timed conditions would be related to status on the regular objectives of

the A topiecs.

Description of the Tests

Three forms (R, S, T) of a 35-minute paper-and-pencil test were de-
veloped for the fall semester 'of grade 2; each form had four subtests.
Two sﬁbtests assessed recall of addition and subtraction facts under
speeded test con&itidns; the major subtest contained 19 multiple-choice
itemé covering all other'objectives to be assessed. The fourth subtest
measured performance on the sentence-writing 0-20 and 0-99 objectives in
a free-response context. (These objectives were also included in the
multiple-choice test.) Two additional aubtests-were created for S-6 only
for the baseline testing of addition and subtraction algorithm proficiency
under timed conditions. Copies ofgthe tests and-adminiﬁﬁrator's manuals
are in Appendix A; a discuqéion ofgthe test development for all three years
of the study appears elsewhere (Bthanan & Romberg, 1982b).

Multiple-choice subtest. An outline of the content of each form of

the multiple-choice subtest appears in Table 3. Each objective in the areas
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Table 3

Outline of Multiple-choice Subtest Itens

Itw * Forn R Forn § Forn T
1C Nunerousness Numerousness Numerousness
vrites 0-99 writes 0-99 writes (=09
0 Numerousness Numerousness Numerousness
represents 0-99 represents (-99 represents (=99
3 Open Sentences Open Sentences Open Sentences
subt 0=10 add 0-10 subt 0-10
4 Open Sentences Open Sentences Open Sentences
add 11-18 subt 11-18 add 11-18
56 Problen=solving 0-20 (4) Problem=solving 0-20 (A) Problem=solving 0~20 (4)
subt-sinple separating 11-15 subt=comparison 11-15 add-part part whole 11-15
6H Problex~solving 0-99 (A) Problea-solving 0=99 (A) Problem-solving 0-99 (4)
subt=comparison (=99 add-part purt whole 0~99 subt-simple separating (~99
n Ordering, Place Value Ordering, Place Value Ordering, Place Value
ordering 0~99 ordering 0-99 ordering 0-99
y Ordering, Place Value Ordering, Place Value Ordering, Place Value
notation 0-99 notation 0-99 notation 0-99
%K Sentence-writing 0-20 (A) Sentence-writing 0-20 (A) 'Sentence-writing 0-20 (A)
add-part part whole 11-15 subt-simple separating 11-15 subt-comparison. 11-15
10L Sentnnée-writing 0-99 (A) Sentence-writing 0-99 (A) Sentence=writing 0-99 (A) |
subt=simple separating (~99 subt-comparison 099 add=part part whole 0-99 .
‘ N
1M Sentence-writing 0~20 (B)  Sentence-writing 0-20 () Sentence-writing 0-20 (B)
subt-join-addend 11-15 subt-part part whole-addend add-simple joining 1115
2 6 | 11-15
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12§ Sentence=writing 0-99 (B) Sentence=writing 0-99 (B) Sentence-writing 0-99 (B)5

subt-part part whole-addend (~99  add-simple joining 0-99 Jubt=join=addend -39
130 Problem=solving 0-20 (B) Problen-solving 0-20 (B) Problen-solving (0-20 (B)
subt=join-addend 11-15 subt=part part whole-addend add-simple joining 1l-15
: 11-15
14P Problem=solving 0=99 (B) Problen-solving 099 (B) Problen-solving 0-99 (B)
add=-simple joining 0-99 subt~join=addend 0-99 subt=part part whole-addend 0-99
150 Algorithms Algorithns Algorithms
add (-99 add 0-99 - add 0-99
168 Algorithms Algorithms Algorithms
subt 0-99 subt =99 subt 0-99
118 Counting Counting Counting
on 9-18 on 918 on 9-18
187 Counting Counting Counting
back 9-18 back 9-18 back 18-31
190 Counting | Count1ng Counting
- back 1831 on 18~31 on 918

——

“meuEMmmmanumuummmmummmmmummmmwmmmTmmmm
refers to the actual tests; items A and B are samples (see Appendix A),

)
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of numerousness, ordering/place value, open sentences, and algorithms (not
timed) was represented by one multiple-choice item on every test form; i.e.,
three items altogether per objective. Similarly, for éounting on and count-
ing back for numbers to 18, there was one item per form; however, an addi-
tioral counting item for numbers to 31 was added to each form because in-
formation on these numbers was of potential interest in the development of
interview problem situations using larger numbers.

Each of the 12 individual objectives for sentence~writing 0-~20 and
0-99 was represented by a multinle-choice item in one of three forms; that
is, one item per objective. Each verbal problem type (e.g., jqining) was
therefore represented by two items, one for numbers 11-15 and one for 0-99.
The two items were on different forms.

The sentence-writing objectives (or items) were further clqssified
into two groups: Sets A and B. This was an agbitrary‘division created
bécause half (Set A) of the items were designed to reflect the interview
verbal problems precisely in syntax, number order, number domain, etc.,
while the remainder (Set B) allowed variatiohs in these charaéteristics in
keeping with the instructional program which presented more variations of
each problem type than it was possible to cover in the individual int:erview.3

Since there was no way in a multiple-choice format to have students
actually write a sentence, the'items required listening to a verbal problem

read aloud and then choosing the sentence which correctly represented the

3For both the sentence-writing and problem-solving objectives, Set A test
verbal problems differed from interview verbal problems in that different

nouns and verbs were used so that the students had a new context to con-~
sider. :
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verbal situation. The problem situation itself was not printed on the test
page.' This prevented reading difficulties and also was in keeping with the
procedures for the interviews in which the problems were presented orally.
Another subtest, explained below, contained sentence-writing items in a
free response format.

The assignment of items to test forms for the 12 objectives for problem-
solving 0-20 and 0-99 exactly paralleled the assignment of sentence-writing
items, That is, there was one item per objective assigned to one of the
three forms. The two items total per verbal problem type--one for 0-20 and
one for 0-99--were assigned to different forms. The problem-solving iteus,
which were also in Set A or B, required the student to listen to the story,
which was not printed in the test bookiet, and to choose the correct solu-
tion.

All of the questions in the multiple-choice section of the tests were
read to the children and then the key phrases were repeated; in the case
of the verbal problems for the sentence-writing.gnd problém—solving objec-
tives, the entire story situation was read twice. The children then marked
an X on one of the four response choices: the solution,'two distractors;
and the "puzzled face," an option which indicated "I have not learned this
yet." The response choicés, symbols, and.pictures were not read or explained
to the children (except for the "puzzled face").

.The "puzzled face" option was provided to avoid unnecessary frustra-
tion and to reduce the amount of random guessing. Although it was expected
that the "puzzled face" choice would be used throughout the achievement

testing because there would always be objectives not yet introduced and/or
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mastered, this option was particularly useful for baseline assessment such_
as for algorithms. Marking the "puzzled face" allowed children to give a
positive response indicating that they hadn't learned to find the answer to
tﬁe question.

Sentence-writing free-response subtests. The 12 individual sentence-

writing objectives (verbal problem types) for the numbers 0-20 and'0-99
were also assessed in a free-response format in which a verbal.problem was
read twice to the students who were directed to write a sentence for the
situation and not solve the sentence. There were two 6-20 and two 0-99
items per form; all items were in Set A (see Table 4).

Speeded subteste. There were 12 addition and 12 subtraction facts on

each of the three forms; the first six problems in each case co&ered the
facts from 4 to 9; the last six involved 10 to 18 (see Table 5).

The addition and subtraction recall subtests were introduced by the
test administrator; then specific directions on a tape recording precéded
the items presented with intervals of 2 seconds' working time for Both.
addition and subtraction, The in;ervals were based on.previous studies in
this area (Romberg, 1975). The children wrote their answers in desigriated
spaces, leaving spaces for unknown facts empty. There was a short break
between the two subtests.

.Additibn and subtraction algorithm timed subtests (S-6). Since it

would have been unnecessarily frustrating to assess baseline algorithmic
proficiency under timed conditions with the two full-length subtests (24

items) developed for achievement monitoring after the A topics (Buchanan
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Outline of Sentence-writing Free Response Subtest Items

Table 4

Iten D°

Forn R Form § Forn T
14 Sentence-writing 0-20 Sentence-writing 0~20 Sentence=writing 0-20
subt=comparison 11-15 add-part part whole 11-15 subt-simple separating 11-13
28 Sentence-writing (=99 Sentence=writing 0-99 Sentence=writing 0-99
add-part part whole 0-99 subt-simple separating (-99 subt-comparison 0-99
3 Sentence=writing 0~99 Sentenceswriting 0-99 Sentence=writing 0~99
subt=Join-addend 0~99 subt-part part whole-adcend 0-99  add-sinple joining 0-99
) Sentence-writing 0-20 Sentence-writing (=20 Sentence=writing 0-20
add=simple joining 11-15 subt~join=addend 11-1J subt=part part whole addend 11-15

“The nmeric ID refers to the {tens as they are labeled in the computer printout reproduced in Appendix B. The
alpha ID refers to the actual tests (see Appendix A),

3
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Table 5

Outline of Addition and Subtraction Facts Recall Items--Speeded Subtests

"Item IDa Form R Form S Form T

Addition Facts Recall Subtests

1C 1+5 3+1 2+ 4
2D 3+2 2+5 6 + 3
3E 4 + 4 1+6 5+ 2
4F 3+6 "7+ 2 2+ 3
5G 4+ 3 2+ 6 5+ 0
6H 6 +2 3+5 1+3
71 5+8 4 + 8 9+ 2
83 6+ 9 3+7 6+6
9K 9+ 3 5+9 4 +7
10L 5+ 7 6 +8 7+6
11M 8+9 8 +7 9+ 7
12N 3+8 4+ 9 6 + 4
Subtraction Facts Recall Subtests
1C 5-1 7-1 3-2
2D 9 -2 8 -4 6 -4
3E 8 -7 9-5 9 -1
4F 5-3 7-4 7-3
5G 7-6 8 -6 6 -1
6H 8 -5 4 -3 7-5
71 14 -7 11 - 2 10 - 4
8J 12 -5 13 - 8 13 -9
9K 11 - 8 12 - 7 14 - 8.
10L 13 - 7 15 - 9 11 - 7
11M 12 - 9 10 - 2 12 - 4
12N 15 - 8 ''16 - 7 17 - 9

%The numeric ID refers to the items as they are labeled in the computer
printout reproduced in Appendix B. The alpha ID refers to the actual
tests (see Appendix A).
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& Romberg, 1982b), two abbreviated subtests of 5 items each were created

for S~6 only. The subtests contained a sample of three 2-digit and two
3-digit problem types, some requiring regrouping and others not (see Table
6). Although 3-digit numbers (and algorithms) were not included in in-
struction at any time during the study, possible generalization of algorith-
mic skills to those numbers was of interest in the study. One and one-half
minutes were allowed for the three 2-digit problems and also for the two
3-digit problems; that is, students were required to move on to the 3-digit
problems after one and one-half minutes. The total time for each subtest

was three minutes.

Data Collection Procedures

Test Groups

Following the matrix sampling plan described earlier, students in
each class were randomly aésigned to one of three test groups containing
11-12 students per group in school 3 and 25-26 per group in school 1. The
test groups were assigned to one of the three test forms (R, S, T) accord-
ing to the schedule.in Table 7. Since there.were three test times, the
students took each form of the test once. However, because some items also
appeared in the grade 1 tests, students would have taken these items at
least once and in some cases twice before. Because of absences and student
mobility, the number of students actually tested after each topic varied
somewhat. Also, because the classes moved at different paces through the
topics, particulﬁrly where there was homogeneous grouping, it was not

alwgys possible to test an entire test group at one sitting.
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Table 6

Outline of Addition and Subtraction Algorithm Items--Timed Subtests (s-6)

Form R

Form S

Form T

2-digit + 2-digit
(no regrouping)

2-digit + 2-digit
(regrouping)

l-digit + 2-digit
(regrouping)

3-digit + 2-digit
‘(no regrouping)

3-digit + 3-digit
(regrouping)

2~digit - 2-digit
(no regrouping)

2~digit - 2-digit
(regrouping)

2-digit - 1-digit
(regrouping)

3-digit - 3-digit
(no regrouping)

3-digit - 3-digit
(regrouping)

Addition Algorithm Subtest

2-digit + 2-digit
(no regrouping)

2-digit + 2-digit
(regrouping)

2-digit + 1-digit
(regrouping) '

3-digit + 3-digit
(no regrouping)

3 addends
(regrouping)

Subtraction Algorithm Subtest

2-digit - 2-digit
(regrouping)

2-digit - 2-digit
(regrouping)

2-digit - 1-digit
(no regrouping)

3-digit ~ 2-digit
(regrouping)

3-digit - 3-digit
(no regrouping)

2-digit + 2-digit
(regrouping)

2-digit + 2-digit
(regrouping)

2-digit + 1-digit
(no regrouping)

3-digit + 2-digit
(regrouping)

3-digit + 3-digit
(regrouping)

2-digit - 2-digit
(no regrouping)

2-digit - 2-digit
(regrouping)

2-digit - 1-digit
(regrouping)

3-digit - 2-digit
(no regrouping)

3-digit - 3-digit
(regrouping)

37

25



26

Table 7

Assignment of Students to Test Form

Administration Time
S-4 S=5 S=h

Test Group

Test Form Assignment

1 T S R
2 R T S
3 S R T
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Schedule

The achievement monitoring tests were given as soon as possible after
each topic was completed. Since instruction in each sentence-writing topic
generally took about three to five weeks and was followed by an intervening
DMP topic which was not a part of the study, there were six to eight week

intervals between administrations.

Procedure

The tests were administered by Center staff members in one 35-40 minute
sitting during the regular mathematics class period. The practice of having
Center administrators provided uniformity in administration procedures, re-
lieved the teachers from this responsibility, avoided later "teaching to the
test," and freed the teacher to participate in interviewsvwith other Center
staff.

Since most students had already participated in four similar test sit-
tings in grade 1 (see Buchanan & Romberg, 1982a), there was little adminis-
trative difficulty in giving the tests. Students were familiar and comfort-
able with most administrators and the general procedure as well as the for-
mat and some items or item types for the multiple-choice and recall subtests.
However, this familiarity also had a'negative effect since some students
became increasingly bored by the repetitive testing. The teachers were
helpful in mogivating the students but none the less some were test-yeary
by the S-6 test time. On the other hand, ther; were students who continued
to enjoy the tests. '

As described previously, the multiple-choice questions were read

aloud. Most children had little proklem following along. Pacing the
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multiple-choice subtest was at the administrators' discretion, with the
general policy being to move the test along by encouraging children who
were pondering at langth to "mark the puszzled face." Apparently because

of this option, the childran did not appear to be discouraged by items th&t
they had not met in formal instruction at the time.

One problem occurred during the free response sentence-writing sub-
test wvhich may have negatively aff ted performance on certain items. Des-
pite reminders, some studentc failed to listen to the entire verbal story
before beginning to write the number sentence. Since the numbers in the
vritten sentence must be reversed from their order in the story for the
comparison and join-addend situations, errors resulted when students did
not correct themselves after starting the sentence with the first number
they heard.

The taped subtests could not be stopped once started; however, exam¥
ination of the response spaces gshowed that almost all children kept their
place well. Even though there was only 2 seconds' working time between
. tems, students were able to count out answers on their fingers, so that
the responses represent a mixture of facts actually committed to memory and
"facts" determined during the test. Some children expressed enjoyment in
doing the recall tests, but for some the pressure of a timed test was con-
tinually frustrating, The b&aeline algorithm tived testing at S-& did not
appear to be overly threatening, though a few students were obviously dis-

couraged by it; there were no difficulties with format.
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Results

Scor;gg the Tests

Subtest statistics and item parameters for each form were computed
for the multiple-choice subtest, the sentence~-writing subtest, the addi-
tion facts recall subtest, and the subtraction facts recall subtest at
each administration time using the LEﬁTAP program (Nelson, 1974). The
algorithm baseline timed tests (S5-6) were scored by hand and no item or
test statistics other than means were computed. Scores representing pro-
gress on the objectives were then created for each administration by com-
bining in a single score across forms the proportion correct for all
individual items related to that objective; similarly, scores for the
composite objectives incorporated the scores for all objectives related to
the same content area. Thus, rather than item difficulties, or p values,
what might be called "objective difficulties" were calculated to represent
group progress toward mastery of the objectives. Since ﬁnder the matri*
sampliné Plan most objectives were represented by items on at least two
and usually all three forms, the "objective difficulties" at any one test
time were less affected by possible bias in the random assignment of stu-

dents to test group than the item and subtest statistics.

Subtest and Item Statistics

Although the results by objective are of primary interest in thﬁ study,
a brief report of the subtest and item results is offered first as back=~
ground. The nultiple~choice subtest was not developed as a standard norm-

referenced measure but rather as a criterion-referenced test with each item

Q . ' - ' | | _ 411
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on any one form assessing mastery of a specific objective. Therefore, the
total score on the subtest is an aggregate measure of performance on
several objectives. Also, rather than the usual expectation that about
half of the students would respond correctly to each item, it was expected
that almost none, some, or almost all of the students might answer cor-
rectly depending on the status of instruction at the time of the test.
Another factor affecting the subtest and item data for the multiple-choice
subtest was guessing. The "puzzled face'" or "I haven't 1earn;d this yet"
cption was offered to prevent random guessing but guessing still occurred.’
Other factors affecting the item and subtest analyses for all subtests
were the relatively short test length and small population of students
tested.

Tables 8~10 report the multiple-choice and recall subtest statistics
for all forms and administration periods for the total population.‘ Infor-
mation included is the number of individuals tested, number of items, mean,
standard deviation, highest and lowest score, H;yt estimate of reliability,
and the standard error of measurement. Since the sentence-writing subtest
had only four items per form, subtest statistics are not reported.

The means qnd standard deviations indicate that the three forms were
about equivalent in difficulty within each of the four administration periods.
The reliabilities for the multiple-choice subtest ranged from .51 to .75
which is satisfactory for tests of this type. For the addition and subtrac-
tion recall subtests, the respective reliabilities ranged from .70 to .88

and .71 to .88. The recall subtests, although short, contained only one

type of item so that somewhat higher reliabilities would naturally be ex-

pected.
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for Porms R, §, and T for Three Aduinistration Tines

Table §

Objectives Subtest Statistics

Aadndstestion  Porg Number of  Number of ’ . Highest Lovest Hoyt  S.EM,
Tine Individuals  Items on ol Seote Score Bst,

R | B Bo o ow 7 33 LS

84 g % 19 10,6 315 19 ] 66 LW

1 % 19 1097 2.6 15 6 0 L6

R 3 19 0.6 2.4 18 g SL L

55 5 | 19 3.0 18 7 B LN

T ). LR B X T ] LY

R 2 19 %6 30 18 b J0 LS

86 5 N 19 D 3,40 18 4 5 L6

1 % 19 .66 045 19 3 6 L

4 y

p
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Table 9

(A

Addition Facts--Speeded Subtest Statistics

for Forms R, S, and T for Three Administration Times

tion Form Number of Number of R
ghest Lowest Hoyt S.E.M.
Individuals Items Hean S.D. Score Score Est? r

‘R 30 12 7.83 2.36 11 2 .73 1.18

35 12 7.09 2,50 12 3 .76 1.17

T 34 12 7.88 2.89 12 1 84 1.10

R 30 12 8.5 226 12 4 70 1.19

30 12 7.60 3.02 12 2 .83 1.18

T 32 12 10.56 2,14 12 2 .81 .88

R 29 12 8.62 3.2 12 0 .87 1.10

27 12 9,19 3.04 12 0 .88 1.02

N T 33 . 12 10.52 2.15 12 2 .82 .88




Table 10
Subtraction Facts Recall--Speeded Subtest Statisties

for Forns, R, S, and T for Three Adninistration Times

Adninistration  Form Number of  Number of Nean S, Highest Lowest Hoyt  S.B.M,
Time Individuals Items Score Score Est, ¢
R 30 12 L1389 12 1 J9 L%
54 5 % 12 62 2.5 19 0 T L
I % 12 5,15 344 12 0 88 L1
R 30 12 7.83 2.5 12 2 J8 L1
85 S 30 12 17 3.5 12 0 88 L8
T 3 12 1.0 065 12 0 8 L8
R 29 12 145 10 12 0 85 LY
86 § 7 12 .89 L1 12 0 B 1,18
| 1 () 12 0N 1 ! J L8
43 )
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Item statistics for all subtests (including the sentence-~writing -ub-
test) for all forms and administration periods appear in Appendix B, The
tables include the number and percentage of students selecting e;ch re-
sponse (the p-value or item difficulty), the point-biserial and biserial
correlations with the subtest and the total tect, and the average subtest
and total test.scores for individuals selacting the correct response.

For the multiple~choice subtest the p-values for 15 of the 57 items
(26%) remained constant (+ 5%) overall from S-4 to S-6. For 31 items (54%)
the p-values demonstrated an overall increase from S-4 to S~6 and they
decreased for 11 items (192). There were 8 items with p-values > 90.0%
at S-4; for these items at S-6, 3 p-values stayed constant (+ 5%), and there
were 2 increases and 3 decreases. (The decréases were very slight-~to no
lower than 86.2%.)

For mest multiple-choice items on which there was improvement, the
increase was modest, about 10 to 20 percentage poinfs; however, for a few
items improvement was dramatic. Item 9K in Form T which assessed the sentence-~
writing 0-20 subt~comparison objective had scores for S-4, S-5, and S-6,
respectively, of 26.5%, 53.1%, and 72,7%. Another sentence-writing item,
item 10L in Form T which assessed the sentence-~writing 0-99 add-part parf
whole objective, increased from 64.7% at S~4 to 90.6% and 97.0% at S-5 and
S-6. An item measuring counting back performance (item 17S in Form T)
had & p-value of 38.22 at S-4 which improved to 75.0% at S-5, though there~
aftef the p-value dfopped somewhat to 66.7% at S-6. There were no simi-
larly dramatic decreases in p-values; most decreases were less than 10

percentage points.
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The p-values for the 12 items in the sentence-~writing free response
subtest improved in 7 cases and remained constant in 5 from the S~4 to
§-6 test times. For the 4 items which had p-values > 90.0% at S-4, there
was one increase and 3 p-values stayed constant. One of the two items for
which progress was dramatic was again for a comparison sentencedwriting
objective, though this time for the 0~99 domain. Item 2B in Form T had
consecutive p-values of 11.8%, 40.6%, and 57.6%. The item assessing the
sentence-writing 0-20 subt-part part whole-addend objective (item 4D in
Form T) also showed much improvement, 41.2% at S-4 to 84.4% at S-5,
followed by a slight drop at S-6 to 78.8%. Since all five items for which
there was the most notable improvement were on Form T, it is possible that
there was some bias in the test groups or administration which deflated
S-4 scores and/or inflated S~6 scores.

P-values for the individual items (basic facts) in the two recall
tests varied greatly within test time according to number size. For
example, in Form R at S-4, the items for the "easy" facts 6 + 2 and
4 + 4 had p-values >f 86.7% and 96.7%, respectively, while the "hard"
facts/items 6 + 9 and 5 + 8 had p-values of 26.7% and 40.0%. Item diffi-
culties increased quite steadily over the test times for most items while
the relative d#fficulties within test time remained constant. For example,
the p-values for 6 + 2 and 6 + 9 increased from 86.7% and 26.7%, respec-
tively, ;t S~4 to 96.7% and 36.7% at S~5, and 93.1% and 48.3% at S-6.
There was some effect of item position on P~values in the recall subtests,
but this was not systematically examined since the items were randomly
ordered and the aggregate scores for all items associa;ed with the objec-

tive are of primary interest in the study.
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The biserial correlations for the majority of items.were adequate
or better (>.30) for the correct response and negative (£.20) for incorrect
responses. The "puzzled face" option was used appropriately as indicated
by the biserials for‘this response choice, which were almosf always
strongly negative. That is, children who chose this response for
particular items also had low scores on the total subtest.

The irregular biserial correlations can sometimes be related to
the criterion-referenced nature of the subtest items. When an item
was extremely easy because an objective had been mastered by most
students, low positive or negative biserial correlations for the correct
response sometimes occurred depending on subtest scores for the few
students not selecting the correct choice. For example, for Form T
item 1C (writes numbers 0-99) in administration S~6, the biserial cor-
relation for the correct response was -.34 while for the only distractor
selected, it was .43. This was the case because the single child who
missed the item, probably due to carelessneés, had a total subtest
score of 16 while the mean for the 32 children selecting the correct
response was 13.56.

Similar irregular biserials occurred for very difficult items on
which mastery was not expected, for instance when a few poorer students
guessed tﬁe correct response while the better students appropriately
described themselves by choosing the puzzled face. For some items
the appropriate use of the "puzzled face" option with consequent "good"

biserials probably weakened the other distracrtors, causing them to have

o1

Q ~




37

inadequate biserials. The items for the facts recall and sentence-writing--
free response subtests had satisfactory biserial correlations almost without
exception.

Interesting item statistics In terms of the study as a whole occurred
for items‘assessing the sentence-writing objectives for the two addend and
the comparison situations. An example (item 11M, Form R) is presented in
Table 11. The distractor containing the raverse operation (plus sign) was
very attractive at all test times. All of the items for these three sub-
traction situations included one or two distractors which were addition
sentences, most of which were powerful distractors, although this varied
from test time to test time according to problem type. In contrast, the
distractors containing the solution obtained from reversing the operation
in the problem=-solving items were rarely used. The power of the sentence-
writing reverse operation distractors may be related to the tendency shown
in the individual interviews to use additive strategies such as counting up
from a given number or adding on with manipulatives in solving some subtrac-.
tion verbal problems, particularly the comparison and join-addend problems.
Reversing the operation to solve the problem was quite infrequent. (See

Kouba & Moser, 1980a,b.)

Progress on the Objectives

In this section the scores resulting from aggregating the item data to
create "objective difficulties" will be discussed. These data which repre-
sent progress on each objective will be related to the instructional program

the students experienced. The proportion correct for each individual objective
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Table 11

Item Statistics for the Sentence-writing 0~20, subt-join-addend (11-15) Item, Item 11M, Form R

Total

Test Biserial Subtest
Time Response Choice Jroportion  Correlation  Score

(1) 8-6=0 (includes solution) 6.7 -67 10,00

54 (2) 14 + 8 =[] (reverse operation) 70,0 -.00 13,10

N =30 (3) 14 = 8 = [ (correct response) 20,0 52 14,83

(4) puzzled face 3.3 =17 9.00

(1) 0 .00 .00

5=5 (2) 56.7 - 17 12,35

N=30 ~ (3) 20,7 .46 14.00

(4) 16.7 -, 34 11,40

(1) 6.9 - 37 10,50

§=6 (2) 51.7 18 13,20

N=29 (3) 31.0 29 13,78

(4) 10,3 -,69 9.00

'%Mi&mmwzTMsmMusmwisﬂwtaﬂmL Mark the number sentence that tells how

to find the answer, A plant was 8 cubes tall, It grew some, Now it is 14 cubes tall, How
much did it grow? |
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and for the composite objactives for the total population at all administra-
tion times is reported in Table 12; results for each school and class appear
in Appendix C. As noted previously, only the data for individual objectives
are of interest here--data for .ne composite objectives were prepared for
subsequent analyses.

As discussed previously, the sentence-writing objectives for the S and
A topics were not stated in terms of particular verbal problem types in the
instructional materials, but for purposes of achievement monitoring each
type was treated as an individual instructional objective. This was also
true for the problem-solving objectives. Since each problem type is repre~
sented by only one item, "objective difficulty" is the same as a "p-value"
or item difficulty and therefore the results for sentance-wrifing and
problem-solving must be considered with caution.

Numerousness; ordering, place value. Even though there was no formal

instruction on the four prerequisite objectives related to the numbers 0-99
prior to or during the fall semester, performance on three of the four ob-
jectives indicated that many students were familiar with the numbers 0-99
at S-4 and that they continued to make modest improvement through the fall.
At S~4 and S-6, respectively, the scores were 66.7% and 77.5% for the ob-
jective writes 0-99, 72.7% and 85.4% for represents 0-99, and 72.7% and
78.7 for orders 0-99.

The fourth prerequisite objective (notation 0-99) was extremely dif-
ficult relative to the others; in fact, it was the single most difficult
objective assessed in the fall achievement monitoring program with succes-

sive scores at S-4, S-5, and S-6 of 13.1%, 12,0%, and 12.4%. The low
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Table 12

Progress Toward Objectives Across Administration Times ss Represented
by Proportion of Students Anevering Itens Correctly for Total Population

O

Descrdption of Objectives

Results for Objectives

Results for Composite Objectives

Number Number
of Items  S-4 §=5 S«6  of Ttems  Se4 §<5 §-6

Prerequisite Instructional Object1ves
Nunerousness |

writes 0~99 3 66,7 69.6 775

represents (-99 3 7 8.6 854 b 69.7 76,1 8LS5
Ordering, Place Value

notation 0-99 3 Bl 120 124 b B9 4.3 5.5
Instructional Objectives for §,A Topics
Open Sentences

add 0«20 ) 84,9 8.1 8.8

+ 0-10 3 889  90.2 86,5

+11-20 3 8.8 924 921 6 g9 9.3 893
Sentence-briting 0-20 (multiple choice)

subt-sdnple separating (A) l 94,3 8.3  100,0

subt=part part whole-addend (B) 1 629 500 59,3

add-part part whole (A) l 9.7 96,7  96.6

subt-comparison (A) ] 265 531

subt~join-addend (B) l 200 2.7 3.0 b 65,7 685 7.0
Sentence-Writing 0-20 (free response)
_ 8dd-simple joining 1 9.7 933 96,6 6

B subt-simple separating 1 1000 9.9 97,0 5
subt=part part whole-addend l 4.2 844 788
A EI{ILC continued



Table 12 (continued)

Results for Objectives Results for Composite Objectives

Description of Objectives Nuzber Number

of Items S=4 §=5 S=b of Items S=4 §=5 8=6

Sentence-Nriting 0-20 (continued)

add-part part whole | 94,3 96,7  100.0

subt~comparison 1 3.7 533 483 |

subt=-join-addend 1 40,0 533 59,3 6 68.2 799  80.3
Sentence-Nriting 0-99 (multiple choice) :

subt-simple separating (A) 1 8.7 86,7  72.4

subt-part part whole-addend (B) 1 33 583 483

add-part part whole (A) 1 64,7  90.6 97,0

subt-comparison (A) | 2.9 300 3.0

subt-join-addend (B) 1 11,8 219 2.2 6 525 62,0 612
Sentence-Nriting 0-99 (free response)

add-simple joining 1 88,2 844 819

subt-simple separating 1 91.4 100.0 96,3

subt-part part whole-addend 1 629 70,0 74l

add-part part whole 1 8.7 733 8.2

subt-comparison 1 1.8 4.6 57,6

subt-join-addend 1 0.0 333 39 6 62,1 66,9 730
Algorithms (multiple choice) .

add 0-99 3 5L 62.0 59,6

subt 0-99 3 0.3 Q.4 4.9 6 409 522 523
Noninstructional Objectives
Problem~Solving 0-20 ,

add-gimple joining (B) 1 9.1 9.9  81.9

subt-simple separating (A) 1 93.3 86,7  86.2

subt~part part whole-addend (B) 1 743 9.0 85,2

add-part part whole (A) l 2.4 93.8 100,0

subt-comparison (4) 1 62.9 76,7 85,2 »

subt-join-addend (B) 1 86.7 867  82.8 6 8.8 886 882"

continued

*tme of the three ftens d1d ot require regrouping,

i
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" Table 12 (continued)

Description of Objectives

Results for Objectives

Results for Composite Objectives

Number Number v ARy,
of Items  §-4 §=5 5= of Items S §=5 5=6
*.‘.N
Problem=Solving 0-99
add-simple Joining (B) | 60,0 56,7 621
subt-simple separating (A) 1 294 53,1 3.3
subt~part part whole-addend (B) 1 59 281 2.3
add-part part whole (4) 1a 3.1 66,7 b4
subt-comparison (A) 1a 533 5.3 S5l
subt=join=addend (B) 1 2,9 %3 593 b h 516 455
Counting
on 9-31 5 73,2 76,6 76,5
back 9-31 4 581 639  67.8 9 66,7 710 727
Recall of Basic Pacts (Speeded Tests)
add 0-20 36 3.2 744 79,1
BUb" 0'20 36 5100 61.4 6503
Algorithng (Timed Tests)
add 2-d1git, no regrouping 3 - ~ 63
add 2-digit, regrouping b - -~ 3,1 9 -- - 44,0
add 3-digit, no regrouping 2 - - 432
add 3-digit, regrouping 3 - - 146 5 - - 260
J 2-digit addends, regrouping 1 - - 139 1 - - 139
subt 2-digit, no regrouping j .= - 5.0
subt 2-digit, regrouping b - -- 11,5 9 - - 25,7
subt 3=digit, no regrouping 3 we == bh2
subt 3-digit, regrouping 3 - - 1.8 b - - 23.0
Number of Subjectsb
§=4 §=3 5=b .
Form R Fe 30 30 29(38)
Forn § N = 35 30 27(36)
Form T N= 3% 3 33(39)
O “his iten d4d not require regrouping,

For those objectives for which there are three items, the number of subjects represented in the proportion correct at
a particular test time 1s ascertained simply by summing the N's for the three forms; however, when there are more or

-El{llC than three items, the N is increased or decreased by 27-39 subjects per item.
' munbers in parentheses are the N's for the Algorithm 7imed Tests which were given on g different day,
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scores can be readily explained by examining the content of the three items
for this objective which required the students to do fairly sophisticated
regrouping of numbers, and, for two of the three items, fo understand and
apply the DMP notation for place value, a notation which employs parentheses

and is unique to DMP. For example, item 8J in Form T contained the stem

.7(10) + 18 which had to be renamed as 78, 718, or 88. Performance on this

type of item was very instruction-dependent, whereas it was probably pos-
siole for students with just general familiarity with the numbers 0-~99 to
score quite well on the items for the other three objectives prior to in-
struction.

The near-mastery4 level of performance on these prerequisite objec~-
tives undoubtedly enhanced progress on the sentence-writing 0-99 and
problem-solving 0-99 objectives (discussed below). Such success was also
desirable from an i-structional point of view since the A topics to be
taught in the spring semeséer assumed mastery of these objectives and
there was onl' ne topic between the S and A topics in which instruction
on these numbers would occur.

Open sentences. Instruction on open sentences had been carried out

in Topics S-1 through S-3 in grade 1 aud was continued in S-4, S-5, and
S-6 with mastery expected after S~6. Status at S-4 on both addition and
subtraction open sentences approached mastery (the score for both objec-
tives was 84.9%). There was some improvement at S-5 (89.1% for addition
and 93.5% for subtraction) and then a slight Arop at S~6, to 88.8% and
89.9%. Therefore, these objectives had virtually been mastered at the

completion of S~6, as intended by the program.

“A proportion correct > 90% ‘s the criterfon for mastery. While it is
recognized that not every student will have mastered an objective using
this criterion, it allows for measurement error and assures that most
students have reached master:.
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Sentence~writing 0-20, The sentence-writing data in Table 12 are an-~

notated by. the labels described earlier, Sets A and B, according to whether
or not item characteristics such as syntax corresponded to interview tasks.
This distinction may be useful in future analyses rel#ting interview and
achievement monitoring data.

Mastery of sentence~writing for numbers 0-20 was expected after S-6.
No predictions of mastery at particular points in the series were estab-
lished for the different ver£a1 problem types; however, since the various
situations were introduced and emphasized in particular topics, it is pos-
sible to relate performance to instruction.

| Both addition sentence~writing objectives (joining and part part whole)
and the subt-separating objective had been mastered at S-4 in both the
multiple-choice and freg-response setting. This status was maintained
at S-5 and S-6 (though for.separating there was a decrease at S-5 which
was negated at S-6).

For two of the other three subtracticn objectives, the two test con-
texts gave s;meﬁhat inconsistent results. Although there was negligible
change on the subt-part part whole-addend objective from S-4 (62.9%) to
S~6 (59.3%) in the multiple~-choice setting, performance improved from
41.2% at S~4 to 78.8% at S-6 in the free-response mode. In contrast,
there was great progress on the subt-comparison objective (from 26.5%
at S-4 to 72.7% at S~6) in the multiple-choice context but considerably
less growth in the free-response situation (36.7% to 48.3%). The subt-

Jjoin-addend objective showed consistent but nc : dramatic improvement,

62




45

moving from 20.0% at S~4 to 31.0% at S-6 (multiple-~choice) and from 40.0%
to 59.3% (free-response).

The distractors offered for the multiple~choice sentence~writing
items were restricted to (a) a canonical sentence containing the reverse
operation sign and the two given numbers in appropriate order and (b) a
canonical sentence containing either operation with the solution and one
of the given numbers, or, containing either operation and a repeated given
number. The only exception was a distractor for one item which had no
operation sign and combined the given numbers (9, 4); i.e., 94 -l:]. As
noted previously in the discussion of item data, students showed a strong
tendency toward selecting the response choice or choices containing the
addition sign (reverse operation) for the three nonseparating situations.
This effect held true even after the instructional emphasis on these three
situations. The gselec%ion of an addition sentence to represent the compari-
son and subt~join~addend problem situations, though an incorrect responsé
here, may be related to the successful strategies exhiﬁited in the indi-
vidual interviews in which students solved these two tasks in an additive
manner (Kouba & Moser, 1980a,b); the parallel does not appear to hold for
the subt-part part whole-~addend situation. These and other relationships'
between the achievement monituring and interview data will be examined
further in future analyseg.

The emphasis of instruction in S-4, S-~5, and S~6 was on the use of
the pér; part whole chart, particularly in analyzing missing addend and
comparison situations. Improved performance on the comparison objegtive

and two addend objectives seemed to indicate that instruction was effective.
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However, none of these three more difficult subtraction objectives was
mastered though the intent of the S topics was mastery of all sentence-~
writing 0~20 objectives after $-6,

Sentence-writing 0-99. The sentence-writing objectives for 0-99 were

not covered in the S topics. However, given their familiarity with the
numbers 0-99, many students apparently could generalize from work with
sentences 0~20 to sentences with larger numbers. In both the multiple-~
choice and free-response contexts, the scores for most of the 0-99 objec-
tives at most test times were quite comparable to those for -the 0-20 ob-
Jjectives, At S~4 the scores for sentence-writing joining and separating
0~-99 approached mastery (80.0% and 86.72) in the multiple~-choice context
and were even better on the free-response test (88.2% and 91.4%). For
the add-part part whole objective, the free-response mode was easier (86.7%)
than the multiple-choice mode (64.7%) at S-4. By S-6 mastery or virtual
mastery was evident for these three situations in both test settings, ex~
cept for the subt-separating objective in the multiple-choice setting which
inexplicably dropped from 86.7% at S-4 to 72.4% at S-6. Since the free-
response score for separating was 96.3% at S~6, fhere'may have been some
anomaly in the testing which explains the unusually low multiple-choice
score. .

As was true for the 0-20 domain, the other three sentence-writing ob-
Jjectives were more difficult and the distractors containing the addition
sentence were attractive. Little change was shown on the subt-part part

whole-addend objective on the multiple-choice setting (53.3% to 48.3% from
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S=4 to S-6) but some growth occurred in the free~response gituation (62,9%
to 74.1%). There was substantial growth on the comparison objective, nét-
ably 11.8% at S=4 to 57.6% at S-6 (free-response) and 22.9% to 37.0%
(multiple-choice) and a modest improvement on the join-addend objective in
both modes from 11.82 to 21.22 (multiple~choice) and 30.0% to 37.9% (free-
response). Thus, though no instruction in the numbers 0~99 or sentence-
writing 0-99 had taken place, students were seemingly quite able to
generalize instruction in sentences with smaller numbers to sentences with
larger numbers,

Algorithms, There was no instruction on algorithms for addition and
subtraction of 2-digit numbers during the fall semester, since theqe objec~-
tives were not introduced until A-1 and were to be mastered at A-4. None
the less, in a multiple~-choice context in which two of the three items for
each objective required regrouping, students were alfeaﬁy\able to select the
correct answer about one-half of the time for the 2-digit addition algorithm
at S-4 (51,5%) and about one~third of the time (30.3%) for the 2~-digit sub-
traction algorithm, Modest progress was made by S-6, to 59.6% and 44.9%,
respectively. The scores may be inflated beéause some studenﬁs were observed
counting or tallying the solution rather than solving algorithmically.

Problem-solving 0-20, The problem solving items required the child

to select the correct answer for the verbal situation; again the data in
Table 12 are labeled for Sets A and B though this distinction is not of -
interest here.

Performance for four of the six problem-solving 0~20 objectives (add-

Joining, add-part part whole, subt-separating, and subt~-join-addend) was
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at or near mastery at S-4 (respectively, 94.1%, 82,4%, 93.3%, 86.7%).
Scores for the subt-part part whole~addend and subt-comparison objectives
were also relatively high at S=4 (74.3%, 62.9%). At S~6 scores for all
problem~solving objectives were at or near mastery, though there were
nominal decreases for the joining, separating, and join-addend objectives.
Improvement on the comparison and add-part part whole situations was sub~
stantial and probably can be attributed to instruction.

The distractors for the problem-sclving items were (a) the number re-
sulting from a reverse operation, and (b) either a given numbef or a mis=-
count just one number off from the correct respdnse. For the more difficult
subtraction problems, there was no preference shown fo? the reverse opera-
tion, contrary to what might have been indicated from the results for the
sentence~writing 1£ems.

It is of particular interest in the study as a whole that even though
only three of the six comparable sentence-writing 0-20 objectives had been
mastered, problem —solving performance was excellent on all verbal situa-
tions assessed. A high level of problem ~solving skill prior to any in-~
struction had been demonstrated even in the initial interview of the study
in grade 1 (Kouba,lubser, Buchanan, Carpenter, & Cooksoﬁ, 1980). The dis~
crepancy between S-6 scores on the subt~join-addend sentence (31.0%,
multiple choice; 59.3% free-response) and verbal problem (82.8%) is es-
pecially striking. Sentence-writing performance suffered primariiy be~
cause of a tendency to choose the distractor containing the reverse

operation (multiple~-choice) or to write an incorrect addition sentence
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(free~response). As discussed above, this may be related to the preference
for additive strategies exhibited in the interviews.

Problem~solving 0-99. Some students were apparently able to general -

ize their problem-solving 0-20 skills to problems with larger numbers
(though not to a mastery level) despite their lack of‘instruction in numbers
0-99, sentences 0~99, or dlgorithms. However, the absence of growth and/or
the erratic pattern of scores for four of the six objectives suggests that
instruction in the larger numbers or algorithms is necessary before further
consistent progress can be made. The modest, steady 1m§rovement on the two
subtraction addend problems can probably be attributed to thelemphasis in
instruction on solving these situations with smaller numbers.

It is difficult to compare performance on the six problem~solving
0~99 objectives because the items for two of the objectives=-the subt-~
comparison and subt-join-addend-—did not require regrouping as did items
for the other four objectives, so these items were no doubt less diffi-~
cult than they might have been. Scores for both were in the 40-60% range
at a2ll test times. Among the other four objectives, the add~joining ob-
Jective was edasiest as would be expected with scores of 60.0Z ut S-4, 56.77%
at 8-5, and 62,1% at S-6, However, the add-part part whole objectivelwas
considerably more difficult at two of the three teet times (37.1%, 66.7%,
44 .4%). Scores for the subt~separating and subt-part part whole-addend
objectives were generally lower than for the two addition objectives, though
data for the separating objective were erratic (29.4%, 53.1%, and 33.3%).
The subt~part part whole-addend objective had consecutive scores of 5.9%,

28.1%, and 27.3% and appeared tc be the most difficult objective,
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The somevhat unstable scores for the add-part part whole and subt-
separating situations are intriguing. A partial explanation is offered
by the choice of distractors. At S-4 and S~6 for the addition objective and
at S-6 for the subtraction objective there was an apparent tendency to attempt
to soive the problem algorithmically by using a "buggy' algorithm; thus the
wrong answer wvas selected as a response. It may be that at S-5 relatively
more¢ students counted out or estimated the answer, possibly because the test
administrator allowed more time,

Counting. There was no formal instruction in counting but it was ex-
pected that informal work, both at school and at Home, or exposure to other
mathematical experiences would promote growth, Modest progress on the
counting back objective was evident (from 58.1% at S-4 to 63.9% and 67.8%
at S=5 and 8-6); however, little change was shown for counting on (73.2%,
76.6Z, 76.5%).

Recall of addition and subtraction facts (speeded test). Increasing

the speed with which students can respond to open sentences (basic facts)
wvas not a formally stated objective of instruction for the S topics, How-
ever, in the course of instruction there were some worksheets used which
were timed and the teachers employed standard techniques such as flash card
drills to varying degrees, These factors plus practice on the facts both
in open sentence and verbal problem context throughout the three topics
could be expected to produce improved facility in recall,

Certain children were extraordinsry in their ability to listen to
the problem, lay down their pencil, count out the answer, pick up their
penéil, and write the response within the time allowed. Some children

seemed to be able to keep working on the previous problem(s) while at
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the same time attending to the immediate problem. (For all test times there
wus‘an additional period of 3 or 4 seconds expended in pronouncing each
problem, e.g., "Box F, 7 + 2,") Thus, the results represent a blend of
facts actually committed to memory and of facts determined as the test
progressed, |

'Moderate improvement for both addition (from 63.2% at S-4 to 79.1% at
§-6) and subtraction (51.0% to 65.3%) facts recall was demonstrated. Al-
though the scores were not as high as the near-~mastery scores for open sen-
tences, progress was satisfactory for these noninstructional objectives.

Algorithms (timed test) S-6. The baseline testing of algorithmic

performance in a free-response, timed mode at S-6 indicated that about one~
third of the time (34.1%) students could accurately solve 2-digit problems
with regrouping and to a lesser extent (14,6%) 3-digit problems, despite
the fact that they had had no instruction in algorithms or in 2-digit and
3-digit numbers. Performance on nonregrouping addition problems was even
better (63.7%, 2-digit; 43,2%, 3-digit). Performance on subtraction for
nonregrouping problems about equalled addition performance (54.0%, 2-digit;
44,22, S;digit) but at this point not many regrouping subtractipn problems
could be solved correctly (11.5%, 2-digit; 1.8%, 3-digit). Almost all
students attempted all items so the timed aspect of the test was probably

not a significant factor in performance.
Conclusion '

In general overall progress from the S=4 to S-6 test times was modest
with marked improvement for only a few objectives. The lack of substantial

change can be attributed in part to the initially high scores for many
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objectives. Also, instruction in the fall semester of grade 2 was directed
toward only a few of the many objectives assessed.

The open sentence and sentence-writing 0-20 instructional objectives
should have been mastered after S~6. Scores for the open sentence objec-
tives indicated virtual mastery for both addition and subtraction, but
only three of the six sentence-writing objectives had been masfered--
add-joining, add-part part whole, and subt-separating--and they had been
mastered at the first test time, S-4. There were dlﬁcfepancies in scores
between the multiple~-choice and free~response contexts for the three re-
maining sentence~-writing subtraction objectives, but in neither test mode
was mastery demonstrated for any of these problem types. Results at S-6
for the closely related noninstructional objectives (facts recall--speeded
test, problem-solving 0-20) were not entirely consistent with the preceding
results. Performance on the speeded tests was somewhat lower (more so
for subtraction) than for open sentences; this difference'may be largely
attributable to the two dissimilar test modes, however. Scores fur all
six problem-solving objectives were near mastery level; apparently problem-
solving skill did not depend on sentence-writing skill.

Performance on three of the four prerequisite instructional objectives
for the numbers 0~99 approached mastery at S=6 though there was no instruc-
tion on these objectives. Scores for the other instructional objectives
containing the numbers 0-99 reflected pupil confidence with these numbers
and suggested that students were able to generalize behaviors for verbal
problems with numbers 0-20 to the larger numbers even though no instruc-

tion had occurred with larger numbers. Performance on sentence~writing
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0~99 in both the multiple~choice and free-response modes was only slightly
lower than that for numbers 0~20. There was also some success on the
problem~solving 0~99 objectives though scores were considerably lower than
the comparable objectives with numbers 0-20. There was some familiarity
with algorithms prior to instruction as well, particularly for addition.
The addiéion algorithm could be utilized successfully at S~6 for 2~digit
numbers requiring regrouping about one~third of the time in a free-response
éetting; there was only nominal success with the subtraction'algorithm with
comparable numbers in this mode. Performance in the multiple-choice con-

. text also indicated some knowledge of algorithms.
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Appendix A
ADMINISTRATOR'S M NUALS AND STUDENT TESTS

FORMS R, S, T
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Directions for Administering Achievement Monito:ing Test R
Ccordinated Study #1 & #2
General Directions

Reading the Test. »he first part of this test is in multiple choice format
and is read aloud to the children. Read the questions exactly as they are
printed in the directions; do not paraphrase. Each question is read twice~~
or the key phrases are repeated after the original question is read. Read
the questions at & somewhat slower than conversational pace. The second
part of the test involves verbal problems for which the child must write,
but not solve, a number sentence. Again, you will read the number story
twice. The third rart of the test, the basic facts speed test, will be
administered via tape.

Since many children will not know how to do the majority of the test,
expecially at the beginning of the year, they will no doubt want to ask
questions or want you to repeat items yet again. Please do not allow
this-~instead, sak them to auswer "as best they can'" or to mark the ,
"puzzled face" to spow they have "not learned this yet." Note also that
reading the answer:s to the children is not permitted. -

Since this is a group-auministered test, verbal exchanges with individual
children can be distrac-ing and interfering~-try to establish a policy
of not talking and not allowing the children to talk in between questions.

Should the above directions seem unnecessarily stringent, please realize
that we are attempting to measure change over time and that we have very
few questiors on which to base this measurement. The children will take
the other forma of this same test at 6 week intervals and then they will
repeat the three forms; hopefully each time they will be able to answer

the questicus more successfully. _ :

Make sure the children mark only one box and that they mark at least one
box. Encourage them to use the "puzzled face" by reminding them that this
response means "'l haven't learned this (how to do this) yet."

Pacing the Teat. Try to keep the test moving. Expecially for the number
story and algorithm problems it may take a "long" time for the children .o
figure out an answer. As a rule of thumb, allow the group to work on each’
question until only one or two children are still working. At that point,

if necessary, suggest that anyone still working mark the "puzzled face"

box. Then just go on to the next question without waiting longer. The

second part of the test, sentence writing, may go slowly. Remind the children
pof to solve the problem, and again, to use the "puzzled face" when they need
to.  The third part of the test, the taped basic facts questions is a speed
test. Once the tape ig started, it will not be stopped. -
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Preparations for Testing

The children will neéed two pencils with erasers. They will not need scratch
paper for this test, since they may write in the "ariow" space. The children's
names have been written on the tests in advance; distribute the tests, making
sure each child has his/her own test.

Specific Directions .

SAY: Today we are going to do some work with numbers in this booklet. You
learned how to do some parts of the work last year in first grade. You
will learn how to do more of the work this year in second grade. We don't
expect you to know how to do all of the work today. We will come back
again and again while you are in second grade . . . each time you will
have learned how to do more of the work.

- .
-

Find.your name on'the line. Look at the big box with an X in it--
you will answer the questions today by making a big X like this one.

EXAMPLE A Now find row A. I am going to ask you a question. You will answer by

making a big X in one of the boxes. If you haven't learned about thi.

answer yet, make an X in the last box, the one with a puzzled face.
[Pause. | - : 4

Which box has a picture of a dime in 1t? Make an X in the box that has
a dime in it. [Pause.]) 1If you haven't learned this yet, make an X

in the last box, the one with a puzzled face.  [Check to see that the
children mark only one box in the row.)

EXAMPLE B Now find row B. Look at the boys and girls in the arrow. Are there more

boys, more girls, or the same number ... more boys, more girls, or .the
same number? Make an X in the box that tells your answer ... -if you
haven't learned how to answer yet, mark the puzzled face.

Now turn to the next page and fold your booklet.

[Note: Starting with row C, do not asstst the children with the test,

except to make sure they ave marking only ome box . . . and at least
one bozx. ] '

c Find row C. Look at the apples in the arrow. Make an X in the box
.that tells how many apples there are ... how many apples there are.

[Pause.] Remember, if you haven't learned about this yet, mark the
puzzled face. '

D Row D. Look at the number in the arrow. Maké an X in the box which has.

that many marbles in it ... that many marbles in 1it.
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Row E. Look at the number sentence in the arrow. Make an X on the
number that will make the sentence true ... the number that will make
the sentence true. .

Row F. Look at the probiem in the arrow. Make an X on the answer ..,
an X on the answer, ' .

Row G. I am going to read a number story about pencils. I will read
the story twice., Listen both times before you mark a box. John had
12 pencils. He gave 7 pencils to Tim. How many pencils did John have

left? [Repeat. Allow time for the children to figure out their answere
to rows G and H.) . v :

Row H. 7hio nunber story is about collections of cans. For this
story, you may write on the paper 1f you want to. Debbie has 32

cans in hor collection. INer brother Nob has 56 cans. How many:

more cans docs Bob have than Debbie? [Fepeat and give "puzaled jace"
reminder, i1f necessary, to move the test along. Also remind them to
make an X on their answer, 1f necessary, ] .

Row I. Look at the numbers in the arrow. They are in order from
smallest to largest. What number goes on the line ... what number
goes on the line? :

Row J. Look at the number in the arrow. Make an X on the box that has .
- has another name for the number ... another name for the number.

Row K. Look at the number sentences. ' One of the number gentences
tells how to find the answer for this story about cards. . After I
read the story, make an X on the number sentence that tells how to
find the answer. Bill has 4 football cards. He also has 9 baseball
cards. How many cards does Bill have altogether? [Repeat. )

Row L. This number story is about candies. Make an X on the number
sentence that tells how to.find the answer. Kathy had 78 candies.

She gave 35 candies to Jim. How many candies did Kathy have left? °
[Repeat.) : .

Row M. This number story is about a plant. A plant was 8 cubes tall.
It grew some. Now it 18 14 cubes tall. How much did it grow? [Repeat.)

Row N. This number story is about trees. Mark the number sentence .
that tells how to find the answer. Mrs. Turner had 67 trees. 29

. trees were pine trees and the rest were oak trees. How many trees
were oak trees? [Repeat.)

Turn to the next page.
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0  Row 0. This number story is about bricks. Mr. Brown needs 11 bricks.
He has 8 bricks already. How many more bricks shogld he get? [Repeat. )

P Row P. This number story is about books. For this story, you may
write on the paper if you want to. The library had 54 books about
animals. Then the librarian bought 18 more animal books. How many
animal books does the library have now? [Repeat, use 'puazled face”
and "make an X" reminders as necessary.)

Q Row Q. Look at the problem in the arrow. What number is the answer ...
what number is the answer? [Mention "puzsled face.")

R Row R. Look at the problem in the arrow. What number is the answer ...
what number is the answer? [Mention "puaaled face.")

S Row S. Look at the picture of the doghouse. We can see some puppies
outside the doghouse. 9 puppies are inside the doghouse. We cannot
. see them. How many puppies are there altogether? ... some puppies are
outside ... 9 puppies are inside ... how many puppies are there altogether?

T RowT . We are going to count backwards, starting at 18, ' When we
count backwards one number we get 17. When we count backwards two
numbers we get 16. What do we get when we count backwards four numbers
from 18 ... what do we get when we.count backwards four numbers from 1827

Turn to the next page.

1} Row U. What number is 5 less than 23 ... 5 less tﬁan 237

Now we will do some different work. I will read a number story to you. Then
I want you to write a number sentence for the story. You don't need to solve
the sentence. Just write the sentence the best you can without solving it.
Write it on the line.

STORNY A Joe has 9 whistles. His sister Debra has 15 whistles, How many more
whistles does Debra have than Joe? [Repeat.]

STORY B Mike has 48 red leaves. He also has 26 yellow leaves. How many leaves
does Mike have altogether? [Repeat.]

STORY C Jill has 29 nails. How many more nails does she have to put with them
' 80 she has 87 nails altogether? [Repeat.])

STORY D Jerry had 6 apples. His mother gave him 8 more apples. How many
. apples did Jerry have altogether? [Repeat.]

Turn to the iast page.
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The work on this page is different. I want to see how quickly you can
think of the answers for addition and subtraction problems.

I am going to play a tape--the voice on the tape will say problems, like
this: [Play the four sample problems 2 + 8, § + 6, 7 + 4, 8 + 3.] The
problems will go very quickly, even faster than when you were in first grade.
Today you probably will not know very many answers, but when I come back and
we do these problems again, you will know more. Don't feel bad if you don't
-know the answers today.

We will start with the row of boxes at the top of the page--the ones with
capital le“ters A, B, C .... The voice on the tape will tell you where to
- write you' answers. Do your best to keep up with the voice. Get your
pencil ready. [Start tape.]

Script on Tape: Look at the row of boxes at the top of the page. Find box

A. I am going to say problemsAlike 5+ 4., The answer for 5 + 4 18 9.
So there ic a 9 in box A. Find Box B. What is 7 + 1?2 7 + 1 is 8. You
vwrite an 8 in box B. ‘
[10 second pause; make sure the children are working on the top row.)
" Now I am going to say problems for all the rest of the boxes in the to§
row. I yill not stop, 80 write your answers quicKly.' If you can't think of
an answer, just leave the box empty. Ready?
Form R BoxC 1+5

Box D 3+2

Box E 4 + 4

Box F 3+ 6

Box G 4 + 3

Box H 6 + 2

Box I 5+ 8

Box J 6+ 9

Box K 9 +3

Box L 5+ 7

Box M 8+ 9

Box N 3+8
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Stop working. You may rest for a moment...then we will work on the bottom

row,
[20 second pause)
Ready to listen again? Look at the bottom row of boxes. Find Box A. This
time I ' i going to say problems like 9 - 6. The answer for 9 -~ 6 is 3. So
lthere is a 3 4in box‘A. Find box B. What 18 4 = 2?2 4 - 2 18 2. You write a
2 in box B.
[20 second pause--make sure the children are in the bottom row. }
Now I am going to say problems for the rest of the boxes. I will not stop,
80 write your answers quickly. If you can't think of an answer, leave the
box empty, Ready?
Forﬁ R . Box C
Box D
Box E
Box P

Box G

(-] ~ wv (-] - v
]

Box H

Box I 14

]
~ -] wv ~ wv (-, w

Box J 12
Box K 11 -
Box L 13 -

Box.M 12 -

o w

Box N 15 -
Stop working. Put your pencil down.
[Stop the tape.)
That is all the work we will do today, Remember, we will come again and you

will -do work like this again. Each time I cone, you will be zble to do more

6f the work.

Q . ” . ’ f
EM [Ccllect the booklets.) 80
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Directions for Algorithm Timed Tests

(Dietribute the tests, telling the ohildren not to open them yet.)

SAY: Today we are going to do a new kind of math problem. Probably
you have not learned how to do these problems yet. Don't worry about that--
Just do the best you can.

I will say "GO" when you should begin working. Then after a little
while I will say "STOP." Please don't start working until I say "GO."

Now turn to the page that says ADD. (Make sure children ave on the
right page.l Look at the red dotted line. First you will do the problems
ABOVE the red line. When I say "GO," do as many problems above the red
line as you can before I say "STOP." Don't work below the red line yet.
Ready? "GO!"™ (Allow 1% minutes.) V“STOP!!" Now we will wbrk on the
problems below the red line. Ready? "GO!" (Allow Vs minutes.) "STOP!'"™

"STOP!" That was a very short time, wasn't it?!! You will be
learning how to do these problems faster. Now turn to the page that

says SUBTRACT.
(Repeat above proocedure exactly for the SUBTRACT page. )

"STOP:" That was fast too, wasn't it? Next time we come, you'll be

able tn do more. (Collect tests.)

81




66 R
ID

Name

;-
il



67

A
| N

»
e

?

'7' v

[} M. L] “ .-
'7.“ ——

=l

TR,
, g.@

40

12
19 -

39

SBS || T&H

FBS || T

C

38

36

v
o

\//




68

27 33 __ 12

42

N

Yy

38

ad!

20(10)+ 6

1 (10) + 16

2(10)+ 16

4+9 =

=]

43-3$=D

78+35=0

78-35=[]

8-6=0

o+

14 -8=0]

67+24=0

¢7-2=0

6T+67=0 |
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Add

722
+ 34

263
+ 459



Subtract

73

698
- 457

504
- 227
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, 51rections for Administering Achievenent Monitoring Test S
Coordinated Study #1 & 2
General Directions

Reading the Test. The first part of this test is in multiple choice format
and 1s read aloud to the children. Read the questions exactly as they are
printed in the directions; do not paraphrase. Etach question is read twice-—
or the key phrases are repeated after the original question 18 read. Read
the questions at a somewhat slower than conversational pace. .The second
part of the test involves verbal problems for which the child must vrite,
but not solve, a number sentence. Again, you will read the number story

twice. The third part of the test, the basic facts speed test, will be
administered via tape. .

fince many children will not know how to do the majority of the test,
egpeclally at the beginning of the year, they will no doubt want to ask
questions or want you to repeat items yet again. Please do not.allow
this--instead, ask them to answer "as best they can" or to mark the
"puzzled face" to show they have "not learned this yet." 'Note also that
reading the answers to the children is not permitted.

Since this is a group;administéréd test, verbal exchanges with individual °
children can be distracting and interfering~-try to establish a policy
of not talking and not allowing the children to talk in between questions.,

.Should the above di:ections seem unnecessarily stringent, please realize

that we are attempting to measure change over time and that we have very
few questions on which to base this measurement. The children will take
the other forms of this same test at 6 week intervals and then they will

repeat the three forms; hopefully each time they will be able to answer
the questions more successfully. .

Make sure the children mark only one box and that they mark at least cne
box. Encourage them to use the "puzzled face" by reminding them that this
Yesponse means "I haven't learned this (how to do this) yet."

Pacing the Test, Try to keep the test moving. Expecially for the number
story and algorithm problems it may take a "long" time for the children to
figure out an answer. As a rule of thumb, allow the group to work on each
question until only one or two children are still working. At that point,

if pnecessary, suggest that anyone still working mark the "puzzled face"

box. Then ust gn on to the next question without waiting longer. The

second part of the test, sentence writing, may go slowly. Remind the children
Dot to solve the problem, and again, to use the “puzzled face" when they need
to. 7%he third part of the test, the taped basic facts questions 1is a speed
test. Once the tape is started, it will not be stopped.

30
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Preparations for Testing

The children will need two pencils with erasers. They will not. need scratch
paper for this test, since they will write in the "arrow" space. The children's
names have been written on the tests in advence; distribute the tests, making
sure each child has his/her own test. .

-

Specific Directions .

SAY: Today we are going to do some work with numbers in this booklet. You
learned how to do gome parts of the work last year In first grade. You
will learn how to do more of the work this ;: - in second grade. We don't
expect you to know how to do all of the work today. We will come back
again and agiin while you are in seccond grade . . . each time you will
‘have learned how to do more of tae work.

Find your name on the line. Look at the big box with an X in it—-
you will answer the questions today by making a big X like this one.

EXAMPLE A Now find row A. I am going to ask you a question. You will answer
by making a big X in.one of the boxes. If you havean't learned about
the answer yet, make an X in the lagt box, the one with the puzzled
face. [Pause.]

Which box has the tallest flag in it? Make an X on the box with the
tallest flag. [Pause.] 1If you haven’t learned about this yet, make
an X in the last box, the one with the puzzled face. [Check to see
that the children mark only one box in the row.) '

EXAMPLE B Find.row B. Look at the number in the arrow. Make an X on the box
. which has that many socks in it ... the box which has that many socks
in it. If you haven't learned about this yst, mark the puzzled face.

Now turn to the next page and fold your booklet.,

[Note: Stariing with row C, do not assist the children with the test,

ezcept to make sure they are marking only one box ... and at least .
one bozx.] '

¢ c Row C. Look at the sticks in the arrow. Make an X on the hox that
tells how many sticke there are ... the box that tells how many sticks

there are. [Pause.] Remember, 1f you haven't learned about this yet,
mark the puzzled face. ~

D Row D. Make an X on the box that has 24 cubes in it ..., 24 cubes in it.;

B Row E. iook at the number sentence in the arrow. Make an X on the
number that will make the sentence true ... make an X on the number
that will make the sentence true. )

91
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F Row F. Look at the number sentence in the arrow. Make an X on the
number that will make the sentence true ++«+ make an X on the number
that will make the sentence true. :

G Row G. I am going to read a number story about toy airplanes. I

will read the story twice. Listen both times before you mark a box.

David has 9 toy airplanes. His sister Nancy has 13- toy airplanes.

How many more toy .airplanes does Nancy have than David? [Repeat.

:ﬁm ;kime for the children to figure out their answers to rows G
H.

B Row H. This number story 1s about bottle caps. For this story you may
‘write on the paper 1f you want to. Tom has 24 old bottle caps. He also
has 57 new bottle caps. How many bottle caps does Tom have altogether?
[Repeat. If necessary, remind the ohildren to "make an X" on their
answer. Also, use the "puasled face" reminder as necessary. ]

I Row I. Which 'box shows the numbers in order from smallest to largest ...
in order from smallest to largest?

J .Row J. Look at the 1little squares in the arrow. Make an X on the box..
that tells how many squares there are...how many squares there are.

K Row K. Look at the number sentences. One of the number gentences
tells how to find the answer for this story about hats. After I
read the story, make an X on the number sentence that tells how to
find the ancwer. Karla had 15 hats. She gave 9 hats to Steve. How
many hats did Karla have left? [Repeat. }

L -Row L., This number story is about stickers. Make an X on the number
sentence that tells how to find the answer. Sarah has 28 stickers.
Her brother Ricky has 34 stickers. How many more stickers does Ricky
-have than Sarah? [Repeat. ]

M Row M. This numbar gtory is about things to drink. There are 11
glasses on the table. 5 have orange juice in them. The rest have
milk in them. How many glasses have milk in them? ' [Repeat. |

N Row N. This mumber story 18 about children swimming. Thera were 46
children swimming in the pool. 27 more children jumped into the pool.
How many children were in the pool then? [Repeat. )

Turn to the next psge.
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Now we will do some different work. I will read a number gtory to you. Then -
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Row 0. This number story is about shells. 17 shells are in a box.

Some shells are little. 8 are big. How many little shells are in
the box? (Repeat. )

Row P, This number story is about soccer. For this story you may write

on the paper if you want to. There were some soccer players on the field.

23 more players came. Now there are 35 players on the field. How many
Players were on the field at first? [Repeat. Use "puzsled face” and
“make an X" reminders ae necessary, }

Look at the problem in the arrow. What number is the answer ...
vhat number is the answer? [Mention “puszsled face.")

Look at the problem in the arrow. What number is the answer ...
what number is the answer? [Mention "puzsled face.')

Row S. We are going to count up from the numbor 12. When we count
up one number from 12 we get 13. When we court up two numbers from 12
we get 14, What do we get when we count up five rambers frow 12 ...
what do we get when we count up five numbers fromx 12?7

Row T. Look at the garage and the cars. There ure 15 cars altogether.
We can see some cars outside the garage. The rest ~re inside the
garage. How many cars are inside the garage? Therr are 15 cars
altogether ... some are outside ... the rest are ins*d: ... how

many are inside?

. Turn to the next page.

Row U. I am going to tell you about some numbers ... listen ... 24
comes 1 number after 23 ... 25 comes 2 numbers after 23 ... vhat
number comes 6 numbers after 23 ... what.number comes 6 numbers after 23?7

I want you to write a number sentence for the story. You don't need to solve
the sentence. Just write the sentence the best you can without solving it.
Write it on the line. ‘ '

A

Judy has 4 chocolate cupcakes. She also has 7 white cupcakes, How many
cupcakes does Judy have altogether? [Repeat. ]

Steve had 65 pennics. He gave 36 of them to Laura. How many pennies did
Steve have left? [Repeat.]

There are 86 marbles in a jax. 54 are big and the rest are little. How
many little marbles are in the jar? [Repeat. )

Adam has 7 puzzles. How many more puzzles doea'he have to put with
them so he has 12 puzzles altogether? [Repeat.]

Turn to the last page.

e
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78 The work on this page is different. I want to see how quickly you can
think of the answers for addition and subtraction problems.

I am going to play a tape--the voice on the tape will say problems, like

this: [Play the four sample problems 2 + 8, 5§ + 6, 7 + 4, 8 + 3.] The

problems will go very quickly, even faster than when you were in first grade.

Today you probably will not know very many answers, but when I come back and

we do these problems again, you will know more. Don't feel bad if you don't

know the answers today.

We will start with the row of boxes at the top of the page—the ones with

capital letters A, B, C .... The voice on the tape will tell you where to

write your answers. Do your best to keep up with the voice. Get your

pencil ready. [Start tape.])

Script on Tape: Look at the row of boxes at the top of the page. Find box
* A. 1 am going to say problems like 5 + 4. The answer for 5 + 4 1is 9.

So there is 2 9 in box A. Find Box B. What 18 7 + 1?7 7 + 1.is 8. You

write an 8 in box B. '

[10 second pause; make sure the children are working on the top row.]

Now I am going t¢ say problems for all the rest of the boxes in the top

row. I will not stop, so write your answers quicgly. If you can't think of

an answer, just leave the box empty. Ready?

Form §  BoxC 3+1
| BoxD 2+ 5
BoxE 1+ 6

Box F 7 + 2

~BoxC 2+6

Box.n 3+5

Box I 4+ 8

BoxJ 3+ 7

BoxK 5+9

BoxL 6+ 8

BoxM 8+ 7

Box N 4 + 9
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Stop working. You may rest for a moment...then we will work on the botto7n?
row.
[10 second pause)
Ready to listen again? Look at the bottom row of boxes. Find Box A. This
| time I am going to say problems like 9 - 6. The answer for 9 - 6 1s 3. So
there is a 3 in box A. Find box B. What is 4 = 2? 4 - 2 is 2. You vrite a
2 in box B.
[20 second pause~-make sure the children are in the bottom row. ]
Now I am going to say problems for the Test of the boxes. I will not stop,
80 ﬁite yoﬁr answers quickly. If you can't thirnk of Qn answer, leave the
box empty. Ready?
Form § Box C 7 -1

BoxD 8 -4

BoxE 9-5

Box F 7 =4

BoxG 8 -6

BoxH 4 ~3

Box I 11 - 2

Box J 13 ~ 8

Box K 12 ~ 7

Box L 15 -~ 9

Box M 10 ~ 2

Box N 16 ~ 7
Stop working. Put your pencil down.
[Stop the tape.]
That is all the work we will do today, Remember, we will come again and you
will do work like this again, Each time I come, you will be able tc do more
of the wo:k...

ICollect the _bookzéte'.‘] | | 95
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Directions for Algorithm Timed Tests

(Distribute the tests, telling the .children not to open them yet.)

SAY: Today we are going to do a new kind of ﬁath problem. Probably
you have not learned how to do these problems yet. ‘Don't worry about that--
Just do the best you can.

1 will say "GO" when you should begin working. Then after a little
while I will say "STOP." Please don't start working until I say "GO."

Now turn to the page that says ADD. (Make sure children are on the
right page.) Look at the red dotted line. First you will do the problems
ABOVE the red line. When I say "GO," do as many problems.above the red
line as you can before I say "STOP." Don't work below the red line yet.
Ready? "GO!" (Allow 1% minute;.) "STOP!!" Now we will work on the
problems below the red line. Ready? "GO!" (Allow 1% minutes.) "STOP!!"

"STOP!" That was a very short time, wasn't it?!! You will be
learning how to do these problems faster. ﬁow turn to the page that

says SUBTRACT.
(Repeat above procedure exactly for the SUBTRACT page.)

"STOP!" That was fast too, wasn't it? Next time we come, you'll be

able to do more. (Collect tests.)
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92 98 89

37 57 63

28 82 36

3 tens + 13 ones

3 tens + 4onesr.

Ytens + |3 ones

15+9=1

15-9=0

28+34=0

34+6=0]

34-28=00

+5=[]

H+6=0

IH-s=0

44-27=0]

4o+27=]

6l+27=0]
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Directions for Administering Achievement Monitoring Test T
Coordinated Study #1 & #2
General Directions

Reading the Test. The first part of this test is in multiple choice format
and is read aloud to the children. Read the questions exactly as they are
printed in the directions; do not paraphrase. Each question is read twice--
or the key phrases are repeated after the original question is read. Read
the questions at a somewhat slower than conversational pace. The second
part of the test involves verbal problems for which the child must write,
but not solve, a number sentence. Again, you will read the number story
twice. The third part of the test, the basic facts speed test, will be
administered via tape.

Since many children will not know how to do the majority of the test,
expecially at the beginning of the year, they will no doubt want to ask
questions or want you to repeat items yet again. Please do not allow
this--instead, ask them to answer "as best they can" or to mark the
"puzzled face" to show they have "not learned this yet." Note also that
reading the answers to the children is not permitted.

Since this is a group-administered test, verbal exchanges with individual
children can be distracting and interfering--try to establish a policy.
of not talking and not allowing the children to talk in between questions.

Should the above directions seem unnecessarily stringent, please realize
that we are attempting to measure change over time and that we have very
few questions on which to base this measurement. The children will take
the other forms of this same test at 6 week intervals and then they will

repeat the three forms; hopefully each time they will be able to answer
the questions more successfully.

Make sure the children mark only one box and that they mark at least one
box. Encourage them to use the "puzzled face" by reminding them that this
response means "I haven't learned this (how to do this) yet."

Pacing the Test. Try to keep the test moving. Expecially for the number
story and algorithm problems it may take a "long" time for the children to
figure out an answer. As a rule of thumb, allow the group to work on each
question until only one or two children are still working. At that point,

if necessary, suggest that anyone still working mark the "puzzled face"

box. Then just go on to the next question without waiting dlonger. The

second part of the test, sentence writing, may go slowly. Remind the children
et to solve the problem, and again, to use the "puzzled face" when they need
to. The third part of the test, the taped basic facts questions is a speed
test.i Once the tape is started, it will not be stopped.
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Prepuration for Testing

The children will need two pencils with erasers. They will not need scratch
paper for this test, since they may write in the "arrow" space. The children's
names have been written on the tests in advance; distribute the tests, making
sure each child has his/her own test.

Specific Directions

SAY: Today we are going to do some work with numbers in this booklet. You
learned how to do some parts of the work last year in first grade. You
will learn how to do more of the work this year in second grade. We don't
expect you to know how to do all of the work today. We will come back
again and again while you are in second graie ... each time you will
have learned how to do more of the work. :

Find your name on the line. Look at the big box with an X in it—
you will answer the questions today by making a big X like this onme.

EXAMPLE A Now find row A. I am going to ask you a question. You will answer
by making a big X in one of the boxes. If you haven't learned about
the answer yet, make an X in the last box, the one with the puzzled
face. [Pause.]

Which box has the most sailboats in it? Make an X in the box with

the most sailboats in it. [Pause.] 1If you haven't learned about this
yet, make an X in the last box, the one with the puzzled face. [Check
to see that the children mark only one box in the row.]

EXAMPLE B Find Row B. Look at the trucks in the arrow. Make an X on the box that
tells how many trucks there are ... how many trucks there are. [Pause.]
Remember, if you haven't learned about this yet, mark the puzzled face.

Now turn to the next page and fold your booklet.

[Note: Starting with row C, do not assist the ohildren with the test
except to make sure they are marking ‘only onebox and at least one box.)

c Row C. Make an X on the box that has a seventy-four in it ... make
an X on the box that has a seventy-four in it. [Pause.] If you
_haven't learned about this yet, mark the puzzled face.

D Row D. Look at the number in the arrow. Make an X on the box that
" has that many stars in it ... make an X on the box that has that many
stars in it.

E Row E. Look at the problem in the arrow. What number is the answer ...
what number is the answer?

ERIC : 106




9l

Row F. Look at the number sentence in the arrow. Make an X on the
nunber that will make the sentence true ... make an X on the number
that will make the sentence true. '

Row G. I am going to read a number story about fish. I will read
the story twice. Listen both times before you mark a box. Judy has
6 little fish. She also has 9 big fish. How many fish does Judy
have altogether? [Repeat. Allow time for the chiidren to figure out
their answers to rows G and K.}

Row H. This number story is about comics. For this story, you may
write on the paper if you want to. Paul had 43 comics. He gave 28
conics to Carol. How many comics did Paul have left? [Repeat and
give "puzaled face" reminder if necegsary to move the test along.

You also might need to remind ohildren to "make an X" on their answer.]

Row I. Look at the three purses. Which purse has the least amount
of money in it ... the least amount of money?

Row J. Look at the numbers in the arrow. Make an X on Fhe box that means
the same as the numbers in the arrow...that means the same as the numbers
in the arrow. ' :

Row K. Look at the number sentences. One of the number sentences

tells how to find the answer for this story about keys, = After I
read the story, make an X on the number sentence that tells how to

find the answer. Sally has 8 keys. Her brother Mike has 14 keys.

How many more keys does Mike have than Sally? [Repeat.]

Row L. This number story is about beads. After I read the story,
make an X on the number sentence that tells how to find the answer.
Jack has 16 red beads. He also has 56 green beads. How many beads
does Jack have altogether? [Repeat.] '

Row M. This number story is about links. Mark the number sentence
that tells how to find the answer. Patty made a chain of links. She

used 3 links first. Then she used 8 more links. How many links long
is her chain? [Repeat.] . .

Row N. This number story is about marbles. On Tuesday Melinda won
31 marbles. On Wednesday she won some more marbles. She won 64
marbles altogether. How many marbles did she win on Wednesday?
[Repeat. ]

Turn to the next page.‘ . /

Row O. This number story is about tickets. First Julie bought 7
tickets to ride on the roller. coaster. Then she bought 4 more

tickets to ride on the ferris wheel. How many tickets did Julie
buy? - [Repeat.) - ' : '
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P Row P. This story is about a dog's leash. For this story you may write
on the paper if you want to. The dng's leash is 75 links long. A
part of the leash 47 links long is around a tree. The rest of the leash
is not. How long is the part that is not around a tree? [Repeat.
Remind about "puzsled face'" and "make an X on answer" as necessary.)

Q Rov Q.  pook at the problem in the arrow. What number is the answer ...
vhat number is the answer? [Mention "write on paper' reminder)

R Row R. 100k at the problem in the arrow. What number is the answer ...
vhat numbar is tle answer?

8 Row S. 1 am going to tell you about some numbers ... listen ...
16 comes one number before 17. 1% comes two numbers before 17.
What number comes 5 numbers before 17 ... 5 numbers before 17?

T Row T. What number is 3 more than 28 ... 3 more than 28?2
Turn to the next page.

)} Row U. Look at the picture in the arrow. Mr. Smith wants to buy
14 oranges. He has put 9 oranges in the cart already. They are
on the bottom of the cart -- you cannot see them. How many more
oranges does he need? ([Pause.] Mr, Smith wants 14 oranges. He
has 9 oranges in the cart. How many more oranges does he need?

Now we will do some different work. I will read a number story to you. Then
I vant you to write a number sentence for the story. You don't need to solve
the sentence. Just write the sentence the best you can without solving it.
Write it on the line. .

STORY A Jenny had 13 balloons. She gave 9 balloons to Ben., How many balloons
. did Jenny have left? [Repeat.)

STORY B Mark has 16 crayons. His sister Pam has 58 crayons. How many more crayons
does Pam have than Mark? [Repeat.]

STORY Cc Jean had 26 bottle caps. Her mother gave her 37 more bottle caps. How
many bottle caps did Jean have altogether? [Repeat.]

STORY D There are 11 trucks in the sandbox. 8 are big and the rest are little.
How many little trucks are in the sandbox? [Repeat.]

Turn to the last page..
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The work on this page 1s different. I want to see how quickly vou can 93

think of the answers for addition and subtraction problems.

I am going to play a tape--the voice on the tape will say problems, like
this: [Play the four sample problems 2 +'8, 5+ 6, ? + 4, 8 + é] The
problems will go very quickly, even faster than when you were in first grade.
Today you probably will not know very many answers, but when I come back and
72 do these problems again, you will know more. Don't feel bad if you don't
know the answers today.

We will start with the row of boxes at the top of the page-~the ones with
capital letters A, B, C .... The voice on the tape will tell you where to
write your answers. Do your best to keep up with the voice. Get your
pencil ready. [Start tape.)

Script on Tape: Look at the row of boxes at the top of the page. Find box
A. I am going to say problems 1ike 5 + 4. The answer for 5 + 4 is 9.

So there is a'9 in box A. Find Box B. What 18 7+ 1? 7 + 1 1s 8. You
vrite an 8 in box B.

[210 second pauaé; make sure the children are working on the top row.]

Now I am going to say problems for all the rest of the boxes in the top

row. I will not stop, so write answers quickly. 1If you can't think of.

an answer, just leave the box empty. Ready?

Porm T | Box C 2+ 4
' Box D 6+ 3 -
Box E 5 + 2
" BoxF 2+3
Box G 5+ 0
Box B 143
Box I 9+ 2
BoxJ 6+ 6
Box K 4 + 7
BoxL 7 + 6
Box M 9 + 7
Box N 6+ 4
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Stop working. You may rest for & moment...then we will work on the bottom row.
[10 second pause)

Ready to listen again? Look at the bottom row of boxes. Find Box A. This
time I am going to saf problems like 9 - 6. The answer for 9 - 6 is 3. So
there is a 3 in box A. Find box B. What is 4 - 27 4 - 2 is 2. You write a
2 in box B.

[10 second pause--make sure the children are in the bottom. row.]

Now I am going to say problems for the rest of the boxes. I will not stop,
so write your answers quickly. If you can't think of an answer, leave the

box empty. Ready?

Form T Box

o
=1 o o]
0 o w
! !
w = &

g
]
oy
~J
'

= @
~
!

Box
Box I 10 -

Box J 13 -

0 W & un

Box K 14 -
Box L 11 - 7
Box M 12 - 4
Box N 17 - 9
Stop working. Put your penéil down.
[Stop the tape.]
That is all the work we will do today. Remember, we will come again and you
will do work like this again. Each time I come, you will be able to do more
of the work.

[Collect the booklets.]
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Directions for Algorithm Timed Te:.ts

(Distribute the tests, telling the children not to open them yet.)

SAY: Today we are going to do a new kind of math préblem. Probably
you have not learned how to do these problems yet. Don't worry about that-—-
Just do the best you can. .

I will say "GO" when you should begin working. Then after a little
while I will say "STOP." Please don't start working until I say "GO."

Now tuin to the page that says ADD. (Make sure children are on the
right page.]l Look at the red dotted liné. First you will do the problems
ABOVE the red line. When I say "GO," do as many problems above the red
line as you can before I say "STOP." Don't work below the red line yet.
Ready? "GO!" (Allow 1l minutes.) “STOP!!" Now we will work on the
problems below the red line. Ready? "GO!" (Allow Vs minutes. ) "stP!!"

"STOP!" That was a very short time, wasn't it?!! You will be

learning how to do these problems faster. Now turn to the page that

says SUBTRACT.
(Repeat above procedure exactly for the SUBTRACT page.)

"STOP!" That was fast too, wasn't it? Next time we come, you'll be

able to do more. (Collect tests.)
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Appendix C
PERFORMANCE BY OBJECTIVE FOR THE TWO -

SCHOOLS AND SIX CLASSES

NOTE: For those objectives for which there are three items, the number
of subjects represented in the proportion correct at a particular
test time is ascertained simply by summing the M's for the three
forms; however, when there are more or less than three items, the
N is increased or decreased proportionately.

No data were prepared by school and class for the Algorithms
(Timed Test) objectives.
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PROCRESS TOWARD OBJECTIVES ACROSS' ADMINISTRATION TIMES AS REPRESENTED
| BY PROPORTION OF STUDENTS ANSWERING ITEMS CORRECTLY POR:

SCHOOL 1
MMMmﬁMMMt' Objective Composite Objective
' " Malnlstration Time KinTnistration Tie
Number . Nuber
of Itens S=4 §=3 §-6 of Items S«4 85 §-6
Numerousness _ . |
writes 0-99 3 69.2 717 7.7 6
represents 0-99 3 70.8 80.0 85.0 - 70.0 75.8 78.3
Jpen Sentences
add 0-20 ‘ 3 83.1 91.7 86.7
3 87.7 91.7 86.7
+ 0-10
¥ 1120 3 81.5 95.0 90.0 ] 84.6 93.3 88.3
Ordering, Place Value
ordering 0-99 3 67.7 8.3 76.7
notation 0-99 3 13.8 16.7 100.0 6 §0.8 47,5 3.3
Problen-Solving (Set ) |
5 -subt-sinple separating 2 59.5 65.0 54,8
" add=part part whole N 5.8 70.0 7.5
~ gubt-comparison 2 60.5 60,0 65.8
115 . 5.4 85.0 8.3
0-99 3 1.1 45,0 43.3 6 59,2 65,0 65.8
Problem-Solving (Set B)
subt-join-addend 2 60.5 67.5 71.1
add-sinple joining 2 83.3 7.5 13.8
subt-part part whole-addend 2 35,6 5.0 52.5
115 | 3 80.0 90.0 85,0
59.2 66,7 65.8

0-99 3 8.5 43.3 46,7 6.

LTZC
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Table  (Continued)

Description of Objectives

Objective

Composite Objective

Administration Time

AMdninistration Time

Nunber Number N
of Items Seh  §e5  §e6 of Itens S«b 8«5 Sefb

lcntrncr-writins (Sat A)

subt-sinple separating 2 88,4 82,5 86.8

add-part part whole 2 81,0 90.0 95.2

subt=comparison ) 22,2 40,0 47.5

11-15 3 75,4 76,7 85.0
Sentence-Writing (Set 3)

subt-jodn=addend 7 119 20,0 26.2

ddd-simple joining 9 82.2 95.0 95.0

subtepart part whole-addend 2 8.1 450 50,0

11-15 } 53.8 58.3 63.3

0-99 3 49,2 48,3 50.0 6 515 53,3 56.7
Santence-Writing (Free Response)

add-simple joining 2 90.5 82.5 90.5

aubt-simple separating 7 95.6 97.5 97.5

subt-part part vhole=addend /| 40.0 80.0 72.5

add-part part whols 2 90,7 82,5 92.1

subt=comparison ) 16,3 40.0 45,2

subt=join-addend 7 23,3 35 3.5

Set A (18 above), 4 6.7 13,3 1.5
~ Bet B (as above) 6 50.8 65.0 68.3

11-15 § 61,5 76.7 77.5

0-99 6 56,9 61.7 68.3 19 59,2 69.2 72.9
Algorithns

addition algorithn 3 50.8 63,3 60,0

subtraction algoritim 3 36,9 4.7 3.0 6 4.9 505 41,5
3i0

: EKC 1gh the problem t types correspond to Set B, these free response problems have the same wording etc. as the inrerview

L

e by,

1.0., rhc Srnmce-ﬂriring Set B itens above bave alternative wording, number order, ete,
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i . Table (Continued) e
escription of Objectives Objective Composite Objectiv
| Administration Time Administration Tim
Number Number » :
of Items §=4 S=5 §-6 of Items S=4 Q-S §=6
:bunting
on 331 5 68.2 7.0 76.0
back 3-31 4 55,3 66,3 613 9 6.6 6.9 69.4
Recall of Basic Facts |
(Speeded Test)
add 0-20 3% © 609 76 108
gubt 0-20 3 i8,2 61.0 58,9
Administration Time
=4 §=5 -6
orn R § 0 0 W
orm § Ns 23 20 18
orm T N 2 0 2

6T<C
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Table .

PROGRESS 'TOWARD OBJECTIVES ACROSS ADMINISTRATION TINES AS REPRESENTED

BY PROPORTION OF STUDENTS ANSWERING ITEMS CORRECTLY' FOR:

SCHOOL 3
N
N
o
Jescription of Objectives Objective Composite Objective
- Adninistration Time Mministration Time
Numbet Number
of Itens §=lh 55 .5=b of Items §=4 $=5 S«b
Jumerousness
writes 0-99 3 618 65.6 89.7 b
reptesents (-9 3 6.5 87,5 8.2 69.1 76.6 87.9
Jpen Sentences
add 0-20 3 88,2 844 93,1
subt 0-20 3 82.4 90,6 89,7
+ 0-10 3 9,2 87,5 86.2
T11-00 3 19,4 81,5 96,6 b 85.3 81.5 9L.4
Jrdering, Place Value
ordering 0-99 3 82.4 90.6 82.8
notation (=99 3 1.8 3.1 1.2 6 4,1 46,9 50,0
Problem-Solving (Set A)
~ subt-gimple separating 2 9.1 77.3 65.0
add-part part whole J 62.5 100.0 70.0
"~ subt-comparison 2 5.6 75.0 72.2
11-15 3 8.3 8,5 9.6 |
0-99 3 0.4 8.3 4L4 6 58,8 84,4 69,0
Problem -Solving (Set B)
* gubt~join-addend 2 68.2 75.0 72.2
add-simple joining l 68.2 77.3 80,0
subt-part part whole-addend ' 50,0 63,6 55,0
© 11-15 3 96,1 93.8 86.2 |
0-99 344 3 29,4 50,0 517 6 6.8 719 69,0




A L dable  (CLontinued) S

f}
h

poooription of Objectives | | Objective | Compoaite Objective

| _ Adninistration Time . Adninistration Time
Number Number
of Items §=4 §=5 §-b of Items beb 5= Be6

entence-Writing (Set A) |

- subt~simple separating 2 95.5 90,0 83.3

.. add-part part whole 2 71,3 100.0 100.0

- gubt=comparison 2 2.2 5.5 15,0

- 0-99 3 67.7 78,1 75.9 6 66.2 78.1 86.2

Sentence-Writing (Set B) ‘

- subt~join-addend ) 2,7 31.8 2.0

- -add-simple joining | 7 91,7 95,3 100.0

. subt=part part whole-addend 9 5.1 65.0 61.1

0-99 j 47.1 65.6 55,2 6 58.8 64,1 62.1

Sentence-Writing (Free Response)

. add-simple jointng 2 95.5 100.0 95.0
. subt-simple separating 7 - 95,8 100.0 95.0
subt~part part ‘whole-addend 9 15,0 72,7 8.0
add-part part whole 9 90.9 90.0 94.4
subt~comparison 2 40,9 59.1 70.0
1 subt-join-addend 9 59,1 65.0 66.7
- Set A (as above)1 6 76,5 82.8 86.2
- Set B (as above) 6 76.5 79.7 82.8
LU 6 80,9 85.9 86.2
. 0-99 ' 6 72,1 76.6 82.8 1 76,5 81.3 84.5
Algorithns . \
+ addition algorittm 3 52,9 59.4 58,6
~ gubtraction algorithn 3 17,7 43.8 65,5 6 35,3 516 621
. 346

53‘|j12\v(jugh the problen types correspond to Set B, these free reaponae problens have the same wording eto. a8 the 1nterv1ew
T i.e., the Sentence-Writiog Set B items above have altornative wording, number ordet, etc,




" Table  (Continued)

Jegcription of Objectives Objective Conposite Objectiv
Adninistration Time Adninistration Tin
Number Number '
of Items Sk §e5 §-6 of Items §=4 §-5 §=6
ounting
back 9-31 4 63.6 59.5 8l.6 9 h,i 750 79,3
Recall of Basic Facts |
(Speeded Test)
. add 0=20 16 61,7 75.8 9.2
subt 020 % 56,4 62,2 78,5
Adninistration Time
I
orm R N 10 10 9
lorn § Ne 21w 9
orm T Ne 2 1 u
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Table

PROGRESS TOWARD OBJECTIVES ACROSS ADMINISTRATION TIMES AS REPRESENTED
BY PROPORTION OF STUDENTS ANSWERING ITEMS CORRECTLY FOR:

CLASS 1
I'Descriptiop of Objectives Objective Composite Objective
o — Auninistration Tine Mninistration Tine
Number Number
of Items Seb §=5 5+b of Items S=b 85 86

Numerousness
" writes 0-99 3 2.7 85.0 1.7 6
* represents (99 3 7.3 95.0 9.5 75.0 90.0 84,1
Open Sentences
. add 0-20 3 100.0 90.0 90.9
~ subt 0-20 3 95.5 100.0 100.0
00 3 100.0 9.0 90.9
310 vl 95,5 100,0 100.0 b 7.7 95.0 95.5
gOrdering, Place Value
3 ordering 0-99 3 90,9 90.0 86,4
F totation 0~99 3 18.2 150 9.1 6 56,6 52,5 47,7
Problem-Solving (Set A) \

subt-simple separating 2 57,1 78,6 66.7

add-part part whole 2 50,0 750 86,7

subt-comparison 2 68.8 71.4 85.7
09 3 3.8 60.0 59.1 6 59,1 75.0 79.6
ProbleneSolving (Set B)
© gubt=joln-addend 2 56,3 8.6 85.7
~ add-gimple joining 2 92,9 85,7 80,0
subt-part part whole-addend 2 35.7 58,3 53.3 §
1 3 7.7 95.0 86.4
9 3 50,0 5.0 5.1 b 64 75.0 72,7

351



y*“ Table (Continued)
sescription of Objectives Objective Composite Objective
3 Adninistration Time Administration Time
; Number Number N
‘ of Items =4 S5 S<f of Items S=b §=5 S=6 &
Bentence-Wfiting (Set A)
- gubt=simple separating 2 93,8 100,0 10,0
- add-part part whole 2 §5.7 100,0 100.0
| subt~comparison 2 3.7 58,3 66.7
DS ; 00,9 85,0 90.9
0-99 3 54,6 90,0 86.4 6 72,1 81,5 88.6
Sentence-Writing (Set B)
* gubt-join-addend ) 143 28,6 33.3
- add-simple joining 2 92,9 100,0 100.0
. subt-part part whole-addend ) 81.3 64,3 7.4
LS 3 0.6 65.0 6.2
Sentence-Writing (Free Response)
- add-simple joining ) 100.0 100.0 93.3
- gubt-simple separating ) 100.0 91.7 100.0
gubt-part part whole-addend 9 42,9 83.3 86.7
- add~part part whole ' 9 100.0 85.7 92.9
gubt-comparison 2 214 50,0 60.0
subt~join~addend 9 31.3 50,0 35.7
" Set A (2 sbove) 6 15,0 5.0 8.1
~ Set B (ss above) 3 56.8 77,5 1.1
- 11-15 6 68.2 82.5 81.8
- 0-99 6 63,6 70,0 75.0 1 65.9 76,3 78.4
Algorithms
" addition algorithm 3 63.6 80,0 63.6
%s®uuuMauwnm j 54,6 50,0 50,0 6 59.1 ﬁ§5§J
R o

E (:ugh the _problem types correspond to Set B, these free response problems have the same wording etc. as the interview
mlih:mc. i, e., the Sentence-uriting Set B 1tems above have alternntive woxding, nunber order, ete,



[j ) lable (lontinuved) (I
i’
hrtpttcn of Objectives Objective Composite Objective
M .
Mninistration Time Administration Tim
"Number ‘ Number '
‘ of Items §~4 §-3 8§ of Items S 85 6
‘mtins
- on 931 5 83.3 87,5 Uil
back 9=31 4 76,7 78,6 79.3 9 80.3 83.3 80.3
Mocall of Basdc Facte
(8peeded Test)

884 0-20 % 769 8.8 90.2
" oubt (=20 % 6.8 80.0 7.6
Adninistration Time
84 S5 86
ora B N 8 8 7
otu § Ne= 8 6 7
orn T Ns 6 6 8

LY A A
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- Table -

PROGRESS TOWARD OBJECTIVES ACROSS ADNINISTRATION TIMES AS REPRESENTED

BY PROPORTION OF STUDENTS ANSWERING ITEMS CORRECTLY ROR:

CLASS 2

9zZc

Dascription of Objectives

Objective

Composite Objective

Adninistration Time Administration Time
Number Number
of Items =i §=5 S-6 of Items §of S=5 §eb

Numerousness
Open Sentences
- add 0-20 j 15,0 9.7 85.7
R0 3 15,0 917 78.6 b 750 917 821
Ordering, Place Value
- ordering 0-99 3 56,3 66,7 714
problen-Solving (Set A)
~ gubtesinple separating 2 62,5 57.1 50,0

add=part part whole 2 53.9 66,7 55.6
* subt-comparison 2 65,5 50,0 44,4

11-15 3 56.3 66,7 78.6

0-99 3 50,0 50.0 2.4 6 53,1 58,3 50.0
Problen-Sclving (Set B)
-~ gubt~join-addend 2 63.6 50.0 55.6

add-simple joining / 87,5 85.7 90,0

subt=part part whole-addend / 8.5 55.6 bbb
s 900 3 8,3 9.7 5.7 351

0-99 3 3.5 333 42,9 )

59,4 62,5 64.3



il

S v Y Table (Continued) S
Ducription of Objectives Objective Composite Objective
Adninstration Tize Aduinistration Tine
Number Number
of Items §=4 §=5 §-b of Items S=4 =5 §-6
Bentence-Writing (Set A)
. subt=gimple separating 2 90,9 75.0 77.8
' add-part part whole 2 87.5 8.7 80.0
' subt=comparison 2 L4 1.1 444
LIS ; 8.8 6.7 78.6
099 3 50.0 417 5.1 ‘ 59,6 54,2 61.9
3entence-Writing (Set B)
" gubt=join-addend 9 12,5 28,6 30.0
. add-gimple joining ) 76.9 88,9 100.0
- aubt-part part whole-addend 9 3.4 25.0 35.6
DS 3 50.0 58,3 7L.4
* 0-99 3 43,8 41,7 50.0 6 46,9 50.0 60.7
:Sentence-Writing (Free Response)
;. add-simple joining 2 75,0 42,9 80.0
. gubt-sinple separating ) 92,3 100,0 100.9
- - ubt=part part whole-addend 7 38.5 77.8 71.8
- add-part part whole ) 81.8 75.0 88.9
-, subt-comparison 2 0.0 57.1 0.0
- subt=join-addend 2 213 3.5 0.3
:; Set A (a8 above) 6 65.6 79.2 TL.4
-~ Set B (as above)” 6 43.8 54,2 64,3
115 6 5.3 70,8 75.0 -
; - 0~99 6 33,1 62,5 60,7 v 54.7 66,7 67.9
; N
Algorithms 5
. -addition algorithm 3 31,3 417 50,0 | |
:  pubtraction algorithm j A3 250 14.3 6 1.3 33 Rl

I:IQ\V(Z

ugh the problmn_ng_.co:respond to Set B, these free responge problems have the same wording etc. as the 1nterview
e = i.e., the Sentence-ﬁriting Set B iteme ebove have alternative wording, number order, ete, -
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Table  (Continued)

escription of Objectives

pobiini

Objective

Composite Objective

Administration Time

Aduinistration Time

Number : Number N
of Itens §=4 §e5 = of Items S4 8§55 )
ounting
back 9-31 4 31,6 40,0 47.4 9 8.3 52,8 59.5
Recall of Basic Facts
(Speeded Test)
add 0=20 36 49,5 65,3 60..
subt 0-20 36 N.8 43,1 518
Administration Time
§=4 8«5 S§-b
form R N= 3 3 5
orm § N § 5
orm 1 Neo 5 4%
ol




' lable

) ¢

PROGRESS TOWARD OBJECTIVES ACROSS ADMINTSTRATION TIMES AS REPRESENTED
BY PROPORTION OF STUDENTS ANSWERING ITEM§ CORRECTLY POR:

:3(;:;"a;»

[ YR

CLASS 3
Deseription of Objectives Objective Composite Objective
o | Adninistration Tine Adpinistration Time
Number Number

| of Items o4 8e5 S-b of Items §-4 $=5 §-b
Numerousness
" writes 0-99 3 61.1 58,8 81.3 b
- represents (~99 3 1.8 824 81.5 69.4 70,6 84.4
Open Sentences ‘
- gubt (=20 3 88.9 88.2 81.3

+ 010 3 9.4 88,2 75,0

1120 3 83.3 82,4 93.8 b 88,9 85.3 844
Ordering, Place Value
- ordering 0-99 3 722 9%.1 81,5
. totatica (-9 3 L1 0.0 25.0 b {7 4.1 5.3
Problen-Solving (Set A) ,
. subt=simple separating 2 45.5 81.8 72,7
- add-part part whole /! 73,3 100.0 63.6

 subt~conparison 2 50,0 72,7 60,0

11-15 3 83.3 82,4 93.8 :

(=99 3 33.3 8.2 3.5 6 58.3 85.3 65.6
Problen-Solviag (Set B)
© subt-join-addend 2 70,0 8.8 70.0
-~ add-ginple joining 2 63.6 81.8 72.7 N
" gubt~part part whole~addend 2 46,7 75.0 63.6 o
LIS 3 8.9 %1 8L
099 3 2.8 6hT 563 b 8.3 79.6 68.8



lable

(Continued)

R - — =
Rl At . -

Duscrlption of Objectives

Objective

Composite Objective

Adninistration Time

Administration Time

Number Number N
of Itens S-4 8-5 S of Items S=b §=5 §=6 ¢

Sentence=Writing (Set A)
. 8ubt-gimple separating 2 90.0 81.8 70.0

add-part part whole 2 81.8 100.0 100.0

subt-comparison 2 33,3 16,7 63.6

1-15 3 6L.1 58.8 93.8

0-99 3 66.7 70.6 62.5 6 63.9 64,7 78.1
Sentence-Wriring (Set B) |
. gubt=join-addend ) 0.0 0.0 0.0

add-simple joining ) 93,3 91,7 100.0

subt-part part whole-addend ) 50,0 63.6 50,0

11-15 3 72,2 58,8 50.0

0-99 ] 33,3 41,1 50,0 6 52.8 52,9 50.0
Sentence-Writing (Free Response)
. add=gimple joining 2 90.9 100.0 00,0

subt-simple separating ) 93,3 100.0 90.9

subt=part part whcle-addend ) 80.0 75.0 72.7

add-part part whole ) 90.0 81.8 90.0 ,

subt-conparison 2 2.3 2.3 636

subt=join=addend 9 40,0 63.6 60,0
et 4 (as above) 6 72,2 70,6 81.3
;‘ Sat B (as above) 6 12,2 9.4 78,1
BRIET ; 0.6 824 78,1
iklgorithms

addition algoritim 3 50,0 58.8 68.8
" subtraction algorithm 3 22,2 529 68.8 6 36,1 35.9 68.8
364 365
- )
gjlziiiiizmgh the problen _ng__ correspond to Set B, these free response problems have the same wording ete. as the interview

.if 1.e., the Sentence-yriting Set B items above hw ' alternative vording, nuzber order, erc.
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a——

[escriptién of Objectives . Objective Composite Objective
?' Administration Time | Adninistration Tim
' Number | Number |
/ | of Items §+4 §-5 §e6 of Ttes ~ Se4 S$5 8-6
ounting .
;,’nn 9-31 5 75.8 79.3 66,7
- ack 931 4 5.1 59.1-81.0 9 68.5 70,6 72.9
Recall of Busic Facts
(Speeded Test) |
add 020 % . 6L6 T35 9.l
;" aubt (=20 3% 49.5 54,9 10,3
Adnindstration Time
S« §=5 56
orn R | N 3 5 5
orn § N e T 6 5
orn T | Ns 8 f )

TES

366

36"



! | . Table

PROCRESS TOWARD OBJECTIVES ACROBS ADMINISTRATION TINES AS REPRESENTED
BY PROPORTION OF STUDENTS ANSWERING ITEMS CORRECTLY FOR4

CLASS &
N
W
N
Dmripttop of Objectives Objective Composite Objective
T | Mnindstration Time Adnindstration Time
Number Number
of Items §«h 8=5 56 of Items S«b §-5 §eb
fumatousness
 writes (<99 3 75.0 88,9 7.4 | 1
" vapresents (=99 3 50.0 66,7 71.4 62,5 77.8 7.4
Onn Santences
add =20 3 87 100.0 7.4
,Jo,rdtrinz. Place Value
. ordering 0=99 } 3.5 1.8 5l
" notation 0-99 3 250 0.0 0.0 1.3 3.9 28.6
P
hbluesolving (St A)
~ subt-siaple separating 2 50,0 66,7 40.0
+ add=part part whole 1 60,0 83.3 100.0
© subtecomparison / 60,0 50,0 60,0
1l 3 62.5 100,0 L4
- 09 3 50.0 33.3 51.1 56,3 66,7 64,3
roblen-Solving (Set 3)
~ subt-folraddend 2 8.0 50.0 60.0
~ addesinple Joining 2 33,3 66,7 60,0
subt=part part whole=addend l 40,0 33,3 50,0
| gy 3 §.5 667 1000
3 15 33 W3 50,0 50.0 57.1

; ERIC




i Table (Continued) o c
5escription of Objectives Objective Composite Objective
” | Adninistration Tine Mninistration Toe
Number Number
of Items §«4 §=5 8-6 of Items =4 §<5 Sb

Stntence-wtiting (Set 4) |
- gubtesimple separating 2 40,0 33.3 40.0

add-part part whole l 66,7 66,7 1000
- subt-comparison 2 20,0 16,7 25.0
Sentence-Writing (Set B)

subt-join-addend 9 0.0 16.7 20.0
. add-simple joining 9 80.0 83.3 50.0
~ aubt-part part whole-addend 9 20.0 0.0 0.0
LS 3 5.0 4b 429
Sentence-Writing (Free Response)
. add-gimple joining ) 66.7 66,7 80.0
' subt-simple separating 9 100.0 100,0 75.0
- gubt=part part whole-addend ) 20,0 66,7 50.0
- add-part part whole 9 60.0 66,7 80.0

subt-comparison /R 0.0 16,7 0.0
"~ Set A (a8 above) r 50,0 6L1 50.0
- Set B (as above) 6 31,3 50,0 50.0
SSIRT 6 50,0 667 50.0
. 0-99 6 .3 b 50.0 1 40,6 55.6 50,0
Mgorithns : | 8
. addition algorithn 3 3.5 667 511 v
M subtraction algorithm 3 12,5 22.'2 42,9 6 25,0 44,4 50.0
30 L

. ugh the ‘problem types correspond to Set B, these free response problems have the same wording ete. as the interview
e mummmmu. i.e.. the Sentence-ﬂriting Set B items above have alternative werding, number o=der, etc,

h 1 um



Table  (Continued)

"

escription of Objectives Objective Composite Objective
Adninistration Time Administration Timi

Number Nunber |

| of Items §=b 8=5 Se6 of Items S4 85 86

ounting

~on 9=31 5 23,1 53,3 10

 back 9-31 4 36,4 66.7 20.0 9 29,2 59.3 40.6

;Recall of Bs- + Facts

j(Speeded Test,

"~ add 0-20 % 3.5 ST.4 45.2

- gubt (=20 36 26,0 44,4 38.1

| Adninistration Time

& S=b §=5 S-6

ora & N ;

orn § Ns 7 3 )

orn 1 N 303 2

313



Table

PROGRESS TOWARD OBJECTIVES ACROSS ADMINISTRATION TIMES AS REPRESENTED
BY PROPORTION OF STUDENTS ANSWERING ITEM$ CORRECTLY POR:

CLASS 5
Descript.ion'of Objectives Objective Composite Objective
) Mninistration Time Adninistration Time
Number Numbet
of Itens S S5 86 of Itens S 85 §ef
“WGI.’OUBRGSB
* vrltes 0-99 3 62,5 73.3 100.0 b
" tepresents (-99 3 75,0 93,3 84.6 68.8 83.3 92.3
Open Sentences
© add 0-20 3 87,5 86,7 100.0
. subt (-0 3 75,0 93.3 100.0
L 3 8.5 86,7 100.0
4010
o0 3 75,0 93,3 100.0 b B3 90,0 100.0
ﬁtdum, Place Value
‘ otdering 0-99 3 93.8 86,7 76.9
' wtation 09 3 125 67 1.7 6 53,0 46,7 42,3
l’roblen-Solving (Set A)
subt-simple separating 2 72,7 1.7 5.6
" add-part part vhole 2 44,4 100,0 77,8
 subt-conparison 2 58.3 7.8 8.5
1l 3 9.5 93,3 10,0
099 3 3 73 46,2 6 59,4 83,3 73,1
?:oblem-Solving (Set B)
" subt~join-addend 2 66.7 66.7 75.0
~ add-siuple joining 2 72,1 72,7 88.9
. subt-part part whole-addend 2 55.6 50,0 bbb Y
' W
11-15 3 100.0 93,3 92.3 !
3 1.3 3.3 46,2 b 65,6 63.3 69,2

375

:



" , labie  (lontihueq)
|

_

escription of Objectiyes Objective | cdmposite Objective
Administration Time Administration Time

Number Number N

of Items §=4  S=5 §-b of Items §=4 §-5 8«6 &

-

Jentence-Nriting (Set A)

subt-simple separating 2 100.0 100,0 100,0
add-part part whole 2 12,7 100,0 1000
" subt-compardson ; 2.2 8.0 8.9
11-15 3 68.8 100.0 100,0
~ 0-99 3 68.8 86.7 92.3 6 68.8 93.3 96.2
Sentence-Hriting (Set B) |
- subt-join-addend 9 45,5 63.6 55.6
- add-sinple joining 9 88.9 100.0 100.0
~ subt-part part whole-addend 7 66,7 66,7 175.0
S ] 8.8 6.7 9.3
i 099 3 62,5 86,7 61.5 6 65.6 76,7 76.9
Eantence-Writing (Free Response)
- ald-siaple joining 2 100,0 1000 88.9
. gubt-simple separating 9 100,0 00,0 100,0
. subt=part part whole-addend 7 66.7 70,0 100,0
- add=part part whole 9 91,7 100,0 100.0
- ubt-comparison 2 54,6 90.9 77.8
-, subt~Join~addend 9 75,0 66,7 75.0
. Set A (as above)1 6 81.3 9%.7 92.3
- Set B (as above) 6 81.3 80,0 88.5
s 6 513 90,0 96.2
099 6 81.3 86,7 84.6 1 81,3 88,3 90.4
Klgorithms
. addition algoritim 3 56,3 60,0 46.2
ﬁ. subtraction algorithm 3 12,5 33,3 61,5 6 o b4 46,7 339
e , 317
. )
H5'1§i<3}318h the problam types correspond to Set B, these free response problems have the same vording etc, as the 1nterview

L%;Wm.im,me%mwuﬂuuuSﬁBiumshwhweuumuwewﬁm&nwhrwumem.
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Table (Continued)

jsacription of Objectives

Objective

—

Composite Objectiw

3

Administration Time

Administration Tim

Number Number
_ of Ttems S=b §=5 56 of Ttens §=4 85 56
ounting
- on 9=31 5 92.0 96,0 90.9 .
f back 9-%; 4 69.6 60.0 - 82.4 g 81.3 80.0 87.2
éfkecall of Basic Facts
* (Speeded Test)
gj add 0-20 3 . 165 78,3 949
: gubt 0~20 36 64,1 70,6 B88.5
Adninistration Time :
Swh  §=5 S=b
orn R N 15
oen § N= 5 b5
orn T N= b 6 5
N
W
~

318

379



PROGRESS TOWARD OBJECTIVES ACROSS ADMINISTRATION TIMES AS REPRESENTED
BY 2ROPORTION OF STUDENIS ANSWERING ITEM§ CORRECTLY FOR:

CLASS 6 N
W
o]
Description of Objectives Objective Composite Objective
| Administration Time Adninfstration Tine
Number Number
of Items Seb S=5 8«6 of Items =4 §=5 S=b
Numetousness
writes 0=99 3 68,4 68,4 76.5 b
represents (=99 3 13,7 73.7 82.4 1.1 7.1 19,4
Open Sentences
add 0-20 3 68,4 89,5 88,2
3 84.2 89.5 82.4
+ 0-10
112_20 3 68.4 94,7 88,2 ] 76,3 92,1 85.3
;Ordefing, Place Value
orderdng 0-99 3 63.2 737 76,5
notation (=99 3 158 15,8 5.9 b 39,5 4.7 4.2
Problem-Solving (Set 4) -
" subt-siuple separating o2 64.3 53,9 50.0
* add=part part whole 2 69.2 6L.5 75.0
" subt-comparison 2 63.6 56.3 60,0
e | 3 8.2 84,2 85.2 |
e 3 6.4 3.6 3.3 6 6.8 519 61.8
Ptoblem-Solving (Set B)
- ‘subt~joln-addend . 2 5.5 15,0 70,0
add~simple joining 2 92,9 69,2 58.3
subt-part part whole-addend -2 30,8 615 58.3
3 84,2 94.7 76.5
3 3.8 42,1 411 b

60,5 68.4 61.8
38105 68.4 6




y ° Table (Contdnued) I .
Description of Objectives Objective - Composite Objective
Administration Time Administration Time
Number Number
of Items §=4 $=5 §=b of Itens CSb 55 56
Sentence-Hriting. (Set A) .
- subt-simple separating 2 100.0 91.7 100.0
- add-part part whole 2 78,6 92,3 100.0
subt-comparison 2 15,4 53.9 333
11-15 3 63.2 89,5 82.4
0-99 3 63.2 68.4 70.6 6 63.2 79.0 76,5
Sentence-Hriting (Set B)
subt~join-addend ) 16,3 7.7 16,7
_ add-gimple joining 9 76.9 100,0 100.0
subt-part part whole-addend ) 63.6 58.3 40.0
11-15 3 51.9 51.9 58.8
0-99 ] 42,1 52,6 41.1 6 0.0 55,3 52.9
Sentence-Writing (Free Response)
add-gimple joining . ) 100.0 92,3 100,0
subt-sinple separating 9 92.3 100.0 100.0
subt-part part whole-addend ) 46,2 84.6 58.3
add-part part whole 9 100.0 91.7 100.0
subt~comparison 2 .4 30.8 38.3
- subt=join-addend 9 18.2 16.7 60.0
Set A (as above)1 6 68.4 73.7 8.3
Set B (as above) 6 5.9 65.8 73.5
0-99 6 63.2 60.5 73.5 1 63.2 69.7 79.4
\lgorithms 8
addition algorithm 3 5.9 519 647 °
subtraction algorithm 3 31,6 52.6 29.4 § 4.7 55.3 41.1

382

383

1
, EMC 1gh the problen’types correspond to Set B, these free response problems have the same wording etc. as the interview
sy, BBy the Sentenoe-Writins Set B items above have alternative wording, number order, ete.



Table (Continued)

iescriptibn of Objectives Objective Composite Objective
! Administration Time Adninistration Tine
| Number Number N
| of Itens Sb §5 86 of Itens ~ S-h §-5 $e°
ounting
- on 9-31 5 62,5 68.8 75.9
~ back 9-31 4 56.0 68.0 68.2 9 59,7 68,4 72,6
Recall of Basic Facts |
(Speeded Test)
add 0-20 36 . 6L4 70,6 72,1
subt 0-20 36 - 48,7 60,1 56.9
Administration Time
§=4 §=5 §-6
orm R N= b 6 5
orm § Ns 5 6 5
orm T N 8§ 1 1
” 385
v A
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