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CHAPTER I == INTRODUCTION

Profitiency with estimation has long been recognized as an important

outcome fOr the study of mathematics; However; estimation has seldom

received much emphasis in school programs and few curriculum materials

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 at-itmetit 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 correctly computed result. This process is done

internally withOUt the external use of a calculating or recording tool."

The fbllowing example illustrates a practical application of computational

estimation in daily life:

You have c;iy $5.00 and wart to purchase two cartons

of milk at $1.79 eac:i 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

estimation. Attempts to identify fundamental skills for all students and

discussions of needed reforms in the mathematics curriculum nave provided

strong support for greater attention to estimation (Bell, 1974; NIE

Conference on Basic Mathematical Skills and Learning, 1975; National

Council of Supervisors of Mathematict; 1978). A major report of the
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National Council of Teachers of Mathematics; An A.gena for Act)oru_

Recommendations for Schad Uthematics 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 encouraging 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 is well recognized; including the fact that

estimation is often mcre important and practital than exact computation

for many everyday use of mathematics. The widespread use of hand

caltUlators gives added importance to the ability to estimate and

recognize reasonable answers;

Despite its importance; estimation has been the most neglected skill

in the mathematics curriculum (Carpenter; et al, 1976). A review of

mathematics basal teXtbOOkS showed very little attentioo is giver to the

systematic development of computational estimation Skills (Skvarcius;

1973). An-Other recent study of three wideiy used mathematics textbook

series revealed that estimation appeared in less than three percent of the

lessons (Driscoll; 1981);

The lack of attention to computational estimation has been dOCUMented

by low perforlah-ce of all age groups in three mathematics aztessments

conducted by the National Assessment of Educational PrOgrett :Cariter;

al; 1976, 1980; 1983). The poor performances were consistent with

those reported earlier by the National Longitudinal Study of Mathematics

AbilitYi (NSLMA) (Wilson; et al; 1968). In two summaries of research on
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estimation; Driscoll reported that little work has been dOne in the

important area (Driscoll, 1981, 1982). 31so pointed out that not only

are estimation 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

"Instruction in estimation IS not something that has been tried and

failed; it has not been tried on any sustained or systematic baSis."

Although Buchandn'S bleak assessment is accurate; some recent research

Efforts have provided new direction. In a study entitled "Identification

and CharacterintiOn of Computation Estimation ProcesseS USed by Inschool

Pupils and Out -of- school Adults" some highly important Stategies were

detetted from extensive interviews with good estimators (Reys, et al;

1982). This research suggested a general fraMewbek for instruction in

estimation. This research; coupled with other recent research efforts on

estimation cited by 11-isc011 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

professional 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,

"Development and Evaluation of Computational EtimatiOn Materials in the

Page 3

10



Middle Grades." It was funded by the Development in Science Education

Division of the National Science Foundation and had the following three

major purposes:

1. Develop a carefully sequenced set of lessons; activities and

maintenance work on computational estimation with whole

ntiMberSi 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

eiiiployed;

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

the pilot intructional materials. AlSO diSCUSSed is the revision of

the materials. The revision used evaluation information to refine the

program and package it in a form that could be readily used in Other

situations. The revised instructional materials for grades six; Seven and

eight are included as part of this final report.
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CHAPTER II -- PROGRAM DEVELOPMENT

Planning and developing the program content and materials was a major

undtrtaidng. Since her had been little prior work on computational

estimation, arart 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 liMitS of the time that schools could devote

to estimation. The pilot program materials were developed in the spring,

summer and fall of 1982. During the spring of 1982 it was possible to

haVe a few classroom 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.

Gudetines

Several guidelines were followed in developing the program. These

included:

1. ThE program should be aimed at middle ability students. We

belieVed it was critical for the materials to Work well With the majority

Of StUdents in order to attain the goal of making computational estimation

a basic skill for most students.

2. The program should incorporate a variety of strategies and

processes in order to enable students to deal quickly and efficiently with

the many types of situations that occur when estimating. The findings

from the Reys study, cited earlier; formed the foundatiun for the program.

(6
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Multiple strategies were to be built into the program, including front-end

estimation; clUttering; use of numbers that are easy to work with mentally

ano compatible numbers 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

mental computation strategies that facilitate estimation.

4. Program materials needed to be in a format that would clearly

present the content and promote student involvement through discussion.

The materials further needed to communicate clearly to teachers the nature

of the materialt 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

real world contexts. Thit helps students see the usefulness of estimatiph,

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 ft:- the program; the

problem of implementing a three-year program in one year and the format of

the lessons; These issues are now diteUtted in more detail;

1. In our contacts with Schools we indicated that the program would

consist of 10 lessons throughout the year and take a total of about three

Page
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weeks; including testing time. It was essential 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

cooperate in using our materialt.

However; it soon became apparent that 10 lessons would not be

sufficient to cover the range of content to which estimation shOUld 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 mnileSsons; 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.

2. It is well recognized that mathematical ideas and skills deVelOO

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 grades; Thus the Strategies; most of which would be new to

students; would be reinforCed and extended over a period of years.

Yet; the grant required that the materials for grades six, seven; and

eight be implemented and evaluated in one year. We decided that repeating

the same or similar lessons at each grade level would 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

basic strategies to enable teVe7ith- and eighth-grade students to be

Page 7

14



successful; This seemed to be a reasonable compromise; even though it

remains a major limitation in the program;

3; Much 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 communicate

the main ideas to students and promote student involvement through

discussion and practice work. We finally decided to produce the

developmental portion of the lesson on overhead transparencies. The

transpareries highlighted the key ideas and steps; listed questions; used

real world settings; and had short exercise sets for students to do as

part of the lesson development; This 10d to a develop-brief

practice-reteach-follow up practice format for each lesson; which is

consistent 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 thit section.

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

level. Each lesson focused on major strategies and processes of

estimation; and included bbth teacher and student material;

Teacher Material FOrMat:

1; .ObjectiVe(t) statement of lesson objettiVe(s) in

behavioral terms.

2. Teacher Background - ditcussion of content and
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Strategies to be taught; with additional comments designed

to provide insight into the cont -,t and methodology of the

lesson.

3. Teaching the Lesson suggestions for teaching the

lesson with guidelines for using the transparenies and key

questions to psk.

4. Using the Exercises brief comments on the use of the

student assignment sheets.

5. AnSWer Keys - suggested range for estimation exercises.

Student Worksheets : Two- or three-page scUdent worksheets

accompanied each lesson; The worksheets provided practice with

the approaches introduced in the lesson and ;en applied them

in real world applicationS. Teachers were directed to use these

materials Mi° in=tlass practice and/or homework and encouraged to

check and ditCuss 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.

c. Petent variations or extensions of strategies taught in

lessons.

d. Develop mental arithmetic skills which are useful in

estimation.

Page 9
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Maintenance Sheett :
Maintenance sheets were developed for use

after every two to four lessons; Their purpose was to provide

cummulatiVe practice with the strategies taught.

Racing Guide

The purpose of the pacing guid4; Whith specified the lessons;

minilesschs 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. Teathers had freedom to determine when

to use the material each week and deviate from the schedule when

necessary. One disadVantage of the guide was that estimation materials on

a topic; such as WhOle number division; likely were not used when that

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

for each grade level is shown in Appendix A.

a i
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CHAPTA III -- PROGRAM IMPLEMENTATION

The pilot estimation materials were implemented in 24 classrooms in

MissoUH ahi-i Illinois. Prior to discussing the comprehensive

implementation efforts, special mention should be made abbUt the pilot

teachers. Implementing the program required a substantial commitment by

the schools and teachers; In addition to deVOting approximately three

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 is a tribute to their professionalism and desire to improve the

quality of sChOol mathematics programs.

Design and Sample Selection

During the spring and summer of 1982 school districtt and teachers

were contacted abtut their willingness to participate. The project was

carefully described; including the instruction and evaluation components

of the program; We explained that the project was aimed at the "average"

student. ThUt in schools which utilized ability grouping; sections of

advanced or low achieving students would not be selected. If schools used

heterogeneous grouping; however; all students in the class were to

participate in the program;

Five school districts agreed to participate as treatment centers. In

these distrittt; 24 teachers agreed to pilot the materials; Iii each case

treatment teachers were regular classroom teachers with four or more years

Of teathihq experience. Another 24 teachers in the same or comparable
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diSt-ritts were selected to be control classes. The distribution of the 48

classes is shown in Table 3.1;

Table 3.1

Gr.6 Gr.7 Gr.8

Treatment 8 8 8

CohtrOl 8 8

In only one ease; sixth grade; did a teacher have both a control and

treatment class. ThiS happened because this middle school split their

students for mathethAtics and only one teacher taught all of the sixth

grade matheMatitt. She reported no problems in maintaining the integrity

of the treatment and control classes;

Seven school districts in Missouri and Illinois 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

levels; Table 3.2 provides a brief profile of the participating schools

and document§ that a wide range of schools were re.presented.

Lnservice 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 approaches to estimation being implemented and

Page 12
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Table 3.2

Selected Characteristics of Participating Schools

District School Grades Grades Average Percent School Income

Used Class Size Minority Type Level

Columbia, MO Fairview (T,C) K-6 6 27 10% Small City High

Jefferson (T,C) 7-9 7 29 15% Small City Medium

Oakland (T,C) 7-9 8 26 5% Small C'ty Medium

Parkway (MI) Green Tra;is ) K-6 6 25 8% Suburban High

South (T,C) 7-9 7 27 8% Suburban High

East (TIC) 7=9 8 27 8% Suburban High

St; LOOS; MO Fanning (T,C) 6;8 6-8 34 40% Inner City Low

Evanston, IL Chute (T) 6-8 6-8 32 35% Small City Medium

Haven (C) 6=8 6-8 31 35% Small City Medium

LaGrange Park; IL CoAgress Park (T) K-6 6 23 10% Suburban Medium

Gossett (C) K-6 6 24 10% Suburban Medium

Park (T CI 7-8 7-8 25 10% Suburban Medium

Lincolnshire, IL Wright (1) 6-8 6-8 22 3% Suburban High

Northbrook, 11 Field (C) 6-8 6'8 20 1% Suburban High
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the importance of teaching estimation.

This workshop included:

1; Discussion of the nature and importance of computational

estimation and key estimation strategies;

2. Overview of the testing program;

3. Demonstration of all program components: lessons, student

worksheets, minilessons and maintenance Worksheets;

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

deterMine if the materials would work well without extensive training of

teachers, as the ultimate goal was the deVeldpmeht 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, if they regularly taught estimation in their mathematics programs;

they should continue to do so. COntrol teachers were not provided with

project materials;

Monitoring Treatment ClaSSet

Each treatment teathei- was visited briefly several times during the

the year. During theSe visits lesson evaluation forMS were collected and
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teachers were asked to share their impressions and reactions to the

estimation materials basei on their recent experiences. Problems in

following the pacing guide were also dittUtted. Thit infOrMal

communication 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 instructional 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 the 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 assessment 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

examined, including students experiencing the materials; teachers using

the materials 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.

Students

The primary source of student data for treatment 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 performance 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.
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Table 4.1

NUnibei- of Students in Each Treatment and Control Class

Grades

6th 7th 8th

30 - 28 32 = 19 28 23

). - 16 32 - 20 28 - 26

36-23 23 26 - 23 34 - 25

24 = 21 27 - 21 23 - 17

Treatm:nt 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 = 161 226 - 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

30 - 23 29 = 20_ 25 - 17_

Total 203 156 215 = 150 209 - 148

Thus the first entry 30 28 under the 6th Grade Treatment Classes means

that 30 students began the fall testing in one treatment class) and

complete end bf-=-say. data were available on 28 of them. Table 4.1 shows

that the attrition rate varied among bah the treatment and control

classes but overall it averaged about 25 percent.

The decision to 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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pretest computational estimation scores between thOte students dropping

out and those remaining in the program revealed no significant difference

(p 3 .01) at any grade level. Consequently, ail of the analysis reported

reflects only StUdentS fix' Whom complete data were available as reported

in Table 4.1.

"--
Three different instruments (Attitude Test; Mental Computation Tett

and Computational Estimation Test) were used for all Students

participating in this project; Students in the treatment classes also

took a Mid-Year Computational- Estimation Test. In,. addition, a fe':

treatment students froM each grade were 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 inClOded in Appendices B, C, D, E and F. Figure 4.1 highlights the

various components of the student evaluation and provides the 'Lime

schedule which was followed.

Figure 4.1

TiMe and Sequence of Project Testing

September 14-18

Pretests (Treatment and Control Groups)

Day 1

1. Attitude

2. Mental Computation

Day 2

3. Computational Estimation

4. Individual InteeVieWS

January 17-21 April 25-29

Midyear (Treatment Group Only) Posttests (Treatment and Control Groups)

Day 1

1: Computational 1. Attitude

Estimation 2. Mental Computation

Day 2

3. Computational Estimation

_ -

4. Individual Interviews

Page 19

2f



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 quantative values were Assigned

to either the question or student responses, their responses were used

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

is something I think is very important." in the fall, whereas 79 percent

of them said "Yes" to the same statement in the spring. Thut the

treatment sixth graders showed a six percenti-ncrease 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

something I use outside of school." It is noteworthy 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 estimation in

their daily lives.

Two statements "I like doing."(No. 4) and "I am good at doing."(No.

7) encouraged 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 grade level was not only surprising but
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.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

are not always clear for each statement. Nevertheless the complete data

reported in Appendix B provides many opportunities for other comparisons;

Mental Computation Mental computation is an integral part of

estimation. Consequently the instructional materials prepared for this

project often included mental computation activities; Since mental

computation was being taught and practimi; it was felt that some

evaluation of performance on mental computation should be included.

A timed test was prepared to measure student mental computation

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 MCT produced

test-retest reliability estimates between ;83 and .85. sitilat- field

tests of the seventh and eighth grade MCT produced reliability estimates

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.
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Table 4;2

Pre- and Posttest Class Means on Mental Computation Test

R
E

A
T
M
E

N

T

C

0

N

T

R

0
E

C
L

A
S

S

E

S

Total

C

L

A
S

S

E

S

Total

Grade 6

Pre Post

15.39 16.68

11.88 12.56

9.91 14.00

12.05 16.42

9.06 9.76

8.41 10.65

9.67 10.67

10.35 14.41

10.84 13.14

9.55 8.55

16.58 18.08

8.86 13.00

15.08 19.46

10.70 12.30

10.15 11.92

12.56 13.06

7.41 7.00

11.36 12;92

Grade 7

Pre Post

20.72 29.83

18.68 39.91

25.56 32.69

16.95 26.68

14.19 26.24

19.43 28.30

20.45 26.30

19.58 25.05

19.46 29.38

33.28 44.44

16.80 23.95

28.25 38.75

27.75 39.10

19.25 23.06

23.61 23.39

14.50 23.69

33.50 32.80

24.62 31.15
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Grade 8

Pre Post

28.27 41.45

28.12 31.19

21.04 35.40

33.76 34.47

23.05 24.00

23.91 26.48

27.15 37.69

24.56 30.61

26.23 32.66

31.17 37.91

30.23 37.18

16.50 22.00

25.38 32.19

28.18 31.71

28.76 36.67

27.71 33.57

40.88 39.00

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 growtn 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

Source SS df MS

6th Treatment 2;21 1 2;21 .69 (p=.42)

Error 44.70 14 3.19

7th Treatment _45.90 1 45.90 1.82 (p=.20)

Error 352.42 14 25.17

8th Treatment 6.26 1 6.26 .31 (p=.31)

Error 283.23 14 20.23

These analyses show the treatment and control groups did not differ

significantly on their mental computation growth scores.

Hand scoring of the MET 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 Otte the MCT required exact answers eny

estimated responses were scored as incorrect. For example, students were

asked to record the result of 76 + 29 (Item No; 3); A frequent but

incorrect response was 110. This "transfer of estimation" phenomenon was

not obseried on the pretest and occurred almost exclusively in the control

groups on the posttest. This negative transfer was disappointing, and

indiCated 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 studefitt sharpen their judgment

SO their estimation skills are used wisely. Unfortunately the heavy

attention given to estimation throughoUt the year may have established an

"estimation mental set" for rOny students which was reflected in this

test. This phenomenon penalized many students in the treatment group on

the MET 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 limitatititi, 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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125 x 10 (Item No. 17)

40 x 60 (Item No. 19)

300: 5 (Item No. 24)
2400 ; 60 (Item No. 27)

1/2 Of 60 (Item No. 41)
50% of 60 (Item No. 61)

showed significant improvement (p <.01) from the pre- to posttests for the

control groups. A careful examination of Appendix C shows six items (Nos.

24, 27; 28, 37, 61 and 63) wher9 at least a 25 percent gain from thepre-

to posttest for every grade in which the item was given. These dramatic

gains were observed only in treatment classes; whereas much smaller gains

were found on the same items in the control classes.

Thvs if only the class means are used in an analysis, no significant

differences are reported. However a deeper examination reveals that many

control group students "estimated" on the mental computation test. This

lowered the treatment group scores and made differences more difficult to

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;

Fstimation The main thrust of this project was the development of

instructional materials fOr teaching estimation. In order to assess the

impact of thit instructional effort an estimation test was constructed for

each grade. cata was taken to create straight computation items (those

containing only numerical data) and application items (those containing

numerical data embedded in a 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

Grades

6th 7th 8th

Straight 20 30 30

Applied 20 20 20

Total 40 50 50

Many items (19 straight computation and 7 applied items) were appropriate

and therefore used in all three grades.

The items included a balante of addition; subtraction,

multiplication and division. They also reflected as much as possible the

instructional 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, fractiont were

emphasized more in 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. Although different ways to assess estimation exist, each of

them has some weaknesses (ReyS and Bestgen, 1981). nespite some

limitations, the assessment 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

for group administration and controlled the pace by allowing only a fixed

amount of response time (12 to 14 seconds) for each item. In retrospect;

our obserVationS (which were collected with the interviews) suggests that

StUdentt 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 sheet; A 6 cm 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 f&tat necessitated the construction of acceptable

response intervals. These intervals reflected the strategies being

taught. The acceptable interval for each item is alsb reported in

Appendix D.

Pilot testing 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 possible; All

texts were administered by the 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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treatment and control classesi several analyses were done. Class means on

the Ettimation Pretest are reported in Table 4.5;

Table 4.5

Treatment n d Contro; Pretest Means on the Estimation Test

6th 7th 8th

9.04 3.50 8.78 17.61 10.64 15.09

4.88 13.38 4.55 4.30 11.81 12.18

2.35 4.14 10.69 15.94 6.24 4.28

8.69 11.00 11.36 14.25 18.65 17.88

4.18 4.00 8.90 10.50 12.91 12.53

3.06 2.77 9.74 10.70 11.74 13.90

3.76 6.44 10.80 6.25 12.15 9.79

6.06 2.68 7.53 12.20 9.00 13.50

Composite
Class Mean 5.25 5.99 9.04 11.47 11.64 12.39

It thOWt the corresponding control means for the classes selected to

match the treatment classes from the same school; The bottom line entry

of composite class means shows that at each grade level the grand mean for

the control group exceeded treatment group.

An analysis of variance was done on the pretest estimation means to

determine if the groups were equivalent when the project started; 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

Source SS df MS F

6th Treatment 2.10 1 2;10 ;18 (p=;67)
Error 159.08 14 11;36

7th Treatment 23.52 1 23;52 1;83 (p=;20)
Error 180;35 14 12.88

8th Treattent __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 the 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.

Furthermore since 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 evNluation was whether the growth of the

treatment and control classes was equivalent.

In ord.71- 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 t class were compared with their respective posttest

estimation scores to determine the growth; The results of the analysis

are summarized in Table 4.7.

Table 4.7

Analysis of Variante of Growth in Estimation

Source SS df MS F

6th Treatment 39.75 1 39.75 4.27 (p=0.06)

Error 130.33 14 9.31

7th Treatment 81.14 1 81;14 15;25 ( =.002)

Error 74.51 14 5.32

8th Treatment 97.66 1 97;66 12.57 (0=.003)

Error 108.77 14 7;77

At each grade level, the growth Of the treatment classes was greater than

:the control classes but as Table 4.7 shows, the level of significance

varies.

Figure 4.2 provides a visual illustration 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 analysis was dOhe on both the pre- and post Estimation Test.

It is also intlUdtd in Appendix D and further substantiates that although
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estimation performance in both treatment and control group improved,

students in the treatment groups improved more. An examination of the

individual items shows that improvement for treatment students was

observed on every item at every grade. The same could not be said for the

control group, Where slight drops in performance on some items occured

(i.e., 6=7=A, 7-=3-A, 8-3-A).

Perhaps the most interesting finding relates to dramatic shifts of

performance 125 percent improvement or more ObterVed 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

6- 1-A 7- 4-A 8- 3-C

6- S-A 7= 6=A 8- 6-C

6- 6=A 7= 7=A 8- 7-C

6- 94, 7-= 3=C 8-10-C

6- 4=C 7=10-C 8-11-C

6= 6=C 7-15-C 8-14-C

6= 7=C 7-16-C 8-15-C

6= a=c 7-22-C 8-16-C

6=9-C 8-17-C

6=10-C 8-21-C

6-11-C 8-22-C

6-15-C 8=29=C

6-20-C

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

treatment group has been documented, much room for additional improvement

remains. Far too many items remained very difficult for the students 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 specifit

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 minutes to administer. An examination of the item

analysis reported in Appendix r reveals 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 stOdents 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

interviews were conducted with some students at the beginning and ending

of 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 students 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 the 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 common to each grade level; Throughout the interviews,

Whith 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 theie responses was made;

The purpose of the interviews was to help document some important

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

the instruction in estimation. Although treatment teachers shared many

examples of how their students thinking about estimation was altered,

Page 34



these interviews provided additional evidence 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 compute 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

the answer to make an estimate." In each case; Holly felt that she needed

an exact answer before she could give her "estimate."

Holly showed remarkable improvement in her estimation skillS during

the year. For example, her end of the year response to the problem (2548÷

43) was "I changed it to 2400 divided by 40 and got 60. Or I could also

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 the said "I learned new things to use when estimating. It's faster

and easier than it used to be;" This same point was made by an eighth

grader who at the close of the year said "Estimation makes things a lot

quicker. It is easier than using paper because you don't have to write
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anything ddWn. All you have to do is get close." These comments provide

a natural lead to another important change which was observed.

2. Developed a greater tolerance for error.

At we have just noted; the strong desire to get exact answers can be

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

tolerance for error appeared in several different problems. for example:

Nb. 1 "4y 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 studentt at the end of the year r,sponded:

No; 1 "AbbUt 170000" (6th grader)

No. 5 "It't more than 7200." (7th grer)

SUCh comments suggest that these studEits changed during the year and

felt more comfrontable with their estimates. This Willingness to tolerate

error in estimates is reflected in these comr?.nts:

"Estimation is like 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)

The process of adjusting (adding something on or taking something off) to
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produce a better estimate goes hand in hand with a tolerance 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 estimate the sum of 12/13 7/8 (No. 2):

"I don't know what to do." (6th grader)

"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 frequent

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.

By the end of the year, many ,students took a global look at the

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)
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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

year.

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

instructional effort is 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

provide documentation to interested parties; several interviews were video

taped. The same stUdentt were interviewed in the fall before instruction
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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 entitled "Improving

Estimation Skills Through Instruction" and is aydilable from the National

Science Foundation and Robert E. Reys, 212 Education Building, University

of Missouri, Columbia Missouri 65211.

reacher

In add-ition to evaluating the effect of the materials through

monitoring student performance, feedback on all of the instructional

materials was gathered from the treatment teachers. Special evaluation

forms were prepared for the materials (Appendix G). Teachers were asked

to complete their evaluation 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

with 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 directions were unclear, areas

Nhere the lessons were too long, and content that needed further

levelopment. They also gave specific examples of student experience and

)ften offered suggestions for improvement and revision of materials. All

)f these comments greatly aided the revision process.
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Feedback was by and large both encouraging and enthusiattic. This

project not only helped teachers realize the importance of teaching

estimation but alerted them to its natural integration with other

mathematics topics. For example, several teachers commented on how the

instruction on estimation reinforced and complemented the material in the

regular curriculum. This comment surfaced repeatedly in the fraction work

at all 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

teachers was that it allowed for and encouraged discussion within the math

clats as the following 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

were 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

grade teacher to teach the ten project estimation lessons during the year

in order to gain additional insights about the strengths and weaknesses of

the program. The class was from a school not providing either treatment

or control clatteS, 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 regular teacher handled the follOW=-p homework discussion as well as

the minilessons and maintenance sheets. The timetable paralleled the

regular lesson schedule followed by all the treatment classes. ThiS

arrangement worked very well and provided valuable insight for the lesson

revisions.

National Consultants

IhfOrmation to improve and refine the instructional materials was

Sought from one other source. Several national consultants (Mary

Lindquist; National College of Education; Joseph Payne; University of

Michigan; and James Wilson; University of Georgia); themselVes experienced

teachers; examined the instructional materials and Offered suggestions.

Each of theiii 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

classes.

Many comments from the consultants were very supportative of our

effort. They were generally impressed with both the quality and quantity

of the instructional materials which had been deVeloped. One said "I

would be delighted if all siXth, seventh and eighth grade students in the

U.S. could be taught these lessons."

Although such positive comments from the consultants were

encouraging, their feedback also contained many important recommendations

and vaivable suggestions for improvement. Some addretsed broad issues,

such as the organization and composition of the lessons. Some concerns

Page 41

49



were expressed, such as . . . you press too soon 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

were both thorough and comprehensive in their reviews. Their responses

were carefully studied and seriously considered in rewriting the final

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

in significant growth in the estimation skill and thinking of students and

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

program after one year of implementation. Major shifts in the thinking

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
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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 it a wide

variety of classrooms under normal teaching conditiont. AlthOUgh we felt

strongly that the program should be taught and evaluated in such a manner,

obviously some control is reduced 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 of 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 al.lowed (12-14 seconds) was not

enough. 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

one could see students giving up quickly or showing dismay when difficult

it appeared.

That the CET may have undermeasured performance of students is

supported by the student interviews. In the final interviews, most

students were generally successful on the items, but often needed longer

than 15 seconds to consider the situation, reflect and produce an

estimate.

While the 12-14 seconds is necessary for many items for which the

mental use of paper-and-pencil algorithms is feasible, additional time

needs to be allotted for other items. Increasing time allotments,

however, increases the liklihood that at least some students will use

regular computational approaches.

4. Strong support for program effectiveness comes from informal

observations of teachers and interviews and observations of students. As

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

earlier.

Several teachers noted a transfer effect to regular elasswork, 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 faCtOrt, 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 effettiVely used by teachers across the United

States. These factors inclUde:

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

the process of estir,:ting; such as decision makihg and the

development of an estimation "mind set."

2. Knowledge gained about teaChing strategies and processes in

developing and field testing the pilot materials;

Program considerations related to effective disseminatiOn

and widespread implementation of the instructional

materials.

4; Feedback frOM teachers and consultants, our own observations

on the usd of the materials and aChievement information.

Although the basic approaches to estimation and format of the

materials remain unchanged, several major modifications of the pilot

materials were made in the. revised materials. The major changes are

discussed here.

1. An increase in the number of lessons from 10 to l5 per grade.

discussed earlier in this report, we felt that it was necessary to
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hold to the original plan of 10 lessons per grade in the pilot edition;

This meant that some major strategies needed to be developed rapidly; and

other strategies and extensions of strategies had to be handled as

miniletSant. 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. Eliminatian of mark on mental computation and reduction of the

emphasis on prerequisite skills.

This was a difficult decision since both of these areaSThis and

facilitate estimation. 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 and thoughtfUlly. Mental

computation needs to be addressed in the curriculum; but ShOUld be the

focus of a prnject devoted explicitly to it. Some important prerequisite

skills are incorporated in lessons and Othert are discussed in the teacher

notes.

3'; Elimination of Tinilessons 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 lettont and the

decisions about mentalcomputation and prequisite skillt Made it possible to

eliminate the minilessons. It might Kaye been desirable to retain the

maintenance sheets; which proVide tiiitinitilatiVe practice, but the 15 lessons

and 30 worksheets already provide a 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 multiplii;ation 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 approach can 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 daily uses of estimation, "ballpark" estimates are

sufficient. Also, the mental steps necessary in processing numbers to

Obtain precise estimates may exceed the capabilities of average and

below-average students. This concern of pushing for too much precision in

estimation too quickly was also shared by our consultants' review -7 the

materials. Thus; in revising the materials; we placed less emphasis on

precision throughout the program. We also tried to make a better

distinction between estimation goals for all students and those for more

capable students.

S. Greater attention to processes_ Associated with estimation.

In addition to proficieric,y in using strategies to obtain estimates, a

good estimator must develop an appropriate mental set and undo-stand

variables associated with estimating. These 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 appropriate estimate for a situation (mental

flexibility);

d. Recognizing whether an estimate is an overestimate or an

Underestimate, when appropriate;

e. Adjusting a "ballpark" estimate to get closer;

f. Using estimation to determine when an exact computation is

sensible or reasonable.

While these fdctors were treated in the piloted materials; our

reaction and that Of the consultants was that they needed more explicit

attention. ThUt the revised materials place greater emphasis on them. In

Grad-et 6 and 7; the first transparency of each lesson; entitled "Get Your

Mind in Gear", was devoted to these estimation processes; In Grade 8;

Where the problem of content coverage was greater; the processes were

dealt with in the context of each lesson.

The program revision was time consuming. Our desire, however, to

produce a program that would work well in classrooms and serve as a guide

for future researchers and curriculum developers led us to produce a major

revision of the materialS.

In closing, we feel this project provided a much needed structured

approach to teaching estimation; The project has not only developed some

creative instructional materials; but has provided research data which

documented its effectiveness in imporving students computational

estimation performance. It hat illustrated some new direttions for

teaching estimation WhiCh We hope will be seriously considered by those

-
I
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AO 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 selibbl. Hopefully our work will

stimulate others to offer fUrther improvements toward teaching the

important and challenging topic of computational estimation.
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PACING GUIDE

GRADE 6

LESSON TOPIC/STRATEGY MINI_
LESSON

1 INTRODUCTION

2 FRONT-END (+)

3,4-Digit Numbers

4

8

9

FRONT-END; AVERAGING (+)

Larger Numbers

FRONT-END (-)

3,4-Digit, Larger Numbers

FRONT-END (x)

1 x 3D, 1 x 4D

ROUNDING (X)

2
+
D x 2

+
D

SIZE OF QUOTIENT, AS)
FIRST DIGIT IN QUOTIENT
1D Divisors

COMPATIBLE NUMBERS (i)

1D Divisors

SIZE OF QUOTIENT, ()
ROUNDING COMPATIBLE NUMBERS
2D Divisors

10 COMPATIBLE NUMBERS (1)

2D Divisors

TOPIC/STRATEGY

1 Compatible Numbers
Sums close to 100

2 Compatible_Numbers (+)
"Nice" dollar amounts

3

4

Mental_Computation_ (+00
Multiples of 10, 100

Compatible Numbers (x)

Round one factor to 100, 1000

Mental Computatica (x)

1 x 2D, 1 x 3D

Recognize, Create
Compatible Numbers
2D Divisors

(i)



LESSON TOPIC/STRATEGY LESSON TOPIC/STRATEGY

(x,t)7 a x b

8 Mental Computation (+,-)

N rt- Multiple of 10, 100

9 Mental Computation (+)

2D Numbers

10 Mental Computation (-)

2D Numbers

Whole Numbers

11 Identify Fractions Close
to and 1

12 Rounding (+)

Proper Fractions

Front-End_ (+)

Mixed Numbers

14 Find Fractional Part (i)

1/2, 1/3, 1/4 of N

15 Compatible Numbers (S)

Fractions-_______

16 Front-End, Rounding (+,-)

17

Decimals: Tentht, Hundredths

Identify Decimals Close
to 1 and 10

18 Compatible Numbers (x)

Round One Factor to 1 or 10

19 Substitute Fraction
for Decimal

(t)

0.25, 0.34-, 0.5

.0 Compatible Numbers (

Substitute Fraction

Decimals

0.25, 0.3* 0.5



_FFSBON_

PACING

IOPIC/STRATFO

GUIDE

GRADE 7

(+,-)

MINI_
LESSON

TOPIC/STRATEGY

1 INTRODUCTION; 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 21-D x 2+D

5 Mental Computation (x)

1 x 2D, 1 x 3D

6 Mental Computation (x)

Multiply by 50, 25

7 Compatible Numbers (x)

Round to "Nice" Numbers

8 Relationship between (x)

digits in factors and
digits in product

3 SIZE OF_QUOTIENT (

FIRST DIGIT IN QUOTIENT
1D, 2D Divisors

9 Recognize, Create (4)

Compatible Numbers

4 I0MPATIBLE NUMBERS (4.;

2 di vi stirs

10 Compatible Numbers x.S)
a x b

lumber

C

11 Identify Fractions Close

5
L xc.:u Nyni4lers

to 0; or 1



LESSON TOPIC/STRATEGY
LESSON

12

Fractions

COMPATIBLE NUMBERS_ (4)

Unit Fractions: 1/4 of N

ROUNDING, COMPATIBLE
NUMBERS
Mixed Numbers

13

14

TOM /STRATEGY

;Mental Computation (-1-,=)

Mixed + Whole Number

Rounding (

Mixed Numbers

CoMpatible Numbers (+,-)

Mixed Numbers

15 Mehtal Computation (x)

Whole x Mixed

FRONT -END; ROUNDING
COMPATIBLE NUMBERS
Decimals

FRONT-END, ROUNDING
COMPATIBLE NUMBERS
Decimals

Decimals

(x)

mitltply by 7G 100,

or 1000

17 Mental Computation (4)

Divide by 10; 100

Identify Quotients (S)

Greater, Less Than 1

10 COMPATIBLE NUMBERS x,;)

1 %, 10%, 25%, 33 1/3 %, 50%

Percent

19 Substitute Fraction
for Percent
1/2,1/3,1/4,1/5,1/10

20 Mental Computation (x)

1% or 10% of a Number
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PACING GUIDE

GRADE 8

LESSON TOPIC/STRATEGY MINI
LESSON

1 INTRODUCTION
FRONT-END (+)

(Whole Numbers, Decimals)

2

3

4

5

6

AVERAGING (+)

(WN, FR, DC)

Rounding:
(WN)

(X)

FRONT -ND _ (x)

1D x 3 D, 2D x 2'D
(WN)

COMPATIBLE NUMBERS (:)

1D, 2D Divisors
(WN)

COMPATIBLE NUMBERS (

ixaxb,

3

6

7

8

TOPIC/STRATEGY

Compatible Numbers (+)

Sums Close to 100

Mental Computation (+)

Multiples of 10; 100

Mental_ Computation (+)

2D, 3D Numbers: N + 19

Mental Computation
Chain Computation
Multiples of 5, 10, 100

Compatible Numbers (+)

"Nice" dollar amounts

Mental Computation (x)

Multipls of 10, 100

Mental Computation (x)

Compatible Numbers

Relationship between (x)

digits in factors and
digits in product

Mental- Computation (x)

10 x 3D

10 Mental Computation (X)

Multiply by 50, 25

11 Find Number of Digits (i)

in Quotient
1D; 2D divisors

12 Number of digits in (+,x,i)
answer

66



SCOPE AND SEQUENCE

GRADE 8

LESSON TOPIC/STRATEGY MINI_
LESSON

TOPIC/STRATEGY

Mental Computation (x)

Multiply by powers of 10
13

(WN, DC)

COMPATIBLE NUMBERS
Powers of ten
(WN, DC)

14 Identify Fractions Close
to and 1

15 Sums Greater Than;
Less Than 1 ( -+ )

(FR)

Sums Close to 1 and 2 (f)

(FR)

8 FRONT-END, ROUNDING (+,x)

(FR, DC)
17 Fraction-Decimal

Equivalents

18 Find Factional Part (X)

1 _ A
x c , -6- x c

COMPATIBLE NUMBERS (x,I)

-6- x c

(FR)
19 Select Fractions_Whose (+ix:

Sum/Product is Clolse to
a Given Amount

20 Decimal Approximation
for Fractions

21 Place Decimal Point in (x)

Product
(DC)

Fraction 7 Percent
Equivalents

10 COMPATIBLE NUMBERS (x)

Percent of a Number
23 Find 15% Tip (x)

6?
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NSF Estimation Project
Attitude Survey

Name:

Grade:

School:

Teacher:

When you estimate answers in arithmetic you get an _

answer which tells about how much rather than exactly
how hush:

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

ESTIMATION IS SOMETHING:

1. I think is very important. yes no

2. I use outside of school. yes no

3. I use in math class. yes no

4. I like doing. yes no

5. 1 have been taught in school. yes no

6. I have learned mostly on my own. yes no

7. I am good at doing.

8; I think is hard;

yes

yes

no

no

not
sure

not
sure

no
sure

not
sure

not
sure

not
sure

not
sure

not
sure



ATTITUDE -- Grade 6, 7, and 8 -- Pre/Post

Estimation is something:

1. I think is very important

e.ti:!iide of school

3. I use in math class

4. I like doing

Gr; 6

Gr.

Gr. 8

Gr. 6

Gr. 7

Gr. 6

Gr.

Gr.

7

C

C

C

C

C

C

C

T.

C

Yes to Not Sure

0 0
ms FM.. .IIIP,M.'414=rMr NENI.i.

_919 _

22/19

1/31.

63173

_12.
4t8___

6/16

24/18

Yes No Not Sure

49/66 37/23 .

4/63

61/69

-'Z6 12/10-

29/24 10/5

69/82_ :7°

. -27/17 11/9

65/71 24/22 11/6

Yes Not Sure

85/93 7/5

latiMMINIMI*
8/7 9/2. .8

83/91 1111511111111311111

8-9/8g : MEM
84/80 9/12

Yes Not Sure

59/34 18/27 23/39

52/42

46135 -25/30

48/40 20/37 31/23
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5. .1 have been taught in school

have learned mostly on my own

7. I am good at doing

8. I think is hard

Gr. 6

Gr. 7

Gr. 8
C

Gr. 6
C

Gr. 7

Gr. 8
C

Gr. 6
C

Gr. 7

Gr. 8
C

Gr. 6

Gr. 7

Gr.

C

C

C

Yes No Not Sure

87/92 7/3 6/4

88/87 8/9 4/3

91/88 6/9 2/3

93/93 3/3 3/4

93/90 4/4_ 3/6

No Not Sure

2L. 59/61 20/18

30/2 49/55 _211_28

21/22 67/50 , 12/17

24/21 57/58 19/20

14121- 69/66_

_-

16/11

64/5422/29 ,-1-41-1-6--1

Yes No Not Sure

54/41 11/13 35/46

53/54 11/8 35/33

52/32 10/23 -37142--

50/51 7/13 43/36

R/36 11/1F 42/45

56/40 7/-16-- 36/44

Yes 66t Sure

-121 9_ 74/71

9/12 78/66

75/87

13/18

19/95/q

,-.

5/6 86/78 10/16
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rie.nt a l umpu-cerc i on

Number: 1

Item:

30 + 40 + 10 + 20

C

Number: 2

Item:

30 + 400 + 60

C

Number: 3

t ern :

+ 29

C

Number: 4

Item:

+ 0

6th

Pre Pott

7th

Pre Post.

8th

Pre Post

.94 ;91 ;90 .93 .90

.85 .89 .95
.

.96 ;94 .95

6th

Pre Post
7th _

Pre Post
8th

Pre Post

.87 .81 .82 .81 :: .78

3 .88 0 0

6th

Pre Pott

7th 8th

Pre Post Pre Post

.66 A9 . 55 .62

.64 ;51 .62 .78 .65

6th
Pre Post

7th
Pre Post

8th
Pre Post

.89 65 .66 :

L .79 ,70 .89 .80 - .88



Mental Computation

Number: 5

Item:

76 + 15

Number:

It gym:

547 + 199

Number: 7

Item:

357 400

Number:

Item:

91 - 40

T

C

T

C

T

C

C

6th

Pre Post

7th

Pre Pott

8th

Pre Posti-
.80 .61 .63 .65 .85 .61

.77 .83 .72

6th

Pre Post
7th

Pre Post
8th _

Pre Pott

.51 .35 .39 .54 .43

.43 .35 .54 .42 .51 .51

6th

Pre Post

7th

Pre Post

8th

Pre PoSt

.73 .66 X66 .66

66 .61 .86 .82 .84_._88

6th
Pre Post

7th
Pre Post

8th
Pee_ Pott

.53 _ 5 5 51 64 54

.48 .48 .68 .64 .73 .69__



mental LAW ULdLIWI

Number: 9

Item:

86 = 9

Number: 10

Item:

56 -

Number: 11

Item:

90 -

Number: 12

Item:

150 - 75

T

C

T

C

C

6th 7th

Pre POSt Pre Post

8th

Pre Post

,27 .39 , .38 -.-46 .50 9

.44 .43 .52 .58 .55 .56

6th 7th _ 8th

Pre Post Pre Pott Pre Post

.41 51 .52

1 .60 .60 u:

6th

Pre Pett

7th 8th

Pre Post Pre Post

.22 .25 .25 . -4' .37 5

.24 .35 .43 .51 .53 .60

6th 7th 8th
Pre PostPre Post Pre Post

.21 .37 .31 .47 4 .58

22 34 .38 .53 .65



Number: 13

Item.

765 - 99

Number: 14

Item:

80 + 40 - 10 + 20 + 30

Number: 15

Item:

65 + 15 - 10 + 25 35

Number: 16

Item:

9 x 70

C

C

C

6th

Pre Post

7th

Pre Post

8th

Pre Post

.06 .08 .04 .15 .15 .25

.07 .11 .11 .17 .16 .24

Pre Post
7th

Pre Post
8th

Pre Post

.18 .12 .30 .13 .28[.06

.09 .21 ,._2C1 .28 .23 .39

6th

Pre_ Post

7th

Pre Post

8th

Pre Post

.03 .07 .04 .15 .11.04

.02 ,07 .09 .13 .14

6th
Pre Post

7th
Pre Post

8th
Pre Post

.65 .80 .86

.70 .78 .85 .82 .84



Number: 17

Item:

125 x 10

C

Number: 18

Item:

400 x 5

C

Number: 19

Item:

40 x 60

C

Number: 20

Item:

60 x 15

6th 7th

Pre Pott Pre Post

8th

Pre. Post

-

6 91

0 .70 .83 .80 ,89

6th
Pre Post

7th _

Pre Pott
8th

Pre Pott

.72 .82 .83 .91 .82 .92

.73 .75 .86 .89 .90 .90

6th

Pre Pott

7th 8th

Pre POst Pre Post

.52 .74 55 ;81 .89

.54 .7.0

6th
Pre Pest

7th
Pre Pcitt

8th
Pre Post

.16 .17 .43 .37 .42

.30 .39 .45 ;48



1.1.94tiniermeempetti.N.MICIEL.424.

Number: 21

Item:

962 x 100
C

Number: 22

Item:

3 x 49
C

Number: 23

Iteth:

5 x 99

C

Number: 24

Item:

300 S 5

Pre t

[7: ;53

.41 48

7th 8th
Post Pre Post

.66 .68 .77

.53 .6P .6871Ma.=1,-

6th 7th 8th -
Pre _Post Pre PostPre Post

.26 .35 .36 .52 .58

.31 .39 4 7 1

6th
Pre Post

7th
Pre Post

8th
Pre Post

.23 .30 .29 .52 .49 .44

.29 .39 .43 _.51 . .56

6th
Pre Post

7th
Pre

8th
Pre Post

.62 .78 . 7 .86

.31 .53 .52 .88



Mental Computation

Number: 25

Item:

816 i 4

Number: 26

Item:

400 i 80

Number: 27

Item:

2400 60

Number: 28

Item:

200 10

C

C

r

C

C

6th

Pre Post

7th

Pre Post

8th

Pre Post

. 03 .10 .06 .27 .14 i 7'.

38

1

05 j .1 7 33 : 29

6th 7th
Pre Post Pre Post

8th
Pre Post

.05 .23 .11 .20 .20 .31

.11 .21 .42 X27 ,48

6th

Pre Post

7th

Pre Past_

8th

Pre POSt

;0 .35 .14 .43 .28 :51

2 .37 .56.13 JO .17

6th
Pre POSt

7th
Pre Post

8th
Pre Post

.15 .48 .23 .61 .39 .74

.25 .46 .36 .64 . 53 4



Number: 29

Item:

150 25

Number: 30

Item:

80,000 ; 1,0 0

Number: 7-31
8-31

Item:

112 + 1/4

T

T

6th

Pre Post

7th 8th

Pre Post Prt POSt

.04 _,25 .11 .30 .44

.12 .19 .49 ,50

6th _ 7th 8th

Pre Post Pre PostPre - Post

2 .20 .13 .18 .39

.10 .17 2 .40 .49

6th 7th 8th

Pre Post Pre Post Pre PoSt

.25 .49 .39

.30 ._41 9

Number: 7-32
8-32 6th 7th

Pre Post Pre Post

Item:

T

1/10 + 1/100

8th
Pre Post

.14 .37 .26 .214

.28 .2/4



Number: 7-33
8-33

Item:

2 175 -T- 3/5

Number: 7-34
8=34

Item:

3 1/9 5

Number: 7-35
8-35

4 1/2 -T- 2 1/8

C

C

6th 7th 8th

Pre Post Pre Post Pre Post

.48 .66 4 .61

.56 .57 .68

6th 7th 8th

Pre Post Pre PostPre Pott

.30 .48 .32 .48

.41 .41 .35 X44

6th

Pre Post

7th 8th

Pre Post PE Pokt

dl

.19 .26
L

Number: 7-36
8=36 6th 7th 8th

Pre Post Pre Post Pre Po St

Item:

.66 .81 .71 .81
5/7 = 2/7

.78 .76 75



Number:

Item:

1 =

Number:

Item:

7=37
8-37

Pre

6th

Post Pre

7th

Post Pre

8th

Post

.18 1. 46 .145
7/8

.30 I .44 I .31 .146

7-38
8-38 6th 7th 8th

Pre Post Pre ost Pre Post

14 - 3/10

Number: 7-39
8-32

Item:

5 3/5 - 2 1/5

Number: 7..40

8-40

Item:

6 = 4 1/2

C

C

6th

Pre Post

7th

Pre Post

8th

Pre Post

.58 .40 .54

.41 .55 .148

6th
Pre Past

7th 8th
Pre Post Pre Post

.04 JO .28

T ,



11.1%.4 V/1111611,11 %or IA go ,40

N:,:mber. 7-41

-6-41 6th

Pre Post
Item:

1i2 of 60 is

7th 8th

Pre Post Pre Post

.66 74

.50 .64 .64 67

Number: 7-42
8-42

Pre Post
Item:

2/3 of 90 is

Number: !-43
8-43

Item:

5/4 x 100

Number: 7-44
8-44

Item:

x 3 1/2

C

C

7th
Pre Post

8th
Pre Post

.17 .37 .-

.16 .28 .31

6th

Pre Post

7th 8th

Pre Post Pre ?o,t,

.02 .08 .15
......_

.06 .11 .05 .13

6th
Pre Post

7th
Pre Post

8th
Pre Post

-0- .05 .11

.03 .07 .05 .08



Mental Computation

Number: 7-45
8-45

Item:

1/100 96;000

Number: 7-46
8=46

+ 4.2

Number: 7'47
8-47

Item:

.3 .4 .5

Number: 7=48
8-48

Item:

.56 + .2

6th

Pre Post

ith

Pre Post

8th

Pre Pos#

.05 .10

.09 .05 .10

Pre Post
7th

Pre Post
8th

Pre_ POSt

.43 .56 .51 .56

.52 .60 .49 .59

6th

Pre Post

7th

Pre Post

8th

Pre Pos

.34 -52 .51 .58[---1

.42 .52 : .41 54

6th
Pre Post

7th
Pre Post

8th
Pre Post

.16 .38 46

.41 .32 .48



Number: 7=49
-49

Item:

6.23 1.99

C

6th 7th 8th

Pre Post Pre Post Pre Post

.35 .38 .47 .39

Number: 7-50
8-50 6th 7th 8th

Pre Post Pre Post Pre Post
Item:

1.2 = .4

Number: 7 -51

8-51

Item:

9.8 ;5

C

C

.38 12._

.66.45 . .42

Eth 7th

_Pre Pc-t Pre Post

8th

Pre 'ost___

.51 .60 .57 73

;63 70 .59 .69

Number: 7=52
8=52 6th 7th 8th

Pre Post Pre Post Pre Post

Item:

80 .01

C

;05 13 ;7_0 .20

.20



N

Item:

7-5J
8-53

26;0 - ;99

Number: 7-54
8-54

Item:

8 x .6

Number: 7-55
8-55

Item:

90

Number: 7-56
8-56

Item:

.25 x 80

T

C

T

C

C

6th

ree Post

7th 8th

Pre Post Pre Post

.08 20

3th

Post Pre Post Pre POSt
7tn

:1

8th -

6th 7+h 8th

Pre Post Pre Pott Pre Post

6th
Pre Post

7th 8th

Pre Post Pre Post



Number: 7-57
8=57

Item:

85.7 z .1

C

6th

Pre Post

7th

Pre

8th

Pre Post

.03 .16

.06 .28 .16 .28

Number: 7-58
8-58 4th

Pre

Item:

T

4.8 i 1.2

Number: 7-59

8-59

Item:

/ .36

Number: 7-60
8-60

Item:

200 .1

C

Post
7th

Pre Post
8th

Pre Post

6th 7th

Pre Post __Pre Jst

8th

Post

.1C .10 .17-
.15 .12 21

6th 7th 8th_
Pre Post Pre PostPre Post

.02 .03

.04 .01 .03



Number: 7-61
8-61

Item:

50% of 60 is

Number: 7-62
8=62

Item:

10% of 25 is

Number: 7=63
8=63

t#rn:

25% of 8 is

C

C

C

6th

Pre Post

7th

Pre Post

8th

Pre Post

.41 .66 .58 .83

.50 .62 .60 .69

_ 6

Pre Post
7th 8th

Pry Post Pre Post

.06 .17 .14 .31

.08 .21 .14 .33

Pre Post

7th

Pre Post

8th

Pre Poc:t

5 .61 . ti3

al 50 .52 67

Number: 7-64
8-64 6th

Pre Pest

Item:

75% of 200 is

T

C

7th 8th

Pre Post Pre Post

.18 28 .49

.20 34 .24 .45



Mental Computation

Number: 7-65
8-65

Item:

40% of 80 is

Number: 7-G6
8-66

Item:

100% of 9 is

'umber: ;17.

Item:

150% of 300 is

C

Number: 7-68
8=68

Item:

;1% of 6000 is

6th

Pre Post

7th 8th

Pre Post Pre Post

-0- .04 .06 .14

.03 .09 .11

6th

Pre Post
7th

Pre Post
8th

Pre Post_

.42 .59 .50

.46 .60 .52

6th

Pre VJSZ

7th

Vet Post

8th

Pre Post

.05 .C9 .12

.09 ,17, .16 .23

6th
Pre Post

7th 8th

Pre Post Pre Post

.05 .06 .04 .13-

. _.11 .05 .18



APPENDIX D

Computational Estimation Test, Acceptable Intervals and Results



Number: 6-1-C
7-1-C
8-1-C

Item:

3595 + 6125

Acceptable Interval :
r

6th 7th 8th

Pre Post Pre Post Pre Post

.50 .59 .55 .67 .64 .66

.59 _ .65 63 .71__,62!

9,500 = 10,000

Number: 6-2-C
7=2=C _ 6th 7th 8th
8 2 -= C Pre Post Pre Post Pre Post

Item:

147 + 561 + 85 54 .51 .67

Acceptable interval :
.53 .50 68 .67 ,73

700 -850

Number: 63.;c
7=3=C
8

Item:

8479
9215

8191
+ 9989

Acceptable Intfzcv:

43,000 - 46,000

Number: 6-4-C
7-4-C
8-4=C

Item:

35216
4912

15476
3L7

Acceptable Interval:

52;000 57;000

C

6th

Pre Post

7th

Pre Po

8th

Pre PoSt

8 X25 ,08 .35 .18 X42

.22 .17 .17 .18 .29

5th 7th 8th

Pre Post Pre 'Post Pre Post

.11 .36 .21

.15 ,31 .28 .29



Number: 6 -5 -C

7-5=C
8-5-C

Item:

2888 979

Acceptable Interval:

1,800 2,000

Number: 6-'7,-C

7- :5-C

8=6=C
It

1 8 8 1 2

Acceptable Interval:

18,000 20;000

Number: 6-7-C
7-7-C
8 -7 -C

Item:

28 x 47

Acceptable Interval:

1,200 1,500

Number: 6-8-C
C

8-8-C
Item:

427 x 8

Acceptable Interval:

3,200 = 3,600

C

C

6th 7th 8th

Pre Post Pre POtt Pre Post

.31 .46 .39 5

35 .48 .144 .42 .56 .63

6th

Pre POSt
7th ath

Pre Post P-2 Post

.16 .46 .24 7 .36

.37 .40 .35 .53

6th 7th 8th

Pre Post Pre Post Pre Post

.08 .20 ,38 .24 .60

.42 .26

6th
Pre POSt

1.

71Imt. TINIMOMMOL 42Se

.37 f_ .46

7th 8th

Pre Post Pre Post

.39 .51 .59 .58

.43 .51 .52 .59 .59



Number: 6=9=C
7 =9 =C

8 -9 -(

Item:

104 x 36

Acceptable Interval:

3,600 - 4,000

Number: 6 -1 0 -C

7 =10 =C

8 -10 =C
Item:

557 4 8

Acceptable Interval:

60 - 70

Number: 6 -1 1 -C

7 -1 1 =-C

8 =1 1.7-C

Item:

32 / 9 4 7

Acceptable Interval:

20 = 30

Number: 6 -1 2 -C

7 -1 2 -C

8 =12 =C

Item:

6548 4 96

Acceptable Interval:

64 70

C

C

6th

Pre Post

7th

Pre 2ost

8th

Pre Post

.11 .44 .26 .4 ,41 .63

.22 2 .33 .42 ,38 .52

6th 7th
Pre PostPte Post

8th
Pry Post

.11 .50 .20 .51 .41 .66

.19 .33 .28 .40 .48 .61

6th

Pre Post

7th

Pre Post

8th

Pre P(

.12 .44 34__ _._54_ .4

.19 .41 .30 . .43 .53

6th
Pre Post

7th 8th

Pre Post Pre Post

.05 .18 .10 .26 .19 .36

.10 .21 .15 .33 .32 .35



Number: 6-13-C
7-13-C
8-13-C

Item:

8127 74 74, 257

Acceptable Interval :

50 -60

Number: 6-14-C
7-14-C
8-14-C

Item:

217 x 4

17

Acceptable Interval:

40 55

Number: 6-15-C
7-15-C

Item:

I

I

C

2.49 + 16.19 + .08 + 1.27 1-

Acceptable Interval :

19 21

Number: 6-16-C

Item:

8.18 6.97

Acceptable Interval:

1 1.5

C

C

6th

Pre Post

7th

Pre Post

8th

Pre Post

.01 .04 X0_4 ei is: .

_.01 .02 3 .07 .07 .10

6th
Pre Post

7th
Pre Post

8th
Pre Post

.03 .11 .03 .14 .4

,16_ .20 1

6th 7th

Pre Post Pre Post

8th

Pre Post

8 -4 .30 ;63 1 ;72

.21 ;,36 ;38

...._.. .......

5-_

6th 7th 8th

Pre Post Pre Post Pre Post

.23 .42

.26 .33



L.1541MairlWfl

Number: 7- i 6-C

8-16-C

IteM:

349;1 ;0097 19.37

Acceptable Interval:

360 - 370

Number: 6-17-C
7=17=C
8=17=C

Item:

427 x 9 8

Ac ;le loterve:

3,800 4,300

T

6th 7th

Pre Post Pre Post

8th

Pre Post

.16 2 .19 .49

.15 32 .20 .33

_ 6th 7th 8th

Pre PDsI__ Pre Post Pre Post

.-03 .-23 .11 2 2

.08 .24 .15 .25 .17

Number: 6-18-C
7=18=C
8=18=C PrP

6th

_Post

7th

Pre Posz

8th

Pre Post
Item:

41 x .75 T .02 .08 .07 .10 .20

Acceptable Interval: C .10 .03 .12 .12 .16

28 32

Number: 6-19-C
7-21-C
8-21-C

I terra.

12

13

Acceptable Interval:

= 2

_ 6th_ 7th

Pre Pdtt Pre Post

8th
Pre Post

.03 .11 .04 .16 .02 .32

,02 .14



Number: 6=20-C
7-22-C
8-22-C

Item:

3 t+ 2 7 + f

Pcceptible Interval:

6 = 7

Number: 7-19-C
8 =- 1 9=C

Item:

83 11---g

Acceptable Interval:

.4 .5

Number: 7 -20 -C

8-20-C

Item:

376 .98

Acceptable Interval:

370 = 400

Number: 7 -2 3-C

Item:

9,
1ro 471

Acceptable Interval:

12 - 14 1/3

C

T

6th

Pre Post

7th

Pre Ptitt

8th

Pre Post

.04 .28 .09 .35 .19 ,58

.10 .21 .30 .24 .35

6th
Pre_ Post

7th
Pre Post

8th
Pre Post

_014 4 4

.11 .17 L,15 36

fith 7th

Post_ ''re POSt

8th

Fie Post

6th_ 7th 8th

Pre Post Pre Post Pre Post



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

Item:

23s x 7}T.

Acceptable Interval :

21 -= 28

Number: 7-25-C
8-25-C

Item:

. 5
216

1

- 9
-6

Acceptable Interval :

20 = 24

Number: 7-26-C
8-26-C

Item:

23% of 42

Acceptable Interval:

8 11

C

C

6th 7th 8th

Pre Post Pre Pest Pre Post

.36 6 .60

.40 I .52 I .46 ,48

_ 6th 7th _ 8th
Pr's Post Pre Post_ Pre _Post

.07 .24 .14

.09 .28 .18 .23

6th 7th 8th

_Pre Post Pre Post Pre Post

.09 .20 .40

.17 .19 .14 .22

Number: 7-27-C
6th

Pre Post
Item:

98% of 114

Acceptable Interval:

108 = 114

7th
Pre Post

8th
Pre Post

.19 .28

.28 .41 29 .



Numher: 7-28-C
8-28=C

Item:

15% of 23.19

Acceptable Interval :

3 - 4

Number: 7-29-C
8-29-C

Item:

49% of 118

Acceptable Interval:

55 60

Number: 7-30-C
8-30-C

Item:

32% of 61

Acceptable Interval:

18 - 21

C

C

6th 7th 8th

Pre Post Pre Post Pre Post

.04 .09 .09

.15 .63 .10

6th 7th
Pre Post Pre Post

8th
Pre Post

.20 .40 .58

.35 .24 .36

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

.12

.17

.19

.39



Estimation Test

Number : 6-1 -A

ABOUT how much does thls 3 pioc
suit cost? $29.95

$47.95
$98.95 lae.,,St

Number : 6-2-a
7 -1 -A
8 -1 -A

ESTIMATE the TOTAL enrollment in
these schools.

C

6th
Pre Post

7th
Pre Post

8th
Pre Pott

.20 .46

.26 .143

Acceptable Interval :

6th
Pr_e Post

170 180 (176.85)

7th
Pre Post

8th
Pre Post

.13 .32 .25 .40 .23 .42

.16 .21 .32 .32 .33

BLUE EYE
CAMEL BACK
DOG LEG

EAGLE NEST
FOX HOLE

Et+Ror.r..:avorr

398
1506
218
23

3115

Acceptable Interval :

5,000 5,500 (5260)

Number: 6 3 =,A

7=2=A
8-2=A

WORLD'S FAIR ATTENDANCE

Sunday 84,323
Monday 72,519
Tuesday 77,942
WOORRSdav 81,419
Thursday 75,569

:

Friday 77,602
Saturday 87,363

OUT how man! PeciPla itteeidd tho lair tt't moot' ?

6th 7th 8th
Pre Post Pre Post Pre PoSt

.01 ,n, .01 .05 .02 .13

.01 .01 .03 .03 .02 .05

Acceptable Interval :

520,000 = 570,000 (556,740)



tsLimemion IesL

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

ABOUT how much will thas 6
sandwich*, cost

&IMF $2.89 HAM $3,15
sir $2,95 nu BEN $3.19
SPECIAL $2.79 $2.99

Number: 6-5-A

ABOUT hoW many caioriis

did I take in today.

BREAKFAST 808
SNACK 405
LUNCH 788
SNACK 289
DINNER 820

.(71
SNACK 149

ir"N-7-.4/PM;X

Number: 6-6-A

ABOUT what is the difference
in price ?

Z7254Er

93,788 $12,367

c

6th

Pre lost

7th

Pre Post

8th

Pre Post

.28 .44 .37 48 I .54 .63

33 47 .50 4 .56 .52

Acceptable Interval:

$16 $18.50 ($17.96)

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

.19 44

.26

Acceptable Interval:

2,800 3,100 (3;059)

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

.30 .56

.37 .48

Acceptable Interval:

8;000 9,000 (8,579)

I n



4.441M041.311

Number: 6 7 =A

ABOUT what is thti -different°

in price 7

4$44,900

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

We deliver nO papers a day
ABOUT how many papers in a
Week ?

.44h.fx_

Number: 6-9-A

tioliVer 107 papers a day.

ABOUT "low many papers this
month ?

T

C

6th

Pre Post

7th

Pre Post

8th

Pre Post

Acceptable Interval :

70,000 = 80,000 (72,550)

6th 7th
Pre Post Pr6 Post

8th
Pre Post

.23 1 .46 .34 49 ;52

_

.27 ;33 I .30 .3F .47 .50

Acceptable Interval:

6th

Pre Post

1,800 2,100 (2,030)

7th

Pre Post

8th

Pre PoSt

.12 .37

.13 .25 1

Acceptable Interval :

3,000 = 3,500 (3,210 OR 3,317)



Estimation Test

Number: 6- 1 07A
79-A
8 -5 -A

We deliver 95 papers n day.

About how many papers in a
year ?

Number: 6_11-A

ABOUT how much will
6 shirts cost?

Number: 1 2-A

78 tickets were sold immediately.
ABOUT how much money

is that2

6th

Pre Post

7th

Pre Post

8th

Pre Post

I 4 1_._04 .16 23

. ) . 5 .1:S .11 .16

AcceptaLl'! Ilterval:

6

Pre

32,000 37;000 (34,675)

Post Pre

.27 ;47

.31 i43

7th 8th
Post Pre Post

L
Acceptable Interval :

52 = 57 (53.94)

6th 7th 8th

Pre Post Pre Post Pre Post

.06 .18

.09 .17

Acceptable Interval :

2,100 2,400 (2,223)



Estimation Test

Number: -1 3 - A

ABOUT how much will
9 umbrella's cost ?

Number: 8 - 1 4 -A

An 8-pack of soda costa s3.38
ABOUT how much doe d 1 bdttla coat?

Number: 6-15-A

George has a car loan of $8875
to repay in 48 months.

ESTIMATE hit monthly payment.
C

6th 7th 8th

Pre Post Pre Post Pre Post

.13 .37

.30

Acceptable Interval:

$150 $180 ($161.55)

6th 7th 8th
Pre Post Pre Post Pre Pott

.06 .29

.05 .11

Acceptable Interval:

l45: (42.25)

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

Acceptable Interval:

$200 $250 ($205.73)

103



Number : 6 - 1 6 A

ABOUT how much does
each orange cost?

Number: 6-1 7-A
7 =12 =A

18 to-r

Attendance at the first 4 nights ct
the show W113 1749.
ABOUT what was the
average attendance?

Number: 6-18=A
7 -16 -A

8-9-A

This glider traveled 6153 miles on
19 gallons of fuel.
ABOUT how many miles per gallon?

C

6th 7th 8th

Pre Post Prt., Post Pte Post

.13

.12 .26_

Acceptable Interval:

6th

Pre Post

15 20 (19.39)

7th
Pre Post

Acceptable Interval :

6th

Pre

8th
Pre Post

.24

.15

400 = 450 (437.25)

7th 8th

Post Pre Post Pre Post

.01 .19 .09 .29 .16 .37

.06 .18 .11 .18 1 .20 .23

Acceptable Interval :

300 350 (323.84)

104



t:sLimoLiun le5C

Number: 6-19-A
7 - 1 5-A

8- 1 0-A

Oklahoma has 6 representatives
in congress.

ABOUT how many people &AS
each representative represent ?

Population of Oklahoma

Number: 6-20-A

California has 43 representatives
in congress.

ABOUT hcw many people does
each representative represent ?

Population of California

23,669,435

Number: 7_4_A

ABOUT how much will these nuts
weigh altogether.

lb. 6 it

6th 7th

Pre Post Pre Post

8th

Pre Post

,01 .18 1 .08
r

.20 ,16 .37

.05 .12 .05 .15 .16 .29

Acceptable Interval:

6th

Pre Post

500,000 550;000 (530;857,83)

7th
Pre Post,,,=,

.03 .10

.06 .08

Acceptable Interval:

6th

Pre

Pre
8th

Post

500,000 600 000 (550 451.97)

7th

Pest Pre Post

8th

Post

.11 ,40

.13
_...

Acceptable Ihterval:

11/2 2 (1.71)



Ls timati on Test

Number: 7 _ 5 _ A

ABOUT hdv.. much will those 3 boxes
Weigh altogether ?

Number: 7 - 6 - A

ABOUT how much do
these boxes weigh
altogether

Number: 7= 7 -A

ABOUT how much di, these boxa
weigh altogether?

6th 7th

Pre Post Pre Post

8th

Pre Post

.29 .48

.36 .48 I

Acceptable Interval :

21 23 (21.96)

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

3 70

.65 ;74

Acceptable Interval :

14 -'15 (14.49)

6th

Pre Post

7th

Pre Post

8th

Pre Post

-41

1 .21 .4

;44

Acce::table Interval:

20 22 (21.19)

106



Estimation Test

Number: 7-10-A

43
ABOUT how much will .7yards
cost ? 4

Number: 7 1 1 =A

We have 3 rolls of wallpaper

left. Each roll gives us 6-1-t

strips for our wall.

ABOUT hOW many strips of
paper is that ?

Number: 7-137A
8-8-A

ABOUT how much will

this bar be worth.

_GOLD_

$486.35 per oz.

C

6th

Pre Post

7th

Pre Post

.16 .34

.25 2_9

8th

Pre Post

Acceptable Interval :

14 = 19 (16.44)

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

I .05

.08

.12

.19

Acceptable Interval:

6th

Pre .Post

19 24 (21.875 OR 21 7/8)

7th 8th

Post Pre _Post_

Acceptable Interval
:

3,500 4,000 (3,903.93)

107



Number: 7-147A
8-7-A 6th 7th 8th

ABOUT hu,N much will a lOad Of 98
sulicAaes weigh?
Average suitcase
weight 21.69 kg

Number: 7 - 1 7- A

8- 1 2-A

Jen made ABOUT lot her shots.
Jen took 76 Shots.
ABOUT how many shots 1,,

did she make?

Number: 7 -1 8 -A

I have about 4 of my 463 page boat(
to read.

ABOUT how many pages 12 that?

C

Pre Post Pre Post Pre Post

.08 .22 I .20 .38

15 . 22 14_ .26

Acceptable Interval:

6th

Pre Post

2,000 2,200 (2125.62)

7th
Pre Post

8th
Pre Post

;15 .25 .28 .41

.22 .27 .19 .37

Acceptable :ltetval:

24 27 (25 1/3)

6th 7th 8th

Pre FrAt Pre Post Pre Post

Acceptable Interval:

105 125 (115.75 OR 115 3/4)





Estimation Test

Number': 7-1 94

ESTIMATE the price per pound.

6.2416i.
Caviar

$45.85

Number: 7-20-A

ABOUT how many miles
per gai!on is the cycle
getting ?

TRAVELED: 132.4 miles
USED: 1.81 gallons

-.4S3

Number:

C

T

Each person will spend about $12
Cfor the game.

ABOUT how much money will be
collected ?

ATTENDANCE

98j654

6th 7th 8th

Pre Post Pre Post Pre Post

.11 .21

7 4

Acceptable Interval:

6th

Pre Post

(7,35)

7th 8th
Pre Pott Pre Post

Acceptable Interval:

60 80 (73.15)

6th 7th 8th

Pre Post Pre Post Pre Post

.20 .26

.15 .20

Acceptable Interval:

$980;000 $1.2 MILLION

($1.18 MI _LioN)
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Estimation Test

Number: 8-1 1 -A

ESTIMATE the price per ounce.

Number: 8 -13 -A

ABOUT one-tenth of school children
wear glasses.

ABOUT how many children wear
glasses?

School Popuatk.,

32,469,000

Number: 8 -- 1 4=A

Ws want 9 pounds and will
split the cost 3 ways.
ABOUT how much wilt it
cost each of us'

-PTOLCZ_

OTE=J_C:
$1101015i

C

T

C

6th 7th 8th

Pre Post Pre Post Pre Post

.09

.08

.29

.20

Acceptable Interval :

$470 $500 ($478.89)

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

.01 .11

.03 .07

Acceptable Interval :

3.2 3.3 MILLION

(3.2469 MILLION)

6th 7th 8th

Pre Post Pre Post Pre Post

.30 .41

Acceptable Interval :

$3 $4 ($3.57)

11



Estimation Test

Number : 8= 1 5 -A

I worked about 20 hours and

plan to save -15 of my earnings. c

ABOUT how much will be saved?

$

Hourly Wage

3.65/hr.

Number: 8 1 - A

ESTIMATE the saving* on a suit
priced at $79.95.

23 %OFF

Number: 8-1 7-A

SALE

All carsreduced 30%

ABOUT how much will this car price
be reduced?

T

T

6th 7th 8th

Pr-2 Post Pre Post Pre Post

i11.G. .15 .34

.14

Acceptable Interval :

20 27 (24 1/3)

7th 8th
Pre Post Pre Post Pre Post

.08 .27

.14 .17

Acceptable Interval :

16 20 (18,39)

6th 7th 8th

Pre Post Pre Post Pre Post

.11 .24

1 .06 .15

Acceptable Interval :

2 ..000 -= 2:300 2,068.5)

iii



Estimation Test

Number: 8-18-A

ABOUT how much should he
lett for the tip.
15% tip requested

Number: -19-A

The tax rate is 41%. ESTIMATE
the tax. sob's sir. Shop

sill

Lim
.
le

1

$4.1362
I

Number: 8-20-A-

ABOUT 20% of the population

has blue eyes;

ABOUT how many people have
blue eyes ?

U.S. Population

22...5,4372-.33

6th 7th 8th

Pre Pdtt Pre Post Pre Post

,13

Acceptable Interval:

13

4.50 6.25 (5.68)

7th 8th
Pre Post Pre Post Pre Post

.15

.07 .12

.04 .12

Acceptable Interval:

2.00 2.50 (2.31)

6th 7th 8th

Pre Post Pt-6 POtt Pre Post

-0- .11

1 .03 , .03

Ba.

Acceptable Interval:

40 50 MILLION

(45.09 MILLION)



APPENDIX E

Midyear Test and Results
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ITEM

:1.59
17

.79

2.95

44;159

8;276

4. 53;195

19 + 3847 + 485 + 1995

4;172 + 18;1 + 5;7364 + 0;26

73

74

69

66

67

72

-+ -71

4;859;864

5;727;639

4;998;278

4. 4;632;745

1875 + 2163 4 2027 + 1875

3.27 + 2.975 + 3.087 + 2.8 + 2.7962

14 + 6 15
3
-

9 3
+

7
+

4

MID YEAR RESULTS

RANGE 6th

180

7th

177

8th

200

$4;00 - $6;25 63.3 69.5 80.0

98;000 110;000 44.4 52.0 73.0

5300 6520 15.0 23;7 44J0

27 30 3 7;5

460 511 51.7 45.8

1

62.0

18+ 21 million 34.4 38.4 62.5

7000 8000 40.0 44.1

13 = 15.5 53.0

60 - 62 31.5



MID-YEAR RESULTS

ITEM RANGE

517

248

6257

489

37;245 - 18;307

8 x 583

39 x 68

41 it 72

6 * 2137

69 t 4827

98 x 472

512 x 321

6th 7th 8th

240 300 68;9 71.8

5500 = 5800 45.6 54.2

17;000 - 20;000 43.3 53.1

4000
+

4800 51.7 51.4 52.0'

2500 - 2800 43.9 40.7 61.5

2800 - 3000 58;9 60.0 69;5

12,000 13.000 59.4 71.8

300,000 - 350,000 32.2

45,000 - 50,000 48.5

150,000 - 170,000 55.5



ITEM

6/757 80 800 8000

3 fgr 6 60 600

31 / 1916 60 600 6000

/71776 200 300 400

9 / 43,427 4000 5000 6000

92 / 41,927 400 500 600

6 / 315$

4/269

2 / 1399

21/MIT

39176§T

8(11;534

2 rTSr

43 / 812,594

82 / 59,251

MID-YEAR RESULTS

RANGE 6th 7th 8th

800 92.2 90.4

60 95.0

60 81.4

400 51;5 31.1

5000 47.2 26.6

500

500 - 550 74.4 83.6 81.0

60 70 73.3 75.7

600 - 700 80.0

60 70 49.2

30 45 27;1

3000 - 4000- 72.5

7.5 8;5 33.0

18,000 20,000 40.0

700 = 800 26.5



MIDYEAR RESULTS

ITEM RANGE

$7A8 $7A2
more than $15

less than $15

hard to tell

more than 360

92 + 89 + 91 + 93 less than 360

hard to tell

9624 32e8

24 x 98

47 i 29

4 T-T7T5--

more than 6000

less than 6000

hard to tell

more than 2400

less than 2400

hard to tell

more than 1500

less than 1500

hard to tell

more than 700

less than 700

hard to tell

298;466 more than 900,000

281,543 less than 900,000

304,1:75,_ hard to tell

79 1173,7j

x 854 x 32
2

more than 2000

less than 2000

hard to tell

more than 12;000

less than 12;000

hard to tell

bth 7th 8th

more 89;4 92.1 93.5

more 63.3 59;3

more 52.2 55.9

less 55.0 51.4 61;0

less 49.4 44.6

less 45;0 51.4 65.5

51;0

50.5

28:0



ITEM

TICKET = $9.35

329 tickets were sold in

one day. About how much

money was collected?

COATS --- $49.88

SHIRTS -- 7.77

TIES --- 2.19

About how much do 2 shirts

and a tie cost?

About how much

do these cost

altogether?

FILM: 24 exposures

$4.69

$ .37

$2.19

$ .59

$ .82

About how much does one

picture cost?

A bus holds 48 studerts.

About how many students can

be taken in 24 buses?

A school purchased 8 desks

at a total cost of $3127.

About how much did they pay

for each desk?

It cost $81,647 to stay in

a hospital for 39 days.

About how much did it cost
per day?

CAPACITY 18;459

TICKETS $ 9;25

About how much is made

free a sellout?

Abus holds 48 students.

About how many students

can be taken in 19 buses?

MID YEAR RESULTS

RANGE 6th 7th 8th

2700 = 3300 26.1 35.0

$16+ $19
50.0 56;5 56.0

$3.00 4;25 84.0

18 20 33.5

1000 1250 42.8 39.5

300 = 400 43.3

2000 2200 27.7 43.0

160,000 = 190,000
33.0

800+ 1000
63;5

8



ITEM

x 34 x 41

)1 418

1 299 x 52

347 x 13
17

MID YEAR RESULTS

RANGE 6th 7th 8th

240 320-
10.0

1150 - 6000
10.0

4900 6000 12.5

600 - 700 8.5

On the final page of the Mid-Year TeSti_students were given_Susie's paper which
they were told contained some errors. They were asked to find the three problems
which were not sensi

249
27

4. 416
6qt

4663
167
4144 b

98
x. 24

" 6ti,L

5 rrig

247

t
6 1 20

6157 + 700 + 3478s lioi rar

81.1 74.6

57.2 64.4

71.7 68.4 61.0

81.7

66.1

51;1 50.8 50.0

54.4 62.7 69.0

119
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Summary of Interview Packet
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TO STUDENT: I AM INTERVIEWIN STUDENTS TO FIND HOW YOU MAKE

ESTIMATES, f WILL SHOW YOU A FE,( PROBLEMS AND

I WOULD LIKE FOR YOU TO ESTIMATE THE ANSWER TO

EACH. As YOU ESTIMATE, I WANT YOU TO TELL ME

WHAT YOU ARE THINKING. THIS WILL HELP ME

UNDERSTAND HOW YOU GET YOUR ESTIMATE. You MAY

MOT THINK SOME OF THE THINGS ARE IMPORTANT

BUT THEY MAY HELP ME UNDERSTAND WHAT YOU ARE

THINKING, SO PLEASE THINK OUT ALOUD. Do

YOU UNDERSTAND?

AT THE CLOSE OF INTERVIEW

(IN

APRIL

ONLY)

"WHERE DID YOU LEARN TO ESTIMATE?(I.E. WHO

TAUGHT YOU?)'

"WHAT KIND OF ESTIMATION PROBLEMS ARE HARDEST

FOR YOU?"

"WHAT ARE SOME HINTS YOU WOULD GIVE SOMEONE

THAT WANTED TO LEARN HOW TO ESTIMATE?"

"WHAT ARE SOME OF THE MOST IMPORTANT THINGS

YOU LEARNED THIS YEAR ABOUT ESTIMATION?"



ad II_ I
Call IMO II IV

NSF ESTIMATION PROJECT

Interview Summary Sheet - Grade 6

PROBLEM

#1 TZ 149
4 TIS$

of,s

#2

Name:

School:

Teacher: Group:

ESTIMATE STRATEGY

_t.23J;

PROBE: Above or Below? Why?

NOTES:

Rounded to:

10;000 i,000 100

Rounded to:

100 10

PRO3E: Over cr Under?

NOTES:

Fpont-End Average Adjustment

Front-End Adjustment

#4

#5

#8

PROBE: More than 50?

NOTES:

Round Compatible Numbers Multiplication Adjustment

Guess-Check

Mr ..ua

NOTES:

7

PROBE: Above or Below?

NOTES:

11801,sai 11- .0,000.101. .00 wr 0000

PROBE: Another way?

NOTES:

Round Compatible Numbers Multiplication Adjustment

Guess-Check

Add numerators Recognize Fractions Adjustment

and denominators Near One

Rounded to Rounded to Front-End Adjustmen

10,000 1,000 100
Compatible

Numbers

122





PROBUEM ESTIMATE STRATEGY

'.....,+*
5.71 albca
3.0.
LSI Mo
11.3%
1.11 y.
La AI.
LP A%
1J1 Y.

Rounded

Dollar

to:

Dile

Compatible Ramberg
(Grouping)

Front-End Adjustmen

PROBE: How cloie?

NOTES:

#9

#10#10

.1.0.11, mow emwm. .1mA woo ee
max.

PROBE: More than Si? $2? $3?

NOTES:

Add total Subtract Indiv. Round Front -End Compatible
then subtract Items from S5 dollar dime Numbers

Rounded to: Coipatible Front -End Adjustment
Dollar Olie Numbers

PROBE: Could you buy them for S37?
Could you buy them for (Response)?

NOTES:

Reasonable? Rounded to: Checked ones place? Adjustment

YES NO 30x40 20)(50 30x50

PROBE: How did you know?

NOTES:

Where did you learn to estimate?

Whit kind of problems are the hardest?

Hints:

Interiieeer Comments:

1 2 3



# 1.

37 419
46 765
41 045

+ 34 974

PROBE: Do YOU THINK THE ACTUAL ANSWER IS ABOVE OR
BELOW YOUR ESTIMATE?

# 2.

729
= 371

PROBE: DO YOU THINK IT IS OVER (400, 300) OR UNDER?



# 3. 2548 43

PROBE IF CHILD GOING NOWHERE: Is IT MORE
THAN 50? WHY?

# 4.
EASY PAY PLAN

MAKE 3 EQUAL
PAYMENTS

PROBE: ABOUT HOW MUCH WILL EACH PAYMENT COST?

125



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

#6.
BLUE EYE

CAMEL BACK

ABOUT WHAT IS THE DIFFERENCE IN THE
POPULATIONS OF THESE TWO TOWNS?

PROBE: CAN YOU DO IT ANOTHER WAY?

126



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

PROBE: HOW CLOSE DO YOU THINK YOUR ESTIMATE IS?

# 8

$1.49

rEliM=MMI
MININ

UMW

ABOUT HOW MUCH CHANGE WOULD YOU GET
FROM $5?

PROBE: MORE THAN $1?-
$2?
$3?

127



8 PAIR AT

2 PAIR AT

$1.98 EACH I

ABOUT HOW MUCH WOULD THIS COST?

PROBE: IF RESPONSE < $37. ASK COULD YOU BUY
THEM FOR $37?

IF RESPONSE ) $37; ASK COULD YOU BUY
THEM FOR RESPONSE?

AMP

# 10. 22 x 48

Is THIS CALCULATOR RESULT REASONABLE?

PROBE: How DID YOU KNOW?



#1

NSF ESTIMATION PROJECT Name:

Interview Summary Sheet Grade 7 School:

Teacher:

PROBLEM ESTIMATE STRATEGY

37 419
16 715
1 Wd

PROBE: Above or Below? Why?

NOTES:

Group:

Rounded to: FrontEnd Average Adjustment
10,000 1,000 100

#2

73 S

#3

PROBE: Above or Below?

NOTES:

Add numerators Recognize Fractions Adjustment
and denominators Near Oh0

2 . 7S Jt
6 10

Round

PROBE: Estimate more than exact answer?

NOTES-.

-FrontEnd Other Adjustment
whole numbers with fractions

only

#4

51Z24 to

221.01 2.913

#5

NOTES:

Round FrontEnd
whole numbers use of all

only decimals

Other Adjustment
(Recognition of
significant digits

Round

.163 a C076

#6

PROBE: Above or Below?

NOTES:

FrontEnd Special Number Adjustment
use of algorithm (near 1)
to place decimal

43311 -11. 33

PROBE: Another way?

NOTES:

Round Compatible Special other Adjustment
Numbers Numbers

129



#7

PROBLEM ESTIMATE

Rounded to:

STRATEGY

Front-End Adjustment1./9 Compatible Numbers
Lid h

Dollar Die:
(Grouping)

LAI
3.. tle
Ln
L

PROBE: Mcw close?

NOTES:

Rounded to: Compatible Frent-End AdjUSteent
MB Dante Dille Numbers`." S

PROBE: Could you buy them for $37?
Could you buy them for (Response)?

'TOTES:

#9

PROBE:

NOTES:

-;Round to Front-End Multiplication Compatible Adjustmen
$120 GUeSS=CheCk Numbers

Reasonable?

YES NO

PROBE: How did you know?

NOTES:

Rounded to

20x40 20x50 30x50

CheCked ones place? Adjustment

Where did you learn to estivate?

Whit kind of problems are the hardest?

Hihtt:

Interviewer Consents:



# 1, 37 419

46 765

41 045

.4 34 974

PROBE: De fOU THINK THE ACTUAL ANSWER IS ABOVE OR
BELOW YOUR ESTIMATE?

PROBE:DO YOU THINK THE ACTUAL ANSWER IS ABOVE OR

BELOW YOUR ESTIMATE?



# 3.

2 - 4
5 10

PROBE: IS YOUR ESTIMATE MORE THAN THE EXACT

ANSWER?

#4.

342.24 + 8.8 229.09 + 2.913



# 5.

.943 x 8076

PROBE: Do YOU THINK THE ACTUAL ANSWER IS ABOVE OR

BELOW YOUR ESTIMATE?

# 6.

4338 4.-= 93

PROBE: IS TKRE ANOTHER WAY YOU COULD DO IT?



#7.
HERE IS A GROCERY TICKET

WHICH HAS NOT YET BEEN

TOTALED. ESTIMATE THE TOTAL.

0.79 AGR

0.79 AGR

0.44 AGR

1.30 APR

0.34 APR

1.05 AGR

0,08 AGR

0.57 AMR

0.29 AGR

PROBE: HOW CLOSE DO YOU THINK YOUR ESTIMATE IS?

#8,
8 PAIR AT

2 PAIR AT

ABOUT HOW MUCH WOULD THIS COST'

PROBE: IF RESPONSE < $37, ASK COULD YOU BUY

THEM FOR $37?

fF RESPONSE > $37, ASK COULD YOU BUY

THEM FOR RESPONSE?



ABOUT HOW MUCH DO YOU SAVE?

IS THIS CALCULATOR RESULT REASONABLE?

PROBE: HOW DID YOU KNOW?



NSF ESTIMATION PROJECT

Interview Summary Sheet - Grade f

PRJBLEM MTE

*1 17 49
4 763
4 ;NS

PROBE: Above or Below? Why?

NOTES:

Rounded to:

10.000 1.000 100

PROBE: Above or Below?

NOTES:

#3

2
I 1 ;

ID

Name:

School:

Teacher:

STRATEGY

Group:

Front -End Average Adjustment

Add numerators Recognize Fractions Adjustment
and denominators Nair One

PROBE: Estimate more than exact answer?

NOTES:

-Front -End

whole numbers with fractions

only

Other Adjustment

Round

.943 u 1071

PROBE: Above cr Below?

NOTES:

Front-End Special Number

use of algorithm (near 1)

to place decinal

Adjustment

Rounded Used a forma:. of

#5 multiplied also used a i b d a x b wdxe
11411 z 9 then div. g as special

#6

(3

PROBE: Another Way?

NOTES:

+ 13

PROBE: Another way?

NOTES:

Round

Other Adjustmen.

Compatible Special Other Adjustment

'lumbers Numbers





07

PROBLEM . E S 1-14 A-1-E

PROaE: How close?

NOTES:

Rounded to;

Dollar 0.16

STRATEGY

Coipatibli Nuibers

(Grouping)

_ .

Front-End

00 Rounded and take COOPatibli NUMberS Other

tAAA -
al- *law

#9

PROBE: Another way?

NOTES:

15% 10% + 1/? x 28 1/6 x 30 .

Adjustmen

_

Adjustment

010

Rounded to: Coipatible Front-End Adjustment

Dollar Dime Numbers

PROBE: Could you buy thee for $37?

Could you buy them for (Response

NOTES:

Reasonable?

YES NO

PROBE: How did you knoO

NOTES:

Rounded to: Checked ones place? Adjustment

200.0 20x50 30250

Where did you learn to estimate?

What kind of pro'olems are the hardest?

Hints:

Interviewer Comments:



#L 37 419

46 765

41 045

4- 34 974

ifffil11116.

PROBE: Do YOU THINK THE ACTUAL ANSWER IS ABOVE OR

BELOW YOUR ESTIMATE?

PROBE:DO YOU THINK THE ACTUAL ANSWER IS ABOVE OR

BELOW YOUR ESTIMATE?



# 3.

2 3 7 2 iL
5 6 10

PROBE: NIS YOUR ESTIMATE MORE THAN THE EXACT

ANSWER."

#4.

.943 8076

PROBE: Do YOU THINK THE ACTUAL ANSWER IS ABOVE OR
BELOW YOUR ESTIMATE?

139



S THERE ANOTHER WAY YOU COULD DO IT?

# 6.

4338 93

PROBE: IS THERE ANOTHER WAY YOU COULD DO IT?

140



# 7.

HERE IS A GROCERY TICKET

WHICH HAS NOT YET BEEN

TOTALED. ESTIMATE THE TOTAL:

0.79 ,AGR

0.79 AGR

0.44 AGR

1.30 APR

0.34 APR

1.05 AGR

0.08 AGn

0.57 AMR

0.29 AGR

3,65 AGR

PROBE: How CLOSE DO YOU THINK YOUR ESTIMATE IS?

# 8,

\

THE THOMPSON S DINNER BILL TOTALED $28.75.

THWIPSON WANTS TO LEAVE A TIP OF ABOUT

15Z. ABOUT HOW MUCH SHOULD HE LEAVE FOR

THE TIP?

PROBE: Is THERE ANOTHER WAY YOU COULD DO IT?



MUCH WOULD THIS COST?

RESPONSE < $37, ASK COULD YOU BUY

THEM FOR $37?

RESPONSE > $37, ASK COULD YOU BUY

THEM FOR RESPONSE?
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APPENDIX G

Forms Used to Evaluate Instructional Materials



NSF Estimation Project
Lesson Evaluation Form

Teacher:

School:

Grade:

Date of Lesson:

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

How did the lesson

Lesson Number:

Really Some.
0;K; Poorly

Well Problems
<:2> C.>

Comments/suggestions for improvement:

3. Were the teacher notes helpful?

Comments/suggestions:

Tes No Not Sure
<Z> O (=>

. Were the transparencies effective?
Yes No_ Not Sure
<Z> <:2> <Z.>

Comments/suggestions for improvement:

5. Please comment on, or make suggestions (as needed).

a) Overall student reaction/responses:

b) Highlight trouble spots or significant strengths:

Student exercise sheets:



Mini-Lesson or
litintainence- Sh*et Date Required

Teacher:

Grade: School :

SIXTH GRADE MINI-LESSON/MAINTAINENCE FEEDBACK

116e ,

(after Lesson

.Comments

ML 1: Compatible # ( +) .

ML 2: Compatible # (-0

MAINTAINENCE #1

after Lesson-4

MAINTAINENCE #2

ML 3: M. A. Multiply

after Lesson 6)

f ML 4: Nice Numbers
.

MAINTAINENCE #3

ML 5: M.A. Multiply

MAINTAINENCE #4

after Lesson 8

MAINTAINENCE #5



Teacher:

Grade:

SIXTH GRACE 1r711-3SON/MAINTENANCE FEEnACK

.1,1r1i71...aS3011 .)r

aintenlice Meet

/.3c1:1;n:

72-ate ?eduired Comments

Sc!lool:

M.Ar:77INANCE -,6

Lesson ;)

ML '2oi1oatible = -)

'aS7-;r1

mA:A77.71-,INCE =7

I

I

!

.

I I .

1

MAITE'IANC,7 4 3
1

I

1

1

IL 3:

.

i M.' . :.C: XA
i

!

.

.

I, 11-- -_. r7r,c
. . ics.se t 1, ..J,,

.

.

.

I ,

.

:

r

.



SIXTH :5RADE MINI-LESS0N/MAINTENANCE FEEDBACK

Mini-Lesson or
Maintenance Sheet late

'1'ter '_assort 10)

Time
Comments

ML 14: M. . of 24

'41.. :i: =st. '.i f .-

M;-::17=NANCE f.12'

II_
:: Es:. 2.ec;

___.

"L :7: 7ec. c7,:Se tO 1,10. 1

ML .: st. X '. . slie.e:1

mAni7=MANCE -i13

'41_ '19:
i.A. .15 A n

"L;20: :J!. .25 7?

I

BEST COPY AVAILABLE



Teacher:

Grade: School:

SEVENTH GRADE MINI-LESSON/MAINTAINENCE FEEDBACK

MiniLesson or Time

Maintainence Sheet Date Required

lafter 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 5: M. A. Multiply

MAINTAINENCE #2

ML 6: M. A. Multiply

MAINTAINENCE 43

ML : Nice Nos.

MAINTAINENCE #4

ML 8: Count Digits

MAINTAINENCZ #5



SEVENTH GRADE MINI-LESSON/MAINTAINENCE FEEDBACK

Mini-Lesson or
Maintainenrp Sheet

(after Lesson 3)

ML 9: Compatible # (=)

Time
Date Required Comments

_(after Lesson 4)

MAINTAINENCE 16

MAINTAINENCE 07

I A



.eacer:

Grade:

SEVENTH GRADE MINI=LESSON/MAINTENANCE =EEDBACK

r

Ma;ntPnance Sheet Date Reoulr_eS Comments

School :

AINTEIWICE --.;

,-1:7

ML 10: Est.
1
---

Mt :: Frac close to 1,T,

mA11TEANCE a9

lifter

Mt I': M.A. MiXed ='5

ML 13: Est - Mixed 4's

ML 14: More Roundinq

f.er JHasson .3\

1

1 ,.11-ENMC7. ..)

1

1

I,

.--1±ter Lesson 7'

MAPII-ENANCE

`essJei

Mk 13: :ex. X la, 13C

MAII7ENANCE :12

ML 17: 26t. . , 1 J0

REST COPY AVAILABLE





p.2

SEVENTH GRADE MINI-LESSON/MAINTENANCE FEEDBACK
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Reuuired Comments_

mL , 1

MAINTENANCE 413

ML 19: -=4 2ertents

ML =0: M:A; 1;i01;

:f-er Lesson 10)

mA:171ANCE 41.

MAINTENANCE 415

/".

BEST COPY AVAILABLE



Mini-LesSon or
Maintenance Sheet

Teacher:

Grade:

MINI-LESSON/MAINT6ANCE FEEDBACK

Time
Date Required

School:

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

1NI.
#9 -Multiplication

-Short Cut

MAINTENANCE SHEET 2

#10 Compatible Numbers -
Multi 1 in. b 25 & 50

#11 - Number of Digits

entmmulm-e

MAINTENANCE SHEET 3



Gracie 8

Mini-Lesson or
Maintenance Sheet

Teacher:

Grade: School:

MINI=LESSON/MAINTENANCE FEEDEACK

Time
Date Required Comments

#12 - Predicting Number of
digits

#13 - Powers of Ten (x, t)

MAINTENANCE SHEET 4
-------

#14 - Fractions Near 0, i, & 1

#15 - Fractions - More or Less

#16 - Fractions Near i and 1

#17 - Fraction Decimal
Equivalents

#18 - Exploring Nice F actions

#19 - x.lorin 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



DISSEMINATION EFFORTS

Many efforts have been made to alert the mathematics education community

to the availability of instructional materials from this project. Iv

Addition to announcements and articles related to the project, a number of

presentations were made at professional meetings. Here is a summary of

presentations at state, regional and national meeting:: 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; Oregon October 1982

Kansas City District Teachers Meeting
Kansas City, Missouri November 1982

New Trier Township Teachers Meeting
Wirretka, Illinois March 1983

National Council of Supervisors of Mathematics
Detroit; Michigan April 1983

AERA-Special Interest Group for Re!,earch in Mathematics Education
Detroit; Michigan April 1983

National Council of Teachers- of-Mathematics
Detroit, Michigan April 1983

Mathematics Club of Greater St. Louis
St. Louis, Missouri September 1983

Parkway School District Teachers Meeting
Chesterfield; Missouri September 1983

Texas Council of Teachers of Mathematics
Austin, Texas October 1983

Florida Council of Teachers of Mathemaics
Jacksonville, Florida October 1983

National Council of Teachers of Mathematics
Omaha; Nebraska October 1983
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Kentucky Mathematics Teachers Meeting
Louisville; Kentucky October 1983

Illinois Council of Teachers of Mathematics
Normal; Illinois November 1983

National Council 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

Illinois Council of Teachers of Mathematics
Charleston, Illinois March 1984

National_ Council of Teachers of_Mathematies
Dekalb, Illinois March 1984

Virginia Council of Teachers of Mathematics
Richmond, Virginia March 1984

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

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






