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CHAPTER I == INTRODUCTION

proficiency with estimation has long been recognized as an important
sutcoiie for the study of mathematics: However; estimation has seldom

exist on the topic: Computation; one important, widely-used type of
estimation, is defined as “the interaction and/or combination of mental
computation, number concepts, technical arithmetic skills including
rounding and place value; and less straightforward processes such as
mental compensation, that rapidly and consistently produce answers that
are reasonably close to a corréctly computed result. This process is done
internally without the external use of a calculating or recording tool."

The following example illustrates a practical application of computationa’

You have ©:iv $5.00 and wart to purchase two cartons
of milk at $1.79 eaci and three loaves of bread at
$0.59 each. Do you have enough money?"

In the past ten years there has been renewed interest in the topic of

discussions of needed reforms in the mathematics curriculum huve provided

strong support for greater attention to estimation (Bell, 1974; NIE
Conference on Basic Mathematical Skills and Learning, 1975; National

Council of Supervisors of Mathematics, 1978). A major report of the
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National Council of Teachers of Mathematics, An Agenda for Action:

Recommendations for School Mathematics of the 1980's urged that "Teachers

should incorporate estimation activities into all areas of the program on
a regular and sustaining basis, in particular enccaraging the use of
estimating skills to pose and select alternatives and to assess what a
reasonable answer may be."

The widespread use of estimation in many everyday situations
involving mathematics 1is well recognized; including the fact that
estimation is often mcre important and practical than exact computation
for many everyday uses of matliematics. The widespread use of hand
calculators gives added importance to the ability to estimate and
recognize reasonable answers:

Despite its importance; estimation has been the most neglected <kill
in the mathematics curriculum (Carpenter, et al; 1976). A review of
thematics basal textbooks snowed very little attention is giver to the
systematic development of computational estimation skills (Skvarcius,
1973).  Another recent study of three widely used mathematics textbook

lessons (Driscoll; 1981).
The 1lack of attention to computational estimaticn has been documented

by low performance of all age groups in three mathematics a:zsessments

conducted by theé Natisnal Assessment of Educational ﬁrogrés§ ‘Carpenter,
et al, 1976, 1980, 1983). These poor performances were consistent with
those reportea earlier by the Nationai Longitudinal Study of Mathematics

Ability, (NSLMA) (Wilson, et al, 1968). In two summaries of research on
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estimation. Driscoll reported that littie work has been done iii the
impartant area (Driscoll, 1981, 1982). kK 1lso pointed out that not only
sre astidation skills difficult to assess but such skills do not develop
simply from taking more mathematics courses or through maturation.

A thoughtful examination of the evolution of computational estimation
in school mathematics was provided by Buchanan in which he reported that
Winstruction in estimation is not something that has been tried and

failed: it has not been tried on any sustained or systematic basis."
Although Buchanan's bleak assessment is accurate; some recent research
efforts have provided new direction. In a study entitled "Identification
and Characterization of Computation Estimation Processes Used by Inschool
Pipils and Out-of-school Adults" some highly important stategies were
detected from extensive interviews with good estimators (Reys, et al,
1982). This research suggested a general framework for instruction in
estimation. This research; coupleéd with other recent research efforts on
estimation cited by Dbriscoll is in the spirit voiced by one of the
principal investigators who wrote that, “more must be learned in the next
few years about how students develop these skills; how this work can be

integrated into the curriculum, and how instruction can more closely fit

the psychology of the learner.::" {Trafton, 1978).

The growing pressure for more attention to estimation from
professicnal groups; research findings on the types of strategies employed
by good estimators, and the long-term interest in the topic by the
principal investigators led to the development of this project entitled,

"Bevelopment and Evaluation of Computaticnal Etimation Materials in the



Middle Grades.® It was fundea by the Development ia Science Education
Division of the National Scienceé Foundation and had the following three
major purposes:

1. Develop a carafully sequenced set of lessons; activities and
maintenance work on computational estimation with wholé
numbers, fractions, decimals and percent.

2. Implement the program in  sixth, seventh and eighth grade
classrooms.

3. Evaluate the effects of the program on student achievement in
terms Of skill in estimation and the type of processes
eiploved.

The investigators felt that the existence of a comprehensive program
in the form of ~lassroom instructional materials would be useful to
curriculum developers and researchers; and stimulate other long term
efforts to improve the quality of computational estimation programs.

This report describes the development, implementation and evaluation
of the pilot intructional materials. Als0 discussed is the revision of
the materials. The revision used evaluation information to refine the
program and package it in a fori that could be readily used in other

cituations. The revised instructional materials for grades six; seven and
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CHAPTER 11 -- PROGRAM DEVELOPMENT

Planning and developing the program cortent and materials was a major
undertaking. Since there had been little prior work on computational
sstimation, anart from a limited focus on computing with rounded numbers,
much time was devoted to determining the content and approaches of the
program:  We also faced the challenge of developing a comprehensive,
cohesive program within the linits of the time that schools could devote
t6 estimation. The pilot program materials were developed in the Spring,
siier and fall of 1082. During the spring of 1982 it was possible to
have a few classrcom teachers informally test some of the approaches.
Their  comments and favorable feedback were helpful in guiding the
development of the materials. Four areas of program development are now

discussed:

Several guidelines were followed in developing the program. These
included:

1. The program should be aimed at middle ability students. We
belisvad it was critical for the materials to work well with the majority
of studsnts in order to attain the goal of making computational estimation
3 basic skill for most students:

2. The program should incorporate a variety of strategies and



Multiple strategies were to be built into the program; including front-end
estimation, clustering, use of numbers that are easy to work with mentally
ana compatible nuibers in division. The processes of adjusting estimates,
compensation and recognizing sensible answers were to be emphasized
throughout the program.

3. The program needed to address related number relationships and
fiental computation strategies that facilitate estimation.

4. Program materials needed to be in a format that would clearly
he materials further needed to communicate clearly to teachers the nature
of the materials as well as the strategies with which teachers were not

likely to be familiar.

5. The program needed to be limited to a reasonable amount of
instructional time in order to be accepted by teachers.

6. Instruction in estimation is facilitated by placing estimation in
and to become familiar with the many situations in which it is natural to
estimate:

Issues
Several issues needed to be resolved during the development of the

program including the amount of instructional time for the program; the
problem of implementing a three-year program in one year and the format of

the lessons: These issues are now discussed in more detail:
. In our contacts with schools we indicated that the program would

consist Gf 10 lessons throughout tha year and take a total of about three
Page 6
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weeks, including testing time. It was @ssential that the program fit
within the general framework of the amount of time that schools would be
willing to devote to teaching computational estimation, so they would

However; it soon became apparent that 10 lessons would not be
related; develop the program content carefully and thoughtfully, and deal
with prerequisite skills and related skills and understandings. Thus, the
decision was made to include several minilessons; which would take 5 to 10
minutes to teach. We also developed a series of maintenance worksheets to
provide regular practice in estimating using the strategies taught:

5. It is well recognized that mathematical ideas and skills develop

over time. We believed that confidence and competence in estimating could

not be developed in a single year; especially in light of the limited
contact that students likely had with estimation in previous years.
Ideally, estimation instruction in grade six would establish a base for
work in later g;aaég; Thus the strategies, most of which would be new to
students, would be reinforced and extended over a period of years.

Vet, the grant required that the materials for grades six; seven, and
the same or similar lessons at each gide level wouid severely limit the
scope of the program by omitting important topics or extensions of them.

The decision was made to remain true to the goal of developing a
three-year program; and at the same time build in enough redevelopment of

Sasic strategies to enable seventh- and eighth-grade students to be
Page 7
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successful: This seemed to be a reasonable compromise, even though it
remains a major limitation in the program:
3. Mich consideration was given to the form the curriculum materials

should take. Since many of the approaches would be new to teachers and
students, we felt it was important that the material clearly comunicate
discussion and practice work. We finally decided to produce the
developmental portion of the lesson on overhead transparencies. The

real world settings, and had short exercise sets for students to do as
part of the lesson development:  This le4 to ‘a develop-brief
practica-reteach-follow up practice format for each lesson, which is
conisistent with the research for effective teaching as describd by Good
and Grouws (1983).
Components

in order to provide materials that would help teach estimation
strategies and processes effectively, several program components were
developed. These components are discussed in this section.

Llessons : Ten full-period lessons were developed for each grade

level. Each lesson focused on major strategies and processes of
estimation, and included both teacher and student material.
Teacher Material Format:
1. objective(s) - statement of lesson objective(s) in
behavioral terms. |

> Teacher Background - discussion of content and

Page 8
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strategies to be taught, with additional comments designed
to provide insight into the conte't and methodology of the

lesson.

3. Teaching the Lesson - suggestions for teaching the
questions to #sk.

4. Using the Exercises - brief comments on the use of the
student assignment sheets.

5. Answer Keys - suggested range for estimation exercises.

Stident Worksheets : Two- or three-page student worksheets

accompanied each lesson: The worksheets provided practice with
the approaches introduced in the lesson anc = ;en applied them
in real world applications. Teachers were directed to use these

materials for in-class practice and/or homework and encouraged to
check and discuss them the following day:

Minilessons : Approximately 20 minilessons were developed at
each grade level. Minilessons were designed to take 5 - 10
minutes to teach; with all work provided on one overhead
transparency: Minilessons were designed to:

a. Develop prerequisite skills.

b. Teach additional strategies.

. Present variations or extensions of strategies taught in
d. Develop mental arithmetic skills which are useful in

estimation:

Page 9
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Maintenance Sheets : Maintenance sheets were developed for use

after every two to four lessons: Their purpose was to provide
cummulative practice with the strategies taught .

Pacing Guide

The purpose of the pacing guiae; which specified the Tlessons;
cioilescons and maintenance sheets to be used each week, was to ensure the
teaching of estimation on a systematic basis and to facilitate program
monitoring by the investigators. Teachers had freedom to determine when
to use the material each week and deviate from the schedule when
necessary. 0One disadvantage of the guide was that estimation materials on

a topic, such as whole number division; likely were not uséd when that

topic was covered in the regular curriculum: A copy of the pacing guide

for each grade level is shown in Appendix A.
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CHAPT-R 1Il -- PROGRAM IMPLEMENTATION

The pilot estimation materials were implemented in 24 classrooms in

Missouri anc 11linois. Prior to discussing the comprehensive
implementation efforts, special mention should be made about the pilot
teachers. Impiementing the program required a substantial commitment by
the schocls and teachers. In additicn to devoting approximately thrze
weeks of regular instructional time to the program, participation meant
additional preparations by teachers with new content and their willingness
to evaluate the program materials. The commitment and involvement of the
teachers i3 a tribute to their professionalism and desire Lo improve the
quality of school fisthigiiatics programs.

Designh and Sample Selaction

During the spring and summer of 1982 school districts and teachers

were contacted abcut their wiilingness to participate. The project was
carefully described; dncluding the instruction and evaluation components

of the program. We explained that the project was aimed at the "average"
stiident. Thus in schocls which utilized ability grouping; sections of
sdvanced or low achieving students would not be selected. If schools used
heterogeneous grouping, however, a1l students in the class were to
participate in the program:

Five school districts agreed to participate as treatment centers. In
thess districts, 24 teachers agreed to pilot the materials: In each case
treatment teachers were regular classroom teachers with four or more years

of teaching experience. Another 24 teachers in the same or comparable

Jod |
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districts were selected to be control classes. The distribution of the 48
classes is shown in Table 3:1:

Table 3.1

Treatment 8 8 8
Control P 8 8

In only one case, sixth grade, did a ‘teacher have both a control and
treatment class: This Hhappened because this middle school split their

<tudents for mathematics and only one teacher taught all of the sixth
grade mathematics. . She reported no problems in maintaining the integrity
of the treatment and control classes.

Seven school districts in Misscuri and I1linois participated in the
project. In five of the districts there were both control and treatment
classes. The districts provided a broad spectrum of social-economic

jevels: Tablz 3.2 provides a brief profile of the participating schools
and dociiients that a wide range of schools were resresented.

Inservice Training

A 90-minute orientation meeting was conducted with all treatment
teachers in late September in order to ensure a common level of
understanding about the new approaciies to estimatjon being implemented and

Page 12
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Table 3.2
Selected Characteristics of Participating Schools

-------------------------------------------------------------------------------------------------------------------

District Schoo] Grales  Grades  Average  Percent  School  Income
Used  Class Size  Minority  Type Level

Coliitiid, M0 Fairvien (T,0) k-6 6 27 0 Small City  High
Jefferson (T,0) 79 ] 2 5% Sl City  Medii
Oakland (T,C) 7-9 8 2% O Small City  Medium

Parkway (M) Green Traiis (T,] K- 6 2% 8 Siburban  High
Soith (1,0) 79 ] 2 B Siburdan  High

Fast (T,6) 9 B 2 B  Swburban  High

st touis, M Faming (T,0) 68 6-8 ] W0F  Imer City  Low
Fvanston; 1L Chité (T) 6-8 6-8 ) B Small City  Mediu
| Haven (C] 6-8 6-8 I B SmllCity  Medim
Labrange Park; 1L Coigress Park (T) k<6 6 23 6 Swburban  Medimn
Cossett (C) k-6 b 2 103 Suburban  Mediun
park (T,C) -8 -3 2 0% Suburban  Medium

Lincolnshire, 1L Hright (1) 6-8 6-8 2 B Siburban  High

Northbrook, 11 Field () 6§ 68 0 4 Suburban  High

------------------------------------------------------------------------------------------------------------------
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the importance of teaching estimation.
This workshop included:
|- Discussioh of the nature and importance of computational

estimation and key estimation strategies;

2. (Qverview of the testing program;

3. Deionstration of all program components: lessons; student
worksheets, minilessons and maintenance worksheete;

4. Presentation of the pacing guide;

5. Distribution of estimation notebooks containing all

instructional materials as well as additional resources in
the form of key articles on estimation.

Ideally, it would have been desirable to have a longer time for
initial training of the staff, but regular visits with pilot teachers were
planned during the year. Furthermore, we felt it was important to
Jeteriiiie if the materials would work well without extensive training of
teachers, as the ultimate goal was the development of a program that could
be used on a widescale basis:

Control teachers did not have inservice training other than a brief
explanation of the project and the testing schedule: Control teachers

were urged not to change their instructional emphasis on estimation.
Thus, 1if they regularly taught estimation in ‘their mathematics programs,
they should continue to do so: Control teachers were not provided with
project materials:

Monitoring of Treatment Classes

Each treatiiént teacher was visited briefly several times during the
the year.  During these visits lesson evaluation forms were collected and
Page 14
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teachers were asked to share their impressions and reactions to the
estimation materials based on their recent experiences. Problems in
following the pacing guide were also discussed. This informal
communicaticn process provided valuable insights which supplemented the
information provided in written form and led to a high level of teacher
input throughout the project:

These visits not only reminded teachers of the project's dedication
to the development of quality instrictional materials but also encouraged
teachers to stay on the proposed pacing guide. It was also felt that this
regular monitoring of progress helped minimize disruption to thé schedule

when one of the participating school districts was on strike.
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CHAPTER IV -- PROGRAM EVALUATION

The major thrust of this project was the development of new
instructional materials for teaching estimation in grades six, seven and
eight. A careful and thorough assessiment of these materials was viewed as
a very important consideration in this development and every effort was

made to conduct an appropriate evaluation. Three dimensions were
examired, including - students experiencing the materials, teachers using
the materiais and selected national consultants reviewing the materials.
This section identifies how these dimensions were evaluated along with a
description and summary of specific results for each dimension.

The primary source of student data for treatient and control classes
were obtained in the fall (September 14-19; 1982) and spring (April 25-29,

1983). In addition a midyear test was given to the treatment classes
during the week of January 17-24. In a year long project of this nature
involving 48 classrooms, student attrition was anticipated: Some students

left the district and others changed schools: There were also some

students absent on days when information was collected. We made the
decision to analyze only the performanceé of students for whom complete
data existed. The first value in Table 4.1 reports the number of students
tested in the fall in a class and the second value reports the number for

whom complete data existed.



Table 4.1
Number of Students in Each Treatment and Coritrol Class

- ———— - -...-_---—_----..._..__..-.--_-__...__-__.-__---—...-_.-.-._-....__-...-—_-__

Grades
6th 7th 2th
20 - 28 32 - 19 28 - 23
15 - 16 32 - 20 28 - 26
36 - 23 26 - 23 34 - 25
- 24 - 21 27 - 21 23 - 17
Treatmcnt 27 - 18 28 - 22 28 - 22
Classes 32 = 20 22 - 17 29 - 23
26 = 18 36 - 23 27 - 13
, 20 - 17 23 -18 29 - 19
Total 211 - 181 226 - 163 226 - 168
22 = 20 22 - 18 28 - 23
28 - 26 35 - 20 26 - 22
34 - 22 23 - 16 32 = 18
Control 29 - 26 27 - 23 27 - 16
Classes 18 - 10 25 - 17 23 - 17
17 - 13 28 - 20 27 - 21
25 - 16 26 - 16 21 - 14
o 30 - 23 29 - 20 25 - 17
Total 203 - 156 215 - 150 209 - 148

.....--_-.___.,-_—_-_-_..--______-_—-q_—-_--—_--------_------u--------_

Thus the First entry 30 - 28 under the 6th Grade Treatment Classes means
that 30 students began the fall testing (in one treatient class) and
complete end- of —year data were available on 28 of them. Table 4.1 shows
that the attrition rate varied among both the treatment and control

c but overall it averaged about 25 percent.

w

clas

The decision o analyze only data from students participating the
entire year was based on the assumption that students leaving during the
year were not statistically different than those who stayed. A comparison
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of pretest computational estimation scores between those students dropping
(p > .01} &t any grade level. Consequently, ail of the analysis reported
reflects only students for whom complete data were available as reported
in Table &.1.

Three different instruments (Attitude Test; Mental Computation Test
and Computational Estimation Test) were used for all students

participating in this project: Students in the tréatmént classes also

-, >

“a

tosk a Mid-Year Computational- Estimation Test. In, addition, a fex .

treatment stiidents from each grade wei'e individually interviewed to gain
additional insight into their thought processes related to estimation. A
copy of each instrument used along with directions for it's administration
are include¢ in Appendices B, C, D, E and F. Figure &:1 highlights the

various components of the student - evaluation and provides the time

schedule which was followed.

Figure 4.1

..........................................................

September 14-18 danuary 17-21 Rpril 25-29 -
Pretests (Treatment and Control Groups) Midyedr (Traatment Gronp Only) ~posttests (Treatment and Control Groups)
Day 1 s Day 1
j; ﬁiiiid&é 1. Computational i. Attitude
2. Mental Compatation Estimation 2. Mental Computation
Day 2 ) Day 2
3. Computational Estimation 3. Computational Estimation
4. Individual Interviews : 4. Individaal Interviews

N UURPI IO ESIEEPSE IS S L Saheh bl dede it beded i iaibe ittt
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The remainder of this student information section summarizes each
instrument and the related findings.

Attitude  This eight-item questionaire measured students' feelings
about estimation (Appendix B). Since no guantative values were assigned

only to provide a descriptive profile:
A complete summary of the results are also reported in Appendix B.

The 73/79 in . the first row for Statement 1 reports that 73 percent of
the sixth grade treatment students said "Yes" to the statement "Estimation
ijs something I think is very important." in the fall; whereas 79 percent
of them said "Yes" to the same statement in the spring. Thus the
treatment sixth graders showed a six percent-increase during the year,
While the control sixth graders showed a decrease of three percent, from
66 percent in the fall to 63 percent in the spring.

There were consistent changes in Statement 2, "Estimation is
somiething I use outside of school:" It is roteworthy that both treatment
and control groups at each grade level perceived estimation of more use in
the spring than fall: This may reflect the attention given to estimation
from both instruction and testing. It may also reflect some maturation by
the students which led them to realize the increased use of astimation in
their daily lives:

Two statements "I 1like doing."(No:. 4) and "I am good at doing."(No.
7) éheaurégéa students to make a self apprasial of their estimation skill:
The general decline from the fall to the spring for both treatment and
control group students at each gradé level was not only surprising but



.disappointing.  These «changes may reflect student reaction to the
computational estimation tests on which all students at each grade level
experienced difficulty. These changes may also reflect a general interest
toward school and learning in the fall which often wanes during the latter
part of the school year.

Additional examination of Appendix B reveals that consistent patterns
areé not always clear for each statement. Nevertheless the complete data
reported in Apperdix B provides many opportunities for other comparisons.

Mental Computation  Mental computation is an integral part of

estimation. Consequentiy the instructional materials prepared for this
project often included mental computation activities. Since mental
computation was being taught and practices, it was felt that some

evaluation of performance on mental computation should be included. |
performance on all four basic operations. Two Mental Computation Tests
(MCT) were constructed. The sixth grade MCT included only whole numbers.

The seventh and eight grade MCT used the same test as the sixth grade,
except it included additional questions involving fractions, decimals and
percent (Appendix C). Field tests of the sixth grade MET produced

test-retest reliability estimates between .83 and .85. Similar field
between .90 and .92. The same test used in the fall was used again in the

spring for both treatment and control groups. In all cases students wrote
answers to the open-ended questions in the consumable test booklet. Table
4.2 provides a summary of the pre- and post-test class means for the
Mental Computation Test.

Page 21
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Table 4.2
Pre- and Posttest Class Means nn Mental Computation Test

Grade 6 Grédé 7 Grade 8

Pre Post Pre Post Pre Post

T 15:39 16.68 20.72 29.83 28.27 41.45
E E 11.88  12.56 18.68  39.91 28.12  31.19
A A 9.91 14.00 25.56 32.69 21.04 35.40
g 2 i2.06  16.42 16.95  26.68 33.76  34.47
E E 9.06 9.76 14:19 26.24 23.05 24.00
¥ S 8.41  10.65 19.43  28.30 23:91  26.48
9.67 10.67 20.45 26.30 27.15 37.69

10.35 14.41 19.68 25:05 24.56 30.61

Total 10.84  13.14 19:46  29:38 26.23  32.66
9.55 8.55 33.28  44.44 31.17  37.91

16.58 18.08 16.80 . 23:95 30.23 37.18

£ ¢ 8.86  13.00 28.25  38.75 16.50 2200
N A 15.08 19.46 27.75 39.10 25.38 32.19
v 10.70  12.30 19.25  23.06 26.18  31:71
0 E 10.15 11.92 23:61 23.39 28.76 36.67
LS 12.56  13.06 14.50  23.69 57.71  33.57
7.41 7.00 33.50 32.80 . 40.88  39.00

Total 11.36  12.92 24.62  31.15 28.60  33.78
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An analysis of variance on the mental computation pretest scores was

made to find if the two groups were significantly different at the
beginning of the year. Although the pretest means of the control group
classes were higher than the treatment group classes; the groups were not
significantly different (p> .01).

An analysis of variance on the mental computation growthn scores from

the pre- to post-test was made and the results are reported in Table 4.3.

Table 4.3
Analysis of Variance of Mental Computation Growth Scores
From Pre- to Post-test

e e e o e o — — —————— - " TV e D m AL

Source SS df MS F
6th Treatment 2211 2.2 .69 (p=.42)
Error 44:76 14 3.1

7th Treatment 45.90 1 45.90 1.82 (p=:20)
Error 352.42 14 25.17

8th Treatient 6.6 1 €.26 .31 (p=:31)

Error 283.23 14 20.23

e analyses show the treatment and control groups did not differ

—
=
|
v

significantly on their mental computation growth scores.
Hand scoring of the MCT revealed that many students in the control

groups estimated on the posttest. In general, this “transfer" would be
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viewed as favorable, however since the MCT required exact answers zny

estimated responses were scored as incorrect. For example, students were
ssked to record the result of 76 + 29 (Item No. 3). A frequent but
incorrect response was 110. This “transfer of estimation" phenomenon was
not observed on the pretest and sccurred almost exclusively i the control
grotps on the posttest. This negative transfer was disappointing; and
jndicated the need for clearer directions on the MET:

Students should recognize when to estimate and when to compute exact
answers. In fact, instruction should help students sharpen their judgment
<5 their estimation skills are used wisely. Unfortunately the heavy

iestimation mental set" for many students which was reflected in this
test. This phenomenon penalized many students in the treatment group on
the McT posttest and produced lower growth scores on the mental
computation test. This must be considered when interpreting the mental

computation results, including the analysis reported in Table 4.3.

The above phenomenon makes the interpretation of an item analysis
very risky. Despite this limitation; significant growth on some parts of
the Mental Computation Test were observed. This growth was apparent on
items which relied on mental computation but did not encourage estimation.

For example, items such as these:
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10 (Item No:. 17)
60 (Item No. 19)
5 (Item No: 28)
2400 ¢ 60 {Item No. 27)
172 of 60 {Item No. 41)
50% of 60 (Item No. &1)

control groups. A careful examination of Appendix C shows six items (Nos.
24, 27, 28, 37, 61 and 63) where at least a 25 percent gain from the pre-
to posttest for every grade in which the item was ¢iven. These dramatic
gains were observed only in treatment classes, whereas much smaller gains
were found on the same items in the control classes:

differences are reported: However a deeper examination reveals that many
control group students “"estimated" on the mental computation test. This
detect. A further examination of the item analysis for the mental

computation test shows that growth did occur for both treatment and
control groups. however dramatic shifts of 25 percent or more on an item
were observed only in treatment groups.

Estimation  The main thrust of this project was the development of

instructional materials for teaching estimation. In order to assess the

impact of this instructional effort an estimation test was constructed for
each grade. Care was taken to create straight computation items (those
containing only numerical data) and application items (those containing
numerical data embedded in & real world context.) Table 4.4 provides a

summary of the number for each grade.
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Table 4.4
Number of Straight and Applied Estimation Items by Grade

6th 7th 8th

Many items (19 straight computation and 7 applied items) were appropriate
and therefore used in all three grades:

The  items included a balance of addition, subtraction,
multiplication and division. They 3150 reflected as much as possible the
instrictional attention given to various sets of numbers in a particular
grade level. For example; whole numbers were included for all grades.

Although some fraction items were included in sixth grade, fractions were
emphasized more 1in seventh and eighth grade:. Percents appeared only in
the seventh and eighth grade. A copy of each item and the grades in which
it was used is reported ir Appendix D:

The assessment of computational estimation skills is very
challenging. Altkcugh different ways to assess estimation exist; each of
them has some weaknesses (Reys and Bestgen, 1981). Daspite some
jimitations, the assessient approach used in this project reflects

techniques successfully used in earlier research (Reys et al, 1980). Each
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of the test items was produced on a 35mm slide and the items were shown
sequentially using a carousel slide projector: This organization allowed
amount of response time (12 to 14 seconds) for each item. In retrospect,
otur observations (which were collected with the interviews) suggests that
students in the treatment group would have benefited greatly from an
increase in response time.

All of the items were open-ended: Students were directed to write
their estimates on a specially prepared answer shest. A 6 ci x 35 cm
answer sheet provided adequate space for the open-ended answers for the
straight computation items on the front and application items on the back.
It was purposely designed to be very compact to avoid any open space for
students to either record the problem or do paper/pencil computation.

The open-ended format necessitated the construction of acceptable
response  intervals. These intervals reflected the stratecies being
taught. The acceptable interval for each item is also reported in
Appendix D.

Pilot test{ng of the items was done to check on visibility by
students throughout the room and clarity of context. The test-retest
reliability estimates for the tests ranged from .78 to .88 in grades six,
seven and eight. Since testing was done at different sites; it was
important that directions and procedures be as uniform as ﬁbsSiBié; Al
texts were administered by tne principal investigators and in every case a
uniform set of testing procedures was followed:

In order to compare the estimation performance of the matched
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treatient and control classes,; several analyses were done: Class means on

the Estimation Pretest are reported in Table 4:5.

Table 4.5
Treatment -nd Controi Pretest Means on the Estimation Test

6th 7th 8th
T C T C T €
9.04 3.50 8.728  17.86] 10.64  15.09
4.88  13:38 4.55 4.30 11:81 12.18
2.35 4:38 10.68  15.94 6:24  4.28
8:69  11.00 11.36  14:25 18.65  17.88
418 4.00 8.90  10:50 12.91  12.53
3.06 2.77 9.74 10.70 11.78  13.90
3:76 6.44 10.80 6:25 12.15 9.79
S 6.06 2.68 7.53 1220 9.00  13:50
Composite — _ o B
Class Mean 5.25 5.99 9:.08  13.47 11.64  12:39

it shows the corresponding control means for the classes selected to
~itch the treatment classes from the same school. The bottom line entry
of composite class means SNOWs that at each grade Tlevel the grand mean for
the control group exceeded treatiment group.
An analysis of variance was done on the pretest gstimation means to

groups wWere equivalent when the project started. The

determine if the

results for each grade level are reported in Table 4.6.
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Table 4.6
Analysis of Variance on Estimation Pretest

- S s = e e = e -

6th Treatment  2:10 1 2:10  :18 (p=:67)
Error 159.08 14 11.36
7¢h  Treatment 23.52 1 23.52 1.83 (p=.20)
- Error 180.35 14 12.88
8th Treatment  2.26 1 2.26 .16 (p=.70)
Error 201.72 14 14.41
Since these results were not significant, the groups were assumed

equivalent and covariance procedures were not used in tine subsequent
analysis.

We felt that both treatment and control groups would improve their
estimation performance during the school year. The control groups
experienced whatever attention the teachers chose to give estimation.
Furtheriiore §ince every textbook Series purports to teach estimation, it
was hypothesized that some improvement in estimation would be demonstrated

by the control classes. Since the students in the treatment classes

received instruction in the project materials, improvement in their

estimation skills was also anticipated: Therefore the main question
addressed in this phase of the evaluation was whether the growth of the
treatment and control classes #as equivalent.

In ord-r to address this question, an analysis of variance on the

mean growth of the treatment and control classes was made. The pretest
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estimation scores for ¢ class were compared with their respective posttest
sstifation scores to determine the growth: The results of the analysis

are summarized in Table 4.7.

Table 4.7
Analysis of Variance of Growth in Estimation

Source S df MS F

6th Treatment 39.75 1 . 39.75 4:27 (p=0.06)
Error 130.38 14 9:31

7th  Treatment gl.14 1 81.14 15.25 (p=.002)
Error 74.51 14 5.32

8th  Treatment 97.66 1 97.66 12.57 (p=.003)
Error 108.77 14 7.77

At each grade level; the growth of the treatment classes was greater than
‘the contro! classes but as Tablé 4.7 shows, the level of significance

varies:

Figire 4.2 provides a visual illustratiun of the growth differences
between the treatment and control groups. It shows that individual class
mean growths were much higher in the treatment classes than the control
groups. The consistency of these findings across grade levels confirms

the positive effect of the project materials in developing estimation
skills.

An item analveis was done on both the pre- and post Eétiﬁéﬁiéh Test.
it is also included in Appendix D and further substantiates that although
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estimation performance in bouh treatment and control group improved,
students in the treatment groups improved more. An examination of the
individuali items shows that improvament for treatment students was
observed on every item at every grade. The same could not be said for the
{i.e.; 6-7-A; 7-3-A, 8-3-A).

Perhaps the most interesting finding relates to cramatic shifts of
performance (25 percent improvement or more) observed from the pre- to
posttest. An examination of Appendix D shows improvements of 25 percent
or more on each of the following items:

6th 7th 8th
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Although the number of items varied by grade, it is remarkable that such
dramatic shifts were made on so many items (33 percent for grade 6, 16
percent for grade 7, 24 percent for grade 8). This finding is even more
impressive when it is noted that tnere was not a single item at any grade

in the control groups which showed a 25 percent improvement .
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Appendix D offers opportunity for careful study and interesting
observations. For example, although tremendous growth by students in the

remains. Far too many items remained very difficult for the étﬁdéﬁts in
the treatment group:

The pre- and posttest measures provided all of the comparative data
between treatment and control groups for this project. In addition, a
midyear paper-pencil estimation test was given to all treatment classes.
The purpose of this midyear test was to provide an interium report on

student progress. It also was designed to encourage a continuous high
level of teacher involvement and adherence to the project schedule:

Criterion referenced tests were constructed to reflect the specific
strategies being taught in each grade level {Appendix E). In addition,
the test included some questions to check on the recognition of sensible
answers. It also provided opportunities to adjust estimates and compare
them with exact answers. Each page of the test was carefully timed and
required about 20 rinutes to administer. An examination of the item

analysis reported in Appendix [ raveals that student performance was
consistently above 60 percent on each exercise. We viewed this as a very
strong performance level and an indication that the instructional program
was being implemented. Results from these tests were returned to teachers
and students so they would have some feedback on their progress in
developing estimation skills. Interpretation of the scores was left to

individual teachers:
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Interviews In  adddition to the group measures, individual

Gf the school year. Test scores provide limited information about the

cognitive processes students use Or how these processes may have changed
as a result of instruction. The interviews were designed to provide
insight into the estimation processes and techniques actually used by

students in problem situations. The particular students interviewed
resulted from a random sampling plan, subject to the following conditions:
1. 12 stiidents were interviewed from each grade:
(Six at each site)
2. At least one student was interviewed from
each treatment class:
3. Students from the top, middle and bottom
one-fourth on thie CET were interviewed.

An interview containing 10 problems was prepared for each grade (Appendix
F). Several of the problems were from the CET. They were all open-ended
and were selected to represent different estimation strategies. Five
problems were comnon to each grade level: Throughout the interviews,
Which lasted between 15-25 minutes; students were encouraged to describe
in their own Words the procedures being used in making estimates. Each

interview was audio taped and a transcript of their responses was made.
The purpose of the interviews was to help document some important

process changes that were often observed and which could be attributed to

the imstruction in estimation. Although treatment teachers shared many

Fer



these interviews provided additional avidence of - several interesting
patterns. Three of them are now discussed:

1. Clearer understanding of the process of estimation.

Many students misunderstand estimation. For example, when asked to
estimate, students will cofipute an exact answer and then use it to make an
estimate. This happened frequently in the initial interviews. Here is

how Holly, a sixth grade girl, responded to the problem:

729
-371
She said "that's 358, so my estimate is 400." Holly revealed the
same approach on another problem (2548 43) when she said "I can't find
tﬁé answer to make an estimate.” In each case, Holly felt that she needed
an exact answer before she could give her "estimate:.”

change it to 2800 divided by 40 and get 70." Holly no longer felt the
need to get an exact answer and this helped her realize that estimation is
indeed a powerful process. Holly voiced this feeling about estimation
When she said "I learned new things to use when estimating: It's faster
grader who at the close of the year said "Estimation makes things a lot

gquicker. It is easier than using paper because you don't have to write
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anytning down. A1l you have to do is get close." These comments provide
4 Ratural lead to another important change which was observed.

2. Developed a greater tolerance for error.

a stumbling block for producing an estimate. One of the biggest
challenges in estimation is for students to provide (and be satisfied
with) an answer which they know is not exact: Years of experience in
arithmetic has conditioned them to get "the right answer." This lack of
folerance for error appeared in several different problems. for example:

No. 1 "My estimate is 160003." (6th grader) |

No. 5 “About 8988 because I just did it approximately.” (7th

grader)
Notice that in each case the units digit is the same as it would have been
with traditional written algorithms.

The same students at the end of the year r-sponded:

No. 1 "About 170000" (6th grader)

No. 5 "It's more than 7200:% (7th grzder)

Such comments suggest that these studeats changed during the year and
felt more comfrontable with their estimates. This willingness to tolerate
error in estimates is reflected in these comr :nts:

WEstimation is 1ike getting close to the exact answer."
(6th grader)
"A lot of times when you estimate; you just leave out or

change some numbers." (8th grader)

¢ of adjusting (adding something on or taking something Off) to

i
w
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prodice a better estimate goes hand in hand with a t:olerance for error.
Developing this tolerance takes time. Although one year is not enough,
these comments show that progress can be made.

3. Improved understanding of number concepts:

Fractions and decimals create confusion for many students:. Lack of
understanding of these number concepts often leads to confusion and errors
with traditional algorithms. For example, consider these students
response when asked to estimaté the sum of 12713 + 7/8 (No. 2):

“19/21, but that's an exact answer. My estimate is 20/20
or 20." (7th grader)
“That's 20 over 20 or 1." (7th grader)

These responses reflect not only uncertainity about what to do, but a lack
of basic conceptual understanding of fractions: The most f?édﬁéht
response by all students interviewed on this problem was to add numerators
and denominators and report 19/21 as their estimate. No students
verbalized anything about the relative sizes of the fractions, which is
fundamental to estimating.
numbers before applying an algorithm: This is evidenced by these
comments:

"They are both about one...so my estimate is 2." (6th

grader)

“12/13 is almost one and 7/8 is about one, so my estimate

is almost 2." (6th grader)



"They are both a little less than one so my estimate is a
little less than two." (7th grader)
Realization of these fractions being close to one suggests that students’
concept of fractions had improved. Furthermore their ability to take the
global view of this problem represents a vital step in the estimation
process.
It is impossible to capture and describe every important change
suggested by these interviews: However several other patterns were

observed. Students responded quicker, and often mentioned that estimation

was easier because you didn't have to use "messy numbers." Many of the
strategies taught during the year were not only used in the end of year
interview, but were identified by students as they were being used. This
allowed many students to call upon more than one strategy on a single
problem. Rarely was more than one approach used at the beginning of the

These interviews confirmed that progress was being made in changing
how students think about estimation as well as how they estimate. These
interviews revealed not only a wide range of levels of development of
estimation skills and strategies, but made it clear that additional
instrictional effort 1is needed: Clearly any instructional effort
addressing estimation must be viewed as a multiyear effort.

In order to further capture the spirit of these interviews and

everal interviews were video

taped: The same students were interviewed in the fall before instruction



began and then again in the spring after the lessons were completed. A
composite videotape illustrating some of these process changes was made.

It illustrates how students approached and solved some of the estimation
problems in the fall and later in the spring after instruction was

complete.  This 3/4 inch cassette videotape is' entitied “Improving
Estimation Skills Through Instruction® and is aveilable from the National
Science Foundation and Robert E: Reys; 212 Education Building, University
of Missouri, Columbia Missouri 65211;

Teacher

In addition to evaluating the effect of the materials through
monitoring student performance, feedback on all of the instructional
naterials was gathered from the treatment teachers. Special evaluation
forms were prepared for the materials (Appendix G). Teachers were asked
to complete their evaluatios of the instructional materials immediately

following their use. The evaluation forms were designed to provide
helpful information without burdening teachers with tedious paper work.
This written feedback was supplemented with informal conversations held
Nith treatment teachers throughout the year.

Teachers using the materials were in an ideal situation to recognize
troublesome areas and problems that should be addressed in revisions: The
teachers were generally conscientious in their review of instructional
naterials. They indicated places where directicns were unclear; areas
where the lessons were too 1long; and content that needed further

jevelopment. They also Gave specific examples of student experience and

»f these comments greatly aided the revision process.
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Feedback was by and large both encouraging and enthusiastic. This
project not only helped teachers realize the importance of teaching
estifation but alerted them to its natural integration with other
mathematics topics. For example; several teachers commented on how the
instruction om estimation reinforced and complemented the material in the
regular curricalum: This comment surfaced repeatedly in the fraction wc#k
at ail grade levels. One teacher commented, "My students seem to
understand  fractions better and that is helping them compute with
fractions. They also are more sensitive to unreasonable answers when they
compute. "

Another positive feature of this estimation curriculum cited by
teacheérs was that it allowed for and encouraged discussion within the math
class as the fullowing comment indicates " . . . the examples on the
transparencies sparked a lot of discussion of whether answers should be
exact Or estimates and if estimates, what reasonable ranges should be
considered." Teachers also mentioned that although initially students
vere uncomfortable giving answers which were not exact, as the
instructional sequence progressed they became more comfortable with the
importance of estimation as a real life, necessary and efficient process.

One of the principal investigators made.arrangements with an eighth

in order to gain additional insights about the strengths and weaknesses of
the program. The class was from a school not providing either treatment
oF control classes, and the results from this class were not used in any
data analysis. The principal investigator taught all of the lessons and
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the minilessons and maintenance sheets. The timetable paralleled the
regular lesson schedule followed by all the treatment classes. This

Information to improve and refine the instructional materials was
sought from one Other source. Several national consultants (Mary
Lindquist; National €ollege of Education; Joseph Payne, Yniversity of
Michigan; and James Wilson; University of Georgia), themselves experienced
teachers. examined the instructional materials and offered suggestions.
Each of them reviewed the set of materials independently. They were asked
to not only examine individual parts of the program but to consider the
big picture of organizing and sequencing the materials. This allowed them
to provide overall views of the materials and supplement the more
microscopic examinations provided by teachers using the materials in

Many comments from the consultants were very supportative of our
effort. They were generally impressed with both the guality and quantity
of the instructional materials which had been developed. One said "I

Althcugh such positive comments from the consultants were
encouraging; their feedback also contained many important recommendat ions
and valuable suggestions for improvement. Some addressed broad issues,
such as the organization and composition of the lessons. Some concerns
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were expressed, such as ". . . you press too scon for an estimate that is
too precise . . ." and recommendations, such as " . . . applications
should be emphasized more" were offered: In addition;specific ways to
revise and improve individual lessons were identified. The consultants

project materials.

The information from treatment teachers and national consultants
provided the data base fcr program revision. All of these data were
synthesized and used by the investigators as the instructional materials
- were revised.
Summary

Overall, the results of the classroom implementation of the pilot
program indicate that the first effort at developing a comprehensive
program for computational estimation built on multiple strategies resulted
was accepted by teachers. Of equal importance it provided essential
information necessary to revise and refine the program:

Four factors should be kept in mind in considering the findings:

1.  The results measured the effectiveness of a three-year estimation

and performance of students occur after repeated exposure to a topic for a
period of years. We noted initially that students were hesitant about

estimating and quite rigid in their thinking. It was clear that their
limited contact with estimation in prior years had led +them to be
Page 42
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Mechanical in how they estimated, unclear about the purpose of estimating
and to view estimation as a chore. It took several lessons for students
to become more flexible in their thinking and more comfortable with
estimation.

The fact that estimation performance grows over time was noted by a
'sixth-grade pilot teacher who taught a seventh grade class composed of
students who were in the estimation program last year and those who were
not:  She reported observing a major difference in the estimation
proficiency of those who were part of the pilot program and those who were
not.
2. The program was implemented in 24 classrooms in public schools
using the regular classroom teachers who had not received extensive
training in teaching estimation. It was designed for use i a wide
variety of classrooms under normal teaching conditions. Although we felt
strongly that the program should be taught and evaluated in such a manner,
obviously some control is rediced under such conditions. While the pilot
teachers were conscientious and faithful in their teaching of the program;
the level of commitment and instructional attention to estimation did
vary. Time was often a factor; due to demands of the regular curriculum
and interruptions in the normal schedule for special school events. In a
few cases it was not possible for teachers to cover all minilessons and
maintenance worksheets.

3. Problems remain in group testing of estimation performance. The

Use oOf slides under timed conditions for each item; as was done with the

Computational Estimation Test, is a major improvement over conventional
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testing. In many cases, however; the time allowed (12-14 seconds) was not
erough. This response time was not enough to produce an acceptable
estimate, to analyze the situation, select an appropriate strategy and
produce an acceptable estimate. Each of the investigators noticed a major

difference in how the treatment students approached the April
administration of the Computational Estimation Test, as compared to their
initial exposure to the test in September and the post-testing of the
control students. On the posttest; treatment students approached the
items with far greater confidence, indicating the feeling that they could
be successful. This is in marked contrast to their first experience when
items appeared.

That the CET may have undermeasured performance of studerts is
supported by the student interviews: In the final interviews, most
SEuééhts were generally successful on the items, but often needed longer
than 15 seconds to consider the situation, reflect and produce an
estimate.

\hile the 12-14 seconds is necessary for many items for which the

mental use of paper-and-pencil algorithms is feasible, additional time
eeds %o be allotted for other items. Increasing time allotments,
however; increases the 1liklihood that at Tleast some students will use

regular computational approaches.

4. Strong support for program effectiveness comes from informal

noted earlier; the final interviews provide evidence of gain in estimation '
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thinking and skill: Also; the way students approached the April
administration of the CET; described above, showed a change in their
perception of their ability to estimate. This is also supported by the
videotape; "Improving Estimation Skills Through Instruction" cited
garlier.

Several teachers noted a transfer effect to regular classwork; where
students were more sensitive to answers that were not reasonable. While
such evidence is not sufficient to demonstrate program effectiveness, it
supports; and perhaps extends;, the quantitative findings of the

evaluation:
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CHAPTER V -- PROGRAM REVISION

Originally we did not foresee that the revision of the pilot materials
would be a major task. Several factors; however, led us to undertake a
major revision of the initial materials in order to refine them, increase
their effectiveness; and produce a systematic set of instructional
materials that could be effectively used by teachers across the United
States. These factors include:

1. The need to address more explicitly some factors related to

the process of estim:iing, such as decision making and the
development of an estimation “mind set.” |

2. Knowledge gained about teaching strategies and processes in
developing and field testing the pilot materials.

3. Program considerations related to effective dissemination
and widespread implementation of the instructional
materials.

4. Feedback from teachers and consultants, oir own observations
on the.usa of the materials and achievement information.

Although the basic approaches to estimation and format of the
materials remain unchanged, several major modificaticns of the pilot
materials were made in the revised materials. The major changes are
discussed here.

1. An increase in the number of lessors from 10 to 15 per grade.

As discussed earlier in this report; we felt that it was necessary to
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hold to the original pian of 10 lessons per grade in the piiot edition:
This meant that some major strategies needed to be developed rapidly, and
other strategies and extensions of strategies had to be handled as
fifilessons. The five additional lessons permitted major strategies to be
developed more thoroughly and made it possible to consolidate the
estimation minilessons into the 15 lessons:

2.  Elimiration of work on mental computation and reduction of the

emphasis on prerequisite skills.

Tis was a difficult decision since both of these areas support and
facilitats estifiaticn. There did not seem, however; to be any way to give
the areas the attention they require and have the necessary time to
develop the estimation work carefully ard thoughtfully. Mental
computation needs to be addressed in the curriculum, but should be the
focus of a project devoted explicitly to it. Some important prerequisite
skills are incorporated in lessons and others are discussed in the teacher
notes.

3. Elimination of minilessons and maintenance sheets.

The number of different components in the pilot program, specifically
the minilessons and maintenance sheets, tended to make the program
difficult to manage in the classroom. The five additional lessons and the
decisions about mentalcomputation and prequisite skills made it possibleto
eliminate the minilessons. It might have been desirable to retain the

and 30 worksheets already provide 3 comprehensive program consuming at
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least three weeks of instructional time.

4. Less emphasis on precise estimates:

Several estimation strategies; such as front-end addition,
subtraction and multiplication provide estimates that are quite close to
exact answers: In the pilot edition; we were concerned about placing too
strong an emphasis on precise estimates. Such an approachAééh make
estimation seem more complex and difficult to students than it should: In
many  situations, such as checking of paper-and-pencil computation,
calculator work and daiiy uses of estimation, "ballpark" estimates are
sufficient. Also, the mental steps necessary in processing numbers to

below-average students. This concern of pushing for too much précision in
estimation too quickly was also shared by our consultants' review - ° the

materials. Thus, 3n revising the materials, we placed less emphasis on
orecision throughout the program. We also tried to make a better
distinction between estimation goals for all students and those for more
capable students.

5. Greater attention to processes associated with estimation.

In addition to proficiency 1n using strategies to obtain estimates, a
good estimator must develop an appropriate mental set and understand
variables associated with estimating. Tnese include such factors as:

a. Recognizing when an estimate is all that is required;
b. Distinguishing  between when a “ballpark" estimate is

sufficient and when it is important to get closer;
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c. Selecting an appropriaté estimate for a situation (mental
flexibility);

d. Recognizing whether an estimate is an overestimate or an

underestimate, when appropriate;

Adjusting a “ballpark” estimate to get closer;

(1]

f. Using estimation to determine when an exact computation is
sensible or reasonable.

While these factors were treated in the piloted materials; our
reaction and that of the consultants was that they needed more explicit
attention. Thus the revised materials place greater emphasis on them. In
Grades 6 and 7, the first transparency of each lesson; entitled "Get Your
Wifid in Gear", was devoted to these estimation processes. In Grade 8;
where the problem of content coverage was greater; the processes were

oroduce a program that would work well in classrooms and serve as a guide
for Ffuture researchers and curriculum developers led us to produce a major
revision of the materials.

In closing, we feel this project provided a much needed strictured
approach to teaching estimation. The project has not only developed sonie
creative instructional materials; but has provided research data which
dccumented its effectiveness in  imporving  students computational

estimation performance. It has illustrated some new directions for

teaching estimation which we hope will be seriously considered by those
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who help shape future mathematics curricula: Much work remains to further
refine and extend these ideas both downward into earlier elementary grades

and upward through the secondary school. Hopefuily our work will
stimuiate others to offer further improvements toward teaching the
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APPENDIX A

Pacing Guide for Grades 6, 7, and 8 Pilot Materials -




LESSON

N

(G0

10

PACING GUIDE

GRADE 6

TOPIC/STRATEGY

INTRODUCTION

FRONT-END (+)
3,4-Digit Numbers
FRONT-END, AVERAGING  (+)
Larger Numbers

FRONT-END (=)

3,4-Digit, Larger Numbers

FRONT-END (x)
1 x 30, 1 x 4D

ROUNDING (x)
2D x 2'D

SIZE OF QUOTIENT, (%)
FIRST DIGIT IN QUOTIENT

10 Divisors

COMPATIBLE NUMBERS (2)
1D Divisors

SIZE OF QUOTIENT, (%)

ROUNDING COMPATIBLE NUMBERS
2D Divisors

COMPATIBLE NUMBERS (
2D Divisors

ele

)

MINL TOPIC/STRATEGY

LESSON

1 Compatible Numbers
Sums close to 100

2 Compatibie Numbers
"Nice" dollar amounts

3 Mental Computation _
Multiples of 10, 100

a Compatible Numbers

(+,x)

(x)

Round one factor to 100, 1000

5 Mental Computatica
1 x2D0, 1 x 3D

Compatible Numbers
2D Divisors

62

(x)

—_
aje
St !



LESSON TOPIE/STRATEGY LESSON

10

Whole Numbers L

TOPIC/STRATEGY

axb (x;%)
C

Mental Computation (+;-)

N + Multiple of 10, 100

Mental Computation (+)
2D Numbers

Mental Computation (-)
20 Nuiibers

12
13

14

—
|

Fractions

Identify Fractions Close

to 3 and 1

Rounding (+)
Proper Fractions

Front-End. (+)
Mixed Numbers )

)

Find Fractional Part (
1/2, 173, 174 of N

Compatible Numbers (%)

16

foT]]
—
wm

|

|

\

Decim

Front-End, Rounding  _ (+,-)
Pecimals: Tenths, Hundredths
Identify Decimals Close

to 1 and 10

Compatible Numbers .  (x)
Round One Factor to 1 or 10
Substitute Fraction (%)
for Decimal
0.25, 0.5&%; 0.5
Compatible Numbers_ (%)
Substitute Fraction

0.25, 0;33%, 0.5




PACING GUIDE
GRADE 7

LESSON TOPIC/STRATEGY MINT TOPIC/STRATEGY
—_— LESSON -

+I
.

[Nl

~r

INTRODUETION; FRONT-END  {
3, 4-Digit Numbers

-

1 Averaging . (+)
2 Front-End (-)
Larger Numbers
3 Compatible Numbers (+)
4 Mental Computation (x)

Multiples of 10,
100 and 1000
2 FRONT-END 1 x 3D, 1 x 4D (x)
ROUNDING 2%D x 27D
5 Mental Computation (x)
T x 2D, 1 x 3D
6 Mental Computation (x)
Multiply by 50, 25
7 Compatible Numbers (x)
Round to "Wice" Numbers
8 Relationship between (x)

digits in factors and

digits in product
)

sje

3 SIZE OF QUOTIENT
FIRST DIGIT IN QUOTIENT

10, 2D Divisors 9 Recognize; Create (%)
Compatible Numbers

oo
-

a r OMPATIBLE NijMBERS (
I
2 o divisers o _ S o
10 Compatible Numbers (x,%)
axb
c

Who! Numbsre

11 Identify Fractions €lose
to 0; 3; or 1
5 CUONT L o (+5-)
Foragi ot ved Nusbers

64




LESSON TOPIC/STRATEGY MINI TOPIC/STRATEGY
LESSON

12 ‘Mental Computation (+,-)
Mixed + Whole Number
13 Rounding {(+;-)
Mixed Numbers
14 Compatible Numbers (+,-)
Mixed Numbers
6 COMPATIBLE NUMBERS (%)
Unit Fractions: 174 of N
15 Mental Computation (x)
Whole x Mixed
7 ROUNDING, COMPATIBLE (%)
NUMBERS
Mixed Nunbers

Fractions - .. [

8 FRONT-END, ROUNDING (+5=)
COMPATIBLE NUMBERS
Decimals B : o
1€ antal_Camnatazion (x)
=it iply by 'Gs; 100,
oy 1000
17 Mental Computation (%)
- - o Divide by 10; 100
9 FRONT-END, ROUNDING (x5%)
COMPATIBLE NUMBERS
Cecimals o o o
18: ldentify Quotients (%)
Greatar, Less Than 1

19 Substitute Fraction
for Percent =
1/2,1/3,1/4,1/5,1/10
20 Mental Computation (x)
S - 1% or 10% of a Number
10 COMPATIBLE NUMBERS  (x,%)
1%, 10%, 25%, 33 1/3%, 50%

Percent I B

65




PACING GUIDE
GRADE 8

LESSON TOPIC/STRATEGY. MINI TOPIC/STRATEGY
LESSON

1 INTRODUCTION o
FRONT-END (+)
(Whole Numbers, Decimals)
1 Compatiblie Numbers {+)
Sums Close to 100
2 Mental Computation  (+)
Multiples of 10, 100
Mental Computation  {+)
2D, 3D Numbers: N + 19

W

2 AVERAGING (+)
(WN, FR, DC) . e . :

4 Mental Computation (+;-)
Chain Computation _ .
Multiples of 5, 10, 100

5 Compatible Numbers  (+)

"Nice" dollar amounts
Mental Computation  (x)
Multiples of 10, 100

o

3 " Rounding: 2'D x 2'D  (x)

7 Mental Computation (x)
Compatible Numbers
Relationship between  (x)
digits in factors and
digits in product

Q0

4 FRONT-END 4 (x)
10 x 3D, 2D x 2D
tWN) - I o
' 9 Mental Computation (x)
1D x 3D

1Ty
~—

COMPATIBLE NUMBERS  (
1D, 2D Divisors
(WN)

(341

10 Mental Computation (x)
Multiply by 50; 25 7
n Find Number of Digits
in Quotient
1D, 2D divisors

oo
~

6 COMPATIBLE NUMBERS  (x; )
- . B . ,7 a’ jr: Vbr o - . _ o o . . o
P xaxb, —¢ L2 Nuiber Of digits in  (+,%,3)
ariswer




SCOPE AND SEQUENCE

GRADE 8
LESSON TOPIC/STRATEGY CMINI TOPIC/STRATEGY.
LESSON
13 Mental Computation _ _ (%)
Multiply by powers of 10
{WN; BE)
7 COMPATIBLE NUMBERS (x,%)
Powers of ten
(WN, DC) B S , o
14 Identify Fractions Close
to 4 and 1
15 Sums Greater Than; o
Less Than 1 (+)
(FR)
16 Sums Close to 1 and 2 ()
{FR)
8 FRONT”END ROUNDING {(+,%x)
(FR, DC) .
17 Fraction-Decimal
Equivalents
18 Find Factional Part  (x)
1 . a -
o -B X C, -5 X C
9 COMPATIBLE NUMBERS (x,%)
% X c
19 Select Fractions Whose (+;x.
Sum/Product is Clolse to
a Given Amount
20 Decimal Approximation
for Fractions
21 Place Decimal Point in (x)
Product
(oC)
22 Fraction - Percent
o I —— o Equivalents
10 COMPATIBLE RUMBERS (%)
Percent of a Number - L L
23 Find 15% Tip (x)




APPEMDIX B

Attitude Questionnaire and Results
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Name:

NSF Estimation Projact
Attitude Survey Grade: Teacher:

‘ School :

When you estimate answers in arithmetic you get an _
answer which talls about how much rather than exactly
how huch.

Answer each question below by
circling one of the three choices.

ESTIMATION IS SOMETHING:

1. 1 think is very important. yes o not_
2. 1 use outside of school: yes fio not_
3. I use in math class. yes no gg;é
4. I like doing. yes no sure
5. 1 have §ééﬁ taught in school: yes no oo
6. 1 have learned iwostly on my own.  yes no
7. 1 am good at doing. yes no sure

I — yes no




ATTITUDE =- Grade 6; 7; and 8 -- Pre/Post
Estimation is something:

1. I think is very important " Yes No Not Sure

9/8 18/1%

l71‘
Sy 4

66763 | 4/9 | 25/27
= _22/19

67/61 | 1278 | 21/31 |
| 26716 __
| 63/73_ 11/8 24/18

O |
AR
Y AN |
N
K
i Un}

oy ]
l «>}
AN
ny
] «2)
| Y¢5
) Y
1i%a)
N
=
KO

|
|

[ F e
T |
2‘
el
al
— !
D |
KO |

Z. 1 use ~ciside of school e No ~ Not Sure
49/66 | 37723 | 13/9
7777 4/26_ | 12/10
61769 29724 1075

| 69782 | 23/12 8/6
1179
65771 24722 1176

Gr. 6

-
g
\

2
i

Gr. 7

™ = O -
N
N
™~
g~ :
=
N,
~4
<
s
~

~ Not Sure

3. I use in math class Yes NG

o T I = YRR TR « YT

4. 1 like doing Yes %o Not Sure

o 5 - =233 | 18/27 | 23/39
%o | sy/u2 | 28/36 | 20721

o ~ O -

ERIC

Full Tt Provided by ERIC.



5. I have been taught in school  Yes ~ fo Not Sure

-
00
~
~N
W
N
~
~o
W
(@]
~N
o=

[} —t o -—t I
NN
W |00 g
|
N
~
W
N |
iy
=

6. [ have learned mostly on my own Yé No Not Sure
| 59/61 20/18
30724 49755 | 21720 ]
——
2 £7760
57758

— ]

12/17

5! 19/20
14721 | 69/66 16711
22/28 6a/54 | 14/16

O 4 O -4 O
= o O
= =
N
IND.
e

No Not Sure

713 | 35/46
53/54 11/8 35/33
52/32 10723 | 37742 |
50751 7/13 43/36
46736 11715 | /45
56740 7/16 | 36/44

7. 1 am good at doing ~ Yes

%
:

Mo = O - O

-
=
N IN)

N

[fe)]

N

=

N

d

]
| IF

h
d

NN
b
N
!

Wl |
‘m‘
KN
"y
AN
A ¥y
00

™~
00 1 k.=
il B
| fon
~ IS
w1l foo
= N
b= i
on o o
~N I
f )
|

(o NI Y ot B Y o
ol ol R

N
o

00
e 3}
N
~¢
00
[y
E
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APPENDIX C

Mental Computation Tests and Results
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mental Lomputation

Number: 1 ] - o

Pre Post Pre  Post. Pre Post

itém:

30 + 40 +# 10 + 20

Number: 2

~ 6th 7th . 8th
o Pre Post Pre. Post Pre Post
[tem: T
S T 87 g1 | .82 | .81 .78
30 + 400 + 60
C L.83 .79 88 90 2l
Number: 3 o o
6th 8th
o Pre Post Pre Post
[ten
o T | .66 49 73 | .62
76 + 29 B
C | .6x | .51 78 | .65
Number: 4 o L
 6th 7th ~ 8th
. ~ Pre Post Pre Post Pre Post
Itéﬁ; ‘ Y Y
e ! 89 .65 66 75__§ .88 .70
2% + 60 .
b9 | vo ] 89 |80 § .88 | .79

73




Mental Computation
Number: 5
itém:

76 + 15

Number: 6

Itam:

547 + 199

Number: 7
Item:

357 + 400

Number: 8
Item:

91 - 40

6th

%65t

Pre

7th
Post

Pre

8th
Post

;85

E?-.63 .65
I .83 72

84

.75

_Pre

~ Post

Pre

.51

.33

.35

.43

.35

Pre

8th 7
- Post

72

.84

6th

__Pre

Post

Pre

Pre

gth
Post

.53

45

b4

.54

48

.48

.68

73

69 |




Mentail Lomputacion

Number: 9

Item:

8 - 9 .2

Number: 10 o , B
6th 7th 8th

Pre  Post  Pre Post Pre Post

Item:

.52

56 - 25

.68

Number: 11 o ' o
6th 7th 8th

_ pre _ Post Pre_ Post  Pre Post

itém:

90 - 32

.51 .53 .60

Yy
N
I~
N
st
W=
AN

Number: 12 o o
6th 7th ~ 8th

_ Pre  Post Pre Post Pre Post

Item:

Tl | 37 3| 7 34 | .58

150 - 75
22 | .34 .38 .52 .53 .65




MEIILAl LUIIYU LG . s

Number: 13 o -

itém:

765 - 99

Number: 14

Post  Pre Post

Item:

.30 13 | .28

80 + 40 - 10 + 20 + 30 —

l28 l23 l3g

Number: 15

Item:

65 + 15 - 10 + 25 - 35

14 | .26 |

Number: 16 - - o
6th 7th 8th

Pre Post  Pre  Post Pre Post

Item: N -
T .65 .78 E .75 .1 .80 .86 .85

9 x 70 )
¢ .70 .78 l.78 .85 .82 .84

76




ﬁﬂmbé?: 17
Item:

125 x 10

Number: 18
Item:

400 x 5

Number: 19

Number: 20
ifém:

60 x 15

(@]l

(el

7th
Post Pre

6th

Post

Pre

7th _

8th

Post

82

83

:92

75

.90

Pre

6th

~ Post

8th

Post

.16

.25

42

14

27




W SUTECRRE X R ariVh. >3

Number: 21

Number: 22

Number: 23
Item:

5 x 99

Number: 24
Iitem:

300 £ 5

Pre

Post

Pre

.35

.36

.39

44

Pre

b=

Post

Pre

.29

.52

43

S51

.59

Pre P

8th

57

.73

78



Mental Computation

Number: 25
Item:

816 * 4

Number: 26
Item:

400 : 80

Number: 27
ifém:

2400 % 60

Number: 28
Item:

200 = 10

10

Pre

6th

Post

__7th ~ 8th
Pre  Post  Pre Post

.05

.23

11

21

Pre _ Post _ Pre  Post

7th 8th

Pre Post  Pre Post

I_723 .61 .39 ;?ﬁ

79



—mencar cumputatyon
Number: 29 o T o
6th 7th 8th

[tem:
T ;Gﬁ 4125, .11474,;36 [.23 ;Qﬁ |

150 : 25 {

Number: 30 . o .

[tem:

- 80,000 # 1,000

Number: 7-31 o o
&-31 6th 7th gth

Pre  Post _Pre Post Pre  Past

;t’em:

172 + /4

Number: 7-32 o o ,
8-32 ~ &th . 7th ~ 8th
Pre Post _ _Fre Post Pre  Post

_ T Sy g | 37 r.zs 24
1710 + 1/100 )
‘ , 21 ,ZSJELJB

Itei:




Number: 7-33
8-33 B 6th 7th 8th
o _ Pre Post Pre Post Pre Post
Item: ) .
2 1/8 + 3/5 48 ] .61
C . _
I .56 .68
Rumber: 7-34 - o o
8-34 _ 6th 3 7th ~ 8th
- Pre Post Pre Post Pre  Post
ltem:
- T .30 . 48 .32 .48
31/9 + 5
c .Lli Lli .gg ) 7+14£~l7
Number 7-35 _ o
8-35 éth 8th
o Pre Post Post _Pre_ Post
[tem:
o o T 32 17 21
4 1/2 + 2 1/8 A
¢ 23 21 .26
Number: 7-36 - -
3-36 3 eth -~ 7¢h 8th .
: Pre Post Pre  Post  Pre Post
Item: ) ~
o T o .56 81 71 .81
5/7 - 2/7 ‘
70 .78 .76 .75

81




Crmrrm T v — - — = — -

Number: 7-37
8-37

ftéﬁ:

1 = 7/8

Number: 7-38

8-38

[tem:
12 - 3710
Number: 7-39
8-3¢

[tem:

Number: 7.-40

46
_ 6th ~ 7th ~ 8th
___Pre Post  Pre Post Pre Post
r\\r
T
c
6th
Pre
17
_ 6th ~_7th ~ 8th
Pre Past Pre  Post Pre  Post
T .04 .28
C . o
11 ] 22

82



PGS A5 "\ MU W Y D

Number: 7-41
¥-41

(o]
o
= g
~
o
o]
ct
=

Pre Post Pre  Post  Pre Post

Item:

12 of 60 is

Number: 7-42 B
ot 7th . 8th
Pre Past Pre  Post Pre Post

?

s

%]
o
il
b

Iten:
T 17 370 o0l w7

273 of 9C is - — ==
.16 .28 .28 31

Numpber: :-43 7

8-43 ~ 6th o 7th 8th
o Pre Post Pra Post Pre PO
ftem: —

.02 .08 .02 .15

p ol

574 x 100 | -
¢ 06 1 .11 F .05 13

Number: 7- , - 7
6th 7th 8th

Pre Post Pre Post Pre  Post

[tem: ’ ' —
o T rc- .05 ~0- 11

4 x 31/2
‘ E .03 | 07§ .05 | .08




Mental Computation

7-45
8-45

Number :
Item:

17100 =

Mamber :

[tem:

1l

Number:

(}‘)1\1\
= NN~
NN

[vem:

+

3 % .4

GI)\\J\
£
oI

Number :

item:

v
o
+i
™~

56,000

[Sa 0

/th

Post Pre

.05 .02

.09 ;05

Pre

o

Past

Pre

43
52

Pre

P5st

POS*

.58

.54

Pre

Post

! .16

46

48

©4




Number: 7-49
3-49

Item:

7-50
8-50

Number :

Number: 7_57
-51

0]

Iten:

3.8 - .5

Number: 7-52
2

80 - .01

- g . -

(@]l

€th

__Pre_ Feot

Pre

7th
_Post

8th

Fre lost

f————t— . L ——_— 2

.51

.60

57 |73

.63

.70

.59

 Bth
Pre Post




Fre

8-54 5th - 7tn 8th _
:  Post Pre Post  Pre ___ Post

.66

67

oo
o ov

a')l ~4

6th o7 8th
Pre Past Pre Post Fre  Post

I ten:

& x 90

219 43§ 31 .52

Nunber: 7-56 ] o
, . sth 7th gth
g Pre  Post Pre Post Pre Post

[tem: r 1
T [ .02 .1uj 09 | .21

@
(82
Oy
(o1}
(adl
o

.25 x 80




Number:
I[tem:

.4/7.36

Number:
Item:

200 3 .1

(e )

Pre

6th

_Post

Pre

l

7th

-ost

.20

.28

Post

.05

.07

7tn

Post

Pre

8th

.03

.03

87

Post




Number: 7-62

[tem:

25% of 8 is

7-64
8-64

Number :

[tem:

75% of 200 is

(@)

8th
Post

[ox]]
(Yo}

_Pre.

Post

 7en

Past Pre

17 .14

21 14

Pre

7th

Fost  Pre

Pre

6th
Post

_Pre

Post Pre

0]
(n 4l
jo o

Post

.18

29 I.28

.49

.20

.45

W34 I.ZU




Mental Computation

Number: 7-65 . o
8-65 6th 7th 8th
) Pre Post Pre Post Pre Post
Item: — ¥ '
L T l -0- 1
40% of 80 is g 04 .06 i 14
6 I IOS leg 505 _»

Number: 7-&6 o -
8-66 ~ 6th 7t 8th
77777 Pre Post  Pre Post  Pre Post
Item:
L T 42 .59 .50 .75
100% of 9 s p——
c 46 | 60 § .52 | .67
‘umber 7'52 -
8-6: ~ 6th . 7th . 8th
o Pre Fose Pre Pz Pre Post
[tem:
o T .05 .C9 ir.lz .25
150% of 300 is | —
c .09 15 _g .16 .23
Number: 7-68 -
8-58 ~ bth
77777 Pre Post
[tein:
T
1% of 6000 is ’ —




APPENDIX D

Computational Estimation Test, Acceptable Intervals and Results
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| — | —
|
OO

ﬁumbér:

QN
[ Y

Item:

3595 + 6125

Acceptable Interval:

9,500 - 10,000

0~ oY
i

[ASILN
[}

O Mm

1l

Nuiber :

Item:

147 + 561 + 85

Acceptable Interval:

700 -850

LI
e W]

Number-:

Q0NN
o
Wik W -

Item:
8479
9275
500

Acceptable Intzival:
&3,000 - as,odé

o

Number: 6-4-

4
a
4

il
e N er]

o~
[l

Item:
35216
4912
- 15476
+ 317
Acceptable Irterval:

52,000 - 57,600

. —

oM

Pre

6th

Pre

7th
Post

.50

.59

455

.67

L 47

59

.62

| .65

8th

el
(o]
(7]
lad

72

.73

6th

7th
“ Pgst

21

48

42

128

:28

;38 ]




00 N N
1
iy Ut
[N
el eNeX
(o]
ot
i
~J
o
= gl

7 ] 7 gth
Pre  Post  Pre Post  Pre Post

2888 - 979 T .31 46 ;39 | .52 42 | .55 |

Acceptable Interval: c 35 48 m 142 5 B3
1.800 - 2,000 T

]

oy
|

( dth
Post

Y4 e

Number: 6-
7-

]
a“
g
-~
ct
3

Pre Post p-

oo
[o 04
O
o
B
il
el
O
iy
ct
(b -

[+

- 18812 T 16 46 .24 .57 36 ] .63

Acceptable Interval: c | .22 .37 .29 | .40 .35 .53

18,000 - 20,000

Number :

[ |

Q0 ~4 OV

[ |
Mo

[*2)
ot
= g}
~J
ct

= 3l
o]
ot

p

Prea Post Pre Post  Pre  Post

Item:

28 x 47 ' _

Acceptable Interval: c 4 42 .26 s, %7 4B

1,200 - 1,500

6th_ . 7th __ 8th
Pre Post Pre Post  Pre  Post

Acceptable Interval: c 43 51

3,200 - 3,600




Number: 6-9-C o -
7-9=C 6th - 7th . 8th
o 8-9-¢C Pre Past Pre Post Fie Post
Item: ; 5 , ﬁ
104 x 3& T | .11 | .44 § .26 | .48 § .41 | .63
Acceptable Interval: c . - . o y ,
22 42 . 33 42 .38 .52

3,600 - 4,000

Number: 6-10-C .
7-10-C ~ Bth . 7th . 8th
o 8-10-C Pre Post Pre Post _Pra Post
[tem:
Acceptable Interval: ¢ { .19 | 33 .28 | .u0 } .48 | .61
60 - 70
Number: g-11-¢ - -
7511-C 6th - 7th - 8th
o 8-11-C Pre Post Pre Post Pre PCL
Item
32 /79ET T Tl 12 | w4 B34 | oSt j%ﬂmg;‘;_
Acceptable Interval: c 19 41 30 45 1 43 53
20 - 30
Number: 6-12-C o o
7-12-C _ Bth_ 7th ~ 8th
) g8-12-C ~ Pre Post Pre Post Pre Post
ltem: ) | [
6548 + 96 T .05 18 § .10 .76 19 | .36
Acceptable Interval: . 7
= ' 12 11 I v B 12 3
- 70 10 ; .22 35 | .33 ] 3 5




Number:

Q0 ~4. O
[
P I e
W L W,
LI S |

Item:

8127 /478,257 T
Acceptable Interval: c

50 = 60

2.49 + 16.19 + .08 # 1.27 T
Acceptable Interval: C

19 = 21

Y

Acceptable Interval:

1 -1.5

Pre

. 8th

Post

il

.08

16

| .01

.07

.10 -

Pre

~7th
Pre

8th

Pre  Pgst

.03

0]

.31

~ 6th
Pre

Post  Pre  Post Pre

8th
Post _

N |
[

.63 R

72

.52

|59

Pre _

8th
_ Post

.23

26

94



CYLImaLI2in 123

Number: 7-16-C
8-16-C

6th

Pra

8th

Post

Pre

Item:

349:1 + .0097 + 19.37 T .19 , 49

Acceptable Interval: c

.20 | .33

360 - 370

NN N
[Nl

[}

Number:

Q0 ~
t
— d ed

£l
i

Item:

427 x ¢ 8 T L

Ac jle .iterva':

Nufiber :

Q0 ~ QN
[Nl
— e —t

0 00 QO

1o

OO m

|

T

fo.

2
ﬂ\

| e X
~d
(d
- o

|

o

o

(o)

Rl

-3

(1]
Qo
+

. oo o

BN

o

v

o+

Item: ; T
| iié ;19 ;29

41 x .75 T .02

Acceptable Interval:

28 - 2

Numiber : 19-C o .
-C _ bth_ . 7th __ 8th
-C Pre Past Pre  Post  Pre  Post

Tcen i

1 04 | .16 02 | .32

[ab 0
~¢
O
W
p—t
—

I

13 t c o

L—iQi ;98 .02 14§10 17

Acceptable Interval:

1 =2




Number:

_ Pre  Post  Pre  Post Pre Post

ité@:

3t + 25 + .04 | .28 )08 |.35 ] .18 |.58

6 -7

Number: o o L
Bth . 7th . 8th
Pre__ Post Pre Post Pre  Post

ftem:

oy

Acceptable Interval:

83 /T T ,,,,,W% ~ou | .17 g .14 | .34

.4 = .5

-C 6th 7th 8th

Number: 7

Item:

376 ¢ .98 T 07 | a8 | .7 | .4l

Acceptable Interval: c 14 96 17 26
} o . YAv] Y. .

370 = 400

Number: 7-23-C - o
8-23-¢ . Bth_ . 7th ~ 8th

&

Item: e
g < ]4% T _ﬁ .28 .35 L4 | 42
d

Acceptable Interval: L

12 - 14 1/3




Number: 7-24-C
8-24-C

F-9

Item:
;
3y

x;
4
Acceptable Interval:

21 - 28

Numbar :

o~
NN
(Sl S, N
[ N
leXel

Item:
2165 ¢ 93
Acceptable Interval:

20 - 24

Number :

Item:
23% of 42

Acceptable Interval:

8 - 11

Number: 7-27-C

Item:
98% of 114
Acceptable Interval:

108 - 114

Pre

7th
Post

. Bth .
_ Pre__ Pust

_ Pre

. 8th_
Pre  Post

.07

14 | (36

.09

.18 .23

8th
Pre Post

;20 | .40

14 .22

o
orl
= ol

Pre Post

;§2A7

.52
7th _

Paost

.24

.28
7th

Post

.23

.19
7th

Post B

Pre Post

19

.28 | 47

LT LT SRS )

.28




o~
1
NN

Number :

Q0 QO
[
[N e

[tem:

15% of 23.19

Acceptable Interval:

3-4

Number:

Item:

49% of 118

Acceptable Interval:

5 - 60

(8]

Number :

Item:

32% of 61

Acceptable Interval:

18 - 21

()

Pre Post Pre

7th

Post Pre

40 125

.27

.35 .24

6th

__Pre _ Post_ Pre

Post Pre

12

27 .19

17

.26 .22




E£stimation Test

Number: 6-1-A N B
Bth,,,, 7th 8th

Pre Post Pre Post Pre Post

ABOUT how much doea this 3 piece ) '
wil o7 aac oz c -
it c?*“ $ 29.95 vesl . ._ZL i 9 -

$47.95 simcrs
$98.95 jaci e Acceptable Interval:

170 - 180  (176.85)

NUmher: g.2-3 B B
7-1-A 6th 7th 8th
8-1-A

__Pre__ Post = Pre Post Pre Post

ESTIMATE the TOTAL enroiiment in c 16 21

these schools. e

ENROLULMENT
BLUE EYE 398
CAMEL BACK » 1506
DOG LEG 218

,,,,,,,,,7.7, 23 o o
EAGLE NEST 5,000 - 5.500 (5260)

FOX HOLE 3115

NN W
I

Number:

0N oY,
o
Yo
b3l
.
X
=
~
—+
=g
[00]
cti
b ol

WORLD'S FAIR ATTENDANCE .
sunld 7 C _— =

Monday 72,519 | | a
oncay. 16T am A
Tuesday 77,942 | riedia 2 o .
Wednesday 81,419 ‘ﬁ}ﬂ,;ﬂ;\: Acceptable Interval:
Thursday 75,569 ‘?‘E_l? 7.{‘7_;—

Fricay 77,802

Satiirday 87,363 | =~ 2XJd 520.000 - 570.000 (556,740)

OUT how many pecple iftended tha 1alF (e Week 2

O




L3timation lesc

Number: 6-4-A
7-3-A
8-3-A

ABOUT how much will these 6

iiﬁaWiEhii éﬂiii R R
sarr $2.89 wam  83.15
sir $2.95  auesen $3.19
serciac $2.79 e 9259

Number: §-5-a

ABOUT haow many calories
~ did | taks in today.
BREAKFAST 608

St { SNACK 405

_ LUNCH 788
} SNACK 289

DINNER 820

SNACK 49

Number: 6-6- A

ABOUT what is the difference
in price?

.33 47

Acceptable Interval:

$16 - $18.50 ($17.96)

6th ith 8th

Pre Post Pre Post  Pre  Post

.19 i

27 . 26

Acceptable Intervai:

2,800 - 3,100 ¢

AN |
e N
Ul
Yol
s

’

.37 48 I

Acceptable Interval:

8.000 - 9,000 (8.579)

1Go



2t IHIAW IV ICAL

Number: 6-7-A

ABOUT what is tho difforence
in price? o

$117,450 | $44,900

Number:

I~y
[ T
S000m.
[
p-3b-3b- X

We deiiver 290 papers a day.
ABOUT how many papers in a

week ? .
8
L '\s

g

-5#63%- ;

Number. 6-9-A

We deliver 107 papers 3 day.
ABOUT “ow many papaers this
month ? on

T 12 .24 !

rl 23 e |3 | Lug

c | .27 .33 .30 .38

6th 7th 8th

Pre Post Pre  Post Pre Post

.12 .}21 l : | |

Acceptable Interval:

(72.550)

70,000 = 80,000

Pre  Post Pre Post

Acceptable Interval:

1,800 - 2,100 (2,030)

6th 7th 8th

__Pré__ Post.  Pre Post  Pre  Post

Acceptable Interval:

3,000 - 3,500 (2,210 or 3.317)

Ly
i
-,




Estimation Test

Number: §°1

We deliver O5 papers n day.
About how many parers in a

yaar ?

Number: g.71-A

ABOUT how much wnll
B shirts cost? :

Number: 6-12-A

78 tickets were sold lmmodlatoly

ABGUT how much money

162

6th 7th 8th
_ Pre Post Pre Post Pre Post
- ¥
tlos s Lo 7z Has |23
. ~ n I i oo I ~ ~
C 10 15 17 11 Ile 17
Acceptahl~ Iiterval:
32,000 - 37,000 (34;675)
. 6th 7th ~ 8th
Pre Post  Pre Post - Pre Post_
T .27 47 l
C 31 | 43 - -
Acceptable Interval:
52 = 57 (53,94)
&th B 7th B gth
Pre Post  Pre Post _ Pre Post
T | .06 | .18 T !
09 | .17 [ l
Acceptable Interval:
2,100 - 2,400 €2,223)



Estimation Test

Number: §-13-A

ABOUT how much will c

9 umbrella’s cost ?

Number: 6-14-A

An B-pack of soda costs ?)3:38
ABOUT now much does 1 botila coat?

Numter: 6-15-4

George has a car loan ot ¥9,875
to repay in 48 months.

ESTIMATE his monthly payment.

6th _ 7th_ 8th
Pre Post  Pre

|
|

Acceptable Interval:

$150 - $180 ($161.55)

6th

Pre  Post  Pre  Post
.06 | .29 l [_ ]
o5 | .11 l ]

!

.05

Acceptable Interval:

40¢ - 45¢  (42,25¢)

7th Bth

Pre Pre  Post  Pra Post

Acceptable Interval:

$200 - $250 ($205.73)

|y
O
(V'S




Number: 6-16-A - = - -
6th 7th o 8th7”77
Pre Post Pre Post Pre Post
T 13 .20
ABOUT how much does ¢ - .
12 | .26 } |

each crange cost?

Acceptable Interval:

15¢ - 20¢

(19.39¢)

Number: 6-17-A
7-12-A 6 .
Pre Post ___
oo _
Attendance at the first & nights cf
the show was 17‘79 ~ c . éé
ABOUT whai was the @ D :
average attendance? [/ '\ ‘\‘4{ S 7
\ ” thﬁ Acceptable [nterval:
|7 J {ai 400 = 450 (437,25)
Nuiiber: 6-18-A - .
7-16-A 6th o 7th ~ 8th
8-9-4 Pre Post Pre Post Pre Post
- T .01 .19 J.o9 .29 | .16 | .37

11

Acceptable Interval:

300 - 350

104

(323.84)



LOtimariun iesc

Nuniber:

polb2b -3

6~-19-
7-15-A
8-10-A

Oklahoma has 6 representatives
in congress,

ABOUT how many pacple doas
each representative represent ?
Posalation of Oidshorna |

3,185,147

6-20-A

Number :

California has 43 representatives

in congress.
ABOUT hcw many pecple does
each represeiitative represent ?

Popuiation cf California

23,669,435
Number: 7.4 _a

ABOUT how much will thess nuts
weigh altogetrer

g{:ﬁsrﬂz L L s ;Q;,
gwb 2 5 1.

Y

6th 7th 8th

Pre Post  Pre Post Pre Post

01 | .18 ! 08 | ,20 ¥ .16 | .37

Acceptable Interval:

500,000 - 550,000 (530,857.83)

K

Acceptable Interval:

500,000 - 600 000 (550.u451.:97)

6th 7th 8tn

Pre  Pocst  Pre  Post  Pra ost

13 | .31 L

Acceptable I4terval:

15 - 2 (1.71)

105




tstimation Test

Number: 7.5.4

m@gh altogether?

5-3—15. |

Nufiber: 7-6-A

ABOUT how much do
these boxes wengh
altogether ?

Number: 7=7=A

ABOUT how mﬁéh da these boxes
wi-gh altogc'hor”

6.9 ﬂ,“ t27sf
p— N
275 11.7421

108

6th 7th ~ 8th
Pre  Post  Pre  Post  Pre  Post
T 29 .48 I
‘ 36 | .48
Acceptable Interval:
21 - 23 (21.96)
_ 6th Tth . 8th
Pre Post Pre Post Pre Post
N I
C
Acceptable Interval:
14 -15 (14:49)
6th o Tth . 8th
Pre Post  Pre Post Pre Post
T I.Zl .54
¢ i 40 | .44 g
Acce:table Interval:
20 - 22 (21:19




6th . 7th . 8th
Pre Post Pre Post  Pre Post

T ] .16 .%’q J

o a ) ' I
ABOUT how much will &&=~ yards C
cost ? 4 4 o . 29

Acceptable Interval:

14 - 19 (16.44)

Number: 7=11-4

ol

Pre Post Pre Post Pre  Post

T .05 .12

We have 335 rolls ot wallpaper -
left. Each roll gives us 6% c .08 .19

7777 p .t A

strips for our wall.
ABOUT how many strips of Acceptable I[nterval:
paper is that ?

19 - 24 (21.875 or 21 7/8)

Number: 7-13-A
8-8-A . 6th Tth 8th

N r l 04 .22 fio7 2

ABOUT how much will

this bar be wor th: : I _

Acceptable [nterval:

3,500 - 4,000 (%,903.93)

|y
O
~J




Number: 7-14-A -
8-7-A 6th o Tth ~ 8th
Pre Post Pre Post Pre Post

.38

. 26

o] | .
AﬁbU‘i’ how macj‘ will a load ot 98 -
sSgitcases weigh? o C j Y- 7 ﬂiLL J

Avarage suitcase T e 1?

weigtit 21.69 g i

g \l{}f , Acceptable Interval:
IRRE o o .
%@m 2,000 - 2,200 (2125.62)

Number:

Pre Post Pre Post  Pre Post

Jen made AGOUT ¥ ot har shots.

Jen took 76 shots. | ~ , . - ] . 2
ABOUT how many shots [_j ‘ . 1 . 22 .27 19 57

did she maka? ¢ -
E\f L J Acceptable Iaterval:

f‘x, % 24 - 97 (25 1/3)

Number: 7-18-4

| T ] .20

| have about T of my 463 paga book l
25

to read. c

ABOUT Fow many oages Is that?

Acceptable I[nterval:

105 - 125 (115,75 or 115 3/4)

108







Estimation Test

NURbEr: 7- 18-
7-19-A hth 7th . 8th
Pre 7 Post Pre 7 Post Pre 7 Post

ESTIMATE the price per pound. c i 17 14

m §45.85 Acceptable Interval:
Caviar 728 (7.35)

Number: 7-20-A ‘ o -

gefting 9

TRAVELED: 132.4 miles rccestable Interval.
USED: 1;81 gajigﬁg i cceptable Interval:
L

60 - 80 (73.15)

Number: 8-6-A .
6th 7th 8th

Pre Post _ Pre  Past _ Pre . _ Post

Each person will spend about $12 o -
for the game. € .15 .20

ABOUT how miuch money will te
collected ? Acceptable Interval:
ATTENDANCE

98,654

$980,000 - $1.2 MILLION
($1.18 M1 LioON)
109




Estimation Test

Number: 8-11-A seh 7th 8th

Pre  Post Pre  Post Pre  Post

ESTIMATE the price per ounce.

.08 .20

Acceptable Interval:

$470 - $500 ($478.89)

Number: 8-13-A - T o
- 6th _ _ Ith _ _ 8th
Pre Post Pre _Post Pre.  Post

T .01 11

ABOUT one-tenth of school children

wear glasses. C . 93 ‘ 97

ABOUT how many children wear
.. Acceptable Interval:
School Population

32,469,000

3.2 - 3.3 MILLION
(3,2469 MitLioN)

Number: 8-14-A
6th 7th 8th

Pre Post Pre Post Pre Post

T .30 41

spiit the cost 3 ways.

ABOUT how much will it € .3 9 )

cont esch of us?

SATERLT Acceptable [ntarval:

$T19 I i | -
$3 - 4 ($3.57)

Q 1_1(3




Estimation Test

Number: 8-15=A

| worked about 20 hours and
plan to savalé"'of my eamings. ¢
ABOUT how much will be saved?

Hourly W:

$3.65/hr.

Number: 8-16-A

ESTIMATE the savings on 3 suit
priced at $79.95.

Number: 8-17-A

Al cars-reduced 30%
ABQUT how much will this car price
be reduced?

_ 6th_ . -
Pre Post Pre Post

Acceptable Interval:

20 - 27 (24 1/3)

~_ 6th . Tth
Pre  Post  Pre Post

Ai:ceptable Interval:

16 - 20 (18.39)

~ 6th - 7th ~ 8th
Pre  Post  Pre  Post Pre  Post

2.000 = 2,300 (2.068.5)

111



Estimation Test

Number: 8-18-A

ABOUT how much should he
left for thae tip.
15% tip requested

8-19-A

Number :

The tax rate Iz 431%. ESTIMATE

Bob's Eike Shop
Bt

NUTbEr: 8-50-A

has blue eyes.
ABOUT how many peepla have

AN 8
DRI
i

=

"U.S. Population

225437233

Pre Post Pre Post Pre
_ - .13 .20

.15

Acceptable interval:

Pre

6th ~7th

4,50 - 6:25 (5.68)

Post Pre Post Pre

8th
Post

IO7

12

12

Acceptable Interval:

Pre

2.00 - 2,50 (2.31)

Post

Post Pre

ieg n .ég

Acceptable Interval:
40 - 50 MiILLION
(45,09 MiLLION)




APPENDIX E

Midyear Test and Results

o 113




ITEM

.19 & 3847 + 485 + 1995

4:172 + 18:1 + 5.7364 + 0.26

73
7%
69
66

§7

12
+71.

%,259,866
5,727,639
4,998,278
+ 4,832,245

1875 + 2163 + 2027 + 1875

3.27 + 2.975 + 3.087 + 2.8 + 2.7962

MID-YEAR RESULTS

RANGE 6th
186

8th
200

$4.60 - $6.25 63.3

69.5

80.0

98,000 - 116,000 44-4

52.0

5300 = 6520 15.0

23.7

27 - 30

260 - 511 51.7

62.0

187 - 21 million 34.4

38.4

77@66 - 8000 40.0

43.1

13 ]S;S

53.0

60 - 62

1
N
N




MID-YEAR RESULTS

ITEM _ RANGE . 6th | 7th . B8t

=

= 243 240 - 300

Lo
o)
O
~
—
(00]

6257 00 - E80t
o 5500 - 5800 45

N
al
F=3
N

17,000 - 20,000 43.3 53, ]

37,245 - 18,307

8 x 583 ' 4000" - 4800 51.7 51.4 52.0°

39 % 88 2500 - 2800 43.9 40.7 61.5

6 x 2137 12,000 = 13:000 59.4 71.8

69 x 4827 300,000 - 350,000 32.2

98 x 472 45,000 - 50,000 48.5

150,000 - 170,000 55.5

512 x 321

115




ITEM

6 /4806

3 191

p—

o 7

2 139
21 /1339
39 /1597
8 [TT5S
2 [T

43 812,500

82 /53,351

80 800 8000

6 60 680

200 300 400

4000 5000 6000

400 500 600

MID-YEAR RESULTS

RANGE 6th 7th 8th
800 92:2 90.4
60 95.0
60 81.4 ]
400 51.5 §i.j
5000 47.2 26.6
500 )
500 - 550 X 83:6 81.0
60 - 70 73.3 75.7
600 - 700 86.0
60 - 70 B 39.2
30 - 85 27.1
3960 ~ 4000~ 72.5
7.5 - 8.5 33.0
18,000 - 20,000 30.0
700 = 800 26.5

116




ITEM

$7:98 & $7:62

92 + 89 + 91 + 93

9624 ~ 3268

47 x 29

& [277%8

298,466
281,543
> 304,875

79 /165, 269

wore than $15
less than $15
hard to tell
wore than 360
less than 360
hard to tell
wore than 6000
less than 6000
hard to tell
sore than 2400
lass EhagVZQOO
hard to tell
nore than 1500
less than 1500
hard to tell

more than 700
less than 700
hard to tell

less than 900,000
iard to tell

sore than 2000
less than 2000
hard to tell

eore than 12,000
less than 12,000
hard to tell

MID-YEAR RESULTS

RANGE 6th 7th 8th
more 89.4 92.1 93.5
more 63:3 59.3

fiore 52.2_ 55.9
Tess 55.0 51.4 61:0
less 9.4 34.6
less 45.0 51.3 65.5
51.0
- 50.5
28.0




777777 About how much
money was collected?

COATS <— $49.88
SHIRTS —-  7.77
TIES —-=  2.19

Abaut how such do 2 shirts
and 3 tie cost?

About how much $ 37
do these cost $2:19
altogether? $ .59

$ .82

FILKR: 24 exposures

$4.59
About how much does one

picture cost?

A bus holds 48 studerts.
About how many students can
be takan in 24 buses?

at a total cost of $3127.

Rbout how auch 4id they pay

for each desk?

It cost $81,647 to stay in
a hospital For 39 days.
Abeut how much did it cost
per day?

18,459
$ 9.25

CAPACITY
TICKETS
About how such is made
from a sellout?

" A bus holds %8 students:

About how many students
cii bs taken in 19 buses?

MID-YEAR RESULTS
RANGE 6th 7th 8th

2700 - 3300 2.1 35.0
T - L L .
5167 - $19 50.0 56.5 56.0
$3.00 - 4.25 84.0

18 - 20 33.5

1600 - 1250 42.8 39.5

300 - 400 43.3

2000 - 2200 27.7 43.0
160,000 - 190,000

800* - 1000 63:3

118




MID-YEAR RESULTS

ITEM RANGE 6th 7t

o
00!
ct
o g

% x4l 5

» |

PIry

10.0

Lx e uae 1750 - 6000° o

AT

X 299 x 52 4900 - 6000 12.5

T 600 - 700 8.5

they were told contained some errors. They were asked to find the three problems
which were not sensible __

On the final page of the Mid-Year Test, students were given Susie's paper which

249

27 o o
+ 416 81.1 74.6
haRLLIN

4863 , T
—187; 57.2 64.4
CIETTH

98

L | 7.7 8.4 | 6.0
I3, 604 * 61.

s e 81.7

27 -- -

B8
Ryt , __ .

6 /T ;X_ 51.1 50.8 50:0
¥ 54.4 62.7 69.0

119

6157 + 700 + 3478 % Ib; L3S




APPENDIX F

Summary of Interview Packet



ESTIMATES: | WILL SHCW YOU A FEw PROBLEMS AND
] WOULD LIFE FOR YOU TO ESTIMATE THE ANSWER TO
EACH. AS YOU ESTIMATE; | WANT YOU TO TELL HE
WHAT YOU ARE THINKING: THIS Witk HEL? ME
UNDERSTAND HOW YOU GET YOUR ESTIMATE., YOU HAY
MOT THINK SOME OF THE THINGS ARE IMPOGRTANT

BUT THEY MAY HELP ME UNDERSTAND WHAT YOU ARE
THINKING. SO PLEASE THINK OUT ALOUD:. Do

YOU UNDERSTAND?

*WHERE DID YOU LEARN 70 ESTIMATE? (1.E. WHO
TAUGHT YOU?)”™
"WHAT KIND OF ESTIMATION PROBLEMS ARE HARDEST
FOR YOUu?” -

"WHAT ARE SOME HINTS YOU WOULD GIVE SOMEONE
THAT WANTED TO LEARN HOW TGO ESTIMATE?”




B —————

HSF ESTIMATION PROJECT

Interview Sumesary Sheet - Grade 6 School:
Teacher: Group
o 7{ o i
41 7 a3 Rournded to: Feront-End Average Adjustment
6 78S L -
s 10;000 1;000 100
Tmus
PROBE: Above or Below? ¥hy?
NOTES
. : Rounded to: Front=End Adjustment
#2 Lo e
s 100 10 .
R
PROBE: Over cr Under? i
NOTES:
. Round Compatible Numbers Multiplication Adjustaent
#3 R
o Guess-Check
388 4 13
PROBE: More than 507
NOTES
5 Round Compatible Kumbers Nultiplication Adjostment
Guess-Check
45 Add numerators Recognize Fractions Adjustment
.2 and denominators Near One
4] T
PROBE: Above or Below?
NOTES:
#6 DR
;'ﬁ; b 7 Rounded to: Rounded to Front-End Adjustment
10,000 1,000 100 Compatible
My comt i3 s poropety 1o e Nulbcrs
L @ vees Fup ey !
PROBE: Another way?
NOTES:
o 122

ERIC

Aruitoxt provided by Eic:






[E

PROBLEM ESTIMATE STRATEGY
e Rounded to: Compatible Numbers  Front-End Adjustmen
Dollar  Dime (Groaping)
PROBE: How closa?
NOTES:
78 L Add totat Subtract Indiv: Round Front=End Compatible
S ée@é then sabtract Items from $S dollar dime Numbers
Ev;::;—m )
PROBE: Mors than $17 827 $27 o
R b d
NOTES:
- Rourided to: Compatible Frent-End Adjustment
#9 Do el
L A Dollar Diae Nuabers
ot O e
{;\i )
PROBE: Could you bay thes for $377 o
€Could you buy them fsr (Response)?
NOTES:
#io o Reasonabla? Roundad to: Checked ones place? Adjustment
B;ﬁﬁ YES  NO 30%40  70x58 3050
= =
=
PROBE: How did you know?
NOTES:

O

Where did yoo learn to sstimat

@?

What kind of problems are the hardest?

Hints:

Interviewer Comments:

RIC

Aruitoxt provided by Eic:




PRoBE: DO YOu THINK THE AETUAL ANSWER IS ABOVE OR
BEL.OW YOUR ESTIMATE?

e . . YA




2548 = u3

- GOING RO Is IT MORE
THAN 50?7 WHY?

EASY PAY PLAN

MAKE 3 EQUAL
PAYMENTS




: Do You TARINK THE ACTUAL ANSWER IS ABOVE OR
BELOW YOUR ESTIMATE?

BLUE EYE
CAMEL RACK

POPULATIONS OF THESE TWO TOWNS?

ProBeE: CAN YOU DO IT ANOTHER WAY?




AGR
AGr
AGR
APR
APR
AGr
AGR
AMR
AGr
AGR .

HERE 1S A GROCERY TICKET
WHICH HAS NOT YET BEEN
TOTALED: ESTIMATE THE TOTAL:

“\mcow\x‘omm £ 0O &5 0w

(WOO IO OOO
TN OO WW NN

PROBE: HOW CLOSE DO YOU THINK YOUR ESTIMATE 1S?

ABOUT HOW MUCH CHANGE WOULL YOU GET
FRoM $57

PrRoBE: MORE THAN $17°
$2?
$3?




8 PAIR AT

MUCH WOULD THI

RESPONSE <§ $37. ASK77CQULD YOU BUY
THEM FOR $377?

RESPONSE > $37. Ask COULD YoU BUY
THEM FoR RESPONSE?

IS THIS CALCULATOR RESULT REASONABLE?
Prope: HOW DID YOU KNOW?

198



NSF ESTIMATION PROJECT

Name: oo

Interview Summary Sheet - Grade 7 School: o
- Teacher: L Group:
PROBLEN ESTINATE STRATEGY
noo  Rounded ta: Front-End Average Adjustment
7 us 10,000 1,000 1loo
% 755
_ Al 0as
< vy
PROBE: Above or 2elow? Why?
ROTES: ,  Z D D 2 Z 2 = I C i T I I DI DIl
#2 Add numerators Récognize Fractions Adjustment
. _ and denominators Near One
2 5 7
- 7
PROBE: Above or Below?
NOTES:  _ _ _ _ L
e Round " -Fromt-End Other Adjustment
B - whole numbers with “ractisns
28+ 73 5 x only
H H T}
PROBE: Estimate more than exact answer?
NOTES:
4 Round o ?raﬁf—éh& o Other Adjustment
- o whole numbers use of all (Recognition of
et only decimals significant digits
29.09 + 2.913
NOTES:
o Round Front-End Special Number Adjustment
#5 Lol .
use of algorithm (near 1)
.m3 1 78 to place decimal
PROBE: Abave or Below? .
NOTES:
— Round Compatible Speciai Other Adjustment
# o= ¥EUAParIt 2pec
Numbers Noabers
i &+ w3
PROBE: Another way?
KOTES:
- ;7 -
129
O

ERIC

Aruitoxt provided by Eic:




PROBLEN ESTIMATE ST Gy
#7 n= Rounded to: Compatible Numbers Front-End Adjustsent
L e e ey
L: : OollaF Oi;é (Groupxng)
1.3 e
1.3 e +
L3
L3 W
| — 590 —vm —
PROBE: Hev close?
NDTES:
- _ Rounded to: Compatible Frent-End Ad ustment
#8 T Osllar Dime Numbers
<& _S' = - - -ie .
‘K:ﬁa -
-2
PROBE: Could you buy them for $377
Could you buy them For (Responsa)?
NOTES: "
Round to Front-End Multiplication Compatible Adjustmen|
$120 Guess=Check Numbers :
o Reasonable? Rounded to: Chacked ones place? Adjustment
YES NO idx@d éOxéO 30«50

PROBE: How ¢id you kiow?

NDTES:

Bhat kind of problems are the hardest?

Hints:

Interviewer Comments:

ERIC

Aruitoxt provided by Eic:
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ProBe: De vou THiWF THE A?fUAL ANSWER IS ABOVE OR
BELOW YOUR ESTIMATE?

ProBE: DO YOU THINK THE ACTUAL ANSWER IS ABOVE OR
BELOW YOUR ESTIMATE?

[y
(LY
g,



# 3. -
gé-& fii _9..,
5 6 10

PRoBE: S YOUR ESTIMATE MORE THAN THE EXACT
ANSWER?

342,24 + 8.8 +

229,09 + 2,913

132




# 5, S
943 x 8076

4338 = 93

PrROBE: IS THERE ANOTHER WAY YOU COULD DO

1929



HERE IS A GROCERY TICKET
WHICH HAS NOT YET BEEN
TOTALED: ESTIMATE THE TOTAL.

2 PAIR AT

ABOUT HOW MUCH WOULD THIS COST?

F RESPONSE & $37, ask Coutb you Buy
THEM FOR $377
[F RESPONSE > $37, ASK 7(;‘”679[_797 YOU BUY
: THEM ForR RESPONSE?




SALE!

ABOUT HOW MUCH DO YOU SAVE?

# 10, 22 x 48

Is THIS CALCULATOR RESULT REASONABLE?
Proge: HOW DID YOU KNOW?

v




NSF ESTIMATION PROJECT

Interview Suamary Sheat - Grade §

R

#1 v s
-4 7ES
_ el ces

s LT

ESTIMATE

Schoal: .
Teacher: Group
§IBKTEGY

Rounded to: Frant-End Average Adjustaent

10,000 1,000 100

PROBE: Above or Below? Why?

B Add numerators Recognize Fractions Adjustuent
R and denominators Near One
#2 5 i
PROBE: Above or Below?
NOTES:
7 Round - -Fromt-End Other Adjustment
) ) whole numbers with fractions
) S P X only -
578" 1o y
PROBE: Estimste more tlian exact answer?
NOTES: .
#e Round ~Front-End Special Nuaber Adjustaent
use of algoritha {near 1)
M3 o 807§ to place decinal
PROBE: Above 3 Below?
MOTES:
 Rounded Used a Forma. of Other Adjustaen:
#5 sultiplied also used axb d axb _ 4.
" oz 9 then div. 9 as special ¢ c c
43
PROBE: Another Way?
NOTES: e e
] Reund Compatible Special Other Adjustment
Humbers Nisbers

PROBE: Another

E]{ik:brfs:

Aruitoxt provided by Eic:






PROBLEM . ESTIMALE L

. ! n - { Rounded to: Compatible Nuabers  Front-End Adjustaen
Les Ma . . i e
o Dollar  Gime (Grouping)
LS e
1.3 4
LY
‘,ti,% |
PROBE: How close?
MOTES
78 ~ Rounded and take Compatible Numbars Other Adjustment
= b 5 i 15% 10x + } 177 x 28 1/6 x 30 .
3. et w wem TS @ Liowt ten
~a et
PRUBE: Another way?
NOTES:
s 7 Rounded to: Coapatible Frent-End Adjustaent
o imeE . Dollar Diae Kuabers
Q_;—‘—-—:  vere a® o
‘i:;a RSO .
-3

PROBE: Could yo buy thea for $377 B
Could you buy them for (Response)?

NOTES:
bid Reasonable? Rounded to: Uhecked ones place? Kdjvstaent
YES  NO 20x40  20x50 30x50

AGTES:

Whire did you learn to estimate?
Ghat kind of probleas are the hardest?

Hines:

Interviewer Comments:

LY
&
~




Prope: DO YOU THINK THE ACTUAL ANSWER 1S ABOVE OR
BELOW YOUR ESTIMATE?

ProBe: DO YOou THINK THE ACTUAL ANSWER IS ABOVE OR
BELOW YOUR ESTIMATE?




ProBE : ou
ANSWER?"

943 % 8076

ProBe: Do You THINK THE ACTUAL ANSWER IS ABOVE OR

BELOW YOUR ESTIMATE?




Is THERE ANOTHER WAY YOU COULD Do IT?

Is THERE ANOTHER WAY YOU COULD DO IT?




HERE 1S A
WHICH HAS NOT YET BEEN
TOTALED. ESTIMATF THE TOTAL.

PROBE:

THE THOMPSON’S DINNER BILL TOTALED $28.75.
MR. THO“PSON WANTS TO LEAVE A TIP OF ABOUT

15Z. ABOUT HOW MUCH SHOULD HE LEAVE FOR
THE TIP?

IS.THEﬁE ANOTHER WAY YOU COULD DO

. e
i |
!




8 PAIR AT

\ ,Z;{ $L4.27 EACH ~
£8 2 PAIR AT
70 bt < $1.98 eacH

R~

ABOUT HOW MUCH WOULD THIS COST?

ProBe: IF RESPONSE <€ $37. ask Coutb you BUY

THEM FOR $377

IF RESPONSE > $37. ask CouLD YOU BUY
THEM FOR RESPONSE?

IS THIS CALCULATOR RESULT REASONABLE?

et |
[P~ Y
oo



APPENDIX G

Forms Ysed to Evaluate Instructional Materials
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NSF Estimation Project Teacher:

Lesson Evaluation Form -
School: = = =

Grade: Lesson Number:

Date of Lesson:

1. About how many minutes where spent on this lesson?

>
»

o ) Really 4.  _ Some.
2 How did the lesson go? Well PLD Problems P?quy

S O O ==

Comments/suggestions for improvement:

. vere the teacher notes helnfui? Yes No Not_Sure
3. Were the teacher notes helpful? = <> ur

Comments/suggestions: S

4. Were the transparencies effective? = >

b) Highlight trouble spots or significant strengths:

¢) Student exercise sheets:




Teacher:

Grade: School : _

————————

SIXTH GRADE MINI-LESSON/MAINTAINENCE. FEEDBACK
Mini-Lesson or .. _ Time ' . A
M2intainence Sheet Date Required . .Comments
(after Lesson 3) ] 7 R ' B

ML 1: Compatible # (¥#)

Mi- 2: compatible # {+)

MAIRTAINENCE #1

(after lesson8) ] L
MAINTAINENCE #2

ME 3: M: A. Multiply

lafter Lesson 6) o o
ML 4: Nice Numbers

MAINTAINENCE #3

ME 5: M.A. Multiply

MAINTAINENCE #4
(after Lesson 8) —_— - —
MAINTAINENCE #5

145 o




O

ERIC

Aruitoxt provided by Eic:

Mraiciesson Or
“3inneninca :

Teacher:

Grade:

Cocmments

School ¢

ML 3 Coipdtisis = of-) i
‘17%ar tasgsen 12 ;
: :

MADITTANCE =T
L ; :
N = .. 143 '
1. T I3k —_— f
[ o '

A IS S SR 15 15 S S A V5

M 3. o W-Y- rELan ~Z_2n
M2 MY SR en 2z-22
!
M N ' ‘
! ] } ! ! ]
* - - R . ' .
WAIMTIMANCT s : ) ;
1 1 - !
1 [ :
| !
[l A} \ - . 3 N !
T D D P S S S S SR A | i
)
. ] !
MATUTTUANGT =i :
S K i
1 _ _ _ ) .
H 1 $ . [ I 1 H
S R ric. ciise two L, Ll !
' - — il — —
- )
. .
TR S S SN ' I
: vooLs 53T san 2 bR S . .
; | . 1
l N
by :
[N < 2. N
O NS et B R N N
|




(&)
(SN

SI{TH IRADE MINI-EESSON/MAINTINANCE FIZDBACK

Mini-Lesson or - pime . R
Maintanance Sneet Jatz Reduired Comments

‘17eac tasson 19)

i
il SThanes o) i
znants [ .
diotli WAL 4 of 23
Poowg 150 Zzs. oorf 23
qAITINANCE 12
Mmoir Izm. o= Cec
' i
‘ - o es v oA ‘
1 - ec cilse o BN I
4
. . — - —— ot l
My iwe Ist. & Tec: (Hicald '
]

BEST COPY AVAILABLE

o
1N
J|




Teacher:

Grade: School :

e

SEVENTH GRADE MINI-LESSON/MAINTAINENCE FEEDBACK

Mini-Lesson or

Maintainence Sheet

Date

_ Time

Required

(after Lesson 1)

' Comments.

ML 1: Averaging

ML 2: F. E. Subtraction

ML 3: Compatible # (+)

MAINTAINENCE #1

ML 4: M. A. Multiply

(after Lesson 2)

ML S: M. A. Multiply

MAINTAINENCE #2

ML 6: M. A. Multiply

MAINTAINENCE #3
ML 7: Nice Nos:
MAINTAINENCE #3

ML 8: Count Digits

MAINTAINENCZ #5




. (after Lesson 4) T

SEVENTH GRADE MINI-LESSGN/MAINTAINENCE FEEDBACK

Mini-Lesson or_ Time

Maintainence Sheet Date Required Comment s
{after Lesson 3) :

ML 9: Compatible # (=)

MAINTAINENCE #6

MAINTAINENCE #7

1406



Teacher: —

Srade: .~ School:

SEVENTH BRADE AINI-LISSON/MAINTENANCE “ZZBBACK

“ini-Lasson or o Time S
43i1ntananca Sneet Date Required Tomments
faFeap giitigat e
| AADNTENANCE =2
{
wL 10: gez. A2
C R
R
At ti: Frac close to 1,5.3
MADNTINANCE 32
fiftar L2s3on 3, . L
T ’
ME 120 M AL R7. Mived 2's
- |
| ML 13: Est +/- Mixed #'s !
| -1
P :
] - - !
| ML 14: More Rounding i
l ] — E— ~—
17her tassan 3! B

Li
s
'
(3 41
E4
2~
=
@
[ol
17
[
i

(S

] N
MATNTINANCE =i { P |

i-tér Ldsion T , . o

SALNTENANCE F10

Jaftar -2sson 3 L e L

Mg (3: Jex. x 19, WG

o,

MATNTINANCE =1

ML 1T: Dec. - 13, 100

)

FRIC - RESTCOPY AVAILABLE - .

Aruitoxt provided by Eic:







SEYENTH

Mini-Lesson or

Mzintenance Sheet

‘ifrar Lesson 3)

p:2

ARADE MINI-LESSON/MATNTENANCE FEEDBACY.
) Time -
date Sequired Comments

. ' P
ALotir tuo. >, <& L ; *
! i
P OMADNTENANCE 413 i B
| W 13. Fric. —=> Percents
I - _ _
E
AL 28 MoA: 145100 ;
—J
‘3€=ar Lasson 19) )
QP o ! '
COMRITINANCE £14 :
!7 _ '
i ~ :
| s : ;
!
YA NTENANCE =15
BEST COPY AVAILABLE
151 .



Teacher:

Grade: School:
MINI-LESSON/MAINTENANCE FEEDBACK

Mini-Lesson or o ' Tie
Maintenance Sheet Date Required

Comments

#1 = Adding to 100

#2 - Adding Rounded Numbers

#3 - Adding Nines

#4 - Chains of of Addition

| - and Subtraction

#5 - Compatible Numbers -
Addition

-

#6 - Multiples of Ten

MAINTENANCE SHEET 1

#7 - Compatible Numbers -
Multiplication

#8 - Number of Digits

in Products

#9 - Multiplication

_ _Short Cut

MAINTENANCE SHEET 2

#10 - Compatible Numbers =
L Multiplying by 25 & 501

#11 - Number of Digits
1 1H_Q.ueu uo 'eptifr; SR

O~

MAINTENANCE SHEET 3

152




Grade 8 " Teacher:

Grade: Schootl :

MINI-LESSON/MAINTENANCE FEEDEACK
Mini-Lesson or o  Time B ,
Maintenance Sheet Date Required Comments

#12 - Predicting Number of
__ Digits

#13 - Powers of Ten (x, *) ’ -

MAINTENANCE SHEET & o

#14 - Fractions Near 0, %, & 1

#15 - Fractions - More or Less L

#16 - Fractions Near % and 1

#17 - Fraction - Decimal

#19 - Exploring Fractions

MAINTENANCE SHEET 5

#20 - Fraction - Decimal

Approximations

#21 - Placing the Decimal Point}’

MAINTENANCE SHEET 6

#22 - Percent - Fraction
Equivalents

#23 - Special Percents

MAINTENANCE SHEET 7 :




APPENDIX H

Summary of Presentations Made to Disseminate Project Materials
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DISSEMINATION EFFORTS

Many efforts have been made to alert the mathematics education community
to the availability of instriuctional materials from this project: In
addition to announcements and articlés related to the project; a number of
presentations were made at professional meetings. Here is a summary of
presentations at state, regional and national meetings by project stiff.

Northeast Missouri District Teachers Meeting

Kirksville; Missouri October 1982
National Council of Teachers of Mathematics
Topeka; Kansas October 1982
Northwest Council of Teachers of Mathematics
Portland, Orégbh October 1982

Kansas City, Missouri November 1982

New Trier Township Teachers Meeting

Kin—etka, Illinois March 1983

National Council of Supervisors of Mathematics

Detroit, Michigan April 1983

AERA-Special Interest Group for Recearch in Mathematics Education
Detroit, Michigan April 1983

National Courcil of Teachers of Mathematics

Detroit, Michigan April 1983

St. Louis, Missouri September 1983

Parkway School District Teachers Meeting

Chesterfield, Missouri September 1983

Texas Council of Teachers of Mathematics
Austin,; Texas October 1983

“lorida Council of Teachers of Mathemaics
Jacksonville, Florida October 1983

flational Council of Teachers of Mathematics
Umaha,; Nebraska October 1983
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Kentucky Mathematics Teachers Meeting

Louisville, Kentucky October 1983

ITiinois Council of Teachers of Mathematics
Normal, Iliineis November 1983

National Couficil of Teachers of Mathematics
Philadelphia, Pennsylvania November 1983

Southern California Council of Teachers of Mathematics
Long Beach, California November 1983
Virginia Supervisors of Teachers of Mathematics

Richmond, Virginia March 1984
I11inois Council of Teachers of Mathematics
Charleston; I1linois March 13984

National Council of Teachers of Mathematics

Dekalb; I1linois March 1984
Virginia Council of Teachers of Mathamatics
Richmond, Virginia March 1984

National Council of Supervisors of Mathematics

National Council of Teachers of Mathematics
San Francisco, California April 1984

o
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