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ABSTRACT

The purpose of this study was to test the null

hypothesis which stated that, "there wiII be no

significant difference in achievement between the group

of students who use the Calculator Package and the group

of students who use the Non Calculator Package". Four

grade six classes, a total of one hundred and two

students, and five teachers fron the River East School

Division in Winnipeg, Manitoba were involved ín the

study.

Data was collected, a two tailed t test was

conducted and the results of this study were noted. As a

result of this test the researcher came to the conclusion

that the null hypothesis must be accepted.

The study included a review of the relevant

literature, a survey of the grade six Manitoba

mathematics curriculum, the development of an

introductory unit for the correct use of the calculator,

as well a calculator study Packet.

On the basis of the literature review and the

result.s of the sLudy several recommendations for the

effective use of the hand-held calculator in the grae six
classroon were made.
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CHÀPTER ONE

PRELIMINARY CONS]DERÀTION

Purpose and Scope

The purpose of this study was to determine whether there

was a difference in achievement between a randomly

selected group of students who used the Calculator Package

and a similar group of students who used the Non

Calculator Package.

Questions considered by this study relative to the

problem were: f) When, where and how can calculators be

used most effectively in the classroom? 2) What Èopics

ín the mathematics curriculum are most suitable for
calculator use? 3) Do problem solving skiIIs improve

with calculator use? 4) How does the availablility of

the calculator influence performance in testing
situations? 5) Are there other studies which have

attempted to measure the difference in achievement bett,reen

students using the calculator and students not using the

calculator?

From a practícal point of view a supplementary

question to be considered was whether there were materials

available to measure Lhe difference in achievement between

students using calculator materials and students using non

calculator materials?



Rationale and H hesis

Rat ionale

Due to the availability and wide spread use of the

hand held calculators in our society, questions have been

raised by educators and parents as to the advisability of

using calculators ín the elernentary schools. WiIl the use

of calculator have a detrimental effect on the students'

learning of concepts and the basic mathematical facts?

WilI calculalor use have an adverse effect upon the

students' computational skills development? Further, what

effect, if any, will the use of the calculator have on the

students' problem solving abilities? The intent of this
study was to explore these questions and if possible come

to some definitive conclusions. Several steps were

undertaken co achieve this purpose: 1) research

literature related to this topic was reviewedt 2) the

grade six mathematics curriculum of the Province of

Manitoba was surveyed for possibilit.ies for calculator

usei 3) an introductory mathematics unj-t for the correct

use of the calculator was developed; and 4) A Calculator

Study Packet which included both è Calculator Package and

a Non Calculator Package was developed.



Hypothes i s

This stucly was designed in order to test whether there is
a significant difference in achievement between the group

of students who use the Calculator Package and the group

of students who use the Non Calculator Package,

The null hypothesis of this study is that: there

wiIl be no significant difference in achievement between

the group of students who use the Calculator Package and

the group of students who use the Non Calculator package.

Limitations

In view of the fact, that a study of this nature could not

be undertaken in ideal and completely regulated

circumstances, several Iimitations needed Èo be

j.dentif ied. These limitations may have affected both the

control and experimental groups to an unpredictable

extent. The Iimitations fall into two caÈegories: Those

factors related to the students and those related to the

experimenters.

In relation to the students, the following
lirnitations were identified: 1) all the students

involved in the Calculator Study were grade six students.

Due to this limitation generalizations of findings to

other grade levels wiII be lirnited; 2) calculators were

not equally accessíble at all t.imes, to all students in
the calculator group since the calculators may or may not
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have been available to the students' outside regular

classroom hours; 3) the possibility of the students in
the non calculator group using the calculator at home was

not controlled; 4) no effort was made to administer the

pre and post test at the same time of day.

In reference to the experimenters, the following
limitations needed to be noted: the qualíty of the

relationship between individual experimenters and students

within the groups as well as the specific approach

employed by the experimenter wíth his/her group may have

influenced the outcome of the study.

Definition of Terms

Achievement:

The difference in results as measured by means of a

test prior to and at the end of a designated time period.

Basic Math Facts:

Knowledge of the single digit number facts (namely

addition, subtraction, muJ-tiptication and division) and

the use of the sarne in mental arithmetic activitíes.
Calculator Package:

A package of activites designed to teach and

develop number theory concepts, reinforce the basic math

facts and problem solving skills as well as motivate

students, through the use of the hand-held calculator,



Computational Sk i lls:
The application of the number facts involving the

four operations.

Cr itical T:

The t found on page 270 of. Exploring Statístics by

Sarah M. Durham.

Cur r i culum:

The grade six ProvÍnce of Manitoba Mathematics

Curriculum.

Hand-HeId Ca Icu lat or s l

An electronic instrument, small enough to be held

in one's hand, with the capability of performing

arithmetic conputations at high speed.

Heterogeneous Grouping3

The placing of students with varied mental and

performance ability into a designated group.

Non Calculator Package:

A package of aceivities designed to teach and

develop number theory concept.s, reihforce the basic math

facts and problem solving skills as well as motj.vate

students, without the use of the hand-held calculator.
Number Theory Concepts:

The ideas related to notation, place value,

rounding, divisibility, factors, multiples, príne and

composite numbers.



Problem Solving SkiIls :

Is the process of applying previously acquired

knowledge to the new and unfamiliar situation. Problem

solving strategies involve posing questions, analyzing

situations, translating results, illustrating results,

drawing diagrams and using trial and error.

'conclusion

In conclusion then, the purpose of this study was

to examine the effect of calculator use among a randomly

selected group of grade síx elementary pupils. The study

wilL test the hypothesis as stated above by using both

experimental and control groups in four different grade

six c.Lassrooms. Several limitations in rel-ation to both

the sÈudents and experimenters were Iisted. Terms used

frequently throughout the study were carefully defined.

The results of the study may be useful in answering the

questions posed both by educators and parents in reference

to the use of the calculator in the elementary grades.



CHAPTER TWO

REVIEW OF LITERATURE

Introduction

Numerous articles related to the use of the hand-

held calculator have been published since 1973. These

articles deal wíth a number of key topics: various

points of view; resulCs of studies on the effects of

calculator use; effective ways of using the calculator in
the classroom and suitable topics for such use.

Points of View

The use of the hand-held calculator has been the

focus of a great deal of discussion, controversy and

research since its use became a financial possibility for
the home and school. T}:.e L977-78 Mathematics Assessment

of Educational Proqress (NAEP) revealed that in NorLh

America over seventy-five percent of the nine year olds

and eighty-five percent of the seventeen year olds had

access to at least one hand-held calculator.l
In a survey conducted ín L979, a random sample of

one hundred and ninety-four classroom teachers in
Missouri showed that although eighty-four percent of the

teachers said that calculators should be available to
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children in school, only thirty-four percent had actually
useal hand-hel¿l calculators in the mathematics' classes.2

This statistic indicates that at that time teachers felt
that calculators would be useful.

One of the first articles written on the use of
the calculator in the classroom was published in 1973.

This study conducted by James Frances Shea was entitled,
"The Effects of Achievement and Attitude Among Fourth

Graders Using the Calculator Flow Charting vs,

Conventional Instruction in Aríthmetic. " The results
indicated that flow charting as a teaching rnedia is
superior to conventional instruction in improving

arithmetic computation but not superior for affecting
gains in concept development.3

In 1976 the Arithmetic Teacher devoted its entire
November publication to discussion on the hand-helcl

calculator. Àrticles such as "Let's Do It: Taking

Àdvant.age of the Hand-Held Calculator" by Bruni and

Silverman; " Instructional Games with Calculators" by .ludd

Wallace; and "Hand-Held Calculators: Where Do You

Stand?" by Shumway are but samples of many articles
disclosíng ideas and feelings about calculator use in the

classroom.

From the conclusions expressed in these articles
it seems thaÈ parents, teachers, and administrators were

divided on the desirabitity of the general use of the
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calculator ín school . This is evident in the articles,
by Shumway, Reys and Schmalz, in which they present

several sides of the issue dealj-ng with argunents for and

against calculator use. One group, as pointed out by

Robert E, Reys, in his ärticle "Calculators in The

Elementary Classroom3 How Can we go Wrong" felt that
banning the use of the calculator in mathematics classes

was the answer.4 Reys however, feels that we can go

wrong by using that approach; he is not a supporter of
this concept. Another groupr mentioned j.n the above

article, held the posj.tion that selected use of the

calculator would be beneficial to the students but

calculator use on tests should not be allowed. Some of

the educators in this group also stipulated that the

calculator is not to be used until students have to some

degree mastered the four mathematical operations.5 Jesse

A. Rudnick and Stephen Krutik in their article, "The Mini

Calculator, Friend or Foe?" stated that some educators

are covering their tracks by taking the above position.
The third group held that calculator use should be

allowed in all situati.ons without limitations.
Etlinger's position on the issue is cited in the article
by Jane Donnelly cawrowskí and Dwight Coblentz,

"Calculators and the Mathematics Curriculum". He holds

the position that the calculator should not replace

something but should be used to facilitate learning.6
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Shumway also gives arguments in favor of calculator use

but he does not state his own position, Paula M. Drake,

a supporter of this third group, found that among other

things, calculator use gives students an immediate sense

of accomplishment as a result of immediate feedback. T tn

the article, "Calculators: WhaL Difference WiII They

Make?" Rosemary Schmalz, a strong supporter of this
third group, makes the point that calculators can be

integrated into the body of Mathematícs instruction at

all levels. She feels that teachers should develop or

adapt a curriculum that uses calculators to teach

concepts. Everything taught ín mathematics should be

looked at in the light of the availability of the

calculator and the best interest of the students'

future. 8

Those who were against aII hand-held catculator
use slated that such use would: I) adversely affect the

development of computational skills; 2) stifIe
creativity; 3) result ín cheating on assignments; 4)

dehumaníze education; 5) promote overdependence on

machines,' 6) result in the erosion of the teachers role;9
7) destroy all motivation for learning the basic facts;
B) discourage mathematícal thinkín9r 9) change the

child's notion of the nature of mathematics; 10) ensure

that poorly motivated students would not learn their
basic math factsr l1) destroy the basic mainstream of the'
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elementary school curriculum.l0 This group was in favor

of banning the calculator from the classroom,

The essentíaI argument presented by this group wasl

"The principal objectives of mathematic

instruction, at least in kindergarten to grade nine, are

that children learn the basic facts and the paper and

pencil algorithm, Such learning will not occur if hand-

held calculators are made available in the schools.,'11

The group that was in favor of calculator use in
all situations without limitations argued that using the

hand-held calculator in the classroom would: l) free

students from the tediousness of computations; 2) help
prepare students for the real worldr 3) íncrease the time

available for teaching and practicing problem solving
skills; 4) furnish faster and more efficient ways of
soJ-ving problems; 5) allow for problems of greater

intricacy to be attempted; 6) cont.ribute to further
application and exploration of related topi"";I2 7)

increase enthusiasm for mathematj.cs; 8) eliminate

extensive drill and practice exercisesi 9) allow for more

realistic mathematical exercises; 1O) make calculations
easy and practical for all children; II) place emphasis

on which operation to use rather than how to perform the

paper and pencil algorithm correctlyil3 fZ) facilitate
understanding and concept development; 13) encourage

estimation, approximation, and verfication; l4) encourage
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discovery, exploration, and creativity; and I5) encourage

curiosity,,oositive attitudes, and independ..,.".l4

Shumr{ay summarizes the proponents' argument

in the following statement:

"The hand-held calculator is the tool used in
society today for calculations. Schools are "burying
their heads in the sand" if hand held calculators are not

recognized and used as the calculational tools that they

are. "I5

Hopkins, a menber of the proponent groupt

introduced the somewhat radical proposal mentioned in
point eleven above, when he suggested that students

should no longer be expected to do sums and products

using algorithms with paper and pencil. Most students,
he feels, possesss merely the mechanical skills with no

idea what lies behind them. By using the calculator one

is merely changing the choice of instrument Lo be used;

the hand-held calculator rather than paper and pencil.

"They will lose the ability to do sums and products on

paper ]lut at a very early age they will gain the ability
of doing products with very large numbers,', says

ttopkins.16 The widespread teaching of paper and pencil
algorithms in the schools started in the Iate eighteenth
to early nineteenth century depending on the country and

so is less than two hundred years old. The history of
mathematics education is far older than that. Replacing
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paper and pencil algorithms by some other method of

calculation does not seem as radical when viewed in this
perspective.

John ,J. Sullivan would agree with many of the

argurnents for using the calculator in the classroom. In

a classroom trial which he conducted with two sixth grade

classes in New York during the 1973-74 school year, he

found that many of the proponent's arguments were valid.
The rnajor goal had been to try to discover how (and if)
the calculators could enrich, supplenent, and support the

regular mathematics program. He states that to the

mathematics specialist the most. heartening thing was to
see how the calculators seemed to encourage children to

explore topics not usuaily studied extensively in the

sixth grade, such as probability, exponents, and negative

,ru*bua".17

Although Eleanor Machlowitz concurs that the

calculator eliminates time consuming computations, she

argues that there is the need for repetitive drills to
ensure that the retention of the skill or concept is not

eliminated.lS She would fit nicely into the proponent,s

group, which held that the selected use of the calculator
would be beneficial to students. within this group there

were educators who believed that students should be

allowed to use the calculator in a problem solving
situation on assignnents and on tests involvíng problem
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solving skiIIs but not when computational skills were

being tested.

Results of Other Studies

Many studies have been conducted since 1973 when

Francis Shea conducted his study, In Lg74 Taverre, et

al, conducted experiments exploring ways to use hand-heId

calculators wíth children ages five to seven,19 th.y
found that not only did these students respond

enthusíastically to the calculator, but they also showed

considerable gains in mathematical achj-evement.

In Marilyn N. Suydam's August 1982 article "Using

Calculators in Pre-CoIIege Education, " (August I982) she

reports that the data cont.inues to support the idea that
students who use calculators for instruction achieve at
least as high or higher scores on tests than students not

using the calculators, even though the calculator is not

used when writing tests. This conclusion was reached

from two-thirds of the studies thaL were conducted in
which the question asked was, "Does use of the hand-hetd

calculator hurt achievement scores?" In the majority of
the studies conducted in 1982, no significant difference

. -20was reporced,-- In a total of seventy-five studies ín
whích comparisons were made of achievement of groups

using and not using calculators, which spanned aLI
grades, the results varied. In nineteen percen! of the

studies, mixed findings, some supporting and some not
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supporting hand-held calculators were reported, Thírty-
five percent of thê studies provided evidence that
students score higher when hand-held calculators are

used. Forty-four percent indicate that there is no

significant d j.f f erence and three percent report that
using the calculator resulted in Iower scores than when

usíng pencil and paper. 2l

Ef f ect j.ve Ways of Using the Calculator

The question no longer seems to be whether

calculators should be used, but rather how they should be

used in the mathematic's program.

Researchers such as Eli Teitelbaum have assumed

that the mathenatics program can be broken down into
several distinct categories namely basíc computational

skiIIs, applied mathematícs and verbal problem solving.22

This dist inct j.on ís fundamental to Teitetbaum's analysis

of the value of the hand-held calculator. He states that
Iearning basic computational skills is mainly a matter of
memorizing tables and ru1es. problem solving however,

requires the ability to reason analytically, clearly
understand what is wanted and analyze that problem in
order to arrive at how the problem is to be solved.23

When applying problem solving skills, the students should

not be penalized (or tested) for poor computational

skills. Allowing the students to use the calculator on

assignments and tests in a problem solving situation
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relieves the students of the tedious computation factor
in the problem and allows them to concentrate on how the

problem should be attacked. c. Wheatly (1980) found that
grade six students who had used the calcufators in their
instruction used more problem solving processes and made

f"*"r "rro.".24 c. wheatly, shumway, coburn, Reys,

Schoen, C. Wheatly, and White (L979) encourage the use of

the calculator as an excellent aid for developing skills
in problem solving (p. ztl .25

Carpenter has come to the conclusion tÌìat
calculators do not solve problems, people do. He states
that although students perform routine computations

better with the aid of the calculator, the percentage of
students using the calculator who failed to answer

problems correctly was consistently high on aII problem
_26sorvlng examples,

PhiIIis I. Meyer, however, has found that the most

valuable benefit to most students using the calculator
was learning to reason logically through a problem. He

states that "When you use a calculator you have to
thínk. "27

In the article "Calculators In ELementary

Schools, " BelI encourages teachers to use calculators as

an instructional aid, exploring ways of using them as an

inhegral part of the teaching learning p.o".=".28

Barbara ,1. Bestgen concludes her artícle "Calculàtors
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Taking the F j.rst Step, " by stating that the calcutator is
a powerful intructíonal tool that should be viewed as

such.29

Another dimension of using the calculator
effectively is the understanding and use of its language.

Several researchers have also done work in this area. In
the article, "The Language of the Calculator, " Wílliams
states that teaching the language of the calculator ís a

must before using it effectively in the mathematics

progtu*.30 Max S. Bell however, feels very tittle
explicit instruction ín the use of the calculator is
necessary. He emphasizes thae children learn to use the

hand-heId calculator very quickly, usually within an

hour." Williams, on the other hand, feels that we can

not assume that children will be able to operate a

calculator efficiently v¿ithout formal instruction.
Learning and using the language of the calculator allows

the students to take full advantage of this intructional
tool,

The first and foremost step in learning the

Ianguage of the hand-held calculator or a set of hand-

held calculators is to become familiar with the booklet

of instructions that comes with the calculator. It is
best to work through examples in the booklet with a

calculator in hand to verify resulting dísplays.32 The

student should be made aware, bríefly and informally of
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all key functions as well as of any special features of
the calculator being used.

Many articles in which suggestions and ideas for
calculator use are given have been written. ,'Calculator

Games Combining Skills and Problem Solving: by BilI
Fisher;33 "co,.r.,t on the calculator" by carry Bitter,34

"Minicalculators in the Schoots" by the Natíonal Board of
Directors;35 Problem Solving with Calculators', by Janet

Barber Mo.ri"36 are but a few examptes of such articles.
Numerous books giving ideas on how to use ehe calculator
have also been published. This material however, did not

seem to be organized or relaÈed to the Manitoba

curriculum. Since this study was begun the Manitoba

Department of Education has developed a Calculator
-37handbook-' which combines the curriculum with some of the

available materíals.

The review of Iiterature has reinforced this
researcher's belief that the hand-helcl calculator could

be used effectively for: I) teaching and developing

concepts; 2) promoting realistic problem solving; 3)

drill with the calculator used as a basic "flash card" 4)

practicing facts and increasing speed on basic rnath facts
5) calculator games used to reinforce computational

skil1s and problem solving skills; 6) word games and

crossword puzzlest 7) calculator check out centret 8)

calculator clubt and 9) practicing estimation skills.



Suitable Topi cs

A survey of the grade six curriculum3S guide

together with a review of available literature has

convinced the researcher that the following topics would

be suitable for hhe use of the hand-held calculator in
the classroom: 1) place valuei 2) and estimation-

rounding; 3) number patternsi 4) negative numbers; 5)

scientific notationi 6) prirne and composite numbers; 7)

decimals; 8) metric measurement; 9) geonetry, lO)

multiplication and divison of h,hole numbers; lI)
averaging; 12) percent and 13) problem solving using word

problems.

Summary

In summaryr the review of Iiterature, on

Calculator use In The Classroom, indicates thats I) the

mathematics program can be broken down into several

distincL categories namely basic computational skills,
applied mathematics and verbal problem solving; 2) tfie

hand-held calculator wiII not prevent students from

Iearning the basic facts but rather its use could be

beneficial ín learning these ski1ls, 3) with the use of
the hand-heId calculator problem solving skíIIs would

receive greater emphasis in the mathematics curriculum;

4) the hand-held calculator should be used in imaginative

ways to reinforce learning and to moÈivate learners to
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become proficient ín mathematics, 5) incorporating the

hand-heId calculator into the standard mathematícs

curriculum is a must if we wish to prepare our students

for the real world.

Conclusion

This review of }iterature has shown that there are

a varíety of opinions about the value of calculator use

in the classroom. Further it is evident that some studies

indicate that there is a sígnificant difference in
achievement when calculators are used in the classroom

whereas other studies indicate that there is no

significant difference in achievement. This literature
also suggests a number of factors whích will contribute
to the most effective ways of using the calculator in the

classroom. FinaIIy this survey has also led to the

identification of topics in the curriculum suitable for
calculator use.



CHAPTER THREE

STUDY DES IGN

I ntroduct ion

In preparation for this study the researcher

developed pre and post tests for the following topics in
the grade six mathematics program: f) Numbers, Numerals

and Number Theoryr 2) Decimals; 3) problem Solving; 4)

Ratio and Percent; and 5) Fractions,

Prior to conducting the study these tests as well
as sample materials were piloted in order to determine

which materials would be most suitable for the Calculator
Package and which would be most suitable for the Non

Calculator Package. The prepared tests were pi.Ioted for
feasibilíty of use in the study projecr.

In light of the pi. lot results and other
consideraÈions, the conclusion was reached to Iimit this
study to two units, namely Numbers, Numerals, Nurnber

Theory and Problem Solvíng. À Diagnostic Test was to be

administered before the implementation of the study and

again upon the completion of the study. This Diagnostic

Test covering these two units as well as pre and post

math fact tests were also developed by the researcher.

tt
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Calculator Study packe t
A Calculator Study packet, containing the

Diagnostic Test, the pre and post nath facts tesls as

well as a Calculator Package to be used by the

experimental group and a Non Calculator package to be

used by the control group was also developed. The same

format was used for both the Calculator package and the

Non Calculator Package. Eactl package provided unit
materials in labelled folders covering the same topics.
Most of the materials in these folders were different.
The materials to be used with both groups were: f)
Introduction to the Calculatorr 2) Games and 3) problem

Solvíng A (without the use of the four operations). It
was felL that since the students in bot'h groups would be

using the calculator with maLerials from the ,,Games"

folder they should know how to use the calculator
correctly. The remaining materials covered the following
topics: 1) Basic Math Facts, 2) Rounding and

Estimation; 3) Primes and Composites; 4) Factors and

Multiples; and 5) Patterns, Divisibility and

Comparisons. PuzzIes, Tricks, Magic Squares and Reviews

were prepared for each group as well. The above

mentioned folders of materials were prepared for Unit I
which covered lhe topic Numbers, Numerals and Number

Theory, For Unit II which dealt with problem Solving

Skills, a separate folder of materials, in which the four
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operations to solve ,oroblems was employed, was prepared

for the Calculator Package to be used by the experimental

group and for the Non Calculator Package to be used by

the control group. One folder, as mentioned earlier, in
which the problens were solved without the use of the

mathematical operations, was designed to be used by both

groups.

A duotang folder containing color-coded keys for
both packages vras also included ín the Calculator packet.

Selection of Teachers and Classes

Four grade six classes, a total of one hundred and

two students from the River East School Division in
Winnipeg, Manitoba were chosen to take part in the study.

T'he teachers who participated were asked to do so

approximately one_ year before the study was conducted.

All the teachers chosen were or had been the researcher's

colleagues, Since one of the classrooms chosen was a

cLassroom in which two teachers were teaching on

alternate days, five teachers rather than four were

involved in the study, although only four grade six
classes were involved in the study. Although the

principals from these two schools did not supervise the

stud)¡, they were asked in advance for permission to
conduct the study in their schools. They were also shown

the conÈents of the Calculator Packet and informed as to
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the purpose of the study. The participating teachers

were asked to complete the study in four nonÈhs,

beginning in September and completing by the end of

December.

Directions for the Implementation of the Study

The teachers were given the Calculator Packet

which contained the Diagnostic Test, Pre and Post Math

Fact Tests,Calculator Package and Non Calculator Package,

a Color Coded key as well as step by step instructions
for the implementation of the Calculator Study. The

researcher Éhen explained the expected procedures to each

of the piloting teachers, A discussion of the contents

of the Calculator Study and the ímplementation of the

s t u¿ly foI Iowed.

The teachers were èsked to administer the

Diagnostic Test to all the students in the four classes.

They were instructed to do this before the actual

teaching of the lessons. The approximate time alloted
for this test eJas two hours. The teachers were asked to
give the test in two sittings. Following each sitting
the teachers wëre instructed to place the tests into the

enclosed envelopes in the students' presence, and asked

not to .mark the Diagnostic Test themselves after the

f inatr si.tti-ng.



Then the teachers were asked to adminíster the

math facts pretest giving the students exactly eight

minutes to do so. The teacher was given the choice to
mark the tests and record the marks for his/her own

evaluation purposes or place the tests into the envelope

unmarked, After sealing the envelope the researcher was

to be notified that the envelopes containing the tests
were ready for pick up.

The next step for the piloting teachers was to
divide their classes into two groups. croup I would Tre

referred to as the experimental group and Group II would

be called the control group. In order to divide each

class into these two groups two optio.rs were given. In
the first option the teacher would be allowed to make a

random selection within each abitity level in order to
forn these groups. This could be done in the following
manner. The students in each of the four classrooms

would be asked to write their names on a slip of paper.

These slips of paper would Lhen be grouped into three

ability levels. From each of these three groups of
names, half of the names drawn would belong to the

experimental group and the other half of the names drawn

would belong to Che control group,

In the second option given the students would be

asked to write their names on slips of paper, Then all
these slips of paper would be placed ínto a hat, HaIf of



the names drawn would then form the experimental group

and the rernaining names would form the control group.

Following either option one or option two

procedure the teachers were instructed to discuss with
their classes the reason for having divided the students

ín this way, They were also asked to mention to the

students that their co-operation and understanding would

be very much appreciated.

The teachers involved in the study were instructed
to faniliarze the students with the Calculator Study

Packet, pointing out that each group would have a package

of materials to be used. The teachers were also asked to
give the students the following guidelines. The

experimental group would be allowed to use the calculator
when using materials from the Calculator package as well
as on the work assigned by the piloting teacher from the

textbook or other sources. The control group however,

woulal use the calculator with materials fron the

"Introduction bo the Calculator" folder and Lhe ,'Games'

folder but not with any act.iviLies from the other folders
in the Non Calculator Package. Math fact tests, math

fact reviews, " Learn-o-l"1ath " cards and work assigned from

textbooks or other sources by the classroom Ueacher

should be completed without the use of the calculator.
The materials from the folder entitled

"Introduction Lo the Calculator" was designed to be used
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by the entíre class. This folder should be used to
introduce aII the stud.ents to the calculator. Since all
members of the four classes would be usíng the calculator
with materials from the "Games" fofder, it was felt that
the students should be taught how to use the calculator
correctly before playing bhe games from the "Games',

folder.

The piloting teacher would now be ready to teach

Èhe concepts in Unit I and Unit II. Each teacher was

instructed to teach these concepts in the regular manner

and then incorporate the materials provided in this study

as a supplement to ghe mathematics curriculum. Although

al1 the topics outlíned in this study were to be taught

the teachers were informed that it was not necessary to
teach the concepts in the sequence outlined in the study.

It was also not necessary to use aII the materials
provided in the Calcutator Packet. The piloting teacher

was asked to choose materials from the folders which were

best suited for the students in each class since the

difficulty level of the materials varied somewhat or use

all the materials making copies available for each

s tudent .

The students were to be instructed to place aII
materials handed to them during the course of the study

into a duotang folder Iabelled with their name and the

group to which they belong. The above method was the
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piloting teachers' first option. For optÍon two the

piloting teacher would duplicate only a few copies of t.he

selected materials. The students would lhen be asked to

answer the questions on lined paper which had been placed

ín their labelled duotang folders. If the activity sheet

was designed in such a way that the work must be

compleÈed directly on it, then thé teacher was asked to
follow option one mentioned above.

The teachers lJere also instrucÈed to ask the

students to use the color-codeil answer keys to check

their own or each other's work.

Upon completion of the study the teachers were

directed t.o administer the Diagnostic Test and the Math

Facts Post Test following the same instructions as the

Pre Test except that the experimental group must use the

calculator on the Diagnostic test.
FinaIIy the teachers were asked to write a brief,

narrative evaluation of the study for the researcher.



CHAPTER FOUR

RAW DATA

Introduct ion

The Calculator Study was conducted by the five
piloting teachers in the manner set out by the

researcher. The students in three of the classrooms were

chosen randomly within ability groups, in other words

using option one as outlined in the directions for
implementation of the study included in the Calculator
Study Packet. In the other classroom the students were

chosen randomly without. ability group considerations.

Ðata CoI lected

Pre and post diagnostic tests were administered to
all the students in the experimental and control groups.

These tests were marked by the researcher in order that.
the narking would be uniform. The test scores for the

experimental and control groups are listed in separate

charts in Appendíx B of this thesis. In order that the

student's identity be kept confidential, each student was

given an identification number and his/her scores were

listed under that number. In tabulating the scores, the

29
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students from the four experimental groups became one

groupt the students from the four control groups also
becarne one group.

The Díagnostic Test was divided into part I and

Part II. Part I covered Unit I which was entitled
Numbers, Numerals and Number Theory, and part II covered

Unit II which was entitled problem Solving. The scores

in the charts are listed as follows: Unit I pretestr

Unit I Post Test, Unit II pretest, Unit II post Test,

Combined Unit I and II pretest, and Combined Unit I and

II Post Test. The combined scores refer to the average

mark obtained by each student in part I and par! II.
Pre and post math fact tests were also given to

all of the students in the four classrooms. The piloting
feachers marked these tests. The pre and post math fact
scores for both groups are also listed in Appendix B,

Procedures Used to Conduct t Test

In order to ascertain whether there was any

significant difference between the academic progress made

by t.he students in the experimental group and the control
group an independent sanple t test had to be conducted.

The t test is desÍgned to determine whether the nuII
hypothesis would be sustained by the research. fhe null
hypothesis stated earlier said that ,,there wiII be no

significant difference in achíevement between the group
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of students who use the Calculator package and the group

of students who use the Non Calculator package,,, The

formula used for the t test is found on page 33.

In order to conduct the independent sample t test
the researcher had to find the mean of the test scores.

The mean is found by dividing the sum of aII the scores

by the number of partici,oants. This was done for the

experimental group scores as well as for the controf
group scores. It was also necessary to calculate the

standard deviation and the variance; to do this the sum

of each score squared as vJell as the total of all the

scores squared had to be found. This information is
Iisted in a basic information chart on page 34. The

mean, standard deviatíon, and variance for the above

Iisted tests are included in Table I.
Using the basic informat.ion chart and the results

found in the mean, standard deviation, and variance

table, the reseafcher was able to perform an independent

two-taiI t test with d=,01 on all experimental and

control group pre, post, and combined test scores. These

results are tabulated in Table II

ResulC of t Tes t
As a result

with d=.0r it was

difference between

of the independent two-tait t têst.

noted that there was no significant
the experimental and the control
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groups' pre and post test scores for Unit I, Unit II,
Unit I and II Combined, and Math Facts TesÈ. In order

for a significant difference to be observed, the

calculated t would need to be greater than the critical
t. Äs recorded in Table II of this thesis this is not

the case on any of the scores,

The null hypothesis that there would be no

significant difference between the group of students who

use the Calculator Package and the group of students who

use the Non Calculator Package was accepted.
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CHAPTER FIVE

RESULTS, CONCLUSIONS, ÀND RECOMMENDAT]ONS

I ntroduct ion

The intent of thís chapter is three fold: Firstly,
the whole project will be revievred and summarized.

Secondly, results and observations arising out of the

data and the IiCerature review will be articulated.
Thirdly, several recommendations will be made in
reference to the effective use of the hand-held

calculator in the grade six classroom.

Review of Pro j ect

The purpose of this study was to determine whether

there was a difference in achievement between a group of
students who use the Calculator Package and those using

Che Non Calculator Package, This determination was made

by examining the null hypothesis that, "there will be no

significant difference in achievement between the group

of students who use the Calculator package and the group

of students who use the Non Calculator package".

Ttle study tested the hypothesis stated above by

using both experimental and control groups in four
different grade six classrooms in the River East School
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Division in Winnipeg, Manitoba. Five piloting teachers

were involved in the study.

Several Iimitations in relation to both the

students and the experimenters were listed. The

limitations which were related to the students uJere the

following: 1) generalizations of f indJ.ngs to other

grade levels would be limited since all the students

involved in the study were grade six studentst 2) equal

accessibility of the calculator to aII the students in

the calculator group was not guaranteed since the

calculator may not have been avail-able in all of the

students' homes, 3) calculator use in the home by those

not ín the calculator group was not controlled, 4) the

time for administering the pre and post test was not

controlled.

Two limitations in reference to the experimeters

were identified. The particular approach employed by the

piloting teacher with his/her group as weII as the

qualiÈy of the relationships between the experimeters and

the groups may have affected the outcome of the study,

This possible effect was not controlled or measured.

The terms used throughout the study were defined in

Chapter One. Terms defined were: achievement, basic math

facts, calculator package, computational skiIIs, critical
t, curriculum, hand-held calculators, hetergeneous

grouping, non calculator package, number theory concepts

and problem solving ski lIs.
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IÈ was hoped that the results of the study would be

useful in answering the questions posed by educators and

parents in reference to the use of the calculator in the

elementary grades. Some of the questions rêlated to this
study were: 1) When, where and how can calculators be

used mosC effectively in the cl-assroom? 2) Are alI
topics in the mathematics curriculum suitable for
calculator use? 3) Do problem solving skills improve

with calculator use? 4) How does the availability of the

calculator influence performance in testing situations?
5) Are there other studies which have attempted to

measure the difference in achievement between students

using the calculator materials and students not using the

calculator materials. A supplernentary question which was

also considered was whether there were materials

available to measure Èhe difference in achievement

between students using calculator materials and students

using non calculator mater ials ?

The review of Iiterature showed that there were a

variety of opinions about the value of the calculator use

in the classroom. Parents, teachers and administrators

were divíded on the desirability of the general use of

the calculator in school. One group felt thaL banning it
from the classroom was the answer. Another group held

the position that selected use of the calculator would be
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beneficial to the students but calculator use on tests
should not be allowed, The third group held that
calculator use should be allowed in alI situations
wíthout limitations.

Thirty-five percent of the many studies conducted,

indicated that. there was a significant difference in
achievement when calculators are used in the classroom

whereas forty-four percent of the studies j-ndicate that
there was no significant difference. Three percent of the

studies report that using the calculator resulted in
Iower scores bhan when using pencil and paper.

In her article, "Using Calculators in pre-College

Education", MariLyn N. Suydam (1982) reports that the

data continues to support the idea that student.s who use

the calculators for instruction achieve at least as high

or higher scores on tests than students not using the

calculators, even though the calculator is not used when

writing tests.

In two-thirds of the studíes in which the question

was asked "Does use of the hand held calculator hurt
achievement scores?" no significant difference was

reported,

A number of factors which would contribute to the

most effective way of using the calculator in the

classroom were also suggested by the lilerature. The

calculator coulcl be used most effectively for: l)
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teaching and developing concepts; 2) promoting realistíc
problem solving; 3) practicing estimation skills; 4)

drilling with the calculator used as a basic "flash

card"i 5) practicing facts and increasing speed on basic

math facts; 6) reinforcing conputational ski.Ils and

problem solving ski,lls through the use of calculator
games; 7) playing word games and completing crossword

púzzLesi 8) using a calculator check out centrei and 8)

establishing a calculator c Iub.

A survey of the grade six Manitoba mathematics

curriculum guide together with a review of avail-able

literature, indicates thaÈ the following topics would be

suÍtable for the use of the hand-held calculator in the

classroom: 1) place value; 2) estimation and rounding;

3) number patterns; 4) negative nunbersr 5) scientific
notationt 6) prime and composite numbersr 7) decimals;

8) metric measurement; 9) geometry; l0) nultiplicaton
and division of whole numbersr lt) averaging; 12) per

cent; and I3) problem solving using word problems.

The study desígn which íncluded the preparations

made for the study, a detailed look at the Calculator

Study Packet, selecÈion of piloting teachers and clagses

for the study, and directions for the implementation of

the study was discussed in Chapter Three of this thesis.

The study was limi.ted to two units of the grade six
mathematics' program, namely I) Numbers, Numerals, Number
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Theory and 2) Problem Solving, A Diagnostic Test was to

be administered before and after Èhe implementation of

the study. This test and the Pre and Post Math Fact

Tests were prepared by the researcher.

The researcher prepared a Calculator SÈudy Packet

which contained the above listed tests, a Calculator

Teaching Package and a Non Calculator Teaching Package,

together with instructions for the implemenation of Èhe

study packet. T}Ie Calculator Package is a package of

activities with inaginative ideas to teach and develop

number theory concepts, reinforce the basic math facts

and problem solving skills as well as motivating students

to become more proficient in mathematics through the use

of the hand-heId calculator. The Non Calculator Package

contains similar activities with t.he above purposes in
mind but without the use of the hand-held calculator.

The materials for both packages were filed in
Iabelled folders with a color coded key included in a

separate duotang folder.
Four grade six classes, a total of one hundred and

two students, and five piloting teachers from the River

East School Division ín l,linnipeg, Manitoba were chosen to

participate in the study. Fifty-three student.s were in

the experimental group and forty-nine students were

members of the control group, The length of time

suggested to conduct the study was approximately four
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months. Prior to conductíng the study the researcher met

with the píloting teachers individually in order to
explain the expected procedures and discuss the contents

as well as the implementation of the Calculator Study.

The teachers were instructed to teach the concepts in
Unit I which was entitled "Numbers, Numerals and Number

fheory" and Unit II which was entitled "problem Solving",
in the regular manner and then incorporate the materials
provided in this study as a supplement to the mathematics

p rogr am.

In Chapter Four a discussion of data collected,
procedures used to conduct the ! test, and the results of
the two tail t test were noted. The formulas used to
conduct this test, a basic information chart, Table I,
which included the mean, standard deviation and variance,
and Table II which tabulates the two-tail test results
are part of this chapter.

The Diagnostic Test was administered before and

after the implemenation of the study package, These test
scores as well as the pre and post math fact t test
scores for the experimental and the control group are

listed in separate charts in Appendix B of this thesis.
Each student was given an identi.f j-cation number and

his/her scores were Iisted under that number. In
tabulating the scores the students from the four
experimental groups became one group and the students

from the control group became one group.



In order to determine whether tlìere was any

significant difference between the academic progress made

by the students in the experimental group and the control
group, an independent sample t test was conducted, To do

this the researcher found the mean of the test scores,

the standard deviaÈíon and the variance,

As a result of the independent two-tail t test ít
was noted that there was no significant difference
between the experimental and the control groups' pre and

post test scores for Unit I, Unit II, Unit I and II
Combined and Math Facts. In order to observe a

significant difference the calculated t would have to be

greater than the critical t. In this study the calculated

t was not greater than the critical t on any of the

scores. These results are recorded in Table II.
The researcher has come to the conclusion that the

null hypothesis that "there would be no significant
difference between the group of students who use the

Calculalor Package and the group of students who use the

Non Calculator Package" must be accepted.

Observations and Conclus i on

Ouestions related to the study in reference to the

use of the calculators were listed in Chapter One and in
the review section of this chapter. It was hoped that

"this study would be useful in answering some or all of
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these questions. The study has to a large extent answered

quesÈion number one, "When, where and how can calcul-ators

be used most effectively in the classroom?" The when and

where can be answered briefly by saying ehat calculators

can be used in the grade six classroom whenever a

suitable topic for calculator use is being taught.

Chapter Two and the review section of this chapter

include many ideas on how the calculator would be used

effectively in the class room.

In reference ho question two, ',Àre all topics in
the mathematics curriculun suitable for calculator use?',

the researcher would need to say that this is noL the

case. Suítable topics for such use however, are place

value, estimation, rounding, prime and composite numbers,

decimals, metric measurement, geometry, nultiplication
and division of whole numbers, averaging, percent, number

patterns, negative nu¡nbers, scientific notation and

problem solving using word problerns.

.Question number three, "Do problem solving skills
irnprove with calculator use?" is an important question.

On the basis of this study which showed gains when

comparing pre and post means for the experimental group,

the researcher has come to the conclusion that problem

solving skiIIs do improve with calculator use, however, a

study which would be conducted. over a longer period of
time, perhaps years rather than months¡ may show how much
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problem solving skílls would actually improve as a result
of calculator use.

Question four, "How does the availability of the

calculator influence performance in testing situations?
is the.next question to be considered. According to this
study there was no significant difference between the

test scores of the calculator group and the non

calculator group inspite of the fact that the calculator
group was allowed to use the calculator when writing the

fínal Diagnostic Test. If students understand lhe

concepts however, the use of the calculator should

decrease test writing time. This study did however, not

neasure the time used by each group to write the test.
Question five, "Are there other studies which have

attempted to measure the difference in achievement

between students using the calculator and students not

using the calculator?" has been answered to a large

exeent in the review of Iiterature section under results
of other studíes.

The supplementary question which asked whether

there are any materials avaílable to measure the

difference in achievement between students using

calculator materials and students using non calculator
materials would have to be answered in the following
manner. T'he researcher found that there were materials

available but these materials r,rere to be found in many
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different sources and from many different points of

focus. In order to have a tool to measure the difference

in achievement beeween the students using calculator

naterials and students using non calculator rnaterials

the researcher needed to Iocate comparable materials,

test these materials in the classroom and then compile

t.hem into a useable Calculator Study Packet including a

Calculator Package and a Non Calculator Package, When the

researcher began this study no suitable prepared tool to

measure the difference in achievement betwêen students

using calcul-ator materials and students using non

calculator materials was avai lab1e.

As a result of conducting this study the researcher

has also been able to make comparisons between the

results of this and other studies.

ln the review of the literature section the

researcher reported that thirty-five percent of the many

studies cited indicated there was a significant
difference in achievement. when calculaÈors were used in
the classroom whereas forty-four percent of these studies
j.ndicated that there was no significant difference. The

researcher's study agreed with the forty-four percent of

the stualies that there was no significant difference

between the students using the calculator and those not

using the calculator.
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The data cited in Marílyn N. Suydam's (1982)

article, "Using Calculators in Pre College Education',

contínues to support the idea that students who use the

calculator for instruction achÍeve at least as high or

higher scores on tests than student not using the

calculator even though the calculator is not used when

writing Lests. As a result of the study described in
this thesis the researcher agrees that the students using

the calculator scored at least as high as those not using

the calculator,
ln two-thirds of the studies conducted in v¡hich the

question was asked, "Does use of the hand-heLd calculator
hurt achievement scores?" no significant difference was

reported. This researcher found this to be the case as

well. On the basis of the evidence the researcher

concludes that there were no adverse affects of

calculator use in the classes in which the study was

conducted.

The review of the Iiterature on calculator use in
the classroom indicates thaÈ thê mathematics program can

be broken down into several distinct categories nanely

basic computational skills, applied mathematics, and

verbal problem solving skiIIs. The researcher has also

been convinced that the hand-he1d calculator wÍlI not

prevent students from learning the basic math facts and

its use could be beneficial in learning certain skiIls.



In the section on the effective use of the

calculator several ideas to enhance the learning of the

basic math facts are outlined. With the use of the hand-

held calculator problem solving skills would receive

greater emphasis in the mathematics program. When the

calculator is used in the classroom, the student is no

Ionger bogged down with the tediousness of long drawn out

computations and as a result is able to concentrate on

the strategies to use in order to solve the problem.

l{hen the calculator is used in the classroom, problems

which are in the realm of the stualent's experience can be

assigned as wel l.

Recommendations

As a result of this study the researcher nakes the

following recommendat i ons . One, that the calculator be

used in the classroom in imaginative ways to reinforce

learning and to motivate students to become proficient in
mathematics, fhis study has suggested a number of ways in
which this can be effectively done. WhiIe a wide range of

topics have potentiat for calculator use this study

suggests tvJo areas in which the calcul,ator would be

extremely beneficial: Fírst, ín learning hhe basic math

facts, and second, in helping to improve the students'

problen solving skills. Since it is imperative that all
students master the basic math facts the students should
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be guided in using the calculator through some of the

methods outlined in this study,

Two, the hand held calculator should be

incorporated into the standard mathematics program. This

can be done in several ways. A) Teêchers should be

encouraged to use the teaching sÈrategies outlined in
this study thus using hhe calculator more effectively in
the classroom. B) Educators responsible for curriculum

development need to consider possible curricular changes

in order to enhance their program by suggesting

calculator use with suitable topics. One of the specific
changes which ought to be considered is the present

expectation that students perform difficult
multiplication and division algorithms with pencil and

paper. C) Mathematics Textbook writers need to

incorporate calculator activities and calculator teaching

strategies, for suitable topics menÈioned in this thesis,
into their textbooks.

Three, that a more extensive calculator study be

conducted using similar procedures to those used in this
study. A more extensive year long study could more

adequately cover aIl the suitable topics identified in
this thesis. The benefits of a more extensive study

would be particularly evident in relation to problem

solving, One of the limítations of the present study was

the fait that problem solving skills and strategies were

to be developed in a very brief period of time.
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Four, that a similar study be conducted to
encompass all elementary grades. Such a study would rely
on issues raised in the Literature Review and determine

the extent to which the findings of this study are

generalizable to elementary grades.

Su mma ry

T'his chapter focused on three items: review,

observations and r ecommendat i ons , The entire scope and

design of the study was reviewed. Observations based on

the review of literature and the analysis of the research

data were articulated. f'ínalIy, on the basis of the

literature review and Lhe study, several recommendations

for the effective use of the hand-held calculator in the
grade six classrom were made,
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APPENDIX A

CALCUI"ATOR STUDY PACKET



II':PLEMINTATION 0F oALCUTATOR STTIDY

T. PROCFÐUR.]

1. Administer the Diaenostic Test to afl students
in tlle class.

a)Tb,is should be done before you begin teacbinp.
the lessons. lo not Drepare the siudents for'
this tes t.

b) Students may require two s-ittings of approximatel_y
one honr each to compl-ete both sections of the

c)After the first sj.tting place tests into the
enclosed enveÌope.

d)Upon the completion of the second sÍtting col_lectall tests placing them in the envelope. provided.
Do this in the students I presence.

e)Ðo nqt leqrk the Diasnostic Tests.

2. .{dminister the Math Facts Pretest. cive the stùdents
exactly eight (8) minutes to do so.

a)You may mark these together with the studentsrrecord
the marks for your own evaluation or pl-aee thò testsln the envelope unmarked.

l)Çga1 -the. envelope and give me a call (evenings:
669-6213). f witf pÍck-up the enve.lope.

J. Choose approximately half of the class for the
lxperimental Group (Group I) in one of the following
ways .

0ption One

. If you know the approximate ability lelels
(high,averaþer1ow) of joui- students, make ä random
selection withj-n each ability Ìev e1 to form the
F-xperimental Gro up.

This could be done by having the students ..

write their names on slips of papgr. The sl-ips of
paper would then need to be grouped ínto the threeability 1elels.

¡Yom each of these three groups of names
select half of them by having that number drawn

-.,-----r'''



4.

from a hat. 'lbe names of these students should
be recorded. Tþey wifl belong in the llxperimentat
Group (Group r). Those not diawn ber-ons to tbe
Control Group I r;roup II).
Cption lwo

:-ip*,¡ e rhe students write their names on slipsof paper and place afl_ the names into a hat. Havehaff of the na¡nes drawn from the hat.These students
woufd 'bhen forn the jìrpeiimental Group (Group I) andthose not drawn woul<ì from the Control droup' (Ciouprr).

Share with the entire class the reason for havins dividedthe clas,s in this way,mentioning that their co-oþeration
and understanding wiff be very much appreciated.-
Point out tþat therie will- be t wo su'oplementary packages
for the students to use. fhe Bxperimèñtai. Crouþ icrouñ r)wil-] be aÌlowed to úse the calcul_ator when usiñs mateiiaís
from -their lackages as wefl as on most work assigned bythe classroom teacher. They will ,however, not be 

-af1owðd
to use the calcul-ator on Math Fact testsrt,lath Fact reviewsor on lrlearn 0l }iath . "

the Control Group (rlroup II) will- use the cal-culator withthe materials from the rtlntroduction to the Calculator'r
and rrçamesrr fofders but not on any activities from their
Supplementary-_Package..Math Fact tests, lviath Fact reviews,
andrrT..:earn 0r }r;ath" cards and work assigned by the class-
room teacher must also be completed without the use of the
c al-c ulator .

ïntroduce the entíre class to the calculator .usina material
from the 'rlntroduction to the CalcufatorI fo1áer. (Since
all of the students will be using the calculator withnaterials from the rrcamestr folderrthey must know how to
use it c orrec t1y.
'leach the concepts of linit I and Unit II in your usual
wayrand j-ncorporate the rnaterials provided iñ this studyas supplernents to the math currículum. you do not need -

to taach the concepts in the sequence outllned in thÍsstudy,but alt topics should be covered.

7. OptÍon I.----- aFl'oose materiaf s from the folders suited for vourstudents (the aitficully tevel varies somewbat) o" uå"all the materials,making copies available for óach student.
b)fnstruct the students to place aLl materials handedto thern during tbe course of th,^- study into a duotang ioi¿e"

R

6.



labelled to i¡dicate to which group they belong. (Reminders
nay be necessary from time to tlme.)
Option JI.

_ Duplicate o¡rJ-y a few copies of the activities youselect and ask the students to answer the ouestions"onfined paper which has been placed into their fabelled
duotang fold ers .

If the activity sheet is designed in such a vaythat the work rnust be completed diiectly on it,then"fol]ow
Option f above

B. \{here applicable cofored answer keys have been providedin the appropriate folders.
Instruct the students to answer their own or each otherrs
work.

p. IJpon cornpletion o1 lhg study (hopefully by Christrnas) twotests are to be administered to both sroups:
a) the Diagnostic Test
b) The Ìvtath lacts post Test.

Follow the same procedures jn adminstering these tests asindicated in Frocedures 1 and 2 above, wiifr the exceotiònthat the students in the Experimental Group (Group I) mustuse the cafculator on the tiagnostic .test.'Nô catðutátorsare to be used on the lllath Facts post Test.

10. Evaluation. Pfease write a brief evalnation of the studyafter the work has been completed.

thank you !

Anne Neufefd
August ,7983.



CALCUIATOR STI]DY

Contents of Packet
1. Diagnostic Tes t
2. lttath Facts Pretest

l. Math tr'acts Post Test

4. Ðxperimental Group: Supplementary Calculator package

Unit I: Numbers, lrìumerals, and Number lheory

A. Introduction to the Calculator

B. Basic Math Fac ts

C. Place Value

D. F.ound ing and nstimation

X. ?rimes and fompos ites
F. Iactors and Mul t iple s

G. Patterns , Ðivis ibil i_ ty, and Comparisons

H. Puzzl-es,Tricks,l{agic Squaresrand Reviews

I. Games (Group I and Tl)

Unit lI: Probfem Solving

A. Probfem Solving (Croup I and TI)

B. Problem Solving

5. 0ontrol Group: Supplementary Activity Package

Unit I: Numbers, Numerals, and Number Theory

A. Introduction to the Calculator (Group I and II)(see above under Unit I, A.) -

3. Rasic Math Facts

C. Place Value

D. RoundÍng and nstination
E. PrÍmes and Compo s i tes



6.

F. Factors and Mul t ipl es

G. Patterns,Divisibility,and Comparisons

H. Puzzles,Tricks, and Magic Squares

f. Cames (iroup I and II)
(see above under Unit I, I.)

Unit II: Problem Solving
(see above undér Unit II,A.)

A. Problem Solving (Group I and II)
B. Problem Solving

Color-coded lieys for ;oth 'Packets

Â. ïntroduction to Calc ulator.
B. Basic lvlath lacts.
C. Place Val- ue.

D. Rounding' and XstÍmatj.on ..
E. Primes and Compos ites. . .

!'. Factors and Multiples....
G. Patter¡s,Divisibilityrand Compari sons .

H, Pazzles r Tricks rMagic Squares rand Reviews.....
I, Games



DIAGNOSTTC TEST
GRADE 6

Students name

Schoo f
Room No.

PART I: NUIVÍBERS, NUMERALS AND NUMBER THEoRY

SECTION A

For each question write the answer in the correct space at the
right of the page.

1. How many tens are there in 890?

2. Write the numeral for forty thousand. seven
hundred five

,) Which numeral has a 4 in the hundred'splace? (1844, 2444, 2004)

Tn 9 742 886 what digit is in the mill-ion's
place?

Round off 5 234 Lo the nearest ten.

Round off 572 Lo the nearest hundred.

rn a question like I20 + 4 = 30 the 4 is
called the (quotient, dividend, divisor) ?

Give the çorrect sign () ( or = )
4r7 74L a\ A:-7ooo + 7r4\/
Write the ordinary base ten number for
44 x 103.

Wrj-te the largest possible whole number using
the dígits (4, 7 , 3, 9,

10.

SECTION B. TRUE OR FALSE

Circle the correct answer.

1. The numerals 0, 1, 2, 3t 4, 5.....are used
to represent numbers

2. The value of a digit depends upon its pl_ace
in the numeral-.

3, The numeral 4 is a factor of 78.

4. A.composit.e number has only itself and I
as factors.

5. The numeraf 8 is a prime factor
6. The greatest common factor for 1g and

24 ís 6,

t

1.

?

7.

4.

q

6.

7.

À

6.

2. T F

3. T F

4. T F

5. T F

o

r0.

8.

o

1.

6.
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7. The least conmon multiple for t5 and 9is 90 7. T F

8, A number is divisible by 3 if the sum of thedigits is divisible by 3, e.g. 4I7. 8. T F

9. You can rename 1g0 by writing the equation
18 + 10 = 180. 9. T F

10. By rounding off Èo the nearesÈ ten, anestimate of 81 x 26 woul-d be 240. t0. T F

SECTTON C

Ãnswer all questions showíng youï work wherever possíble.
t. Write 358 204 out in words.

2. Round off each number to the nearest thousand and then addthe two numbers.

7300 and 290 645

3. Represent the fol"Iowing nurnbers in expanded notation:
a) 7 235

b) 9 564 23r

4. Represent the following numbers in expanded notation using Èheexponent forms
a) 6 485_
b) 2 374 596-

5. Give the prime factorization for the following numbersl
a) 70--
b) 111

6. List of factors of:
a) 16

b) 23

7. List the multiptes (to 60) of I2t
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8. civen Set A = (0, 2, 3, 7l

setB- (I ,3,5,7)
i) aUe=

ii) aOe=
9 Circl-e the numberals that represent prime numbers.

21 37 83 42

95 19

10. Complete the following patterns:

a) 3, 14, _, 47.

b) 36, r8, 12, 6.

PART IT PROBLEM SOLVTNG

SECTION A

Solve the following problems using a method of your choice,e.g. diagram, chart or graph, etc. Shów your work.

Problem l-

Robertrs ping pong club is planning a tournamenÈ. If thereare 9 peopl-e in the club, how many games must be played ín orderto have every member play every other member just onðe?

Prob.lem 2

56

Four girl- guides went to Girl Guide Camp. Their names wereBrenda' Jennifer, Kenda and Diane. They werè from Thompson, winnipeg,Brandon and Portage La prairie (not necessarily in that order) .Diane is from winnipeg and Jennifer Ís not froir portage La prairie.
If Kenda is from Brandon, \,rhere is Brenda from?
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Probl-em 3

Bradf Scott, Ken, Jamie and Darren entered a pízza eatingcontest. Scott came in fírsÈ, Brad came is 1ast. If Ken was
ahead of ,.f amie and Darren was j ust behind him, who came in second.?

SECTION B

Solve the following problems using Èhe equation ,'Let n

t. Lisa paid 92.88 for three 16 slice loaves of bread. a) How
much did she pay for each loaf? b) What is the cost of oneslice of bread? c) Hor¡¿ much change would she receive if shegave the clerk 95. 00?

2. The l{innipeg Free press costs gl.40 a week.
pay for one year,s delj_very?

Ho\^/ much would you

3. This morning Mr. Jones had 9459.00 is his checking account.Since then he wrote checks tor Ç72.28 and S63.00: How much
money will be in his account after he deposits another $125.00?



-5-
4. Susan needs to make 60 telephone calr.s before the bake sar-e.She made 26 catls on Monday and 17 more ca1ls on Tuesday.How many cal1s does she have left to make?

5. Mrs. Fletcher travel_Leð, 2592 kilometres by pfane, bus and car.1065 kilometres \^re re travelled by plane and 950 kiromet.res r,¡eretravêl-l-ed by bus. How far did she- travel by car?

Anne Neufeld
August, 198 3.



ll +6.
9x8 -
tQi6-
7 xi .
2-l "
9+9.
16i9.\+\.
'|0x10'
25t5"
JÉl'
2x8 .
8í4-
4x4.
18i2.
6x7.
8+9.
1x7 .
10+ l.
llxJl .
¡l-8-
i2-t-
F+z '
).5 =
12+3-
12x12-
9;9.
10i5"
Ê'6'
12;q"
2+2-
I x2'
I;3-
Þ;1-
F+l-tlx6'
ll0+8-
F;t "7+6.
9-2.l-t -
?1,+t"
15+1.
!+6 .
ãxo '
4xiÌ.
9-6'
l9í2"

9l:6-
6x6'
&i8'
110'10"
Ztl:u-
8x9'
6-6'
12 x6-
8xR.
0+0 .
9-2 ".s+4.
5'2 "
J5+5.
6+6.
I i9"
I -1.
12+0'
3 +1-
16r9.
18i5.
q+7 "
15i5-
72i6-
Ð-17-
7 -2-
5i5.
3x5.
7 x2.
0x6.
lrl.
13 -8-
I-0-
1+8.
2 x3 -
5+6.
1x8.
7 -7 "2x5.
2xl¡-
6+9.
0x7.
8;4 "
11 x5.
15-8.
I -3 .
5-1 -
10x6.
ß.7 -
8iL.

I,IATH FACTS

3+2=
8x4'
7 +7.
15-6.

FÂ;7-
9-4 -
lt - l.
5+5.
4+1=
5+5.
5x7 .
1;t -
16-9'
12x9.
6x I .
48;8.
72;8.
9 x4'
¿2 + 6.
7 -5 .
7 x6 -
4x8 -
5x9.
49i7-
7xl.
45 i 5--
0x0 -
T2É4.
12x6.
6+0 .
3x3 .
n+t-
8+5 -
ß i3"
n ¿ Q-
9x3 .
ll+1.
9x0 -
5x4.
8+3.
ll:l r
6 +2 -
9;1.
9-7 -
9+0 -
5+4.
llx4.
ITS:Q¡
5x0'

7 x9-
14rl r l2 .
)lyJ2.
7 +3
J2x1 -
12xJ2 -
56'8 .
J8-9 '
6x5
7 xtl
8y.6
J2-6 "16i6 .
7 +8
15-s .
6x9

5x8
Ð+5 -
9x4
0+6
15-¡t "tr}+7 -
l-0
9+6
2xE
tl i2
b+5 -
7 x0
\+3
7 i7
frt4 -
5xl
8-2
ltt ;2 .
5íI
ll+3 .
6-3
7xZ
5+9
9-5
11 x6 .
9+3
5+2
28i7 .
Ilxll'
0x 7 .
5-0
ls+5 .
?x8 "

4x9.
l0+q.
5x6.
8x8.
&li9-
5x5 -
J6-8.
9x9.
16-7.
9x1.
)f x2.
7 -5 .
7 x6 .
tlxS -
l+0.
6x7 -
9+0 -
6;6 -
t8a6.
l0i $.
9+8-
7x6.
9x/.
7 +7 -
æi7 -
I0x6-
6x¿t .nì5.
Si8.
3x7 .
5+9 .
lx6.
2x9 -
6+1 .
!0+6-
9+4 -
7 -7 -
8xi .
t€;6-
1x5.
7 -3 -
D+6.
0-0 "
4+9 .
lx4 .
fi+9'
l+7 .
8-4.
71 i4.
S+9-



42i7=
9+2=
2x3=

8x5=
9t:9=
18-9=
l0xlI=
rl0;4=
5x3=
lJ-6=
8x0=
LI+2=
9xll =

48;6=
3x3=

%:7 =

3xD=
fll;3=
8-
1x7 =

\2;6=
13+5=
10;2=
4x6=
60:6=
ll+6=
9-lt=
lLx9=
5x9=
6+q=
lxll=
7 +9=
]t-9=

8-6=
8+6=
n;4=
ll-rl =

9x7=
6x7=
2A:5=
0xl=
ll.x4=
ùn:Q=

16.il =

55i 5=
x l-l =
+6=
+8=

x8=

4x8=
5x l-1 =

lìr6=

3+0=
/l0iB=
7 x7 =

12x5=
56;3=

6-2=
8x3=
8l+9=
15-5=
4x2=
5+7=
16;3=
LI+ll=
9-3=
10x¡l =

28 l tl=
tt-2=

7 x6 =

10-5=
J6+6=
2x12=
81 ;9=
18+2=
45;9=
4x4=
12x3=
9+3=
0+7=
æ;8=
8-5=
5x6=
l0x0=
l1 x ll=
rI-2=
63i9=
16+4=
6+6=
n+9=
10+8=

ll-6=
ll-J=

lm. m=

%;9=
l0x7=

| - l'

1+4=
tB'9=
ixlt =

0x5=
4-4=
5x4=

8*8--
l-Ix6=
q0;q=

6x/=
7 xtt=
Lll-'j=
14+6=
36+6=
/t x5=
9-0=
u-9=
9l;9=
ll0i10=
ll x0=
8+q=
12x8=
6;6=

10-l=
35:7=

7+6=
9-6=
Ilrl . tt =
I - 2=
Itt+7=

P6T TÏST

I''ATH F,\(]TS

12+2=

8x9=
6x0=

2Q;8=
l-1 x l-1 =
/l+8=

9x9=
9t ;6=
11 +7 =

BxC=
7 +Ll=

24=6=

'6+9=
6J+9=
LI+9=
8xl=
9+5=

ll-8=
)J- )'
1t5.5=
6-6=

4x0=

9x7 =
¡18.i8=

7 -E=

'+0'5=
2 - 0=
14-6=
I8+2=
1l xll =

AÀtE _
scoRE --



APPENDIX B

TEST SCORES (X) AND (X2)
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62 66

63 63
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80

69 68

60 65

78 79
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56 67

52 57

71 76
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EXPERIMENTAL GROUP lEST
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Ðaqz

64 55

74 79

24 55

63 72

62 64

60 77

61 70

73 86

62 67

1.

t
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¡t

6.

7.

8.

o

10.

1r.

12.

13.

14.

15.

16.
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88

84

Yt)

96

94

76

96

76

96

98

rJ rr E E- 
-tsA a rñ Lå .ñ.å iô ¡ì*H .fl EH Eg Ë'-.ü H.fl ,r#

.q Þ. +-t{l +.1 I Ð .l.] d +¡ Þ ¡i p l..r ! +rga sË Ëfi sä 5ËË 5sË Eg(x) (x) (x) (x) (x) (x) (x)
23 67 16 66 20 67 61

30 63 37 78 34 71 62

50 97 21 95 36 96 72

39 100 17 99 28 99 74

21 51 432 134244
37385242131 22

30 58 27 52 29 s5 56

2s 38 6 33 16 36 s8

37 58 37 50 37 54 83

58 63 49 62 54 63 55

27 34 10 69 19 52 34

24 42 28 75 26 59 49

47 52 20 36 34 44 23

24 57 35 60 30 59 43

s1 59 31 78 41 6s 38

39 46 36 64 38 55 66

30 43 16 45 23 44 53

39 49 2t 51 30 50 58

-20-7-1469
163438921 77

24 58 16 59 20 59 38

ÐClr
ff#
ÐaØZ

80

94

¿¿.

¿5.

¿4.

25.

)G.

)a

30.

31.

36.

37.

38.

?o

40.

4I.

42.
Jat
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51

70

2881

a
.l-J ]J
O!D
JÙ .O)
Fr Fl
-C ¡JÐog8
(x)

68

45

81

97

53

77

67

3180

aÐuOOfl flü
OJ+) -c ¡)I fisA EÀ

(x)

72

46

65

Ã?

64

46

28:2

HH
HH

,uo .dø (løtg 9-# 9-.ã ö .:''ÐÐ -oÐÐ ¡Ð
'Èl A E..l c) E.¿Êo oc! ocÞAr UÞÊr OÞ(x) (x) (x)

48 20 70

27 24 45

28 29 44

JJÈÍrpg
ttz

Ðo

'-.P Eü
CJÐ Ð Ð.tJ.rl o .-l o

ÐA ÞÊr
(x) (x)

922
43 15

57 28

{JH tJD

0)
]J .IJ..1 c.)

ÞÀ
(x)

38

JZ

30

47

26

I4

37
(x) L476

60 19

59 10

95 30

2843 1008

45 23

42 12

44 34

28:l- 1230

43.

44.

45.

46,

48.

/1 O

Totâ1



EXPERIMENTAL GROUP TEST SCORES SQUARED (X2)

HHt tr, 
-B

d!ð .døi, tJ
cJ Ð 0) 0) idÐ
CHL/) ÉHF{ f¡¡ U1"9 trr, -cs
5ËA ,qËË $A
(x2\ ¡.y.2) ,¡2\
625 2209 3844

2704 6400 3969

196 2209 5041

1764 4761 6400

841 4624 476r

196 676 3600

576 29L6 6084

36r. 4095 3844

2209 4356 3136

625 2209 2704

t2L t444 5041

HÐ
t--r o

ñt
{J¡

. r.1 0JÉlr
ÞÊ1

(x2)
225

4356

I6

2704

484

4

400

196

2t t6

t444

100

.u
H [/)

,rs
1Ëfl
(x2)
1156

r369

576

961

1225

625

729

576

2209

744

r44

¡tr
E8
=c.PJ
aDz

I296

t600

I96

900

r444

t444

2704

2209

625

'pa
rE
ÐtJ'¿adoÐÀ
(x2 )

).444

4624

I849

5329

3364

1681

r681

2500

I681

1681

3600

1600

8 649

4356

9409

3136

9604

7569

92I6

77 44

81

1089

25

144

100

2916

169

676

225

]J
(t)

HO
HF
ÐÐ..t oÉo
(x2)
3025

8464

2500

4225

5927

L2T

7396

6724

2809

2304

8836

256

10000

784

5184

1089

8836

I649

6084

5329

529

1369

100

44r

576

2TI6

1089

r 369

400

a
]JÐ(J(4
l.d 0)
l:i H
-cÐ!l Lt)ido

$2)
4356

3969

4624

4225

624r

4489

3249

5776

302s

624r

3025

5184

4096

5929

4900

7396

4499

5929

784 4096

9409 5476

2209 576

7225 3969

3136 3844

92L6 3600

8100 372I

7569 5329

6561 3844



.pdtr
99txÈ
Ð!Øz

.lJ
aÐoHO HÉ].,,g ÐÐ..1 cJ ..r oÊtt côÞA ÞA¡

(x2) (x2l
961 9025

1369 9216

676 3969

1849 10000

625 168i.

1600 3364

576 1764

2704 2500

900 2809

2116 3481

3721 3364

484 2704

1225 3249

2809 3844

260r lt56

I52I 260I

1089 2209

1156 240I

1089 2025

2116 7396

1521 5625

p
aEü Hg

CJ.IJ ]J Ð ]J.Èl (J .F{ t,Cl¡ ÉOÞÊr ÐÀ

þ.21 ,jl21

25 828I

256 792I

44I 6400

225 8649

t44 2304

1444 240t

324 529

2809 5476

100 36

1444 240r

2916 5476

25 1400

169 5929

4096 348r

1369 2304

84I 5625

1089 2209

1369 4489

1444 1089

900 9409

841 324

HHl/)
.IJ JJdø døo i){J ]J (J 0) (drJ

dH(n CHtsi r¡r tãr9 !,-,, =',96Ég 6É8 He(JÞÊr (JÞÊr U À

$21 e2) 1y.2)

324 8836 4096

729 8836 s184

576 5184 1527

841 9409 4624

361 3136 2916

1521 2916 3600

729 1089 400

2809 3844 5929

400 841 2304

L764 29L6 1936

3364 43s6 1764

196 2r\6 2304

576 4489 6084

3481 3721 6084

1936 1681 2809

1156 3969 7744

576 2601 3025

L296 3364 624I

1296 L52I 5929

1444 8464 70s6

lt56 2209 4225

o
Ð.lJOØrú d)
ttr Er

-c ]J.rJ og8
j.¡'2)

5041

8464

5625

I t00

5625

8464

2IT6

92t6

6400

8464

9604

9409

9216

9216

8836

9409

8281

92t6

9409

9409

7225

22.

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37,

38.

39.

40.

4r.

42.
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]J HO Fr E-r r-r O HFì
8b .pE rrÐ rJrg Ð.Ðõ! ..1 O ..1 {, ..1 O ..1 OPk Ég CO Cl¡ COÐ 5 Ðpr ÞA ÞA Þo¡az

(x2) e2) g2) (x2)
43. I2I 1156 t6 4

44. 2116 5184 1600 3969

45. 1156 4489 841 4225

46. 1024 5329 '184 792I

47. 6084 289

48. 784 3969 Bt 361

49. 2025 9409 It56 3600

50. I44 784 196 484

5I. 729 7569 4 100

52. 2704 92L6 1444 6724

53. 841 784 49 1024

lbr.al kx2É6484 228873 459L2 21337 6

H

õøCJ JJ
ÉHü)
¡$¡
E ..r c)

B5e
k2)

64

1849

r024

900

361

r600

I69

225

2025

324

5327 9

tt
IJ IJUU
rd 0Jf!F
-d .+JÐogp
(x¿ )

3136

792).

6084

6400

4900

476r

6400

5625

I0000

5625

308811

HHOÐÐ
õø(/) (J
CJ (J rd JJ

.,.1 nt
¡JJJJ -c¡Ê,.¿ (t lJ a)858 gË

k2) .x?l
324 2704

4624 476I

43s6 5041

8561 5041

2304 5184

1681 3600

6241 2916

625 5476

2401 4489

792r

900 2704

221474 2l-0570
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]Jo
rd JJ
þ!D

0).cÐ
+J C)sr
(*2'l
577 6

5329

980r

4489

7 569

¿+ ¿z)

517 6

I68 I

8I00

SQUARED (X2 )
HH
HH ¡l

dø ÎJøO9-# E-g
.¿ íJ .H
-o rJ JJ _O!¡Ê.; irj É.; i,
BSË 8S8
(x2) (*2 )

484 6084

2304 47 61

2916 37 2r

400 3364

1600 5g2g

484 3364

961 3481

676

1225 5929

2500 5184

484 3844

169 L7 64

1089 7056

3969

484 372L

7 569

I52r 88 36

400 3600

529 5625

441 9216

225 240t

]Ja.IJ (J HÐ
HO HE.'l HOo0)ÐÐ +J.! Ðu.F.{ cJ .-r o ..1 0JClr CO ClrÞA 50¡ ÞA
(*2) (x2) (*21
1024 5329 r44

2tL6 3025 2401

1600 2916 4489

44r 2601 324

1369 5329 168r

900 r52t 169

576 168l 1444

576

r i56 3969 1225

19 36 3249 3136

84r 4096 196

81 rO24 256

676 6084 1600

3136

1296 4900 64

88 36

2tt6 9025 1024

784 3025 Lzr

136 9 7921 81

' r 369 9216 25

625 1444 2s

CONTROL GROUP TEST SCORES

o
Ð+Jt)o
i.d 0J
Í:{ H
cÐ]J O
.qp
(*2)
547 6

5329

5329

3844

7056

168 t

7 396

5041 2209

5329 47 6l

s47 6

29t6 47 6t

3249 577 6

5476 624r

576 302s

2tL6 5329

4489 6084

2809 5625

t.
2

î

4.

5.

6,

7,

a

o

I0.

li.
12.

13.

14.

I5.

r6.

t7.

I8.

r9.

20,

2r.

.¡J
tf)

HdJ
HH
tJ .lJ
'¿, aÊoÐÊr
(x2 )

67 24

6889

4489

4225

6400

5929

5929

729

8100

7 396

3600

2601

7921

4 900

27 04

624r

8464

4225

3600

92r6

1089

Ð

gË



U)ÐÐoo
_'õ ol¡r H
.C .p.lJ og8
(x2 )

6889

5625

8464

9409

2401

7744

7056

92r6

9216

8836

577 6

9216

577 6

9216

9604

6400

8836

4900

1444

HH
.r, t t r-, Yi, .cJø õørn t)HÐ HCJ Õ Ð õ AJ õÐHO HF{ CHO CHF-t çt' A

, S .rJ rJ Ë.,r 9 ã ",.,, . -9'.1 O .-r o Ë.;0J E'; i, U öJs& 58 Bse 858 gË
(*2) (*2) (*2'l 1*2) e2\
256 4356 400 4489 3721

1369 6084 1156 s04r 3844

44r 9025 1296 9216 s184

289 9801 784 9801 5476

16 1024 169 1764 1936

2s 576 441 961 484

729 2704 841 3025 3136

36 1089 256 1296 3364

1369 2500 1369 2916 6889

2401 3844 29t6 3969 302s

100 47 6t 361 2704 1156

784 5625 676 3481 240r

400 1296 tl56 1936 529

1225 3600 900 3481 1849

961 6084 1681 4761 t444

1296 4096 1444 3025 4356

256 2025 625 1936 2809

441 2601 900 2500 3364

49 196 47 6r

9 64 8t 44r 5929

256 3481 400 3481 1444

t,.
'gs
rJ5tnZ

Ð.14P(lJHO Fi FT

Ð .IJ ÐJJ
'.1 cJ .r{ f/)Clr coÞA ÐA
(*2) (*2)
529 4489

900 3969

2500 9409

L52r 10000

44t 2601

r 369 1444

900 3364

625 1444

r 369 3364

3364 3969

729 u56

576 1764

2209 2704

576 3249

260t 348I

t52I 2LI6

900 1849

I52l 2401

400

256 l r56

516 3364

a1

24.

¿),

26.

27.

,e

,o

30.

tt.
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33.

34.

35.

36.

37.

38.

39.

40.
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529 2809

t44 260r

1r56 4900

397 L4 I89685

o
ÐlJUU)rú cJ
Êr Er

,qfJJ UI
rdO
ãêl

e2)
4624

2025

6561

9409

280 9

5929

4489

25r7 92

a.IJ {Joog frd
c)Ð .cÐ(4 ¡nJI gÀ

) (x2)

5 184

2T 16

4225

547 6

2809

4096

2LT6

178s85

HH
JJ]JHHA Ø 4.ã õLà
ID HÐ HCJ O .{J ÕHH HL0 HFr aHO õ t-.10).J0).J

ÐÐ ÐÐ .rJ]J -oÐ¡ ¡¡J..r O ..1 0 .; o Ê.¡ d_t É.;r5Ê s& sÊ B5ñBS
|x2) e2) (x2) i.X2) G2

8464 4 2304 400 4900

1849 225 129 576 2025

3240 784 784 841 1936

ÐHLn
0)ÐÐ._l {.)Cl¡

.X2)

r444

r024

900

2209

676

r96

r369

tã.x2)slol o

lJClr
99{
ÐaØz

3600 361 2025

3481 100 I7 64

9025 900 1936

183131 33438 195s98
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45.

46.

47.

48.

49.
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