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| * One, pu:pooo of this .uojoct vas té atuﬂy thc .\
T Mdm.-m umdm
A vcnrtibulu vm eight scud-nu in r;nd. 8 uthhuuc- \
o clanaroOQ wnrc‘ptovidod with calcul‘!Ot:.. Thos. - .

stﬁdnnﬁs wcxo tauqht the qsc of thq calculator, were LT
tpstnd on th.,uao, and were observed in the classroom. N
%atonbs‘ opinionl on thc .use of calculators wgre *

« included in tho study. Twentv-s;x tes‘hrch'qucltion. : .
were totnnlatdd' -

‘J‘ . ’
Two grade 8 mathemntzcs Classrooms in two '

T

schooLc of the Edmonton Puplxc Schobl ‘System were -
¢ .

selectqd Eight stidents tron each school were

ptovzded thh a Tcxas Instruments TI 30 calculator.

Each group was taught ;he use of the‘gdlculator, xn

three_forty-mg&gﬁe perfods per wf:f for twelve weeks. \h.

Students were ‘:aughs general u‘sg of t:hg calculator

‘and were given e;g?cises on rational numbers and on

rate, ratio, and‘éércent. ‘These were topics in >
S\§\_/"__grade 8 mathemat;cs at the time of the study A tape g

recorder was used throughout every lesson to provide

data from whlcp many qf the research questions were

answered. ‘sb

-
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®

'ly :osoa‘hcr 'viliud the c\\uroou 6: a

N

o total of. mntyr-tvo ‘ilitl. The. pagticipqnt-oburvor .

to see how and when caicuiato’rls“ vq‘ \>l_n,d‘, and the
response of non-calculator students to the presence of
calculators. 'rh‘e researcher participated by h‘elping’
,stud‘ntl to use.the calcui;gnr. He asked calculatbt
students to explain how they used the calcu}atbt._ From
tﬁese ob’s;rvations other resea;ch guestions were

]
answered.
A’
Calculator Students were given various

researcher-made tests, checks, and checkpoints as well

‘e

as a gtandardized test on mathematical concepts and

lem solvxng Studehts were 1nterv1ewed '
{S:jékpoxnts) six txmas in the proyect and once‘as a
@ollow-up“ A tape recorder usgd dugzng class
instruction anb interviews\prov%ded'd;;a for some
research questions: \ .-

A number of ?fnciusioﬁs gnd interpretations‘were

made. Generally teachers accept the presence'éf )
calculators in the hands of some students but thgy do

not make efforts to provide special exercises or in

other ways accommodate the calculator presence.

-
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Low-achisving students can learn to do basic
cafbulations and calculations involving direct key
‘sédu.hc.. If a nﬁthqmaticXI ddcilion‘pu-t be made then

such students us Yy make iny errors.

. i

.

T ‘as obsyrved that three months is not

s :ié;ent  ime «Woduce good‘calcdulator usage. It

t}kes much longer to produce desirable C{T;ﬁlatot
techniques. ’ m

Student attitudes to mathematics did nq£ alter

Qigﬁ{fibantly over the time of the project. Calculator
and non-calculator students progressed approximatel;
edually in knowledge of basic facts. In a rational
number test calculator students did significantly better
than non-calculator students but on rate, ratio, and
percent the difference was not significant. Calculator
’studentsrprogressed as well as would be expected in
mathematical concepts and in probiem'solving.

Parents are genérally supportive of the use of
calculators including using them in tests. They

recognize their presence in society but also feel that

basic mathematical skills wili dgcline.

~
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CHAPTER I

THE PROBLEM

With the decrease in cost of the minicalculator, its
accessibility to students at all levels is increasing
rapidly. Mathematics teachers should recoYnize the
potential contribution of this calculator as a
valuable instructional aid. Inm the classroom,

the minicalculator should be used in imaginative

ways to reinforce learning and to motivate the
learner as he becomes proficient in mathematics.
(NCTM Instructional Affairs Committee, 1976, p. 92).

With the above position statement the
Instructional Affairs Committee of the National Council
of Teachers of Mathematics (NCTM) introduced its report

on Minicalculators in Schools made to the Board of

Directors of NCTM. This statement is accepted as the

official position of the NCTM. The mini- or hand-held

Q
calculator is everywhere. 1Its impact on education in

general and on mathematics education in particular is

widely recognized by prominent writers and researchers

in current journals and books. Caravella (1977)

introduces his book with a chapter entitled, "The Age

of the Minicalculator" which he begins with:
We have entered the age of the minicalculator.
Indeed history may well consider the technical
development of minicalculators in the United
States as a bicentennial contribution to world
progress. (p. 13).



v

The impact pf the minicalculator can be gauged
somewhat by t*e/gd‘fity and quantity of aqt{viﬁy‘it Wﬁs
engendered. A number of persons have deQQIOped'
activities that would be suitable for classroom ype at
various grdée-levels. Many informal projects invoivinq
the use of minicaléulﬁ;ors have been conducted by
teachers in many partsvof‘tﬂe United States, Canada and
in several turopean countries. Moré formal reseérch
projects, mostly at upper elementary or higher grades,
have been carriéd out and reported. These have been
eithgf graduate school research projects or other
research conducggg'by university faculty researchers.
In addition a number of conferences have beeq held‘
specifically for the purpose of drawing together the
collective opinions of many different individuals or
.groups. One such conference was sponsored jo}ntly by
the National Institute of Education and the National
Science Foundation of tbe Government of the United
States. (Report of the Conference on Needed Research
and Development on Hand-held Calculators %n School
Mathematics, 1976). Another important project under
Marilyn N. Suydamjas director and supported by the
National Science Foundation was carried out in 1975 with
the report produced early in 1976. (Suydam, 1976).

Since these two major conferences the amount

of activity has increased so that every conference
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| ‘.4.\ | ; e 7
(NCTM-sponsored and otherf§) on math&lntics education

use of calculayors® the clagsroom. Almost every

has a number K; sessions devofed to gdl“aspgci‘ot the
isnﬁe.of the major mathematics \@ducation jourhali‘
car;ies one or more at£icles dealing with a ph#se of
the use of calculators in the classroom.

‘ “withyyhe advent of a tool that is viewed by
many educators as botential}y hav;ng a t:emendous ..
.‘impﬁct on' mathematics education, it is not surprising
thaf a‘great deal of research is needed to assess the
proper utilization of calc;lators in the‘;otal school \

mathematics program.
. It is u;der these circumstances that the

research project described in this document was

undertaken.
Statement of the Problém
General
’ What effects are oroduced when the hand-held

calculator is present in the hands of some students in

grade 8 mathematics classrooms?

lSee Appendix A for Definitions. The word
"calculator" is used to refer to the mini- qr hand-held
‘ calculator. \
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!iéht ttudonti"fpd; each of two qrh?o 8

* mithematics cliiirooni~(a‘totil of n students)

were pzovi@oa thh‘calculltori an iv; instructions

in their use.

The ':ql;puinq rqn’“,ti‘o.n's form tho. basis of tbo
study: | . | :t A b

wWhat qf£=9£g$i§é proépce§ on the ;tddents wij,
the calculatorg?f ) 1\‘ ’ |

What are the effects on the mathematics
curriculum as it relates to the studonég with calgulators?

whaf are the effects on the teachers and on '
school policy? |

.

- What are parents'\opinions on|the use of

calculators by their children in grade 82

Theoretical Background of the Study

3

Easley (1977) documents seven models used in
research on teaching and le}rning. * These include i
combinatorial models, sampling models, cybernetic models,
game models, critical thinking models, ordinary lanqdage
analysis models, and dynamic structural models. T?e
models encompass a broad range of mathematical models
from multidimensional (regression, factor analysis) to
direct analysis of tapes of interviews. The last

model, dynamic structural, applies in assessing
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| *... the'gtructures (dynamic forms) of \the 160.:;:1!
feelings undcrlylni»fuqsiﬁilat&nq) ﬁ‘ ) 9bohavior.“
. v . &, S . \
_(93‘323)...A1tﬁougp the study undertaken\by the researcher
. does not fall wholly within the dynamic structural godel,

_1t’dooq.¢ikd use of'idﬂ.‘ot‘tho tochniquc‘\suggﬁfu~
' under this model. _ . £ 0L

A Yelatively smsll simple (uxtmistn&su)

wvas atudicd\ﬁuch;nq;o intensely than would be poisiﬁic :

-or desirable in a more traditional ‘experimental-control
. group design. Through éﬁrsoﬁah interviews, calculator
group assessment, in-class observations, and assistance
from teachers through informal discussions, each .
student was assessed on an individudal basis with respect
to the various aspects considered significant in this
study. Thefpfore much of the daté reported are from
individual students and noi.from general whole-class
" measurements. It ié assumed that this approach provides
insight into how students work with calculators and what
thought processes ?alculators evoke. In that respect
the study £9Lbcfg‘the format used by Erlwanger (1974).
As he poiﬁ@s out:
The view adopted here ... is that in the course
of learning mathematics a.child develops his own
ideas, views and beliefs about mathematics which
be represented as his conception of mathematics.
This concept of mathematics may be regarded as
« a developing conceptual system of interrelated
ideas, beliefs, emotions, and views concerning

mathematics and learning mathematics that directs
and controls his mathematical behavior, how he




rns and what he underhtands. From this point
view, a child's observeble mathematical

avior may only be interpreted and explained
the extent that his undetrlying conception is
erstood. (p, 6).

Sﬁ recently a more lOCiOquiC!llY'blled

studies has beeh voiced repeatedly. Higginson (1977)

in\describing a speech by Bronfenbrenner in 1976,
pointed out that Bronfenbrenner, "... implies, among
other things, that the classic, statistically-oriented
model of research has . been a failure in the field of
education." (p. S0). 1In elaborating on this theme,
Higginson (1977) said:

In an attempt to appear scientific, educational
researchers have accepted an antiquated vision
of simple cause and effect linked to primitive
classifications and sophisticated statistacal
techniques. (p. 50).

He goes on to point out that this type of
research model is a poor one upon which to make
conclusio;i about classes, teachers or.treatments when
he adds: ° ,

Stated differently this criticism says that in
a typical classroom one has not a. 'two-body

" problem' with one T (teacher) and one C (class),
but a 'thirty-six Body problem' with one T, and
thirty-five C (children). The latter is a very
much more complex situation than the former; it
has, however, the merit. of reflecting the reality
of the classroom. (Higginson, 1977a, p. 50).

& Much support for forms of research that are

more pupil-intensive have been advocated by other
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Qritors ~-\Higginlon (1977b) , Lankford (1974), Wilson
(1975), Bauersfeld (1976), and Rappaport (1977).
Further support emanated from a conference on
hand-held calculators sponsored jointly by the United
States National Institute of Education and the National
Science Foundation. 1In one of the rocbmnnndations the
report said, "Methods can’ range from clinical trials to
full scale randomized intervention experiments, ..."
(Report of the Conference on Needed Research and
Development on Hand-held Calculators in School
Mathematics, p. 17).

| In th;s study the methodology is taken also from
the»s;newhat more recent participant-observer strategy.
West (1977) writes by way of opening remarks in an
article of participant-observer techniques, "There has
been a growing diséhchantment in the last few years with
the process and results of traditional educational
research and development approaches." (p. 50). He also
draws attention to the lack of research centering on
behavior in the classroom when he says, "It 1s thus
strikingly noticeable how few research studies have
attempted to obtain behavioral data on classrooms, the
eentral setting of most of our educational concerns."
(West, 1977, p. 56).

Because of these shortcomings West (1977)

advocates alternative methodology to be applied in
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Canadian c&ucational r;:oaxch, whicﬁ\hb claims is in
its infancy. Th. alternative is that of the
participant-obsorvar, of J!&ch West says, "Another
research tradition, developed largely within socioloQY
and anthropology, explicitly oﬁfers better hope for the
discovery and development of the new types of knowledge
demanded in such an urexplored area as the classroom.”
(p. 59). JIn this type of research the researcher gives
great emphasis to behavior of people in particular
situations; he gets close to the subjects in as full
and complete a way as possible. The type of research
is usually conducted over some time and this is necessary

since, . humans create their own social environments,
and change them." (West, 1977, p. 60).

Both roles of participant and observer are
important. »As a participant the researcher becomes
somewhat as socialized as his éubjects and in this way he
gets closer to the "feel"” of the situation; he becomes
like one of the sﬁbjects. However this socialization
can go too far and his effectiveness as a researcher
may be in jeopardy. Therefore the researcher attempts
to "... cultivate his awareness without becoming as
socialized as the subjects." (West, 1977, p. 61). He
does this by alternating between participant and

- 3

observer.



1 By being in the classroom the researcher
Qb:crv.s behavior where it actually takes place, in the
complex classroom world. ﬁis techniques are not all |
strictured so that there is a good chance of making
discoveries which could not have been forsseen. This
must therefore be essentially an un‘tructpr.d research
or at least one with a low initial struct&rﬁ. It is
true that as the study progressés, addi;?onal roggarch
questions may be formed in view of unforeseen
discoveries, or existing research questions may be
altered. !

- The study of hand-held calculatp;s in the hands
of some grade 8 students is "an attempt to consider
individual children in their 5natural" school
environment. That is, the study did not generate
exclusively data on groups (means, standard deviations,
variances, correlation coefficients) and then try to
df;w conclusions about the groups. Rather it attempﬁed
to describe behavior of children under the circumstantes

stated above. Some statistical data, however, are

included in the study.

Need for the Study

o

There is no doubt that the hand-held or
minicalculator is having and will continue to have a

dramatic impact on mathematics education. The decrease
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in cost (about $20 for a "scientific” pcalaulator or as
little as $S for a basic four-function caloulator with
memory) has placed this powerful tool in millions of |
hands across North America. pno‘projc tion llj- that by
1980 there will be about 80 million cakculators in use
in thé United Stases and that afeer 1990 abewt 20 millios
wil! be purchased annually. (Report of}tho Conference
on Needed Research and Development on ﬁand-hcld
Calculators in School Mathematics, 1976, p. 1). These
figures compare to 70 million homes inkthe United States
(figurei for 1974) or 132 million tcleﬁhones (95 million
of them in homes). (Report of the Conférenéc cees P l).‘
Not only has the hand-held calculator appeared

on the North American scene in general, but quite
naturally it has made its appearance on the educational
scene. How to accommodate this fascinating aid or tool
into the mainstream of'education has become the subject
of much debate and more recentiy, the topic of several
research activitiesl |

_In June 1976 the National Institute of Education
ahd the National Science Foundation of the United States
jointly sponsored a conference in Arlington, Virginia
(the report is quoted ;bove). To this confererice were
invited selected speci?lists. The letter of invitation
'Agked the participants to, "produce a ... planning

document that will provide a well-defined framework for



!utum‘ research and development ;ttort- (that may be
used) as a guide to program planning.” (Report of the
%oahnneo, ceer Po V). ‘!‘hc calling ot the oconfereace
in itself attests to the need for research in this
area. _ .

In May 1974 the COntprcncn Board of the
Mathematical Sciences of the United Staioq appointed a
. National Ad;isory Committee on Mathemétical Education

(NACOME) . Their report, Overview and Analysis of School

Mathematics K-12, commonly referred to as the NACOME -

Report, devotes several pages spocitiéally to the
implications of the presence of calculator! on
mathemawics in the school. (Hill, 197S). Once again
thi-'ia eviderice toi t?o need for further research into
the implications for education of the existence of
calculators in the educational setting. The Report _
makes the follqwing statement, "Despite the obvious.
promise of calculators for enriching mathematics
instruction, important qu;;tions‘of their optimal use
must be investigated by thorouaq‘reseafch.“ (Hall, 1975,
P. 42). The Report goes on to lfst several areas for
research, among them:

When and how should calculator use be introduced

so that it does not block needed student

understanding and skill 1n arithmetic operations
and algorithms?

------------------------------------------------
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What special s of curriculum materials are .
needed to expleit the classroom impact of
calculators? ‘
Bow r availability atffest
iastrustiensl anis, mucuxr osgeaisation,
and student ing styles in higher level

. cecondary mathamatice subjects like algebra,
’ ey trigonomstey. and eslcwius? (Bill, )97,
P‘o 3 . \ ‘I_'?

The United States Mational Institute of Bducagion
_ Conference on Basic Mathematical S8kills and Learning
held in EBuclid, Shio in October, 1973 resulted in a two

volume report containing position papers (Volume I) and
L 4

cou-dtloo reports (Volume II). Not surprisingly a large
nusber of references were made to the impact of

calc*tatorl on future mathematics in the schools.

The nonthematic chapter of the 1977 Yearbook of
A

A}

the National Council of Teachers of Mathematics is on
hand-held calculators. This is another indication of
the concern yhich the calculator has evoked. In this
chapto::thc call for research is clear, as evidenced
by the fgllowing statements taken from several uuthsrt
as points-upon which there is agreement:

1l.~the calculator cannot bs ignored: its use in
,the schools must be carefully explored; :

'2. the focus of attention must be on how the
calculator can best be used to develop and reinforce
mathematical skIIls and ideas;

3. studies must be made of the uses Of mathematics
needed by children and by adults, given widespread
use of the calculator in our society; ’

4. research and curriculum development must proceed -
hand in hand;
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5. although some attention must be given to
immediate concerns, this must not preclude
long-range planning for mathematics curricula .
and instructional practices that incorporate
optimal e of the calculator. (Bell and others,
1977, p. 239). ' '

The need for further research in the application

,of the calculator has been voiced repeatedly by many

people. In addition to those cited, Gawronski and

Coblentz (1976) expressed this need when they said,

"There are some researchable questions to be examined

as well as curriédlum uses to be idéntified." (p. 512).
Further support for' needed research was expressed by
Hilton and Rising (1975), at the Eucfid, Ohio Conference
on Basic Mathematicel Skills and Learning. They call
for research into all agpects of the use of calculators.
(p. 39). They state that some calculatar manufacturers
are publishing their own curriculum materials and the
quality of these will likely lead to a great deal of
research. o

The above conferences clearly document the need
for a variety of research efforts with reference to the
impact of calculators in the schools. Further

documentation is found in tgp review of the literature.

Outline of the Study

- Chapter II contains a review of the literature

as well as the framework and the research gquestions for



‘ AN
the study. Chapter ;II describes the selection of
students for. the saméle, the instructional pattern, ﬁhe
instruments used.and the structure of the analysis of
the results. In Chapter IV the research guestions are -
answered in detail using the data collectéd. Three
cases are described extensively in Chapter V. These
are respectively a high academic achiever, an average
achiever, and a low achiever. The chapter also compares
the three students on their ability an the calculator.
Chapter VI contains the conclusions and makes some

(4
suggestions for further studies.

o
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CHAPTER 1II

RELATED STUDIES AND RESEARCH QUESTIONS

The purpose of this chapter is to build a base
for a framework of research questions. What fallows
is a discussion of suggesiions for calculator use agd
its effects.  The discussion proceeds from consideration
of informed sources, to the deliberations of grganized
bodies, and finally to the formalized results of
research studies. Findings from these soufces are
molded into a.framework of questions relating to
teachers, to students, to the mathematics curriculum,

and to parents.

Review of the Literature

Suggestions for Calculator Activities

Much of the calculator activity reflected in
the literature is in articles expressing’opinions and.
giving ideas about how the calculator could be used
and what effects it might have. Suggestions are made
for various.gémes, activities, or puzzles to be tried
in the classroom (some examples are Hawthorne (1973),
Kahn (1976), Hobbs and Burris (1978), Lappan and

Winter (1978), Drake (1978), and Waits (1978)).

15
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Hopklnbk(l976) suggests that we make the fullest use

of the calculator in all grades. He feels that the
loss in ability to do traditional algorithms would be
more than offset by the gains in such things as working
with very large numbers easily and accurately, doing
complicated work problems and stu&&ing\theo;y of
‘arithmetic. Immerzeel (1976b) in an article in the

Arithmetic Teacher makes a number of suggestions about

how‘calculators could be incorporated into the regular
classroom even on a limited basis, that is, where-not
every student has one but rather where only one might be
provided in theninterest corner.

Immerzeel (1976a) also preparedja book giwving
some ide?s and suggestions.for using the calculator in
the clés$room. He suggests that calculators,

» ... should not be used until students have a firm grasp
on the concept of number and of the Pasic operations."
(p. 4). In addition to stressing that basic computation
skills be developed, Immerzeel (1976a) feels the
calculator forces students to sharpen estimation and
recording skills:
It is easy to make mistakes when using the calculator.
To help eliminate these mistakes, children should be
taught to always visually check each entry to be sure
it is correct and to estimate the final answer to
catch obvious errors. (p. 14).

In his book Immerzeel ﬂg&yides many examples to help

students develop skills such as estimation.



Jacobsen also makes a case, and offers -
suggestions, related to the use of calcqlators. As
does Inunrzeel Jacobsen (1977) calls for a change in
emphasis to 1nclude rounding, estimation by rounding,
addition and subtraction of decimals, angd
multiplication of d;cimals to two or three significant
,figures. He feels that students can computé but can'
not solve problemsl Use of calculators would enable
the emphasis to be shlfted from the calculation to the
analysis of the problems. Much the same points are made
. by Kaufman. (Kaufman.andkothers, 1975).

Some suggestions for use of the}calchlator in
the schools are '‘made by Kahn (1976) and Machlowitz (1976)
while Maor (1976) makes® a number of suggestions for
using the calculator in more advanced mathematics such -
as the algdrithms for evaluating ab + cd, s + % '

a + b2, and ab2
Many of these kinds of activitiés were used in
*

the project and are reflected in the research questions

which follow in this chapter.

Recommendations of Organizations

Because of the profourntd impact of the calculator
on our society the National Council of Teachers of q
Mathematics, headquarters in Washington, D.C., through

its Instructional Affairs Committee has declared a
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boiip§”c0hcorning thq use ot\cflcglatqfo. ;%Q;”quoéation
at the beginning of this paper is the introdugtion to
their policy statement. Thg committee ygkol a number of
suggestions about how it be;iev.l ihc éalculatbr cou}d
be used (the following omits examples and further
explanations which follow each ulo'given);

. The migicalculator can be u:ea to encourage students

to he thguisitive and creative as they experiment
with mathematical ideas. )
The minicalculator can be used to assist the
individual to become a wiser consumer.

The minicalculator can be used to reinforce ghe
learnipig of the basic number facts and properties
in addition, subtraction, multiplication and division.

The minicalculator can be used to develop the
understanding of computational algorithms by repeated
operations.

The minicalculator can be used to serve as a
flexible "answer key" to verify the results of

computation.
The minicalculator can be used ag.a resource tool

that promotes student independe in problem solving.
\

\ .

The. minicalculator can be used to solve problems that
previously had been too time-consuming or impractical
to be done with paper and pencil. ‘

The minicalculator can be used to formulate
generalizations from patterns of numbers that are
displayed. :

\

The minicalculator can be used to decrease the time
needed to solve difficult computations. (NCTM
Instructional Affairs Committee, 1976, p. 92-94).
The NACOME Report produced by the National
Advisory Committee on Mathematics Education of the

National Council of Teachers of Mathematics, makes
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:g;iréconm.ndation3&calinq specifically with the use of
calculators. Its implications are obvious:
. . . that beginning no latexr than the eighth grade,
a calculator should be available for each '
mathematics student during each mathematics class.
Each student should be permitted to use the
\ calculator during all of his or her mathematical
. work including tests. (Hill, 1975, p. 138).
. One frequently encounters references stating
';hat‘slow students should not use calculators since
they have not'yet mastered the\basics (arithmetic
computations). Tﬁﬂs'argumcnt is applied even if (or
maybe especially if) students are in the upper grades.
"It is interesting to note that the NACOME Reporﬁ(on
this poirnt concerning students at the end of the eighth
g;ad says:
e feel that providing such students with electronic
calculators to meet their arithmetic needs and
. allowing them to proceed to other mathematical
~ experience in appropriately designed curricula is

the wisest policy. (Hill, 1975, p. 25).

¢

This report makes a number of relevant obServatioﬁs also
‘ _stressedlby others. One such observation is that
elementary schools likely will work with decimals huch
earlier while work with common fractions will be delayed
and deemphasized. Calculators will very early lead
students to explore and studyvnegative integers,
exponents, square roots, scientific notation, large

numbers; computational ability will probably come long

before a careful conceptual development of many of these
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topics. ‘Lathcmatics proficiency was assumed to be needed
before conceptual study and application. This meant thet
pPoor students rarely if ever got to cxploro more exciting
topics in mathemaéics because they were always blocked

by their inability to get beyond the computation skill.
With calculators such students, cla;ms this report,
should be aﬂle to get beyond the computational level

and delve 1nto aspects\of.probability, statistics,
functions, graphs or céordinate geometry. The calculator
however will not remove the necessity to analyze problems
and interpret numerical results. With decreased time
devoted to the computatxonal aspects of problem solving,
students should be free to develop appropriate skills
related to analysxs and interpretation. Finally, . the
teport draws attention to the necessity for a
reevaluation of tests. 1If calculation remains a prime
goal of testing the calculator will invalidate present
standards.

In another part of the Natienal Instftute of
Education Report of the Conference on Basic Skills and
Learning, attention is once again drawn, under a
discussion of Basic Goals, to the impact of calculators.
Comment is made on certain topics now emphasized in

arithmetic:
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The time we currently spend teaching elaborate long
division problems and complicated lowest common
denomination fraction problems -- often with little
success -- could be better spent on mOre
interesting, rewarding, and motivating topics.
(Report of the Working Group on Goals for Basic
Mathematical Skills and Learning, 1975, p. 18).
The report also calls for a change in emphasis from
endless and mindless drill in computation to the
mathematical principles and concepts underlying the
computation algorithms. The report calls for learning
processes of computation together with skills in
estimation and approximation as readiness for future
learning.

The NACOME Report also makes several references
to required research in the area of calculator usage in
education. In addition to previous excerpts quoted the
report states:

Research is urgently needed concerning the uses of
computing and calculating instruments in curriculum
at all levels and their relationship to a broad
array of instructional levels. (Hill, 1975, p. 143).
Later the report suggests that, ". . . there are
particular areas considered in this report where new
‘curricular organizations, instructional materials, and
courses are of urgent concern." (Hill, 1975, p. 145).
One place where it is suggested that instructional
materials at all levels are needed is in the use of

calculators. .

The Report of the National Institute of Education
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Conference on Basic Mathematical Skills and Loarning aiso
draws attention to the need for research, "The whole
issue of the effect of the calculator on the teaching of
arithmetic is a very coqplex one which deserves

" considerable investigation and nsideration.” (Report of
the Working Group on Goals f Basic Mathematical ékills
and Learning, 1975, p. 18). The same report suggests
that students must learn single-digit number facts,
anludlng the multiplication table. In addition they
should be fluent in simple types of computatxon.

However,

Exactly how much, between this "bare bones" minimum
and the amount of computation that .is currently
peing taught, is a question that needs further
study and far more discussion among a broader base
of people. (Report of the Working Group on Goals,
1975, p. 18).

Another document dealing solely with needed
research on the use of calculators is one prepared
jointly by the National Science Foundation and the
National Institute of Education, both of Washlngton, D.C.
(Report of the Conference on Needed Research and
Development oOn Hand-held Calculators oOn School
Mathematics, 1976). The report claims that educaiors
should not default on their obligations to become fully
involved in research and development in calculator use,

thereby allowing manufacturers and publishers to make

many of the crucial decisions. In speaking of the
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potential impact of calculators the report states,

"Calculators and their successors (msaning, eventually,

very cheap computers] may eventually influence the entire
school mathematics curfculum and perhaps school
curriculum more generally."” (Report of the Conference on
Needed Research . . . , 1976, p. 10).

The report makes a total of twenty-two
recommendations grouped into five broad categories:
development of an information base, development of
curriculum materials (short-term and long-range),
research and evaluation, teacher education and
dissemination. Some recommendations follow, illustrating
the concerns expressed at this éonferencé:

Recommendation 1. Existing mathematics curriculum
materials should be intensively and critically
analyzed to determine whether they can be adapted
for use with calculators.

Recommendation 6. Materials should be developed to
exploit the calculator as a teaching tool at every
point in the curriculum to test a variety of ideas
and possibilities pending emergence of

calculator-integrated curriculums.

Recommendation 7. Research and development should be
undertaken with respect to algorithmic processes in
school mathematics, especially those in arithmetic
and algebra and perhaps in trigonometry.

Recommendation 10. Curriculum materials should be
developed and tested on new topics that are not anow
in the curriculum but that calculators may make
feasible. The possibilities of adapting "advanced"
topics to earlier levels should also be explored.



Recommendation 13. Sampling and research nntﬁodology
should be appropriate to the type and scale of
development. Methods ¢an range t&ou clinical trials
to full-scale randomized intervention experiments,
and from Yesearch focused on special subsets of the
ochoo& population (e.g., remsdial, handicapped,
gifted) to that focused on a more general population.

Recommendation 17. Every effort should be made t
assess any changes in the amount of time spent i
.mathematics instruction and the distribution of t
time as calculators become an integral part of e
school experience. (Report of the Conference on
Needed Research . . . , 1976, p. 17).

|
One of the working groups oé the National ~

Institute of Education Conference on Basic Mathematifal

\‘J Skills and Learning made reference to calculators ané
some needed research in the following\areas:

(1) alternative sequences for elementary instruction
in ‘arithmetic; (2) uses of the calculator as an aid
and stimulus for arithmetic instruction; (3) impact
of calculators availability on problem-solving:
instruction; and (4) relative importance of various
familiar fraction concepts in an environment of .
calculators (to include investigation of curriculum
topics in later courses such as ‘algebra where the
field properties of "fractions” are .used. (Report
of the Working Group on Curriculum Development and
Implementation, 1975, p. 11).

Another extensive report dealing with calculaFors
resulted from a National Science Poundation (United
States) project carried out in May to July of 1975 with
the final report published in February 1976. The proiect
included collection of information by questionnaire,
compilation and review of literature from many sources,
iaa’meetings which included presentations; workshops,

discussions and review of manufacturers' displays. The

24
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collect informetion regarding the use- or

e of calculators, and to form a list of the
ns why educators and others believed that the
calgylator should be used in schools or why thé -
ator shold be banned in schools.

0 analyse the arguments rsported by those
ioned and in the literature, in order to )
ne the pbdtentidl impedt or lack of 1.cct
e calculator on the curriculum; and-

dovolop a critical analysis of what has and

. and what implications this has for education
e pre-college level. (Suydam, 1976, p. 2).

The above report (Suydam) contains several
references to éhe lack o} adequately-researcigd studies
on the impact of calculators. Bearing in mind that the
project dates from mid-1975, one must assume that such
statements would not apply in the same way today.
Howev4r, in spite of the activities there is still a
larqe;amount of study necessary in order that calculators
be in#egrated into the maingtream of our educational ¢
systeﬁ.,

Usiskin and Bell (1976) pfepared a position paper
which became Appendix F to the Suydam report. These
authdrs, in addition to describing the ubiquitous presence
of calculators and presenting a historical perception of
calculation and analyzing calculation requirements of
two widely-authorized elemen;ary arithmetic séries, also
spent a major portion of their paper documentiﬁg changes

in curricular emphases which are suggested to them by
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calculators. They make the point that calculatorsd should
not repMce all paper and pencil algorithms but suggest

{_/ that questions such as 346.23 X 18.97 have no real world
applications and probablﬁy are best left to the calculator
‘'should the need arise for an evalwation of sveh a
computation. One of the strengths of this paper is that
4 specific list of objectives is given for a
calculator-oriented program. There is an obvious stress
upon rounding, estimation by rounding, work with decimals
and conversions of decimals to fractions and vice versa,
"The use of simple computations to help estimate answers
to more complx?éged computations must be given lttOéq
emphasis.” (ﬁsilkin and Bell, 1976, p. 22 of App?ndix F).

In discussing the future of fractions, dsiskin
and Bell see several important roles for fractions and
these will continue to need attention (for example, in
many formulas in scionces, fractions make Y®or an easier
grasp of the meaning of the formula). In situations
such as ax = b it’ig more apprapriate to express the
solution as x = ii - The authors goint, out that no
matter how much work ls Ectainedfon fractions (or whether
teachers will insist that calcul;;§9n-‘with fractions be
solved with fraction solutions rather than permit decimal

notation], it is a fact that the calculator will make

most of the calculations trivial. (See Appendix H for a
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\\\ sample addition question using a calculator). Usiskin

.

and Bell make three specific suggestions for work with
fractions where calculators are. used:

1. Less emphasis should be placed upon arithmetic
operations with fractions.
2. More emphasis should be placed qgon symbolic
manipulations with fractions.

Y 3. Continued emphasis is needed on the meaning of
fractions and work with equivalent fractions.
(Usiskin and Bell, 1976, p. 29 of Appendix“F).

Formal Research Findings

Even though#formal research involving calculators
is not yet extensive a number of dissertations and other
research projects have been carried out. Generally
studies involved an‘experimental and a control group and
lasted only several weeks with assessments made through
pre- and posttests as well as attitude scales or
opinionaires (for parents, for instance). It appears
that no significant differences were found more often
than otherwisg. Allen (1976) taught a twenty-five-day
unit on deciﬁal algorithms and the metric system. The
study involved four sixth grade classes who used
calculators and two who did not. She found no
significant dif;erences of the posttest but the paper
and pencil group scored significantly higher on the
retention test. -‘Her conclusion was that using pencil
and paper only was more effective than using hand-held

calculators for the retention of concepts and skills of

[}
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deefﬁ;i algorithms and metric units. Anderson (1977)
eth&lﬁﬂ the effect of using calcqlators on achievement
and attitudes of seventh grade students. Al though
students using calculators showed improved attitudes to
mathematics they did not change in achievement,
understanding mathematical concepts or.in computation
skill. 1In problem solving, students with calculators
could solve problems at.twice the rate of students not
using calculators.

Most studies reported no significant differences
in some aspects of the studies and significant
differences in-others. Fischman (1976) in a project
with New York City high school students in business
arithmetic found no significant differences in ﬁﬁtitudes
but the ‘calculator group scored significantly higher on
a test of arithmetic skilii. She found no significant
difference in understanding business arithmetic concepts
between the students who did the unit using the
calculator and those who did not.

Hutton (1977) found no significant differences in
‘attitude Oor achievement among three groups of ninth grade
algebra students. The groups included the C or control
group; the Et group, which used calculators and these the
teachers incorporated into the teaching using special

notes; and the ES group, which used calculators but the

]
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teachers did not incorporate these into Eheif téaching.
Only one teacher (of the four participating in the study)
“had a significant differené; in attitﬁde assessment for
the calculator group over the non-calculator group.
Although statistically the differences were not
significant, Hutton reports that all teachérs and students
‘were enthusiastic about the use of calculators and felt
they were an aid to learning and made the lessons more
enjoyable.

Jamski (1977) found a significant dif ference

favoring the calculator group on an immediate posttest

but no significant differences on a retention test. His
3

study was with grade 7 students on the subject of Rational

o

Number-Decimal-Percent conyersion. In additipﬂ to the
statistical aspeels of the study he reports that
(1) students ernjoy using the calculator because of the
novelty of employing a machine, (2) students are selective
about when to useé the deQice, and (3) calculators are not
a panacea to all problems of mathematics instruction.
Jones (1976) founq that sixth grade students using
calculators gained significantly higher in total
mathematics achievement, computation and concepts?ishe
also found a significant difference between female and
male students (favoring females) on concept scores.

However, no significant di fferences were found between

males and females in total mathematics achievement,
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computation, attitudes or self-concept; no significant

di fferences wefe found among all students in attitudes

or in sel f-concept. She concluded that using calculators
was more effective in total’ma;hematics achievement,
.computation, and- concepts than using only pencil and
paper.

Muzeroll (1976) worked with gseventh graders and
found no significant differences in mathematics attitude
or4achievement between groups. He did find an overall
significant decline. in attitﬁdes towards mathematics
from the end of grade 6 to the end of grade 7 for all
students. Lenhard (1977) analyzed eight tests taken
by students in grades 7 td 12 and found no differences
in performance between studeq;ﬁ using calculators and
those not using calculators, ©n test scores, concept
and computation errors, attitudes, time and rank.
sutherlin (1977) studied’ decimal estimation skill‘"h
eight grade 5 and 6 classes, four usiwg calculators d
four not using them. He found no siqnifféant differences
in.estimation skills.

Shuch (1976) compared the achievement of
community college business mathematics students using
calculating machines with students using traditional
pencil and' paper methods of computation. He also compared
their achievement with respect to critical thinking

ability. He rejected the null hypothesis that using the
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calculators will improve studehts' ability with frithmetic
fundamentals; arithmetic problem-solving ability, or
crﬂ}ical thipking ability. In studying ninthwgradejand
college students Zepp (1976) investigatedéthe
interaction of the calculator with specific regsoning
abiliéy as manifested in proportional thinking. He
di ﬂ‘“d the grade nine students as wéll as the college
students into high and low ability groups forming four
different grodps._ Half of each group were given
calculators while the others used only pencil and paper
{or computation. The differences between posttest means
were gignificant between the ninth grade groups but hot
between the college groups. He found that students using
calculatdrs did not perform better than the non-calculator
students. He concluded that difficulties with
proportional reasoning ability can not be explained:
by assuming that éomputational defiéiencies are the main
stumbling block. -

Quinn (1976) used programmable calc&lators with
eighth and ninth grade students and assessed attitude
and achievement. He found no sig&}ficané differences
between calculator users and non-calculator users on
achievement in algebra. 1In addition he concluded that
at the eighth grade level, data provide no indication

that improvement occurs or is superior on attitude

scales; at the ninth grade the indication is" that the
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programmable calculator could be helpful in maintaining
and improving some aspects of student attitude when used
in a standatd algebra program.

Ladd (19743, in studying attltuge and achievement
of ninth grade low achievers in mathematics, found some
significant improvement in both but,this Occurred in
a very limited setting -- low achieve£¥ short lessons,
problems from iocal businesses,'experiencgd teachers,
and ‘.pll classes. He also founag, ho&ever, that adding
electric calculators to the course of instruction in the
above setting did not increase nor decrease;ﬁhe
improvement in attitude.or in achievement.

Borden ¢1977) studied Sixth graders' learning and
attitudes in concepts and skills in decimal fractlons.

He found (l) a significant gain, favoring the calculator
group, in concepts of decimals as demonstrated on a
Paper and pencil test not using the calculator, and

(2) students not uging the calculato; had a significant
negative attitude to mathematics.

Miller (1977) found that a low (on the basis Qf
Prerequisite skills) calculator group scored signific;ntly
higher than the Yow control group on posttests in
prerequisite skills and in division. Nelson (1976) found
that gains in basic computational skills and attitudes
towards mathematics were significantly better for students

using calculators.
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Spencer (1975) found that the fifth grade

© calculator group scored significantly higher on the

reasoning test and the sixth grade calculator group did
the same on the computation test and on the total

N

arithmetic ‘test. Vaughn (1977) found, in a study of
ninth g:adc\QQneral mathematics classes, that the
calculator group scoréd significantly higher on -an
achievement test. He noted no différences in attitudes
or on retention of skills. Wajech (1976) reported
sim{}ar results: significantly higher scoresAon a
standardized computation test but no significant
di fferences in attitudes. Whitaker (1977) studied first
graders and found that calculators aided students in
non-timed‘computations And in solving verbal problems.
The calculator group, who ﬁsed calculators to cﬁeck
their own daily work sheets, displayed smaller gains in
mathematics conceptualiz;tion. No significant differences’
were found in timed éompgtaqeons, total achievement gain
or attitude gain. .
Aldridge (1977) used pre- and posttests with
remedial students. She found a significant difference
favoring the non-calculator group on the basic skills
test but no significant difference§ when the test was
compared by grade level. Nichols (1976) studied the

effect of electronic calculators in a basic mathematics

course for college students. He found very little
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‘§i£ference in achievement, a better attitude toward
mathematics for the calculator group but not significantly
so. Generally he found that the use of calculators is of
signi ficantly more penefit in improving attitude and
achievement for students of higher aptitude in mathematics
than for students of lower aptitude.

’ 0'Loughlin '(1975) used programmable calculators
in a first year university calculus course. As a result
of the study he feels that the use~of such a calculator
allows introduction of topics not found normally in a
beginner's calculus‘course but also permits coverage of
the traditional material. The treatment group did
significantly better in certain topics of calculus
although there was no différence in attitude in the two
groups. Howevéinlhe treatment group did prefer a
computational to a theoretical approach and indicated a
strong desire for continuing use of a mini-computer
(programmable calculator) in calculus.

An interesting study involving algorithms for
i_operations on positive rational numbers for low-achieving
ninth grade mathematics students was carried éut by
Gaslin (1975). This study was conducted ?n the fall of
1971. He used two algorithm sets: one was a conventional
algorithm method of operations on rational numbers using
the usual text approach, a second was an alternative

algorithm in which each fraction was converted to a
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decimal 6n the calculator (truncated to thousandths)
followed by the operation. He had three treatment
groubs: one used the conventional method and did not
use calculators, a second used the same method but used
calculators while the third did the alternative method
using calculators. He stated that from his results it
appears that the alternative algorithm with the
calculator is a viabl; a}ternative to the conventional
algorithm for low achievers. However, if the goal of
instruction is learning of the conventional algorithm
then the calculator did not significantly affect
performance. He found no differences in development of
positive attitudes. 1In general Gaslin observed that the
alternative algorithm provided the ninth grade low
achievers with a more efficient method in terms of

rate of mastery and retention.

Framework and Questions for the Study

The study was of the type utilizing process
descriptions based on classroom situations, and
interactive clinical interviews. There were three
basic dimensions:

1. classroom teaching and testing of two
calculator groups,

2. 1interactive clinical interviews with sixteen

students and,
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3. classroom observation and testing '
(participant-observer'model) of two classes from which
the calculator students were selected.

Based on the literature ahd the style of the
'study, the following resegrch questions appeared to be

appropriate:

Research Questions Related to Teachers

Ql--How do teachers adapt to the presence of
calculators in the hands of some of their students in a
. ——
grade 8 mathematics class?
Q2--To what extent do teachers become
knowledgeable about the possible role of calculators
in a grade 8 mathematics classroom?

Q3--What is the attitude of the teachers about

the possible use of calculators in grade 8 mathematics?

Research Questions Related to Regular Student Learning

Q4--To what extent do grade 8 mathematics
students learn to use a calculator effectively to do
basic mathematics.caiculations?

Q5--Will the use of calculators improve the
sthdents' ability to estimate answers to quéstions

involving basic opeqétions?



37

Q6-~-Can grade 8 students effectively use
calculators to assist with calculations required for
traditional algorithms associated with opegationl with
rational numbers? |

Q7--Will the calculator enable grade 8 students
to cope with more gomplex numbers (for example, 12%%
as compared to 8%) in doing rational number algorithms?

Q8--Will students prefer working with rational
numbers in decimal form for various operations rather

than in* fraction form? . .

Research Questions Related to Student Learning Beyond

Standard Curriculum

Q9--Because of their ability to use the calculator,
will grade 8 students go beyond curriculum requirements
in mathematics?

Ql0--What aspects of Rational Numbers ana Rate,
Ratio, and Percént will be trivial for students
knowledgeable in the use of calculators?

Qll--Because of ability, with calculators will
students pursue various topics not in the standard
curriculum upon the suggestion of the researcher?

Q12--Will students show interest in following
up on mathematics problems posed by the researcher and

develop their own algorithms in solving these problems?



Ragsearch Qggstion Related to High-achicvingfsgggcnts

\ ‘
Ql3--Will high-achieving students be much more
active in exploring and going beyond basic requirements

than will low-achieving students?

Research Question Related to Low-achieving Studsnts
T T

Ql4--Will low-achieving students be able to do
basic calculations efficiently Ysing the calculator;
will they limit their calculator activities to’minimum

curriculum requirements?

*

Research Questions Related to the General Use of the -

Calculatgr

I Ql5--What are the necessary techniques for
effective calculator use?,
Ql6--How well do calculator students use the

calculator?

Research Questions Related to Student Attitude and

Interest . .

Ql7--How does the attitude of the calculator
students change over the period of the project?

Ql8--Will student interest in the use of the
calculator be high? Will interest continue without
further stimulation by the researcher at the conclusion

of the project?



R.g*archggp-otion Related to the Curriculum

39

; Ql9~-Which topics of mathematics lend themselves

to ¢a1culatot appliiation and which do not?
. .

Resgarch Question Related to Parent Attifudes

Q20--What are the attitudes of the parents of

Galculator users towards the use of calculators?

Regsearch Questions Related to Further Changes in Students

N

Q21--What changes occur in the calculator

students' knowledge of mathematics concepts and in problem

solving ability as measured by the Canadian Test of

Basic Skills?

Q22--How did the calculator students change

basic knowledge of computational facts (addition,
subtraction, multiplicatién, division)?

Q23--How did the calcu%ator students change
knowledge of Rational Numbers?

Q24~-How did the calculator students change

L4

their knowledge of Rate, Ratio, and Percent?

Research Questions Added during the Project

Q25--What® general mathematical knowledge or
appear important in calculator applications?

Q26--What might a teacher do to incorporate

in

in

in

skills

calculators into regular classroom mathematical lessons?
. e



' CHAPTER III

THE SAMPLE 4 WY

Grade ang gggig Selection

A great deal of cortroversy surrounds the use
of calculators at all levels up to and including junior

high school. However, there is h more opposition

about the possible '!ﬂ" of cal 8 up to grade 6

than there is in grades 7, 8, For this reason
the junior high school level was ected for study.
Grade 8 was cha!gp because these students are adjusted
' to the junior high school setting and because school
authorities or individual teachers are more resistant to
wide use of calculators in grade 7 than in grade 8.

The time of the school year for which the project
was set meant that grade 8 would be working on ého‘unit
on Rational Numbers and possibly on the unit on)Rate, ~

Ratio, and Percept. These two units provide ample

opportunity for calcdlator usage.

The Sample

Sixteen grade‘8 students, eight from each of
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v

B
two Edmonton Public Schools, were selected for the

project. Each stﬁdent was pravided with a Texas
f?struments TI-30 calculator and given instructign in
its use. Students we;e allowed to carry the calculator
*'with them and were‘encoufaged to use it in any way they
wished -- in the mathematics classroom, in school in
general, and outside of the school (at home, for
instance) .

Eight students were selected from one classroom
(Teacher A) in one junior high school while six were.
selected from another glassfoom (Teache; B) in a second
junior high school. Two students in the second school
came from other rooms to join the six to form the
CaIEulator Group. The two teachers, who brovided some
of the daga for this project, were selected through the
assistance of a mathematics consultant 1n one area of
the city of Edmonton. The researcher requested that
students be representative of a typical classroom -- males
and females, students of high as well as students of low
academjc ability or mathematical achievement. As can
be seen ffom the list of students,.Appendix F, this was
achieved by the teachers. They selected the calculator
students through a process of student volunteer and
teacher request and the researcher was satisfied that
the students ware a reprééentgtive sample of grade 8

mathematigs, students .

g,l

!‘.
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From the school records a ﬁorgetThorndike
Intelligence Quotient and the grade 7 final arithmgtic
grade was obtained for each student in the Calculator '
Grpup. These measures were used to identify students
as high-achievers, average, or low-achievers.

The balance of the studfnts from the two
classrooms from which the calculator groups were formed,
constituted the non-calculator groups. These were
tested on certain dimensions for comparative purposes as
indicated in the results of the research questions.

The parents of the calculator students
constituted the parent sample for purposes of obtaining
parental views on the use of calculators by grade 8

students.

Calculator Instructional Pattern

For the duration of the project, twelve weeks,

the students met with the researcher for three forty- -~

1

. minute peripdédper week. Because of the method of £
organization of school schedules, in School A this
occurred in. three separate periods in the week while in
the other school this cggstitutéd the entire Wednesday

afternoon. i}
b4

., #Puring the meetings with the calculator groups

SR

students were given instruction on the use of the

calculator. The outline of much of the basic instruction

is given in Appendix B. In addition, Appendix C contains
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worksheets which give a further indication of the type of
work the calculator students were required to gdo.
Appendix D provides a brief summary of the activities of

each class period.

Instruments

Tests

The calculator students weke given two in-class
tests (as distinct from interview tests) in order to
check on the ability of the students towrite a key
' stroke sequence (KSS) and to do calculator computations.

Both calculator_groups were given the Canadian
Test of Basic Skills, Form 3M, both as a pretest and a
posttest. This test provides norms for mathematical
concepts and for problem solving. The full classes from
which the calculator grpups were selected were given
researcher-constructed checkpoints as pre-~ and posttests
on addition facts, subtraction facts, multiplication
facts, division facts; and estimation. .The two classes
also were given researcher-constructed pre- and posttests,
one on Rational Numbers ahd anotgér on Rate, Rétio, and
Percent. _ + -

All students from both classes weré given an
Opinion Check (an atx;;?q§‘;ssifémentf”ﬁgEh as a pre- and
as a postt%st in ofﬁg.1£; obtain some indication of

‘ . .
?hange ip attitude. *
' d
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A second Final Estimation Check was also
admini;tered in order to get a better assessment of this
skill based on a set of more difficult queltions thAn

. those used on the original Estimation Check.

Each of the four operation cherks was given a
time limit of one minute. The task ;equired‘thg student
to answer‘as ﬁany basic facts as possible in that time

limit. The Estimation ChecK ®as: a generous time

limit of five minutes in ord 4\ .‘ e all but the
lowest achievers to complete all Ewent§-five guestions.
The F;nal Estimation Check Qas restricted to five
minutes in order to determine the total number of

% questions for which students could provide reasonable

‘A "correct" estimate was so judged if it

‘ oximately within ten percent of the correct
.
At the end of the project parents of the
calculator students were given an Opinion Check in order
to determine their attitudes about the use of calculators
by grade 8 stud;nts. .
| The project concluded after ;welve weeks but the
students were permitted to retain the calculators for an
additional six weeks. A brief follow-up was then
cdnducted. This took the form of a set of questions
(Follow-up Checkpoint, Appendix E) for which students

were required to provide the KSS and their answers.
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The purpose of the questions was to dete:m(ge\whether
students retained ‘he ability to do specxfic kinds of
calculations, some quite easy but others much more
complex. The students were also asked questions about
their use of the calculatprs during the previous six

weeks.
\' v
Interviews

.. A total of six in-class personal inierview
tests called Checkpoints (see ‘Appendix’'E) were |
administered during the project.to determine the
calculator ability of the students. The first took
approximately thirty minutes per,student,-lﬂe nextm{ )
four about fifteen minutes while theslast about fifty
minutes (the longest took seventy, minutes). The final
one was lengthier in order to ac!le;e a summative
evaluation on calculator abilitye

The two teachers partici;ating in this stﬁﬁ&
were interviewed informally from time to time. However,

a more formal interview was conducted at the conclusion

of the project.

Tape Recordings:

During all class periods -- the class instruction
including typical classroom discussions with gquestion

and answer periods, the group tests, and the personal
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interviews.-— a tape recorder was used to record all
éonversation. The tapes were then transcribed and a
written record of ali vérbal commicgtions was
avai}able. It is from these transcriptiops that much
of the data were obtained in order to answver the

Tesearch questions.

- Observations

N

The researcher visited the classes a total of
twenty-two times in order to observe the calculator
studen;é in their natural school setting. School A was
visitedlten times while School B was vidited twelve
times. All visits were madé’during regular mathematics
periods. Durixg the visits the researcher made notes
of his observations. Specifically, observations were
recorded about who used calculators, to what extent, and
in what way were they used. The teacher's reactions or
references to calculators or to calculator students were
also recorded. The researcher assumed not only the role:
of an observer but occasionally that of a participant.
However, the participant ro}e was assumed to further the
main goal of determining the utilization of the
calculators or t assist students in determining an
efficient sequence to be used in effecting a solution to
a computation. The record of the observations provided

further data used in the responses to the research



“.
questions. Furthermore, the observations helped
determine some further research questions as indicated

in the secgion listing those questions.

Analysis Structure

\ A number of rcloaréh.qu.stions have been
proébsed. In order to answer these questions, data are
Lsed as obtained from the various methods described
abbve; The tape recordings of class lessons and
personal interviews provided data for many of the

;questions. Interviews with the teachers and the Parent
Opinion Check provided additional infgrmation for other
questions. Some of the questions were answered using
the results of the stgndardized and non-standrrdized

tests given to the calculator and to the non-falculator

groups.
[ ]

.’ \ !

Summary v

A large number of means of data collecting were

o~
-

used. This was done assuming that a wide collection of
data would be more likely to show variations,
similarities, and changes over a period & time.
Appendix E contains copies of the various tests,
checkpoints, parent opinion check, and questions used

for the final formal teacher interview. *
o -

47
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A pilot study lasting. two weeks was conducted
by the researcher in December 1977. Six students were
selected from one classroom. The purpose of the pilot
study was to try some curricular materials and procedures
with grade 8 students similar to the ones who would be
amed in the resdarch.project: A&l students_w;fo provided
with a TI-30 calculator, the type that was purchased for
the project. A number Qf observations wete made as a
result of the pilot study. " A list of these is an
Appendix G.

The Flow Chart, Table I, provides a summary of

all the activities during the total project.
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TABLE I
SUMMARY OF CALCULATOR PROJECT

Pilot Study (December 1977)

Pretesting (January)
13

Week 1 (Jan - Feb)
Introductory Exercises--gave first four pages

Week 2 (Feb)
Further work on calculator functions
Pages 5 and 6 of practice exercises
Checkpoint 1

v
Week 3 (Feb)

Constants of the operations ,
Estimation activities, ratio problems, complex
fractions, pages 7, 8, 9 of practice sheets
Further calculator functions, special functions

of the TI-30 (the "=" sign)
Checkpoint 1 completed

L .
Week 4 (Feb)
Group test 1, complex fractions, estimation
worksheet

Week 5¢(Feb - Mar)
Complex fractions--practice in KSS.
"Powers" worksheet, “Tower of Hanoi" problem,
Patterns worksheet 1 '
Checkpoint 2

Week 6 (Mar)
Large numbers problems, scientific notation
practice, patterns worksheets 2 and 3
Constant of multiplication (review)

‘ Week 7 (Mar)
Negative numbers on the calculator
Integers test--some done in class showing KSS
Mid-project student survey
Patterns worksheets 4 and 5
Beginning work on fractions

v

--continued



TABéE I (Continued)

2 Week 8 (Mar)
Use of x  and yX keys--review
"Talking Calculator" worksheet
Three special problems--KSS required
Checkpoint 3 :
Relationship of expressions such as A + B X C
and A X C + B

50

I 2

Wweek 9 (Apr)
Problems 1 worksheet 3
Group test 2, percent problems, relationsHip of

decimals, fractions, percent

Complex fractions
Fractions worksheet 1
Canadian f‘tball field and metric measurements

Checkpoint 4
v

Week 10 (Apr)
Remaining "Patterns" worksheets--worked many
examples in class
How to get exact answers beyond the 8-digit
capacity of the ‘calculator
Work with fractions--conversions
Wworked Problems I worksheet guyestions in class

v
Week 11 (Apr)

Checkpoint 5
Problems I-~completed in class
Continued work on fractions--factoring in

reducing fractions
Worked several problems from fractions worksheet
Estimation Exercises

. A
Week 12 (Apr)
Posttests (CTBS) (calculator groups only)
Repetands of more than 8 digits
Palindromes
Problems from fractions worksheets

Puzzle problems
N

Posttests to total classes (Apr)

2

Follow—-up exercises (June)




\ - .

CHAPTER IV

ANSWERS TO THE RESEARCH QUESTIONS

In this chaptcr each of the research questions
stated in Chapter III is answeéed in light of the
observations made. 1In stating excerpts from
transcriptions sequential numbers are used to idgétify
the excerpt and the number is folloyéa by the student's
code number} for example, Excerpt 1 (M-118) identifies
the first excerpt and is attributed to the student coded
as M-118. A missing code means that the excerpt is not
attributable to a specific student or comes from some
other source which the context should make clear. The
conversation in each excerpt uses R to refer to speech
by the researcher and S to denote the student. Wwhere
more than one student participated in an exchange the

different students are denoted by the appropriate

student code number.

Research guestions Related to Teachers

Ql--How do teachers adapt to the presence of
calculators in the hands of some of their students in a

grade 8 mathematics class?

51



Teacher A and the class were observed in ten
different mathematics periods while Teacher B and the L
class were observed a total of twelve class periods.

During the twelve weeks duration of the project
both classes worked only on the unit on Rational Numbers.
At the beginning of the project both classes were working
on operations with integers; this constitutes the first
part of the unit on Rational Numbers. Before the project
ended both classes had completed a study of traditional
algorithms for operations with rational numbers altﬂbugh
the‘wﬁole unit on rational numbers had not been
completed. Teacher A was just a few days from completing
the unit while Teacher B hdd several sections to complete
on solving equations and inequalities using rational
numbers.

Each teacher was provided with a calculator

-

(including an instruction book) ident;cal to the Xnes
supplied to the students. 1In cog;ersatrons with the
teachers early in the project, the writer referred to
the calculators and how certain operations must be
carried out. For instance mention was made that this

calculator is programmed to follow the correct order of

operations (17 + 12 X 13 = would be done as 17 + (12 X 13)

by e calculator). (Note; A single line under a
sequence of calculations denotes a key stroke sequence,
KSS). However no further attempts were made tg.force the

matter of teacher interest or involvement with &the

-
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{.) calculato¥s. With Teacher A'Ehoro was no indicafion’

that the cCalculator was used or that the teacher became 'y

knoul;odqublo in its use. Teacher B becams more

inv?lvtd. ™he calculath wvas on this toachor'l desk

(or readily available in the duk) o ovu' occn”a

that the researcher visited tho classroom. .This teacher

als® had ‘s desk top calculator available to the students

at all times in the classroom. Students often borrowed

this teacher's calculator if the desk calculator was

being used; on occalﬁon he loaned his calculptoéjto )
students’in the calculator group when such students
neglected to brxng their own. 1In the first two weéks
of the project, when calculators were new to the
calculator group and to the teacher, students were
observed asking the teacher about the ko;; and thg
operation of the calculator. In these circumstances .,

Teacher B would answer questions or try to determine x|

‘ -

answers by experimenting with his calculator or peg?gpl

\ RN
co.sultlnq the manual to help clarify a point. ﬂ‘-‘;

be permitted [for use during examinations. However
/

Teacher B at the beginning of the project was reluctd




\
54

‘eo allow use of the calculator fer all e‘: qnéhcnnetcl.
classroom work except that studehes oould do their )
uotn\t sheets and use the oncnhtor o verifty
computations. BRarly 1u the project (by m third week)
Teacher B modified fiis stand te pesmit f‘li use of the
calculator after each student had do-onlt:,tod knovlodg.
of each new procedure or\alqokithn boi;q studied in class.
Shortly attor this (by the end of th‘ fourth week) this
teacher turtﬁnr modi fied his stand to permit full use of
the calculators by all students at all timas durinq\clall-
mathematics periods but no: for examinations.

It is pertinent to note that the zdno?ton Public
School joard policy fer calculator usage“in the junior
hiqﬁ schools is simply that use is at the discretion of
tho toachcr except that calculators are not pormxt:od

! 4
fg,dh:ing examinations. *

é;
‘!
iae
: r, c€10n of the teachers ‘g.calculators was to accept

2 o :

‘ * .’ From the observations it is noted that the

b

.,th.lt presence but to make no other adjustments.
e : Tiacﬁer B, in whose room was the desk top calculator,

did have questions directed to him in the first few

weeks of tho project. Thclo'qucs%ions usually referred
&~

to the operation of the: calculttor, that(ls, to the

)
proper sequence qf !Qoding in a problem. However,
neither teacher made any adjustments in his or her lesson

v

presentations, in homework assignments, in sample
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problems, in work to be done et the chalkboard( or in , ‘o
any other aspect otlhis or her leesons, which coﬁld be
interpreted as an adjustment due to ehe presence of
‘calculators in the hands of some st;dents. The
calculators were treated ;ilplf as ‘devices available
to SOme students, who were allowed to use them or not as
they pleased du;}hg the tegular mathematics lessons.

Not once 1n twenty-two observations did teachers, as an

- example of an adjustment, give.modified problems to be

done.by calculator students. Neither was there e
.separate discession about possible algorithms that might
- apply for those attempting solutions using calculators.
: Other than responding to gquestions on the
specific operation of galculators, only three
observations were noted where one teacher made a
suggestion on fo;mat %o gtgdents using calculators.

Two observations occurred in one lesson in the seventh

week of the project. The class was working on solving

equations, an example of which is %a #':% = % . The

" teacher explanation deait with the use of additive
invefses and the class was tqld to write down all
}ntermediate steps: The special instructions to the
calculator group were that students using calculators
should write down their calculatlons on the side of -the

page so that the work could be checked if an error was

made. The second observation was made during the same



L

56

lesson. During the assignment part of the lesson the
teacher was nglstxng a student and noted that students
wlth'calculators that have a reciprocal key could use
it to obtain .reciprocals required. (Actually the

\
explanation is correct only for reciprocals

in decimal form since the key rofégrnd to i
as L which means that it gives T were x is thé number
in display. The reciprocal of l% , for instance, could
not be found directly although 5 + 12'= would give the

reciprocal in decimal form as would 12 # S = 1) The

third reference to the calculator groups was made in
the exghth week by the same teacher. The reference was

tc the division of The teacher stated that this

20
. 0.75 °
was difficult and some&hat awkward unless the students

[
had a calculator but if they didn't then the teacher

'pointed out that it was probably easiest to do it as

It must be noted that in the‘pa}ticipant-observer
mode of this portion of the project, it was decided by
the researcher that he would not intervene in the
teaching. The purpose was to observe what would happen
under these circumstances but not to alter the situation
through intervention. The teachers were made aware,
through personal discussions with the researcher, that
the ourpose of his classroom visits was to see how the
calculators were being utilized by the students and to

see whether any difficulties were encountered in using
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calculators with spe&ific problems. One teacher was
given an indication in one conversation (see iffow)
[ B4 .

that alternatives provided by the teacher to "
: \ s
accommodate calculator users would be appropriate.¥

The matter of teacher reaction, adjustment, or any
alteration 1n teaching was left for determination by
the teachers with no direct urging by the wéitcr.

In the sixth week, the half-way mark, Teacher B‘
asked the researcher in general about the proqress of
the project and inquired, "Is there anythzng I could do
in class or whatever?" This was the first direct
question related to the calculator project. Previous,
references by the teachers were of a general nature
inquiring how 'th;ngs were going." It was'dufing this
conversation that the teacher was informed of the kinds
of observations being qade in class. Also the
researcher addgd, “Any.respénse you feel is appropriate
in terms of th; use of the calculator or in terﬁg of
doing anythiné in class éhat you feel wo&&d be
appropriate for calculatar users as different “ the
other students might als:"be the thing yoﬁ could &try."
The teacﬁer'left the impression that he would likely
try sQqme,things but this was not supported in future
classroom observations.

In summary, the adaptation of these teachers to ’

the presence of calculators in the hands of some students



58

involvgd accepting their presence;upgclsionally assisting
studenés in the operation of the calcuiators. and very
minimally (three references in twent;—two observations)
" recognizing the probability of a different algorithm
to be used when doing a cenputation using the calculator.
Q2--To what extent do teachers become
-

knowledgeable about the possible role gf calculators

in a grade 8 mathematics classroom?
®)

There is no doubt that the two teachers have
definite ideas about the possible use of calculators
"in grade 8 mathematics. From the observations,
discussions, and final Teacher Interviews, it is not
clear whether these opinions were formed earlier and
dig not change or whether their association witﬁ'this
projeét did help to determine such opinions. It is
probable that.iince the teachers did not choose to
' become fully immersed in the Calculator project their
opinions were likely formed prior to the project and
likely modified only to a slight extent because of the
' presence of calculators. Nevertheless, some opinions
were documented about the possible role of calculators.

One possible role identified was that the
calculator could be used as a check on previously

bl

calculated guantities. ®

!’. C

)
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Teacher B: I see the use @f calculators at any grade

level as an aid in checking their work.
There was an expression of concern about the
ability Qf students to calculate or to "do arithmetic."

Tepcher A: I think as long as they're (meaning
caleulators] used properly it's fine. I'm not
sure that in the unit you used the hand calculators
(Rational Numbers] that's a particularly good place
for them to be used because there they're

esseltially learning arithmetic, ..., and if they're

learning it, I don't think they should be using
calculators.

Teacher B: There may be a fear that some students
will not know or will not learn how to calculate
if theyluse calculators.

\ :
Both teachegg referred to a way in which they

Y o< .
use calculators in‘qrihe 9 classes. From their comments

and the use of ca¥Pculators in this way, it is apparent
that this is one role they accept for calculators.

Teacher A: ... in grade 9 math they have a large
geometry section where they have to calculate
hundreds and hundrgds of problems on surface areas
and volumes and perimeters of plane figures.

Now that, I.think, is a really good area where
calculators can be used because the student can
perfectly derstand, say, how to get the formula
for the volume or something and perfectly
understand how to calculate the answer and yet
because they're careless they don't get it correct,
--.s and fr a lot 'of kids that are really weak

in caléulations, they almost, completely give

up because they know what's going on but can

never ever produce a correct answer.

épparently Teacher A accepts the ‘fact that a student
must be able to show, for example, that he knows that
the surface area of a cylinder is A = 7rDH, substitute

the values fof T, D, and H and then be allowed to

multiply these on the calculator. Teacher A does
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concede that such students should not be judged on their
inability to correctly find the product.by pencil and
paper comﬁutation. Yet this teaéhor did say earlier
that calculato " should not be used when students are
3es:§ntially*zz:rninq arithmetic.” It appears tﬁgt
Teacher A would distinguish between units or portions of
units in which computational skills are }equifed and
those in which computation is required for solving a
problem. Teacher A referred to the fact that a
calculator should not be given to grade 7 students since
essentially it's an arithmetic program. This teaéher
a§30"went on:

" Teacher A: Students even in grade 9 don't know"
how to do arithmetic consistently and well. Adults
don't know how to do arithmetic consistently and - °
well so what's the point of giving them a crutch
in a section where they're supposed to be learning
that skill.
Teacher B also allows grade 9 students to use a
calculator quite freely. Teacher B mentioned that the
élass referred to is "a top-notch class;" The
observation made was thaﬁ even such grade 9 students
.use the calculator extensively but at times too readily.
Teacher B dra;s attention of the students to;such use |
whenever he notic it in ordeqr to keep students from
using the caltuldator when a computation is too eaéy.
The case,cited by Teacher Byto illustrate the point is

wheﬁ students reach for the calculator to do 15 X 12.

* Teacher Blremihds students that 15 X 12 is 30 X 6 aﬂd

?‘ .o "VA ®
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hence not a computation to be done on a calculator.

. . Teacher B also feels that different students
k,"‘“ have different altoxnativpuf Some students, i& was
'iagﬂ';hhobsorvcd by the rese ;frcach for the calculator to
_:75 . 1muyti ly a nunbot by'100 or to take 10 percent of a

nisber. !blq..x B claims that slow students have only
one route, the calculator, and they use it. Better
students will have two routes claims Teacher B, a
calculator route or ; mehtai calculation route. They
would automatically choosé the easier one, in this gase

a mental‘computation.

'

Q3--What is the attltude of the teachers about

the possible use of calculators in grade 8 mathematics?

Some of the examples given in answer to Q2 would
apply here. It is obvious that Teacher A feels that
students in grade 8 should know how to do the
computations using pencil and paper. Having #Eoved
this ability it is then quite permissible.to use Q?e
calculator. On the other hand Teacher A cdncedes that

if your objﬂctive‘is to do mensuration guestions the

ull usd‘pf";he calculator should be permitted. Teacher
relates this to the different objectives for’these

lessons.

hers referred tﬁhool Board policy

and accepted thege res;riétionss?uﬂhwever they both felt

.y
-

Pa

<
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tha; ‘some more dc!ini‘i)policy is needed fATeacher A
£elt that the policy should set out tho kind of
activities for which the c*lculator could be used.
Teacher B stated that likely schopl programs will be
adapted to-the calculator.
Teacher B: 4the curriculuml has to changc.
Probably even t you're doing Zou is goinq to
give us a lead &s to what dxrect this is going
to take.
.Tgacher A favors the use of chlculators in.a
way which will develop certain skxlls. This teacher
referred to an activity used by another teacher, in
which students did roundlng off and then checked their
accuracy by using the calculator. Tﬁis teacher favors
any activities in which the calculator is used to enhance
any such skills such as estimation skills or when the
calculator entersAinto a task, "... sort of for interest,
for motivation, also to get the arithmetic out of the

way. The last comment concerning arithmetic referred
to using a calculator to practice rounding off skills.
Teacher A would certainly not favor much

reduction in computational practice exercises to be done

with pencil and paper. When the possibility of a core

0éo:nputation requirement was mentioned with the

suggestion that more complicated calculations (such as
a three-digit number multiplied by a three-digit number)

be left to the calculator, this teacher disagreed.
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Teacher A: A student in junior ‘high isn't going
to get facility in multiplication unless they do
get hours and hougrs of praotice, angl if you teach
them and show them the algorithm and suppose you .
do take it to a three-digit times a three-digit
number and you give them one or two questions,
they aren't going to remember how to do it and
they're not going to be akle to do it.

R: Do you think it's impo:gslt that we be able
to do such multiplication? "% '

Teacher A: Yes. Someone who can calculate well
can get answers to, say, multiplication questions
faster and more accurately than someone on a
calculator who doesn't know what they're doing.

N

This teacher elaborated on this theme by stating that
some studénts start calculating and get confysed.
Another student will think about a question, do the
calculation by pencil and paper and be done long before
the student with the calculator. This teacher oniously
feels strongly~dbout being able to do all these
procedures without the éalculator before gpiﬁq permitted
to use the‘calculator freely..

Teacher A: But yet the students should be able to.

do the calculations without the calculator and that
is the thing that is really important.

Research Questions Related to Regular Student Learning

Q4--To what extent do grade 8 mathematics

%tudents learn to use a calcylator effectively to do

basic mathematics calculations?

\

In the fourth week of the Sixteen-week project

DR
gﬁﬂgak
e Rl

-

students were given Group Test Number 1 (Appendix E).

The following nine gquestions could be described as
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requiring straight-forward calculations:
2. 16-4- (89 X 3) = , 3. 387 - (466 + 466 + 243) = ,
4. 783.47 - 69.874 = , N )
7. 948 + 948 + 948 + 948 + 948 + 948 + 948 + 948 =,
8. 8473 X0 =, 9. 1 X 7439 =,
11. 0.010 816 + 0.001 04 = , 12. 888 X 888 + 4.4 =,
13. 7946 X (27.93 + 0.3) = . 1In addition number 5.
7483 + [ ] ; 4696 required only moderate interpretation
and becomes a basig calculation. Number 6. *
643 + 929 + [ ] = 2617 and number 10. The product of
768 and 237 = , require some further understandings
before applying direct calculation.

Numbé; 2:

The question is 16 + (89 X .3) = and the most

direct answer would be 16 + 89 X 3 = . All students

did this question correctly. Of sixteen students five

used a left parenthesis, 16 + (89 X 3 = , which is not

.needed because the calculator used in the project is
programmed to observe correct order of operations; four
students used both parentheses, which is A further
unnecessary keystroke; two students reversed the order,
89 X 3 + 16 = , which is unnecessary but is the sort of
thing one would do with a calculator that does not do
correct order of operations.

Number 3:

This is 387 - (466 + 243) = and the most direct
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way to obtain the answer would be 387 ~ (466 + 243 =

Eight students did it that way, four used both

parentheses while four did (466 + 243) - 387 = and so

obtained the additive inverse of the correct answer,
322 instead of ~ 322. | - |

Number 4:

This question, 783.47 - 69.874 = would. be done
(?xactly as shown. All sixteen students did exactly ‘that
and got the correct answer.

. Number 7:

This question should have been done as 948 X 8 =
in view of classroom exercises (even if they didn't know
this from other experiences). Nine students did that,
one did 948 X 7 = so miscountgd the Ahmber of addends,

~

S
three correctly used a constant of addition

(948 + K = = = = = = =), two did it correctly by adding
in sequence, and one used 948 xx 8 = . Tﬁe latter
misinterpreted it as a multiplicative situation rather
than an additive one.

Numbers 8 and 9 were intended to see if students
would do obv;ously simple items by mental calculation.
Only seven did number 8 mentally, nine did it with the,
calculator, but all got it right. Number 9 was done

mentally by four students, twelve used the calculator,

and all got it right.

)



Number 1l1:
* The most direct solution for this one is

0.010 816 v 0.00104 = except that in entering these

numbers the '0' preceding the decimal is omitted.
Fifteen students got this correct while one indjicated
correct KSS but neglected to indicate the solution.

Number 12:

66

This one, 888 X 888 + 4.4 = , could be done most

efficiently as 888 x2 + 4.4 = but at this stage students

may not have had many opportunities to use the x2 key.

However five students did use it, nine did it directly

as given getting the correct answer, one did it directly

but enclosed 4.4 in parentheses, while one inadvertently

omitted the question.

Number 13:

k]

This is 7946 X (27.93 # 0.3) = and the most

’

direct route would be to do it as 7946 X 27.93 + 0.3 =

since parenth®ses are not needed. Seven students
indicated they did it using only the left parenthesis
but one got An incorrect answer, eight used both
parentheses while one reversed the order doing the
division first followed by the multiplication (he had
the correct answer).

Number 5: .

This questions 7483 + [ ] = 4096 would require

students to know that subtraction is needed so
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4096 - 7483 = would be the easiest way to gci the

solution, -3507\ Thirteen students got this correct,
-two reversed the order and got 3387 while one onittod
this question (and the next one). ‘

;Qumbor 6: , \

This w@s similar to number $; 643 + 929 + [ ] =
2617 except that students would need to subtract two

numbers so the solution would be 2617 - 643 - 929 = ¢o

get 1045. None used the direct method but six did it by

using a left parenthesis, 2617 - (643 + 929 = while four

others did it similarly but used both parentheses.
Three students correctly unoe memory by doing

643 + 929 = STO 2617 - RCL = which is correct but not as

efficient. One student added 643 and 929, wrote the

result and then subtracted for a co;rnct solution. On§

started with 643 + 929 but the remaining KSS is not

clear but he got the correct answer. \One,studont

omitted this question (she had also omitted number 5).
Number 10:

'\ﬁ'hf students needed to know that 'product' calls
for iﬁg;'« = of multiplication. Nine did this
correétf} whxle seven correctly found the sum of the
two numbers so the terminology was the problem
apparently.

In summary if the criterion is to use the

calculator to get the correct answer, then of the 144
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eorroct anlwori poootblo on the first nine quoctioul.
134 orx about 93\ '.C. corflct. lcnov.: not all of these

were officidne. O£ the last thr.o :oquitig' oon. fuzther

interpretation the correct solution was obta in 3
of 48 pollibfc ones or about 778. The problem th -
Poerest t.;thl Ql- nulb.r 10 which called for thc
.Aproduct of two natural numbers; the probicn for seven of
sixteen students was the meaning of *product.” If
oftiqi.ncy is a c:itx§§on then the percentage is 74
for the first nin;ptObltmlz using both parentheses
where one will do was in:prprctod as. otficiont o' was
v.vor.ll of order bu€ obtalninq the correct solution.
Indf!tc;oncy‘aas cslunod if the calculator was used to
miltiply by 0 or by 1. Uhd.f these critotil,(@nd
assuming u-l of -auory ;ninunbor 6 a: foicion\), about

73% vere qftxqunt !g tue last thro-‘ptoblcn. (5, 6,

» 4 : ¢ °

$ r

and 10). .‘.'f* ‘
‘In, view, of this ovidedbo students generxlly do

not ha;o muc 1dift;culty in doing basic talculations -
althougi tth lrc not always most effisdent in portorminq
the calculatxons. The fact' remains, though, that getting
the correct an.n.t is- done with a high degree of accuracy
(93% overall).. When some interpretation is needed or
when negative integers enter into the calculation this

work does remain trivial for many students.

-
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' Q5--Will the use of calculators improve the
‘éﬁdcntn' ability to estimate answers to queltibns

involving basic operations?

A total of, fxtty students did the Estxmatlon

.

Check ot twenty-fxvn quest;ons (Appendlx E). Flve

minutes was allowod but this was set so that all but-

'the very .slowest would ‘get throuqb the check.

“

Thirty-four .non-calculator students went from a pretest

mean of ip.23§3 to 13.2941, a gain of about 3.05 points,

~while the sixteenfcalculator students went from 12.3125

. AN
to 16.6875, a gain of about 4.38 points.

A t-test using 48 degrees of freedom shows that
at the Si level there is no significant &ifference
bg&ween the mean.of the samples on the pretest. Under
the ‘same conéitions ther; is'né significant difference
between the means o; the posttest.

' Students were also ‘given a Final Estimation
Check.(Appendix'E). Thisltest, made up of fifty questions
cona%?ercd by the researcher to|be more dlfflcult than

the Estimation Check mentloned above, was given to all

studentl at the conclusion of the pro;ect. Students were

glvcn five minutes for this test and only two s%udents
(of tifty)(attempted all problems. The mean of“thé{ )
calculator students was 13.1875 and of the non-calculator

stuydents 9.3529. Tg;'differgnce between the means was
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zant at the 5% level.  The éalculatog students

".5 mean number of errors while the‘noh-calculator '
students made 15.8824.

In summary, it is not concluslve that the use

of the calculator helped to lmprovq;xﬂdlabllxty of the
students in their estimation skill. On one Estlmauion
Check the calculator students scored significantly \
‘higher than zhe non-calculator students, but it is nbt
bossible to attribute this to the use of the chculators
exclusively. It may be that in general the estimatihn _ i;i
type of act?vities given throughout the calculator 7
project w%;é the.importan; determiners. Neve?theless,

the c§icu{ator students did improve in estimation skills -
and in one gase did significantly better th&n the |
non-calculator.students.

~
A

Q6--Can grade 8 students eftcctively use
calculators to assxst*wiep calculatlons required for.

P X y-
. traditional alg&?1thms'§ssoc1at£ﬁ~rlth operations ;;th

rational numbers?
~

The results of two questions will be analyzed.
Questions 5 and 6 of Checkpoint Number 6 (Appendix E)

3 14
3 + B&T; and 27 15

to express the answer in the usual common fraction €form.

asked students to find 16= and

Since these questions were given at the. end of the
-

project the-regnlts show the capability of the students
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after con/;dcrablo experience with the calculator.
' In doing 167 + 38%% the normal route would be
to use the calculator to find 7 X ‘19: 3X 19, 7-X 14,
and record 16—2% + 38I2§ . Then uiiiq the calculator
! the student would likely get 54133 , from which he would
Yet 5";22 . By using the calculator to check
divisibility thc c;,d.nt could quickly oatablxsh that

22
133 is in lowest tdrml

\

‘students were able to work this question readily, to the
L 22/

Except for two students, M-117 and F-120, the

ﬁpoint where they got the final correct resull, 55I§3 .
Student M-117 had trouble getting from 543? to ssr%f

Constant step by step help was needed to get that
conversion. Student F—120 needed constant assistance
from the very beginning:

Excerpt 1 (F- 120) :
- {After the researcher had reviewed what the
question called for.]

f ”a: What' should we do? -

§: We should change the fractions [mean;pg to
improper fractidhs.] "

R: 1It's prdﬁably better in.addition to work with
them as they are but change only the fractionxportion.

[Rasoarch;r wrote 16— + 38— = to assist in the >

N o .

procestl.
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How do we change the twp fractions? {No

reply.) When you want to add % and I_ what muat ﬁou do

e T
with thes? ..

» N [ 3 if
S: Yo.u find the common derominator?

R: Right. What is a common denominator that
you can alwaxs use? [No reply. ] You can always find

one by multiplying the denominatars, 1n this case 7 times

19. Do that and enter it. .[Student now had 16T§3 +
' ' 3 .
38T53 . ‘Nov we myst change 7 to that one. [Showing

133 .] What do you do?-
) S: 19 times 3. [Student did that’and for the
next $ne did 14 X 19 and was cotrected by the researcher Vi

(The questxonlng

\ued in this way with the
s I

researcher guiding progres questions as follows:)

R: Now we're going/'to add so whdt is the sum of
the whole number§3:: ;o

y
(Student did this 'on the calcujator

%0 nQw bad 43y ) - v/

.The next stage was the change to 551§§ whlch

‘presented a problem (a later discussion 1llustrates this).
Most students (nine of sixteen) proceeded directly
to work on the question getting to 55133 with no
difficulty. One student, F-112, whose calculator
technique was the most careless of all studenté, mﬁdé an
error in calculation which the researcher corrected.
Six studentsy M-117, M-123, M-121, F-119, F-112 (mentioned
above),

and ?-120 (mantioneikagove), wanted to begin by

/
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chhnbing the mixed .numerals to,impropenytractidns. The
researcher suggested working with the mixed Qumbors as
indicated in Excerpt 1 above.

The biggest difficulty experienced in thil
.problem was in the decision concerning whether T?T can
be reduced. Clearly this is not a calculator problem but
one of mathematics. Gonqrafly all'students, even the ones

weakest in mathematics, know that some process of

division was necessary to check this out. In al

students used the calculator to decide whethe@h33 could

,r

be divideq 11, - o
] ng';; $n excerpt which is tfpical of

students who noeded soin guiaghae but weould likely have
answered the question if left cﬂh Lﬂx 1y alone: ¢

Excerpt 2 (F-126): = Y v ‘? ~
v i - .
22

5yl 4 Y

R: How do you know iﬁ/ggu're finished?

[Student had. 55—==

[Student did 1337+ 3 = ‘] _

Why are you dividing 133 by 32
S: Because it can't be divided by 2,
R: Yes, but what are the n*rs that divide 227
\ $: 11 and 2 ' -

R: So what cah you dd to check if 133 can be

reduced? ‘“‘ ‘ ~. Vv
[Student did 133 # 11 = ahd noted that it

doesn't divide. ]

.
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So what do you now know?
&
' S: That's as low as it can go (meaning the

fraction can' t be rcduccd]

Appendix J e&ntun- excerpts from work with-

: studontl M-117 and F-120. These students had by far the

most ditticulty after they got tz‘s 15 . These two were
d

the ones ntionod above as nee uextra' assistance.

\ Quegtion number 6 requirgd ﬂut the students

a'
27; X 36}2 d get the answer in' the same mxxed
form. Essentially th:.s‘meant gxpressmg the que

193 X 334 andqthen’snultxalyxng to t. 196 922.

Tt 71 BTN
division this gives 1018.3048 wh cates that the
answer is 1018 plus:some fracfi, edure of

018 X 105 =EXC - RCL » (provide

922 had beern put
. ' . y
ijto ry earlier) yields 32 which now(indicates that

the answer is 10181—3% F By inspection one observes that

3
10

is iftreducible although that is notv‘obv"% to a
grade 8 studcnt. .

In this que‘tion students had no difficulty in

doing the proper calculations and then‘writing ligb—g—%z .
Seven stuclents had to be reminded that in this
multxplxcat?gn qt?tlon it is easier to work with each
fractiona axpressed as an improper fractiou Perhaps as
a result of just having done an additlon Oone -previously,

they wanted to attempt workxn?rw;.th the numbérs in mixed
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seudonto ‘had dit!icul\uu in um quuﬂnn in -
using the caleulawt to det from l_og_o_g_z_z_ to 10101-3% .
The div:l.u.on yi{}g\lou 30“ 'rhm students wanted to
mxu.pxy 0.304¥'By 105 to find the froctional portion.
The :uu:char pow out that :m- may so¥ alvays lead
u a wholo number (1t dou not in this case) and one
équld not bofmtain that the corroct’value has been
tound.' In tho case of twolvo stud.nts the reuamher

had to auilt thew usually by pointing out that it is

. ncceloary tdb mult:.ply 1018 by 105 ‘and then sﬂi t. that
n

N,
\

\

*ﬁ‘@calqnlgtot-'u(ébangol the display with the valuolin

result from 106 922, 'ro get thls subtractio

studénts ;ad been reminded to put 106 922“into i.m;y
(STO key) when that number was fixs; obtajned. Wwhen
1018 X 105 was done the value 106 890 was ob"gai\ned and
in display At this po”t EXC - RCL = would put 106 890

, into mcmory, M6 922 into d:.hplay and then :ubtract in

the correct order. Of the twelve’ students neoding CT
assistance in domg thJ.s portion, eight needed help with
the correct KSS for exchanging the display and memory

and conplcting the subtraction. One of the students,

75

P-120'referred to prc\viously, could not dé't}us question.

She completed it only with assistance throughout with
much of the information being given to. ho} ditoctly by

the researcher .

It is noted that thd EXC function of the
_ , .

3
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storage. The RCL key simply racalls from storaqo without
destroying the value in storiq.. 'f.iu STO key is \sed ;o

place the displayed, valuc into sf.dngband SuM adlia ‘%
display value to the atornq‘ value and retains tho nﬂ‘

.

=
in storage. Appondix A, Di!tqi.tion., contains mo ‘
the TI-30 calculator.. More on.g\‘,‘ ‘il:&y of st “‘ -y

-

Y

r‘. “1 £0 uss tholm. is containod in the reply to Ql6.
. »The . noxtocmpt is ‘usdd to fllustrate the

,‘iigd. of ﬁchanqn that occurred in assisting studonts.

Excnrpt 3 (M-125): "

106 922
105

numcrator had been placed into memory @on the

' [Student got to on, his paper and the

[ ]
researcher's regquest.)
. R: Now what do we‘do?

S: Reduce it.  [He did RCL + 105 = and got

1018.3048.]
R: Now we havo to calculate hov smch of 106 922
‘.; ‘ ’beon uled to get 1018 and so find out how much of' it
is left. {student did not know so the researcher told
¥ him to multiply 1018 by 105. Student began to enter all
"” T of 1018.3048 and the researcher had to tell him to use
oy only, 1018. ‘TRe student did and got 106 890 and was told
| that spbtrtcti:on is 'required.) |
R: Where is 106 9227 -
§: 1In s’torage. )

o
R Right. Bow do we get 106 922 minus 106 8907

L 1)

A
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S: Recall. y
. R: Well, if you dq, you will lose the number in
display.

S; Well, exchange then.

R: Right. (Student did EXC - RCL = , got 32 wnd
. . i

' 32 '
wrote 101 Bm ] ﬁ '
‘1 " s

The final. diiftctglty ‘r.hat th:.rteen students had

2

was in‘'deciding whet!;. “X05 . could be geduced to lower

terms. ,Thre% had no" e,_gere “Three of the ten
I

L 4

aheeded"only minor guiq?ge while seven needed considerable

hng. The next two ﬁts illustrate respect:.vely a
case'of slight asaist nCe and one with a large amount of

help. The latter coatihues Excerpt 3.

A

~

Excerpt 4 (M-115).:

; R: Can you reduce ng ?
S: 2,.3 won't workd
B What can divide 32?
. S: 2
R: And any other number that doesn't involve 22
S: '[P'ause] Né, because th_ey'd all be multiples
of 2.
R: Yes, 80?
S: That's it; that's as far as you can go.
Excerpt 5 (M-125): IR
[A continuation of the situation described in
Excerpt 3.1 |
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R: What's one number you can divide into 32?
S: Well ........that's ...... \
R: What's the liwlolt number we can use?
¢ S: _Well, 1 *an 99 h
. ‘\t . N
R: es, but other than 1.
S: I think 2.
R: 'Yes. Will 2 divide 105?
S: No,
R: Fine. I can't divide 32 by anything except

2 and then 2 again but that's all, but 2 doesn't divide

)!IOS SO what can we say about She fraction?

S: It'stays the samc‘

assxstanco from beginning to end.

From the above analysis it is clear that students
can u8e the calculator to agssist them thh certain steps
to 4o rational number afborxthmn However if left
entirely to themselves it is probable that no more than
eight of sixteen (50%) would likely have been able to
work through to the final solution. Students need much
more practiéo to develop skill in the algorithms
necessary. S$Steps involving use of storage were
particularly difficult. In the time available not all
students became aware of the power of this aspect of the
calculator. An algorithm which was difficult to master

was EXC - RCL = , used to get A - B when A is in storage

~
~

\

\ .

Only one student, M—llS did this question without

L

-
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and B is in the display. Since in tho'projoctziﬁhp work

»

with fractiou‘ near the end, apparently not enough

time was available to make,these procedures clear to all
. H Y .

students. Nevertheless, with the more direct calculation

parts of these problems studlht. had no di!fiéultio..
L]
That is, in getting from 6; + 38%% to ssI§§ and from

4 14 to 106 922

27-7- X 36-1-5— t

In the first the major difficulty was in deciding

most students had no difficulties.

whethet,r§§ waatén lowest terms._ In the second the major
4 e d . : : .

problem was in going from 52%3333 to 1018r§§ and then

again the difficulty with the concept of relatively

Prime numbers arose. - :
It should be nated that since no accommodation

wia made in the schools for c*lculator actii?ties, thesé

students did not have any practice on the calculator
algorithms. In addition the kinds of fractions given in
the ciassrpom would not give students opportunitiés to
practice factoring of large numbers and then using\mhese
in reducing fractions. The only ghance students had to
do these was in the class sessions with the researcher
and in practice exercises done on their own. However,
these would not be sufficient to firmly entrench these

new procedures. -

Q7--Will the calculator enable grade 8 students !

' to cope with larger numbers (for example 12%; as compared

to 8%) in doing rational number algorithms?

~.
~
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There is no evidence to indicate that more .
\ unusual fractions, such as JOI; used in Q6, present any
more difficulty to students than would simpler trletion-.
In working vith fractions ltu*pnt. used the algoritha

38 X 19 + 14 = and then wrote Z%é if they needed to work

with fractions. 1In doing questions 5 and 6 from

- Checkpoint Number 6, students made no orrorl (except in

-

»

one case) in actually obtaining the oquivalont fraction
forms. As shown in Q6 the difficulties were with such
things as knowing whether they lhdulq work with mixed ‘
numbers or improper fraction-, how °go0 go from an iupro’b’s

. fraction to a mixed pumber, aﬁd\qaﬁitq decide whether a
fraction is in its low;lt texrms.

During class instruction studtnts worked through
several problo-t using difficult fractions However,
thc~better calculator users are usually the ones who
provide most of the answcrs as to prcedures. The
mathemntlcal principlgs also are supplied by those who
are high-achiQVtrsrin mathematics. It is obvious from
the difficulties seen in the personal interviews that

v the average or below average students (in general ability
as indicated by the IQ) have more difficulty in working

through examgtes and need much more guidance. See w oV

Appendix (Bxcerpts 3, 4, and 5) for gxamples of
1n—c1ass discussions while working on ratlonal number

all of the excéerpts iﬁ‘Appondix J, it

\
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ean be seen that the magnitude of the mixed numbers o e
had no bdpxinq on :h. -ability of students to hanﬂlc the
calculation.. It was rolativ‘ly @Asy for many (but not h

all) students to factor 14 117 %o 9ot 17 X 743 and thea to
decide that neither of these factors divides 34 817.
The difficulties for students, except 'tor the few
high-achievers, vas to know that it is a factoriz
that is needed and subsequently a trial of the factors
for divisibility into the dononid:k\k T

, ~ An thspedtion of the grade 8 mathematics program

. " .uud in these schm;:soon demonstrates that tho

| c8lcylation practice'cxcrcis.s, as wcll as calculations
required in problem colvinq, are meant to test the ‘
students' :P}}?ty to app&y an algorithm and not €o work
with more 'unusual’' number forms. Consoquontly questions
such as 2% - é or ’%% - 33 or 2% X —r are common. .
In fact theso are among the more difficult ones when you
compare 't0 Such as k 2 % or 3 - 1% « Students c?v-r
literally dozens of such exercises in order to egﬁablxsh
tho rules of the Operations. Opaprtunitxcl for any
furthqx aspCcta of work with rational nu-borg_are rare
if oxxstcnt,ag all.. 18 is doubtful wh.thor ltud.nts
q?p‘;xcg g}hpprociato the alqcbrlLE ﬁ,tuts of the

TN
'~th: ;ijzz:ot kxnds of fractxons. " This is a quéstion
- that h.pxs furthesz xnvcstiqntion

£,

en they are never requiﬂld to do any but

\
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SRR B
- | Qe--Will studeags prafes gborklnq with ttumx

’uﬂou m“a«un form !oz vu?.ou o’onuou uﬂur . |
uun in fraction form? \j- o | S

" » T \J e
‘ . Im doyef§\problens c}uo murunuou ooaducud
by the chrehor, instruction and puctieo nm given

]

in doinq rational nusber alqorith- in both' forms. In

a quntion snc\'n as 861-;- -3 14' 1'6' 1- obtained and’
. the calculator is used in the v:xiou calculations.

& In the decimal form approach .a rolntinly\ simple

PR

algorithm of 8§ + 7 + 12 = - (38-+ }4 % 18 = would - \
yield 47\65 ' .
In Checkpoint Number 6, ptndcnu vq:o roquirod
to do two questions, 163 - 30“ - ana 273 x 3613 = |
Y (numbers 5 and 6 analyzed abowe in . Q6) qivinq the Iinll / v
. result in fraction form. In addition the studeats we 3
asked to do two’ quutiono (nu‘on 7 and 8), ) 7 -
10;- \12 - , and 3!:, -'-. qui.nq th. answver In
decimal form. 'l‘ho latter iapli.os t:hat t'.ho whole que tion
‘cbuld be done ig decimal form in order to obtain a /fiml

. 9

result in thnt ton. ) ' k .
6\"/. , Opon completion of the chockpoiat studoxyts were
agked gome’ qnoltio , gbout .thedr mcﬁmzo the
\calculator px"ejoce. Am the qmum wu ono asking
_ them ut thcii ptctcme. in vorkulq \dth nnovl
nm Pourteen Qtumu ondxuiu,ticllm chose iho
d‘ciul form . of do.mq th‘n p:oblq- 'l‘hc noct conon



A ‘ : 1
reason“givgn was that it is easier ig that form. ™o
students (béth above average) alsc added that il decimal
f;;ﬁ\one doesn't need to write déwn sg'much. One of these
students added\ "... even though writing down stuff helps
xou." (He had contradicted himself bécause just grior t
-;hii he had been advocating pencil and paper work since .
this provided a writtén statement of the work). ’Thé other
student added a§ an afterﬁhohght’thit he didn't really
’mind the fraction form as it wasn't all that‘hard with
the calculator."Two students, M-117 and M-125, stated
“thet they would prefer the fraction form. The former, a’
low-achieving student 'in calculator usage and in
mathematics, preferred the fraction form, "Because it
seems easier to me, because all I do is figure it out.”
The reference to "figuring it out" meant that he cduld
do parts of it and write these down, K whereas the decimal
‘forh requires a continuous flow in the KSS. This student
was very deliberate and slow in using a calculator.
Usually he verbalized his KSS in a low tone as he wogked.
He q;d concede that the decimal form took much lesswtime.
It 1s possible~that the fraction form gives some students
some security since it is a form with which they are more
familiar. The deéimal form 138 not part of thelr regular
cﬁ?ésroom algorithms.

/ " The conclusion is that stud%pts do prefer the

decimal form of working with rational numbers.

¢
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Résea;ch Quesiions Related .to Student Learning Beyond ;

-

Standard Curriculum De
. N »

Q9--Becaq;..of their ablthy to use th‘

calculator, will grade 8 students go beyond curriculum

' requirements in mathematics?

lh the first wcek.of‘the project two studdénts,
M-124 and M-122, asked about the meaning of trigonomet;ic
Yunction keys on the calculator. By way of illustration
the reseagcher posed a typical "find the height of a
flagpole” problem by being able.to measure the éhadow
cast by the flagpole and the angle of elevatlon of., the
top of the pole taken at the end of the shadow This led
to a brief description of the tangent function. After
caléulating the height of the flagpole no further
questions were poééd nor did students’ever return to
these funétions with further inquiries. The one example
seemed to have satisfied their inquiry about these hey;
on the calculator.

At both schools during: the first week questions
were raised about the "log" and "lnx" kéya; The |
researcher's explanations were to the effecé that these
- are used in advanced mathematics taken in high school

? and in university. A brief explanation of the meaning of
the .log of a number was made by referring to power ‘

t

notation. Again this was never pursued by any students
/

1 l
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either in class or as an extra during appropriate times.

L4

The researcher noted several times that some
students did muéﬁlcasual explératory work with their
calculators. Howev.ﬁ'most‘of this was not related to
discovery (or attempted igvestigation) of advanced
mathematics. This exploration seemed to be directed
io sncigg what happens when various keys.wetc pr:;sed .
singly,Ain pairs, in groups, or in various sequences.

One studdht, for instance/ discovered that he could turn

the calculator on by depr sing certain groups of keys

in a certain sequence but notj using the ON/C key.

In summary, these Sixteen stué@nts stayed with
the standard curriculum. They did not attetpt. ‘
investigations into topics not normally covered in
their grade. They were satisfied to do their work,
either in the calculator periods or in their mathematics

L]
periods, using the calcuﬁ:ﬁ;r if it seemed appropriate

or necessary.

910—-What_aspects of Rational Numbers and Rate,
Ratid{/i*d Percent will be trivial for students
LN

Knowledgeable in the use of calculators?
A

The traditional work (especially as it appears
in the consortium material and used in many schools of
the province) is based on simple numbers. The work is

usually such that the numbers are "nice." For instance
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a% + 4% bcccn.s-Z%sx !% .and'cv.r?tg&ng wofks out to
le calculations. 1In the sense that these qu.stioht
"roquire tho‘stu¢ont; to know the fundamental procedures, .
they are a nufficiant;challenqe. Hdwcv15>thoy do not ',

provide much of a challenge for good calculator userg.\

Using the calculator, students would 4o 8 + 1 < 3= ;

(4§ + 1 «+ 6 = and get 2. The invett-ahd-multiply rule

is not of any significance when this occurs.
Similarly, when working with Rate, Ratio, and
Pexcent problems, students are given simple questlons
' such as fxndlng 15% of 70. They do this as’ Tﬁﬁ —%?
The\calculatlons involved are simple because the emphasxs

seems(to be on the method. To find 30.25% of 78 9 is

reallk‘nd different but such a problem is not likely to

30.25 _ N
1060 78.9

the difficulty to the students without calculators is in

be rtaised in the classrodm. When faced with

the calculatipn. However, when studénts have calculators

the latter question is no more difficult than the fofmer.
The same techniques of teaching'can gé on but

the actual calculations will be trivial. All student

concentration.can be on the method and on the analysis.
From the excerpts gi&en previously and from

those in Appendix J, it can be seen that "the difficulty

studgnts have is usually with the method to be used, not

with the calEulations, when they have t{e use of a

calculator. THeir common problems are to decide what

numbers must be multiplied or otherwise Qrocessed. Once

N \.
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. ' 1 ) ’ " .
that is known the actual calculations are usually li-plo.-

Only in the more co.plcx situatiqpa ptccont.d do som.
make errors of entry or othors rc;accd to calculcbor

L]

manipulations.

Qll--Bocause of abllity with calculatgfs will
studants pu'sue varidus topics ‘not in “the standqrd

curriculum upon the 'suggestion of the researcher? : r

Several opportunéties occurred when the
reséarcher broacﬁed topics that might be new to grude 8
students and which would not be part of the standard
curriculym. One®Such instance was when students in
School B asked aEOut the trigonometric keys on the
calculator. The researcher taught the use of the tangent
function (described in Q§ as the "flagpole" problem) to
th;s class. He also inbroduced this in School A. As
mentioned before the students showed keen interest and
were able to follow the re;soning in the problem. There
was no further interest expressed by students at either
school nor did students ever 3sk about the use of these
keys again. The}resga:cher did,not follow uplon this
type of problem or\ his iniiiatiue either. . . |

There were gther instances when the researcher
initiated activity into areas not,normally found in the

grade 8 mathematics curriculum. One such case was in

working with powers. students were given several
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)) \ "ptbbhn in' the forl. ot a worksheet (see Appendix . . o
v) | C—.rPovcrs)« In :piu of much encouraq.mnt and unilmco
‘lzudoﬁu could not work throuqh all ‘f.ho problems. Nor
did t.lny eogplou these problm when a start had been
made in class. '!ho ptobhu vere coaplctod by the
. R m.'archnr lcaainq the clus 'in discussion.: clﬂuc \
did not volunt.or any information that could be
‘xnterprctdd as stud.nt 1n1t1&ted’extenq}on of a topxc
introduced byithg researcher. .
Another example of work that provided
‘ opportunitie; tof,students to continue explorations is
) illustrated by the worksheet called The "Talking”
Calcuiator~(Appendix C). All students worked at it.very
diligently and were most anxious to get the message
without outside aspistance. However, having done this,
there were no further moves by the students to produce
_ mathematical éxamples of their own wﬁich would produce
wofds. They did inquire abgut q}llthe létters that
could be p(gduced from the numerals and many students -
did use these niimerals to produce words. Generally this
was done in classldpring the bime.allotted to do this
work on The "Talking” Calculator questions. They did
\\\\V/,,—aot, however, return ?t some later date with additional
follow-up activities related to this exercise.

|
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Ql2--Will stu‘bnts show interest ,in following

ot .
«-up on matgc-atics ’robloms posed by ¢he researcher and
. .

extenﬁ students would take the in
special probleﬁt. in sciking otﬁqf prqh*ema,of a similar
nature, or in developing alternatkve algorithms to solve
certain computational problems. |

A number of situations arose or were provided by
the researcher for demonstrating interest in this
direction. One such example is the worksheet, Problems I
(Appendix C). This provided a number ;f word problem
situations which cﬁuld give rise to further explorations
or to statements of similar problems. However no such
moves were made by any students as a result of doimg
the Problems I worksheet. In fact most students had
difficulties witbegggse problems and consequently made
only a beginning by attacking the first problem.’
Several students Qere iNcorrect even in this minimal
attempt. The difficulties encountered repeatedly related
tb'mathematical knowledge (for e#ample, should you
multiply or divide). Students were forever uncertain as
to what to do in order to solve the problems. Once the
procedures were clarified, the actual calculation was not
a problem. As usual, it was the high-achieving students

-

who were able to assist in. deciding on the method to be
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. used in solving problems.

. Research Question Related to High-achieving Students

. Ql13--Will high-athieving students be much more

active iniexploring and going beyond basic requiremshts

tﬁhg\:j}ﬁ iow-achiev' ..tudents? v

As might be expected good students provided
_most .of the input when difficult (and unusual) probhlemm
we;e discussed in class. However as mentioned previously
in Ql2 there was not a éreat deal of activity showing
that Qtudents expiored mathematical problems or went
into more depth'in_toaics that were raised. Most of the
exploration occurred in seeing how the calculator works,
what effects certain keys produce, and such general
exploring of the operation of the calculator. Again
this seemed to be predominantly an activity of
qigh-achieving students.
i This question:will be more thoroughly explored

in the next chapter in case Study Number One in which

the calculator ability of a high-achiever 1s explored.

Research Question Related to Low-achieving Students

Ql4--wWill low-achieving students be able to do
basic calculations efficiently using the calculator; will
they limit their calculatot activities to minimum

curriculum requirements?
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Ad\snspcction of the worksheets- shows that /
stu&cntl ha&;a tremendous amount of opportunity to do
vario;s kinds of problems and calculations.. In general,
students (w;th the exception Qf three) did not &o |
wo;kshcet; oﬁtsido of the in-class opportunities.
Therefore many students did not complete many of the
worksheets, especially those that were more ' challenging.
Some worksheets, such as Problems I, were completed
through class-instruétor discussions but those that
were not completed in class, were often left undone. The
low-achieving students ianriably did not complete
worksheets.

Among the workshgets were several questions
involving some sequences for the calculation o%\vv. The
concept of T was discussed in class and some of the
Sequences evaguated to a specific poiné. Then students
were left to t the ?thers on their own. ‘ﬁowever, an
inspection of the worksheets showed that students did
not attempt these. Iﬁ working these zn class, only the
high-achieving students could assist in class discussions
to devise algorithms while the low-achieving students ,
would attempt only basic calculations.

Low-achieving students can use the calculator
efficiently only for basic calculations. They can easiiy

do questions involving the basic operations as seen in
:

the analysis for Q4. Chain calculations can readily be
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done by all students (recall that the TI-30 calculator
does follow the alqo§rai|-ptdot of‘opotatfons), However,
it is interesting to note that in the follow-up xpon
students were given bnsic.caiculations, some forgot that
the calculator is correct.}n this respect and inserted .
parentheses where none were ;ccossary, or altered the

question by inserting parentheses.

Research Questions Related to the General Use of the

Calculator . ‘

Ql15--What are the necessary techniques for

effective calculator use?

It Qas observed that in the classyoom most, but
not all, students used the calculator by holding it in
the left hand and operating the keys with the right,
usually while holding pen Or pencil in that hand. Only
a few generally left the calculator on the desk and
operated it in that way. The most common way for these
students was to operate the calculator using the right
hand. However a number of students used the left hand,
a technique that had been suggested to them by the
researcher éarly in the project. This seemed to be the
more predominant technique in the personal interview.
Although this was efficient in terms of hand movements
and hence in terms of time, it was no'more Or less

accurate than other methods. ]
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Ono student, F-112, who was the most caroloss in
termg of how the calculator vas handlcd, almost always
picked it up. rested it on the fingers of both hands and
ther manipulated the keys with the thumbs. During the
in-class discussiong this student toﬁdcd to have incorrect
results and often raised questions because of these. 1In
addition this student, more often than anyone else, would
recalculate because of the discov;ry of errors. It should
be noted that her two-thumb technique may not be the cause
of her arrors of catelessnesé, sinc§ this technique has
been mentioned as one possible way of handling a
calculator effectively.

It has been suggested that the use of the
non-writing hand would be an efficient way of operating
the calculator. Furthermore, the operation should be
similar to that of a typewriter -- certain fingézs
operating certain keys and the use of.a touch system
allowing the operator toO observe the display or 25;
working materials. Some calculators even have the '5?
key constructed differently making it discernible to.
the touch (a raised dot on it or having a slight concave
construction) . From the experience of this project it
does not appear appropriate to make such operations
mandatory for grade 8 students. Furthermore, calculators
are not standardized and hence mastery of one would not

be directly transferable to another. However, encouraging

3]
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the use of the nonrwriting hand for’ oponu.n.‘ the
. ca'lculator would be an advantage. A

. Because of the uncertainty iurrounding
ealculator manipulation, further research 'umodod
to determine the best technique.

The most efficient calculator users, those who
got answers quickly.and accurately, had developed in
certain skills and techniques. However, not one student
could be classified as being excellent in ability with
the calculator. Yet all students were able to manipulate
the keys successfully. _Tﬁo more proficient calculator
users tended to check the display to see whether the
number entered was the correct one. Whenever any doubt
arose as to the accuracy of the result all students
would recalculate for verjification. It was typical of
students to do all calculations on the calculator even
though paxts.of A series of calculations could be done
mentally very readily. For example in doing 16 X 7 + 3
;tudents would invariably enter all of these steps on
the calculator. Sometimes the better ones would remark
that théy could just add 3 but meanwhile they\would
actually calculate it,.

Uncertainty about their own recollection of
arithmetic rules led to reliance on the calculator.

Faced with 8746 + 100 the students resorted to the

calculator since they were uncertain whether the decimal



should ke moved right or left. Naving done it on the

calculatos they would feel reassured that the m.u they
thought of hol.dc and would oftea remark that, Q. yes!
You just move the decimal wo plades to the left.” Omly.
the very high-achieviag students would give such an
answer directly and confidently without feeling the need
for Q‘zgzication on the calculator. If the queagiqn was .
8746 7 100 + 753 then the students would automatically
enter the whole thing into the calculator. The series

of operations apparoncly’eund thea to rely on the
calculator. Even something like 9 X 8 + 39 would likely

evoke 9 X 8 ¢+ 39 = , except again in the case of the

high—achi.inq studonu( who would enter 72 ‘+ 39 = . If
the quostxon vas 9 X 8 + 30 « then the high-achieving
students would most probably give 102 directly without
resorting to the calculator. The low-achieving students
would calculate the whole thiﬁq. -

The students did not ton& to estimate results or
tend to be alert to the reasonableness of answers. In
Checkpoint Number 6 (Appendix E) number ten posed the
.situation of a student calculating that it yculd cost him
$31 025 to buy an 85¢ hamburger daily for a full year
(365 days). The question wids: What would you say to him
if he told you tkat? Ninevof sixteen students agreed
that $31 025 was correct after they had an opportunity to

calculate. Of course they multiplied 365 X 85 = and saw
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the correct sequence of digits. The other students s;w
that something was wrong. Two students, F-111 and-M-124,
both high-achievers in mathematics (of five placéd in!
;Pis category), were the énly ones who immediately saw
.that thirty-one thousand dollars was unreasonable for
365 days at lesd ?han one dollar per day. The other five
who said this was wrong concluded this by doing the
~actual calculatioﬁ and then hoting that it was a decimal
placement p;obiem in stating the result as $31 025
rather than $310.i$. Surprisingly, one high-achieving
§tudent, M-113 (second to M-11S in matﬂ;hatical abilityd,
did this calculation and agreed that $31 025 was correct.
If estimation ability and judgment of
»reasonableness of answers are considered to be
characteristics of good calculator users then this is
sd for only the high-ability students. Even then it is
not always true that such students are alert to this
problem. .In spite of the large.amount of pracpice
exercise; students did on these learnings, the sk}ll di
_ not transfer readily'to other related situations.

Most problems in calculator application appeared’
to have a mathematical source -- conceptual, algorithmic,
or hueristic. A common illustration of this is the fact
thatAstudents were reluctant and unlikely to analyze
problems before resorting to calculation. It was

assumed that such analysis would be characteristic of

L
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efficient calculator users. In doing multi-step
problems students would calculate at intermediate stages
and Jse i.fse figures in proceeding to the next stage.

A typical example of a problem where students
were anxious to calculate intermediate steps is
illustrated by the lasé question on the "Powers" page
(Appendix C). The last part of the question required
that a total of 1.8447 X 1019 kernels of wheat be
evaluated at $90 per tonne (metric ton). The number
of kernels had already been established from previous

calculations. At both schools when it had been

established that the number of kilograms was

1.8447 x 1019
147 000 -

kernels make one kilogram), students were anxious to

(since it was known that about 147 000

do this calculation before proceeding to the next step.
The class and instructor then established that is
quantity of kilograms would be divided by 1000 to
convert to tonnes and finally the value would be found

by multiplying by 90 so the final result was
1.8447 x 1019
147 000

situa¥ions that students would calculate intermediate

values rather than display on paper the complete

+ 1000 X 90 = . It was in such

sequence of calculations.
The above example also illustrates another
characteristic of good calculator users. This is the

' S
habit of writing out a sequence of calculations before
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actually doing them. Students were :&ﬁuctant to write

/
/ any steps. The predominant pattern was to read the

,/ question and immediately calculate. The lack of a
written record made checking more diffiéult. A written
sequence made the analysis much eaﬁier to follow and
generally led to fewer errors. The researcher always
encouraged thil‘and displayed the format when doing
sample problems. However, this pattern did not become

!\_,aw;eqplar habit of the students. Often the students were

askedxio supply the KSS first and thgn to do the

calculations.

The writing of the KSS was another characteristic
of good caiculator users. However, students would not
normally do this. The availability of a machine
apparently led to a disregard of previously-taught
mathematics procedures. Since the machine was
available that was the thfng to do. Students suddenly
attempted to use the machine to the exclusion of any
other methods which would support the machine. When
students were asked to give the KSS (and this was
usually done for complex problems), they tended to be
weak in this ability. The high-ability students could
usually do better at stating a correct KSS. Low-achieving
students would confuse the KSS with a statem®nt of steps
used 1in soiving a problem. Also they tended to

indicate partial answers in the KSS. For example for
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19
1°3%%;4§°é° 3 1000 X 90 the KSS would probably be

1.8447 EE} 19 + 147 009" 1000 X 90 = . Student F-116,
" |

who was not proficient in doing complex seqhenceh, would

14

likely show 1.8447 EE{ 19 < 147 000 = 1.2549 X 10 + 1000

X 90 = . This ltudent would record the intermediate
result, 1.2549 x 1014

From the dat; gathered here-it is apparent that
the foLdowinb"ﬁgactices of good calculator usage are not

developed in an incidental manner:

--the habit of constantly élancing at the display

@ --assessing reasonableness of answers

™

--estimating approximate results

-—gnalyzing’gzbblems and displaying a full KSS
prior to calculéting

--distinguishing between a KSS and the

mathematical steps as well as the intermediate results.

Ql6--How well do calculator students use the

calculator?

This question is intended to give a general
overview of the ability of grade 8 students with
calculators.

As a trivial point it is noted that all students
learn very easily the general overall calculator operation.
They easily learn the general pattern of key sequences for

basic calculations. Questions such as 79 + 273,
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897 - 648, 247 + 43 are easily carried out by all
students. When chaig’calculations oécur which require
a direct feed-ii studepts are le to do these witﬁout

. difficulty. Suth an e[ample is\275 + T34 + 63 X 376 = .

This iQ\relatively easy for studqnts beéause'the
calcula:)r is programmed to compute with the correct
order of operations. Such a computation as

835 X (89 -Ié2‘+ 38) would also present no difficulties
secause the calculator contains the parentheses function
and students would feed these in. The calculator would
then give the correct result. When computations involve

éomplex frqctions,‘ﬁqr example §§§%E7T or a more

876 X 16 + 77 . o
complex one such as T T T X9 only the high-ability

studehts would likely get this right. The average and
low-ability students would most likely make an error in

dividing numerator by denominator and get the result for

876 X 16 + 77
38

+ 74 X 9.

More details of how well students che with
various mathematical calculations are provided in
previous questions (see Q4, Q5, Q6, Q7, Ql0, Ql3, and
Ql4) and in Chapter V (Case Studies).

All students developed efficient technigues
in manipulation of the calculator. Most either operated
it with the non-writing hand or alternated the writing
hand from calculator to paper (for recording results).

One student used the two-thumb technique or alternated

-
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this with the use of the writinq ﬁind, but ’hc tended to
makefotrors because of her carelessness.

téenerally students did not watch the display
. sufficiently. This, coupled with their lack of use of
estimating skill and lack of skill in assessment of
reasonableness of answers, contributed to further errors.
The number ot;errors was usually dependent upon’ ncadepic
ability, the high- ability students making fewer errors
of this nature th%p the students of lower ability.

Stuaantsﬁdo not analyze problems. As a resu{;)
they have a difficult time with probiéﬁs needing several
steps or with computations requiring several stages.
Students of high ability have better success than students
with low ability, probably because they can decide on the
steps required'ahd can retain these mentally. Students
of low'ability do not have this capability and so are not
able to ‘solve these problems. It appéars that the
thinking of stpdents follows a pattern, fo;lekample,
"Irll add these numbers and divide the re;ZTt by this
number [(and they do this.on the calculator]; now I must
multiply this by the next number [entering this next step
into the calculator] and that's my answer." If this
analysis could be accomplished in written fashion by
low-ability students, it is possible that their success
rate would be greatly improved.

Finélly, students are reluctant to write a KSS

.for computations. This is closely related to analyzing

\]
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a problem, for if the KSS could be |stated correctly, {t

would mean-that the problem had been properly analyzed °

and that thofansyor would be correct., The writing of

the KSS would need to‘bocome a learned skill as part of

'tho developgunt in calculator usage.

Research Questions Related t Student Attitude and

—

Interest =~ - - . ;
F . . .

Ql7--How ddes the attitude of the calculator

students change over the period of the project?

The attitude of students was checked by a

questionnaire (Opinion Check) given to students early in

.

Athe project and then given at the end. The mean of the

s
first éheck was 35 and that of the second was 34.0625.

The standard deviation had increased slightly from 7.31
to 8.00. For the non-calculator users in the two
classrooms (N = 34) the .mean of the Opinion Check went
from 30.62 to 27.85, a decrease of 2.77. The standard
deviation changed from 9.57 to 9.83. Therefore the
change was im the same direction for both groups although
the mean chande was a larger decrease for the
non-calculator users. From this evidence it is clear

that the use of the calculator did not significantly

alter student attitudes to mathematics. An inspection

"of the actual scores for the calculator students, Table

II, indicates how slight the changes were for individual
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students. The ﬁo:t dramatic changes were scored by
F-114, M-122, M-123, and M-125, |

One major increase was for M-122. He seemed to
incr;ase in motivation throughout- the project and this
may account for the positive change. Another was for
M-125, an average mgthematical achiever, who responded
positively throughout the pProject and seemed to get a =
great dealwof satisfaction from his ability to answer
mathematical questions using the calculator.

The most spectacular change was a negative one
of 18 points for M-123. This student had better than
average ability. He was generally cooperative but not
one who liked to work diligently at calculator operations.
ThIs student usually sat back and played aimlessly
(with a pencil, a pen, the ruler, the calculator, or
whatever was handy) and waited for others to do the
problems. When the researcher made it obvious that he
was waiting for the student to do a calculation he would
do it. If a particulérly difficult problem was posed
this student's approach was spontaneous. That is, he
took no time to consider the problem or to analyze for
"a possible approach. He simply blurted out one answer
after another seemingly to attempt to hit the correct

one in that manner.
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TABLE I

Pretest and Posttest Scores

I

on Student Opinion Check

Pretest Posttest
Student Scores Scores
F-111 26 24
F=-112 27 37
M-113 38 33
F-114 25 17
M-115 37 41
F-116 38 35
M-117 34 35
M-118 33 32
F-119 47 45
F~-120 37 35
M-121 27 26
M-122 32 42
M-123 47 29
M-124 45 43
M-125§ 28 37
F-126 39 44
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There 15 no explanation for this student's
dramatic negative change in attitude. Throughout the
project there was no iﬁdica!!on that he might be changing
in his feelings about mathematics. His teacher reported
no changes. The researcher noted that he seemed to
respond the same way throughout the project.

In summary, students' attitudes,towards
mathematics did not change throughout the calculator
project. Only a few individual changes could be
considered significant. It is not possible to determine

the reasons for such changes.

Ql8--Will student interest in the use of the
calculator be high? Will interest continue without
further stimulation by the researcher at the conclusion

of the project?

The calculator is a most highly motivating device.
Student interest was high at the beginning of the project.
At both schools the researcher had a number of requests
from other students asking whether they could get into
the project; this was after the project had been in
progress for about two weeks. Students do not view the’
calculator as simply a machine helping them because it
removes the drudgery of calculation and thereby helps
them tackle more difficult and more interesting problems.

Rather they view it as an end in itself, a device that
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does the work for them. Therefore interest is high in
using such an aiqd. | |

A s;ydent,survey of the Calculator Students wag
conducted at the completion of six weeks Of the twelve
of the Project. a¢ this point seven of sixteen students
stated that they reqularly used the Calculator for other
subjecﬁs. The subjects wére.mqiniy Sciepce\but Social
Studies was aiso mentioned. Nine Students, including
the five who saig they used the calculator for Other
Subjects, stafed that they regularly took the

calculator home. Three of the nine said they did thig

(games, school Science pProject, other Calculationg--

unspeci fied) .

daily with their books as they went from class to class.
Three said they did while thirteen said they dig not.
However, normally the Students would Pick up their
calculators from their lockers just prior to mathematics
lessons. 1t jg interesting to note that the best
calculator user (and £he best mathematics Student), M-115
of School A, replieg that he often wmsed the calculator in
Other subjects, normally took it home and used it in a
variety of Situations (projects), and generally carrijed

the calculator with him to other classes. The best
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calculator user for School B, M-124, had the same
responses to the questions; that is, he used the
calculator in other subjects, normaliy took it home, and
generally carried it with him to other classes throuqhout
the school day.

In the six weokshfollow—up studénts were asked jif
they had used the calculator since the project had
concluded. Fifteen replied that they had while one said
he had not. The extent of use was not spec1f1ed in the
question but in verbal requests for clarxficatlon the
students were told that if it was generally their practice
to use it then they were to resbond positively. when
asked if they took the calculator to mathematics classes
every day in the interim, seven responded positively.
However, the qualifier "every day" led some to say "no"
to this question but then add that on occasion they did
take them. All sixteen responded that from time to
time they had used the calculator. Flve sald they used
it in science but all mentioned mathematlcs in such
topics as Rate, Ratlo, Percent; éxponents; general
calculations; decimals; equations; and fractions. One
student said she used it in a Business Education option
for calculating percentages and in completing bank forms.
Twelve pf the sixteen students said they had used the
calculator at home over the six weeks. The most common __

use was for doing homework (mathematics most often but
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also science and business mathematics). One student,
the .one of highest ability, stated that he used it to
calculatc-qrocory lists and for calculations in an
electronics Project.

The use in the interim may be thought of as low.
However, if it is recalled that the teachers did not
make, a point of adjusting the gurriculum nor of m¢k1n§
any special efforts to acknowledge the pPresence of
calculators nor to acéommpdate them in a sSpecial way,
then it means that the interest of the students was
well-maintained. Another good indication of the
interest is the fact that twelve of theystudents
p;rchased their cajlculators after the follow-up session,
when they were giveﬁ this opportﬁnity at 50% of the cost.
One calculator was lost (the student had intended to
purchase it) ang three others were returned to the
researcher. One Student purchased two calculators. of
the three returned, .two said thgy already had calculators
at home while the third said he would like to purchase it

but was saving his money for the coming holidays.

L

Research Question Related to the Curriculum

Ql9--Which topics of mathematics lend themselves

to calculator applicatidn and which do not?

During the Project students were involved in two

units, one on Rational Numbers ang the other on Rate,
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Ratio, and "orcont. In the unit on htional.l_botla
students also worked with integers. A unit test (see

App.ndu E) was ng‘n 48 a reqular

test in School B and students were not to uu calcuhton.
The researcher then gavé the test at a later date to *
the Calculator Students at both schools. Both units
involved a number of sections dealing with solving/o
equations such as 2.7x + 38 z 49.61. A consideration
of the results on the Grade 8 Mathematics test, which
was on integers, shows that such work is very easy on
the calculator. The results are shown in Table III.
This table gives the number of students making a given

number of errors. The mean number of errors was 2.33.

The table gives the results on only the first ¢t

questions, which are direct calculation quiWations.
Questjions 31 to 40 deal with solving of equations and
with evaluation of expressions which require some
additional skills or knowledge. Of the total of 31
errors made on 450 questioné (30 items for each of 15
students), eight of these errors were errors of sign.
That is, the answer was numerically correct but had the
incorrect sign. Student M-125, an average achiever,

made eight errors but four sign etro;s. It is surprising
that the lowest achiever, F-120, had no errdrs while

another student, F-1H4, an average a&chiever, had one

error on the whole p;;e (all 40 questions) and this was

N



TABLE III

Results on the Grade 8 Mathematics Test

\

e

Number of Number of
Errors Students

0 4

1 4

2 1

3 . 4

5 1

8 . 1
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a sign error. It is reasonable to conclude that direct
questions of calculations involving integers are
particularly applicable ta calculator computation. 
In considering questions 3% to 40 of the test
(solving of equations and evaluating expressions) the
results show that these are not so easily done. Of the
150 questions, 31 were done incorrectly while 14 were
omitted for a total of 45 or 30% error. However, 33 of
the 45 errors (or about 75%) for these guestions, were
made by six of the fifteen students. The four
highest-achieving students of the fifteen (the missing
student was one of the top five) made only five_of the
45 errors. °
The most dramatic effect of using the
aalculator for this test was in the time used. The
teacher allowed a forty-minute class period for the
test. Most students used the full time. With the
calculators the longest time used was 22 minutes with
most time sSpent on the last ten guestions. For the
basic calculations most students would have been
finished in about twelve minutes. In fact the fastest
time for the 40-item full test was twelve minutes and
several were finished in fifteen minutes and some in
eighteen minutes.

There is no doubt that for calculations

involving integers the calculator makes a dramatic
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difference not only in the time it takes to do suéh
calculations but a&!g in the degree of accuracy. If
students were taught algorithms which would be of
application to calculators for solving\questions then
the effects on such a test would be still greater.

When students were confronted with‘calculations
for regular fraction questions they had reasonably good
success using the calculator to assist them with the
steps required to obtain an answer in fraction form.o
Of course the calculator is much more useful when a
student, faced with something like 191;- + 13l s
permitted to obtain the answer in decimal form. As
indicated previously, Q8, students would prefer working
in decimal notation rather than in fraction form when
using the calculator for fractional computations.

Stu@gnts generally found the questions calling
for calculations with powers extremely easy using the
calculator. The calculator used for the project, the
TI-30, has a yx key which raises a number, y, to the
power, x. For instance 2 zx 12 = is ;he KSS which yill
raise two to the twelfth power. Howe&er, it will not
raise a negative number to any power; attempting such
a calculation results in the display of 'Error'. ¢
whenever the topic of power calculations was raised no

difficulties were experienced in calculations. The

troubles students encountered stemmed from their lack
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of knowledge concerning powers. Questions such as 325
presented some difficulty in interpretations; Series
such as 1 + 2 + 22 + 23 + ... + 2" also led to more
errors, not only because of the level of difficulty,
but also because of the number of separate steps‘required.
In one problem students were required to calculate this
series ton = 63. Only a few could successfully complete
it simply because the 252 moves needed left too guch
opportunity for errors to be made.

Generally students did not seem to find the
" calculator of great use in solving equations. One reason
may be that a specific format was required and this
céGEIEE_SIEE-EBe simplicity of the numbers involved did
not present opportunities for using the calculator.
Only the high-achieving students (the top five) who would
take ingermediate steps more easily could do equations
quite readily. Even such simple gquestions as
3n + 2 = 17 led to some difficulty for many students
but the good students probably did these by recognizing
that from -17 it is necesshry to subtract -2 and then
divide by 3. On the other hand if a student is required
to go through a sequence as illustrated following, there
is no point in using a calculator for such simple

problems:
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3n + 2 = -17

In+ 72 -T2 =17 -7

3n + 72 42 =217 4+ 2 | ®
3n = -15

(%xa)n--lsxé
n ;~-5

If students could ge taught appropriate
algorithms, solving of equations at this level would be

qdite a simple matter.

Research Question Related to Parent Attitudes

Q20--What are the attitudes of ¢t arents of

calculator users ‘towards the use of calculators?

At the end of the pProject the fifteen parents
(two students in the Project were from the same family)
completed the Opinion Check for parents (see Appendix E) .
This was an attempt to get the opinion of parents about
the use of calculators in grade 8 mathematics. No
indication was given which parent completed the cﬁéck °
or whether it was a joint effort. Table IV summarizes
the results of this check.

Twelve of the fiftee% homes have calculators
and in all twelve, students are allowed to use them.
Five parents made comments about restrictions. One | \
said, "To be used for checking mathematics calculations

and not doing actual questions." Another said, "1
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TABLE IV

Results of Parental Opinion Check

Question Number of Responses in Categories Shown
Number
Yes No Omitted
- 1. 12 _
2. 12 1 2
3. 13
Little or No

Hinder Improve No Effect Opinion

5 9 1
5. ; 3 6 3 1 2
6. ‘ 3 8 4
Highly Dep. to Not
Dependent Slight Dependent
Degree
7. 2 9 4
Yes No
10 3 2
4 8 3
10. 7 5 3
11, 15

Grade Grade Grade
10 8 7

12. 2 3 10
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believe ﬁhqy should not be used when it is for work they \
should figu;e'in their head.” A third said, "They are not
to be used for math homework," while a fourth stated,

:'Not for doing homswork where we have felt she should use
her head."” One parent simply réplied, '&one.".

Only two pa;entsﬁdid not favor the use of .
calcylators "To some extent in Junior High School."
A;though parents have calculators at home and students
are allowed to use them, the paredts are not so convinced
that the use of calculators will be so helpful. Although
nine parents said the use of calculators would improve
the children's performance in basic computation;l skills,
five felt their use’would hinder this development and one
felt it would have little or no effect. The division for
number 5 is greater since six parents felt the overall
performance in mathematics would improve, three said it
would be hindered and three said it would have no éffect;
one had no opinion and two omitted this gquestion. Eight
parents felt the attitude of students would improve. Nine
parents felt that students would be "dependent to a slight
degree" on the calculator in performﬁnce of basic skills;
two felt the dependence would be high and four felt they
would not be dependent. \

In spite of a souewhét divided opinion on the

effects of calculators on students' basic skills, general

mathematics or attitudes, parents were more certain that
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calculators should be permitted in the grade 8 classroom.
Ten felt they should be, three said they sh?uld not and1
two had no opinion. However, parents are stroﬂget in the
opinion that they should not pe used in all subjects;
eight félt‘that way while four supported use in all
subjects and three ?mitted this question. In\the matter
of using the calculator for tesggs, parents are not so
clear. Nevertheless, it is perhaps surprising that

seven favored their use, five said, "No" and three
omitted this question. All fifteen parents agreed that
the School Board should provide instruction to the
students in.the use of calculators and this should happen
in grade 7 according to ten parents while three favored
grade 8 and two suggested starting in grade 10 (Senior
High School).

In summary it appears that parents are not
definite in their opinions about the use of calculators.
They have calculators at‘home and allow students to use
them and favor their use to some extent in Junior High

£

the use of calculators will hinder perffdrmance in basic

School. On the other hand there iSLQQS; suggestion that
computational skills or in mathematics. Certainly
parents are of the opinion that the calculator will make
students dependent at least to a slight degree on
calculators. On the 2sper hand parents favor the use of

calculators in grade 8 but not for all subjects. They

¢
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also favor the use of calculators on tests. They aré
unanimous in the opinion that instruction should be given
in thevulc of the calculator.

The Opinion Check invited parents to make any
comments they wished abou; the use of calculato;s; six
did so. The following are five of the comments:

<
If a minicalculator is going to be used in a
school I think it should be limited to an extent.
A student should make use of his own power to
think and solve problems. I do believe in the use
of them, however. I also believe a certain amount
of instruction should be given where they haven't
used a calculator before.

As long as they have knowledge as to how mathematics
works there should be no drawback in the use of

the calculators, but it should not be used as a
substitute. '

I'm just concerned that the calculator will not
force the student to use the times tables and thus
they will forget in time.

I do not believe calculators are beneficial or
necessary in grade eight, especially in math
classes.

I feel that in the elementary area of education,
not enough emphasis is being placed on basic
computational skills up to the junior high level.
If this emphasis is not placed early in a child's
education, I feel the child's brain will become
lax if allowed to depend on agencies such as
calculators.
The sixth parental comment is lengthy. The parent
Stresses two points: (1) Arithmetic skills are
necessary but this parent feels Students are not yet
well enough prepared in these before entering junior high

school. One skill mentioned is the ability to estimate,

*e
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in which students are poorly prepared. (2) Mental
arithmetic is stressed but this'paredt feels not enough
practice will be experienced when calculators are used.
The v;riation in calculators also makes this parent
wonder about how students can adjust. Finally this
parent says:

However our children are products of the computer

age and should have an understanding of these tools.

I tell our kids, however, that they have a splendid
calculator always with them. TIt's called a brain.

Research Questions Related to Further Changes in Students

Q21--What changes occur in the calculator students'’
" knowledge of mathematics concepts and in problem solving

ability as measured by the Canadian Test of Basic Skills?

The Canadian Test of Basic Skills (CTBS) contains
two mathematical subtests, one which tests basic
mathematical concepts and the other mathematical problem
solving. A sample question from the former is

92. what numeral should replace n in the number

’ 3 = g_ ?

sentence 7 X n T °
1 5 8 5
l. 5 2. ] 3. T 4. lT?

and a sample of the latter is
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86. Connie bought 2 record albums at $3.95 each
and 6 individual records at 89§ each. How much in all
did Connie pay for gecords?

l. $5.34 3. $13.24
2. $8.79 4. (Not given).

The CTBS was given both as a pretest at the end
of January and again as a posttest at the end of April.
The re;ults are shown in Table V. The data provided'for
these tests give conversion of the raw scores to Grade
Equivalents and if desired these can be converted to
Percentile Ranks. The average GE (Grade Equivalent) for
the concepts tests went from 93.5 to 98.19, an increase
of 4.69 points. This increase is significant at the 5%
level using a one-t;iled t-test. You would expect that
each student would add three points to his GE and for
the concepts test an inspection of the scores shows the
increases (and decreases) and where these occurred. The
mean on the problem solving test went from 88.56 to 92.94,
an increase of 4.38 points. This increase, however, was

.
not significant at the S5%.level. An inspection of the
pre~- and posttest scores shows a wider fluctuation.
Although there are many spectacular gains (13, 14, 15, 18,
and 27 points), there are several decreasés (two of 9
points and three of 4 points).

The posttest was done without the use of the
calculator. The average GE score of the Calculator

Students rose more than the expected three points.
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TABLE V -
Grade Equivalents for Calculator Stuacnts on
Canadian Test of Basic Skills
Mathematics Nathoiatics
Concepts Problem Solving
Students Pre- Post- Change Pre- Post- Change
by Code test test test test
F-111 113} 106 -7 97 101 +4
F-112 77 79 +2 80 95 +15
M-113 110 108 -2 97 111 +14
F-114 94 103 +9 99 95 -4
M-115 110 119 +9 88 95 +7
F-116 85 94 +9 68 - 86 +18
M-117 98 105 +7 77 90 +13
M-118 91 103 +12 95 86 -9
F-119 92 96 +4 90 88 -2
F-120 70 70 0 46. 73 +27
M-121 74 . 91 +17 103 99 -4
M-122 96 98 +2 90 92 +2
M-123 92 92 0 103 99 -4
M-124 96 101 +5 97 99 +2
M-125 100 100 0 90 90 0’
F-126 98 106 +8 97 88 -9

student's score is the same
in the third month of the el
population.

e

lA\Ggéde Equivalent of 113 means that this
as the average of students
eventh grade of the norming
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However, there was no consistency when individual scorpi

are considered.

/

‘022-~How dia calculator studernts change @n
basic knowledge of computational facts (addition,

subtraction, multiplication, division)?

The students werg given one-minute tests én the
basic facts of addition, subtraction, Multiplication,
and division (see Appenaix E). These tests contained a
large number of basic facts and the students were
instructed to complete as many as they coul in one minute}
Tﬁé number of items correct constituted the score. The
same tests were used at the beqinhing of the project and
again at the end. Table VI gives the means both before

and at the end of the project for the Calculator Students

and for their classmates, the Non-calculator Students.

TABLE VI

Means on the Basic Facts Checks

Calculator Non-calculator
Students Students
Pre Post Pre Post
Addition 42.1875 47.1875 40.1471 44 .4706
Subtraction 30.9375 35.375 27.4706 31.5882
Multiplication 36.75 40.3125 35.7059 36.3824

Division: 37.25 42.5625 31.5588 36.6765
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None of the differences between msans is
significant at the 5% level between the Calculator and
Non-calculatof students (using a two-tailed t-test). An
inspection of tho means for the Calculator Students shovws
" that for all four tests there is an increase from the
pre- to the post-periods. This is also true for the
Non-calculator Students. All except one of these
differences, the multiplication check for non-calculator
students, are significant at the 5% level using a
one-tailed t-test.

-The above indicates that at least for the three
months duration of this project the calculator students
progressed as well, and even slightly better, than the
non-calculator students. Certainly they did not decrease
in their ability in thgﬁffcall of the basic facts of
arithmetic.

~
Q23--How did the calculator students change in

knowledge of Rational Numbers?

Both schools in this project JSised the consortium

materials prepared by proviqfial teathers and used in
man; schools in the province of Albe;t?,~.Rational
Number test items based directly on this curriculum were
prepared (see Appendix E). Two very similar tests were
developed to be used as pre- and posttests. Students

were given one class period, forty minutes, in which to

write the tests. For the pretest no calculators were
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used'but in the posttest the calculator students were
\\\;llowed to use calculators. Table VII gives the means
or both .groups of students for the Rational Numbers tests

and for the Rate, Ratio, and Percent tests.

TABLE VII

Means on Rational Numbers Tests

and on Rate, Ratio, and Percent Tests

Calculator Non-calculator
Students Students
Pre Post Pre Post
Rational
Numbers 17.75* 27.0625 15.2941 17.8529
Rate, Ratio

Percent 10** 29.125 9.2059 23.4118

*Maximum for pre- and posttest was 54
**Maximum for pre- and posttest was 53

!

In the Rational Numbers Pretest the difference
between means of 17.75 (Calculator Students) and 15.2941
(Non-calculator Stg@ents) was not significant at the 5%
level. However, the corresponding posttest means were
27.0625 and 17.8529 and the difference was significant

at the 5% level.

SN
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The concl‘rion is that the Calculator Students
did sigmjficantly better on the Rational Numbers Posttest
w{

than d!!“;he Non-calculator Students.

L ]

Q{ﬁ/zﬂow did the calculator students change in

their knowledge of Rate, Ratio, and Percent?

Since it was anticipated that students would be
working on the unit on Rate, Ratio, and Percent, both
classes were given a preteé@ on this unit. This test
was based on the consortium materials just as was the
Rational Numbers test. A similar test was constructed
to be used as posttest. The means for this test are
inc}uded in Table VII together with.the information for
the Rational Numbers Tests. The difference between the
pretest means was not significant at the 5% level nor
was the difference between the posttest.meanq. Students
were allowed to use the calculators on the posttest.

The posttest value of the mean for.the Calculator Students
is larger by 5.7 points but this difference is not enough
to be statistically significant. School A had completed
the unit on Rate, Ratio, and Percent at the time of the
testing, but School B had not. Table VIII shows the

means of calculator and non-calculator groups at each
school. The difference at School B is more pronounced

and this contributed more to the combined means than did

the smaller difference at School A. It appears that the
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calculator students had a decided advantage at School B
»
where the unit had not been\completed.

TABLE VIII
Posttest Means on Rate, Ratio, Percent Test

Calculator Non-calculator

Students Students
School A 30.75 27.625
School B 27.5 19.6667
Schools .
Combined 29.125 23.4118

Research Questions Added During the Project

Q25--What general mathematical knowledge or

skills appear important in calculator applications?

Based on experience with both calculator groups
for a total of slightly less thap thirty-six class pgriods
for each class, a number of observations were made which
deal with the mathematical behavior of the students but
which are not necessarily calculator-ori ed behaviors.

Several of these observations are given in order that
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they may assist others in pinpointing trouble spots in

grade 8 mathematics.

One genefal area of concern relates to division.

Many students (and not always-the low-achievers)

experienced much confusion in handling the division

sign (&) as it relates to a fraction, A , and in

B

verbalizing as to whether one says "A divided by B",

"B divided by A", "B divides into A", "B goes into A",

and

other possible interpretations. Although this

occurred many .times in class, it was also observed in

personal interviews. For example when faced with the

problem of converting % to a decimal a student wrote

8 *

7.“

7 with the explanation that, "I'm dividing 8 into

perhaps a standard format for A = B should be
]

adopted such as "pn divided by B" and this same form

sho

wil

uld be applied to B/ A . The following excerpts
1] illustrate the difficulties encountered:

Excerpt 6 (M-117): '

(In this question the student is reqieqed to
430

430 )
change —5% 333 ; that is, =33 = 333 2]

2
g: You divide 23 and 322 (Entered 23 + 322.]
R: Push the = key and look at the answer.
[Student did s0.]
Wwhat did you divide?
s: 23 divided 322

R: Divided what--into or by?
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S: By
R: Yes. So, do you want to divide 23 by 322?
S; No. j
Note the uncertainty as to the order (student
first ente;ed 23 ¢+ 322) and then the lack gf preciseness
in the language to be used in stating the division. The

follow1ngn3@ferpt further illustrates the lack of clarity

used: _ f

4

* Ekcerpt 7 (M-118): : Y

in the wo

[The student was considering the .possibility of

22 ]
133

“R: Are you finished?

reducing S55+—==

S: Do you want it in lowest terms?
R: Yes.
S: That [pointing to 22] goes in twice by 11.

In connection with the same situation, 55 22 ’

133

the following occurred wjth another student:

Excerpt 8 (F-119)

R: Now is that in its simplest form?

S: Well, it might go into 11 [pointing to 133],
I'm not sure.

The word "divides" is not used in its proper
meaning where "A divides B" means that B = AX + 0 and X

is an integer. Students use "go" for this meaning. The

next excerpt for the same student points this out:
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Excerpt 9 (F-119): »
R: You said divide 133 into 11 [but 133 + 11
was required].
'S: Oh! ([Did 133 + 11 = .] No, %F doesn't go

[meaning that 11 doe# pot divide 133).

R: So?

S: So that's the answer [meaning —%% is in
lowest terms]).

R: Why? -

St Qell, if 2 doesn't go into anything .....
well .... 2 doesn't go into anything that has a 3 at the

4
end.

Another somewhat related area since it refers to
language is in verbal statements about multiplication.
Students often said they were "timeéing" for
multiplicative situations. In both schools this language
was used. One teacher used that term often in talking
about multiplicag%gn. The term would also appear in

L3N
such instances as; "you»times by 12", when the meaning
is that the number is to be multiplied by 12.

Excerpt 10 (M-118):

R: It says 22 X 3 + 4.

S: Well, you times it first and then add.

R: When you feed 4 + 6 X 3 = into the calculator,

what does the calculator do first?
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S: Timeses it.

- Students should be given better guidance in the
proper language of division, multiplication, subtraction
and"perhaps even addition. Should we say "18 minus 6"
for‘18 - 6 or "18 subtract 6" or "6 from 18"? The
language is not the prime target but rather the
uncertainty of the meaning. Perhaps a more standardized
form of language would help in establishing the meaning.

In another category it was noted that students
have poor understanding of the equality or inequality
of certain quantities. For instance they are not certain

whether A =< B is the same as A + B < C, is the same

A
C B XC
as A - B+ Cor as A r (B X C), whether A - (B + C) is the

§ahe as (B + C) - Aor as A - B - C. In fact the

A . . .
FxC and A + B ¢+ C really surprised

students; it seems that they could not grasp the sudden

equality of

disappearance of 'a multiplicative situation to be
replaced by a division progess.

Students generally had a reluctance to carefully
analyze problems. It seemed more typical of the students
to rush in and begin some kind of caiculations. One
question posed to the students by the researcher asked
them to give the number which would represent the side
of a square whose area was 1000 kmz. Even though
students were ‘cautioned that this is not as simple as

at first it appears (the usual first response was 100)



131

and even though the researcher told tﬂem that it is not
a whole number, students had a hard time grasping the
square root application. They had demonstrated earlier
that they knew the basic meaning of square root but

they could not an#lyze ihis easily. Oné student, M-123,
who had the potential of being good with the calculator,
never spent any time analyzing and often shouted out one
answer after another or one suggestion after another as
to what should be done to arrive at a solution.

Excerpt 1ll:

R: If I have a patch of land that is square and
contains 1000 kmz, can you tell me how long and how wide
that patch must be?

M-123: 1 million, 1000 by 1000

R: I want to know how long and how wide it
must be so that the area is 1000.

" M=-125: 25

[Students were asked to do this on the calculator
and write the answer. As the researcher went around he
observed answers of 25, 250, 0.25, 1 OdO 000, 500, and
4000.]

(Many guesses were made and students seemed
disappointed that they were wrong, yet noone thought of
checking and deciding in that way if they were right or
not.]

M-123: 5002
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M-122: 10072

R: No.

(M-123 kept insisting on 100 because he said
100 X 100 = 1000.]

M-122: 1Is it in the 100 category?

R: You should know it when you get it because
you can always check. It's not a ;hole>number; that's a
hint.

M-123: 2.5?

R: No, 2.5 is not involved in it at all.

M-124: 33.33 333. ([He had divided 1000 by 3.

[Finally M-124 got the answer and when the
researcher asked him how many keys he had to punch after
entering 1000 and his answer was one, a number of
students then seemed to hit on the correct answer.]

(The answer was then provided for all those who were
not able to get it, includihg M-123.]

M-123: Oh, I had that before but I erased
[cleared] it.

Although M-123 was the prime example of a student
who rushed into questions with little or no analyses,
many other students behaved similarly. There was a
definite reluctance to establish a step-by-step pattern.
See the next excerpt for a further illustration of

attempts at analysis as carried out in the classroom.
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Excerpt 12:

(Students were presented with a problem similar
to the Tower of Hanoi problem but h§ving sii'discs.]

R: If I had one of these [towers] 'with 6 discs
on it and then had two other empty pegs [towers], how
many moves would it take to move all 6 from one peg to
some other one? Remember, the rule is that a larger
disc can not go on top of a smaller one.

M-123: 6

(As a class the problem was done moving three of
six discs and it was observed by all that seven moves
were needed. ]

M-123: So it'll take 14 to move the rest.

R: But you're making a rather hasty decision.

M-121: You have to move all of them round again
and it won't work.

M-123: That's true.

R: How could fou attack this'problem and develop
some kind of system? [No reply.] What's a good
suggestion, something you could do whenever you are faced
with a tough probleny

M-123: Get an easier problem.

R: Right. What would be an easier problem?

M-123: Just do three of them?

R: What would be easier vyet?

M-124: One ring.
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R: Good. [From here a chart for 1, 2, 3, ...,
discs was developed to obtain a pattern.]

Related to the behavior of poor analysis was
another characteristic which inhibited good mathematical
behavior. This was the reluctance to write any
intermediate steps, partial answers, a KSS, or perhaps
a summary of the steps needed to solve a problem. The
researcher attempted to set examples by blackboard ‘work
and by discussion but it is a habit of long standing and
does not lend itself to such a quick change.

Related to the reluctance for analysis was a
reluctance to state the ‘computational steps for a whole
problem before actually doing the computation. This was
described under Q1S5 as an aséect of good calculator
users.

Not only were students hesitant (or unable) to
produce written steps needed in solving problems b&t
their ability to vérﬁalize a solution is very limited.
The high-achieving students could explain quite well
what was needed to solve a problew but in general this
was a very limiting lack of ability. Most students
replied in one or two words or in simple phrases or
sentences. The researcher would need to question further
and lead the group to the next stage. See Appendix J,
Excerpt 6, for an illustration of a class discussion that

shows the simple answers and the step-by-step discussion.
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Students typically display a lack of checking
work. Many of the errors made would be eliminated
thfough checking. In the Grade 8 Mathematics Test on
integers, for instance, students would do -6 + n - -3
and get n = 9. A quick check would eliminate such an
error. Even though this has been a universal complaint
of teachers, the presence of calculators should provide
teachers a good motivational device which would stimulate
checkihg. Although the example illustrated would not
require a calculator for solving the equation nor for
checking, for more complex equatiohs it would be

extremely useful. 5
Vo

At times students appeared to lack necessary
mathematical knowledge for efficient calculator use.
For ¢xample, in checking for factors of 257 students
would try 2, 3, 4, 5, 6, 7, 8, ..., not realizing that
composites of previously tried numbers need not be tried.
Similarly, they could not accept v 257 as the largest
necessary test number. Perhaps some of these concepts
are too sophisticated for grade 8 students, but they are
in the curriculum and are taught at ‘this level (as well
as in grade 7). Wide discussion with student
verbalization should be employed to strengthen their

understanding of such mathematics.



136

Q26--what might a teacher do to incorporate

Calculators into regular classroom mathematical lessons?

From observations made it is obvious that some
activities are taking place which bring calculg;or- into
the classroom. School A has a classroom set of simple
four-function calculators and these have been used by
some teachers. The use is in separate calculator lessons
where the activities are designed to use the caidulator
in order to develop certain skills in junior high school
students. These activities are typical of many
suggestions for calculator use found extensively in the
literature (see Appendix F for sample questions posed).
These lessons were usually separate ones at the end of
the formal curriculum for that grade. However, from
this project it is possible to make a number of
suggestions which teachers should find helpful.

Teachers should become familiar with calculators
sO that they could appreciate their potential as well as
understand their limitations. Teachers should encourage
students to purchase calculators and should give them
guidance in their selection. This is important sincd the
market is being flooded with many kinds of calculators,
many of them poor purchases in terms of cost for the
functions available. The light-emitting diode (as
opposed to the liquid type) with a rechargeable battery

pack is still probably the most economical and the most
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versatile. For under $30 a student can obtain a good,
scientific ca&culatox that would serve a student
throuqhou£ pout-soc;ndary education.

Students should be q;ﬁ‘n problems with the
calculator in mind. ror instance, problems that deal -
with room dimensions could be based on actual measurements
of rooms taken bj the students. "Easy"” numbers are not

\

necessary as the calculator work is t much_moro

difficult when numbers more co Calculators

-

should be incorporated in O the re thematics

lessons. Many problems and assignme uld need to be
adjusted so that they become suitable for calculator
Application. Instruétion in calculators would need to
be given and special Calculator lessons would need to be
planned.

Students should be allowed to do more common
fraction computation in decimal form. However, tecchers
will probably insist that students know the pencil\and
paper algorithms so questions with "nice" fractjons, such
as 8% - 2% will forg part of the core. However;v

calculator students should be instructed that the

algorithm could be 8 + 1 T2 =2-(2+2 3% 3= (at least

on a TI-30 calculator). They should be required to

round off answers to some reasonable point such as to

the nearest hundredth. Perhaps this would mean that

the algebraic study of ratfonal numbers would be postponed

until students do 4 more formal study of algebra in later
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grades. This seems reasonable since they do not do
this under present circumstances in grade 8.

Teachers must recognize (and accept) that
calculatérs make trivial such computations as f
0.001 27 + 0.012. The objectives of work in thisvarea
could be altered. For example, in questions like this
students might be required to estimate the result or to
state where the answer will fall by giving limits such
as 0.1<X<1.0 or is it 1<X<10.

More time must be spent on analysis of problems

but fewer problems must be posed and assigned. A complete

analysis should precede any calculations.

75 + 17 X 35
16 + 64 + 32

The discussion might center around the meaning

Examples: (1) Calculate

of the exercise, the order in which one might compute,
how this would be keyed into the calculator (with a
written KSS), and how the calculator will execute the
steps to arrive at the solution. Perhaps most important,
the students should suggest estimations before they
'calculate.

(2) An automobile trip consists of sectidns
of 850 km, 638 km, 747 km, and 878 km. Find the total
cost of gasoline at 83.9¢ per gallon for this trip if
the car averages 33 km/gal.

Students should be encouraged to set up the

850 + 638 + 747 + 878
33

solution as

X 83.9 = and then
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execute this with the following KSS:

850 + 638 + 747 + 878 = + 33 X 83.9 = . The result would

then be recorded as $79.15. If the separate total
number of kilometres is required this could be noted
and recorded when the first "=" gign is pressed.
Similarly if the number of gallons is called for, this
could be noted when the "X" sign is jpressed.

The discussion for this problem could centre
around the difference between using 83.9 and 0.839 in
the calculation and perhaps why<$79.15 is reported in

view of the actual result obtained (7914.5667).

»,



CHAPTER V

THREE CASE STUDIES

In the previous chapter some of the andwers to the
research questions provide information on the thought
processes occurripg as the students attempt solutions to
“problems. - Howéver, in order'to illustrate more clearly
and in greater detail the abiiity of the students in the
use of calculators aﬂd to provide further insight into
thought processes, the performance of three students will
be described. The firse¢ is a student high“in mathematics
performance and in calculator usage, the second is average
in these two characteristics, while the third is low.

Each case study concludes with a summary of the strengths
and weaknesses of that student in his ability with the

calculator.

Case Study Number One: M-115

This student is a male whose age was 13-3 at the*
start of the project. His IQ is recorded as 135 Verbal
and 123 Non-verbal on the Canadian‘forge Thorndike Test.
His year-end grade 7 mathematics grade Feported in the

»

permanent file is 70 percent. This student is a pleasant,

friendly person, able to artigulate his position clearly.

v “ g

a"ﬁ’ ’
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He was dbvious;y keen in his work with the calculator.
From comﬁents he made, he was interested in many different
projects including a science one on which he was currently
working. Héﬂdisclosed that they had several calculators
at hoine and that he had used one before; he ,d:i_.d purchase
the calculator uséd in the project when the opportunity
was presented at the conclusion of the project.

Although he was interested in all types of unusual

pat - do much homework

r, except for the
last worksheets dealing with the.cﬁlcul#tions of 7, he
was able to complete tﬁem in class with some homework.

In using the calculator, this student's normal
mode of operation was to use his left hand for operating

ator keeping the right hand free for recording

”Fﬁowever, for some questions (like 1. b, of
Pt Number 6) he would switch to operating the
‘ flator using both index fingers.

‘In working mathematics questions, this student
applied his own strategies. This.was obvious yhen his
group was working on integers. When doing 42 + fgs + 8

using a calculator, he did 36 + 8 - 42 = and stated that

he did it like that knowing that the'answer,would be
negative and he would then imsert the appropriate sign.
Excerpt 13 (M~115):
S: I did 36 + B = and then minus 42.

R: How do you know that's right?
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S: Because 36 and 8 are both neg(}LVe 80 you add

.them together and that's a negative number and then it's

bigger than 42 so you subtract and call it a negative
number.

R: In number 11 (7316 - 7119 = | you did 31¢ -119.

S: So it's a negative.

R: What if it had been + "119, what would you’
have done? |

S: I would subtract the two numbers.

R:  You would subtract?

S: Well, if it was ~316 + 119 then I'd add them
and just take the negative sign.

This student was not using ‘the +/-'key (éor”

changing the sign of the display) in the way that would

be obvious. For 316 - "119 the K§S would normally be

316 +/- = 119 +/- = but this studeht employed strategies
)

which he had previously learned, apd applied these to

.'5
his calculator strategies. =

This student analyzed problems well. 1In the

fifth week of the project his group was given the

75 X 47 - 63"x 12 _
16 X 14 - 12 X 8

efficient key sequences could be employed to solve this.

following to calculate: Several

Student M-115 gdid as follows:

75 X 47 - 63 X 12 = STO 16 X 14 - 12 X 8 = EXC + EXC =

For this poinf in the project it was a very good sequence.
It is not the most efficient in terms of key strokes

since the use of parentheses would be shorter, but
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nevertheless it was a good sequence.

This student was aware of certain requirements
necessary in order to use the TI-30 calculator correctly.

. For instance pressing'the "=" sign key completes all

calculations to that point. This is a very important
point and must be recognized in compléx calculations. 1In
finding the cost of fencing a city lot 33.5 m by 18.6 m
at $13.95 perx metre this student used the KSS

18.6 X 2 + 33.5 X 2 = X 13.95 = ., He knew that no

parentheses were necessary and that the first equals sign
vauld complete the calculations and give him the
/périmeFer.

A In simple calculations this student did duestions
mentally. Questions such as 9 X 8, 18 + 7, 247 + 100,
8746 + 100, and 2 476 345 X 1000 were done without using
the calculator. 1In questions such as 768 + 768 + 768 + 768
he was quick to spot that one would do it as 768 X 4 = .

He understood the function of.parentheses. One
question he was asked to do was (86 X 86 + 47) X 25 + i? =

which he did as 86 x° + 47 = X 25 + 17 =

Excerpt 14 (M-115):

R: Good. Now, if you forget the brackets and
just did the gquestion as shown (but left out brackets)
would you get tlye same answer?

S: No, because it would go 47 X 25 and then add

the two together [showing 86 X 86 and 47 X 25].
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Of course in basic calculations this student had

no AiffiCUItielw Questions such as 7300 X (47 + 78) = ,

finding pgyers, expressing fractions such as g—i— as

decimals or as percents, were all done in a

straight-forward manner. In the ninth week he did

63 X 27
+ + 3. -

63 X 27 = STO 933 + 44 X (17 + 3.8) - 234 = EXC + EXC =

by showing

and when asked to do the question another way did

(63 X 27) + (933 - 44 X (17 + 3.8) - 234) = . The second
way was just slightly more efficient than the first, -
and even the second could have been simplified as well.
In doing two questions, 75 + 38 X 4 - 16 X 7 =
and (75 + 38) X 4 - 16 X 7 = , this student calculated
correctly and efficiently and was able to explain wh§
the answers would be different.
During the interview prior to Checkpoint Number
6 a nuftber of questions were asked ‘about thkvoperation
of the calculator. He easily identified the function of
the x2 key, the JX key, the % key and the yX key. He
was able to explain how to set the calculator so that
16 could be subtracted from other numbers without the
necessity of feeding 16 every time (making 16" constant
of subtraction). He made several attempts at this before

he got it right but it was his own solution.

In doing Checkpoint Number 6, this stx
demons&rated'clearly his ability in the use of
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calculator and in.applyihg it efficiently in mathematical
situations. It also points out some of his weak spots.
1. He had no trouble establishing the sequence:

747, 723.4, 699.8, 676.2, ' ' . He did

747 - 723.4 = - K 747 = and this sequence correctly

establishes the difference of the first two numbers,
23.6, as the constant of subtraction. By then feeding
in 747 = after K and then following the last "=" sign’
with more "=" signs, the calculator will begin with 747
and in turn subtract 23.6 for as many times as one ,
pushes "=". The one inefficiency in this sequence and
in the next one demonstrated by this student was the
fajilure to use memory, STO, to save 747. Had he done

747 STO - 723.4 = - K RCL =, he would not have needed to

reenter 747. The second one had more complex numbers
and there the use of STO would be a significan; saving.
However, the researcher considers th;;sé.éf memory in
this way a sophistication that wouia take constamt use
of a calculator in a wide variety of situations over a-
period of at least a school year.

2. In question 3. a) when required to divide
13.5 billion km by 300 060 km/s this student correctly

used 13.5 EEj} 9 + 300,000 = . However, he did what

almost all students did in this question and that is
state an incorrect unit (km/s instead of s).

1t would have been most efficient to realize that&,
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13.5 #+ 3 = 4.5 and then adjust the location of the decimal
by noting that one billion is to be divided by one
hundred thousand leaving ten thousand and so the result
would be 45 000 s. However, this student did not attempt
this or even comment on the possibility. No student
realized that this was a method of attack.

3. In doing 18%% = 33 and then using this result

to change to a new denominator, this student

73 - 322
easily did 18 X 23 + 16 = {430] and then

322 + 23 = X 430 = . The one inefficiency was that he

cleared 430 from the calculator and so had to reenter

it but again this requires\a high degree of ability in

¥

the use of the calculator.  In doing 322 + 23 = X 430 =

he knew (when asked) that the fiést "=" is not
necessary.

4. 1In reducing T%%’ question number 5, this
student showed some difficulty with prime numbers aﬁd
reducing fractions. However, he r;covered quickly‘under
guidance. |

Excerpt 15 (M-115):

R: So can I%% be reduced?

S: Well, 3 doesn't go into 22 and 2 doesn't go
into 133 since it's not an even number. 4...... no,
because......

R: Wait, 22 is what?

S: 2 X 11
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R: So?
S: We checked 2 and 11l.
R: So?

S: I guess you can't reduce them.

5. In question number 6, 24% X 36%% ; to be

answered in common fraction form, ﬁhis student began by
wanting to multiply 27 by 36.. In discussion we reached
the conclusion that this question does not parallel
addition where it would be possible to use such an
approach.

Also in this question at one '‘point (when he had
19 5

-3

= X s ) he wanted to multiply 7 by 15 with the
intention, he said, of finding the common denominator.

However, he caught himself and said he didn't need it.

6. In doing number 7, 18; - 12%% he did
7 + 9 + 18 = - (10 £ 11 + 12) = . After 11 he wanted

to put.@n "=" sign (something he didn't want to do after
the 9), but the researcher stopped him. The student
himself then realized that if he did that, all operations
to that point would be completed.

7. This student did guestions 8, 9, and 10 with
no trouble. He seems td experience, however, some
difficulty with basic facts; this will be explored later.
In question 10 a value of $31 025 was given as the cost

of one hamburger at 85¢ a day for one year of 365 days.

i

This is numerically correct but the actual cost should
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be $310.25.

Excerpt 16 (M-115):

S: [Thinking aloud.] 85¢...365 days...[(pause]...
that's right. No, it isn't....hold on [did 365 X 85 on
his calculator). No, that's wrong.

R: Why? «

S: It's only 310 dollars and a quarter.

R: Right. '

S: That's [pointing to his display] 31 thousand
and 25 cents.

8. In ll. b) where students were asked to

calculate the answer for 49 + 85 X [ ] = 703.5, this

student began by 703.5 - 49 * and then:

Excerpt 17 (M-115):

S: Hold on, I don't want division [he is correct
since he must evaluate 703.5 - 49].

R: Well, you can always divide by something and
not change the answer. (Student then did 1 = following
what he had already done, 703.5 =].

S: Now I can go to the division.

The researcher noted that he was the first
student (of ten interviewed to this point, and as it
turned out, the only one of the sixtéen) to be able to
solve this question. It appears that students typically
did not see this as an equation. It also shows that this

student solves an equation by a format which seems to be
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discouraged in school, zgzi%gl—ig .

In question 9 involving estimation this student
~displayed some good mathematical thinking. Students
were required to estimate 67.73 X 38.5.

Excerpt 18 (M-115): -

[After establishing tQat it is about 70 X 40 or
about 2800.]

S: 2800....well actually I'd say 2700 because
they're both a bit high. [(He was the only student who
had even suggested this approach in estimating.]

' 9. 1In doing 1 + % + % + % + % + % + % =
this student was going to do each fraction mentally and
add 1 + 0.5 + 0.33, .... but the researcher suggested
tha£ this might be difficult when you get to fractions

that are not obvious nor easy. He then did

1 +1+2=+1+ 3=+ and so forth to the end of the

series. When gquestioned about the reason for the "="

signs he said that he just liked to see the intermediate .,
results. However, the researcher told him that pressing
the next "+" sign has the identical effect. When the
student got to 1 + 4 + the researcher asked if there

was another way (perhaps an easier one) by which he

could continue.

®cxcerpt 19 (M-115):

S: Just do them in my head.



R: No, there's a way of using the calculator;
we reviewed that earlier today. (No reply.] Well,
finish the qucltion‘al you chg doing and write your
answer. (He did.] Now start ;qain and enter 1 + . Nqu

“

what can you do to get 1 over 2. [No reply so

¥

. 1
instructor pressed ig .

S: Why would I want to do that?

R: Because that key does exactly that. Whatever
you have in the calculator it will do 1 over that numby .

S; ©Oh, that's right. [He then finished the
question in this way.]

10. The last question of Checkpoint Number 6
called for calculation of 64 + 198 X 32 - 8344 + 56 =
This student ran into some problems because he wanted to
apply'his rules for integers and do the addition first.
All other students proceeded to enter the question
exactly as shown and of course with a calculator
programmeg to be algebraically correct this is a
straight-forward que#tion.

Excerpt 20 (M-115):

(Student began with 64 - 198.]

R: But that will be negative.

S: Isn't 64 - 198 the same thing as the other

[(T64 + 198]2
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-

_ R: Besides, don't you want to multiply these
(198 X ~32)? (No reply.) The calculator will mul tiply

first {f you enter numbers in the order shown.

. L] . -
8: Yes. -

R: But you don't want 64 minus that number
(198 X ~32]. (Researcher wrote 64 - 198 X ~32.]

You don't want to do this, do you?

S: 1It's the same thing, thdugh. (Further

discussion clarified this concept.] - -
N e
A genezal observation about this student is that

although he usually displayed good calculator usage and

excellent knowledge 0of mathematices~he had sfoubleswith

some basic mathematical facts»> *
Excerpt 21 (M—llS): .
o - . o ¥
;,E‘: ‘? S: Because l.t wopld-go 6 X 3 X«O anﬁtthen add 4
'{ ~Yand U&:m add the other 4.
FP R IER -
N A R
LS O R: what wauld it give you then’
wa* < s: That's 18 X 3, that's 30, 20, e uh, ...,
e N - -
. J ) l“‘ N
- 50 some, 54.
Excerpt 22 (M-11l5):
(After completing 18% - 12%% and getting
o
5.868 686 9].
R: Cquld that be correct?
S: Because 18 minus 12 is .... uh .... [long

pause] 6.
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'Excerpt 23 (M-115):

S: That's about 3500.

R: No, it isn't. What are you doing?
S: 70 x 4¢.

R: So it isn't 35,

S: Why not?

R: What if 7 times 4?

S: Oh, 28; Y was thinking of 7 times 5.
ﬁxcerpt 24 (M;IIS):v

(Discussion on addition or subtraction of

integers}.

W oW oW 0 ow n

R: Is -5 + 7 the same as.5 - 77

S: Yes.
What is -5 + 7?2
3 .
No.
Uh:... tha& gives you....ub....lz.
No. . ‘
Yes, it does.
No, it doesn't. A
It gives you negative 12, sorry!
R: No, positive 2 and the next one [5 - 7] gives

Yyou negative 2.

v

S: Oh, yes, that's right.

R: So these aren't the same.
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..S: Right. 1It's the other/way"'around it's the
same [7 - 5 same as -5 +7]. ‘

In reply to dpecific questions at the end of the

project this student indicated:

>~

1. He liked novel tasks oq/the calculator; fo

example, the "Talking" Calculator quest@ons.

2.- He found no parts particularly easy rela'
to others on the calculator. ' R »

3. He found complex fractions [which we did
from time to time] difficult at first. "I had a.bit
of trouble with that at the beginning but then I found
out how to do them."

4. He:aidn't use the calculator for many parts
in mathematics class per§ods, ", .. because most of them
were like 5 + 7 and -stuff like that. 1It's mostly how to
do. it and not real tough numbers so I didn't use it for
that.”

5. Qe used the calculator when given equations
had more difficult members.

6. He favors allowiné use of calculators in
school but not for tests and ‘examinations.

7. He states that the calculator helps but does
not show students how to do guestions.

In the six-weeks follow-up (see App%ndix I),
this student did almost All questions perfectly. The

only weakness was shown in gquestion 9 where students
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were asked to convert each fraction T7' —l, and 6;5 to a

decimal., The most effective way would have beenﬁ‘o use

154

v

-,

the l key as in l7l . He did these as’ three d;vislon.
/questlons as 1 I-I; = . For whatever reasons this A%;
"student's retention of some of the procedures learqed waQ
excéllent. _ .

From the behaviors given it can be cénqguded that

this student

. -= is superior in using the calculator hat still,
needs opportunities for additional Practice and discussion
about general calculator techniques.

-=- is aware of the function of special keys of
this calculator.

-- is excellent in estimating results.

-~ excels in determining (and executing)
calculations mentally when such is appropriate, but some
basic facts seem to presant-diff;culties unusual for a
high-achiever. . "

== analyzes questions very well beforqi
calculating. ¢

== 18 reluctant to wri&engééps but rather
proceeds directly to the calcplation.

S - ope:ates very well when numbers are large; 1is
aware of how to use the calculator properly in handling

such numbers.
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-- can use the calculator for doing rational
number algorithms and obtaining the anﬂwor in common
fraction or decimal form: if the common fraction notation
is required, more practice opportunities would be needed.

-- generally considers his préblems‘so that often
he realizes his own errors at the time that they occur.

-~ is strong in mathematics but at times wegk in

I 4
some basic facts of arithmetic.

-- retains'his knowledge extreﬁely well about the
use of the calculatér. This was demonstrated in the
six weeks follow-up.

-~ has a high regard for calculators and a keen
igtzfest in using them.

In QlS a number of characteristics are éiven for
good calculator users. This student is véry competent
in a nutber of these; he estimates well, he is thorohghly
familiar with the functions of the keys‘as qgvered in
this project, he usés mental calculations when such are
apprépriate and doés not rely on the calculator for
these, he is confident in operating with laqgg numbers,
he is usually aware of the total problem and often
realizes Bis own mistakes. On the other hand this student
was weak in writing steps before doing calculations
although he excelled in analyzing problems and determining
what had éo be done. He also needs more practice for
many algorithms to become competent in all4é§ dhese.

’ »
?
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.9 S \ '
‘ %ase Study Number Two: M-118 °*

]
oy

This student is a male whose age was 13-7 at the
start of the project. His IQ is recorded as 98 Verbal
and 112 Non-verbal on the Canadian Lorge Thorndike Test.
He entered érade 8 mathematics with a grade of 45
percent at thé end of grade 7. Hé is a pleasant person,
friendly, éQs? to talk to, and was interested in
spending time outside of classuin discussing the project
or other matﬁers of interest to him. He was keen about
using the calculator and commented several times abouﬁ
how he enjoyed doing thisﬂwork.A Although he had had
contact with calcdlator§1p§ior to the start of this
project, it was only Ol'a casual basis and like most
stﬁdents he had not worked with them in any regular or
intense fashion.

In operating the calculator this student used
his right-hand (he was right handed) and frequently
shifted his pen fro& hand to hand as he went from
calculation to writing. ]

Generally he worked diligently on worksheets and
assignments in élass but occasionally®had to be reminded
,to return to the assigned work. Indications are that he
did not do much if any homework on caiculator handout
sheets as many were not done or only:partially completed.
Students were encouxéged and urged to do the worksheets

as close to completion as possible but no pressure was
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used.

Complex fractions were used at many points in the
project since they tested students' ability to analyze a
series of'computations and'organize their responie. This
set of questions and some series were not completed by
this student. He also neglected to complete a page in.
which practice on using the constant (K) key was given
and he omitte@ completely two pages on estimation
practice. He had done most of the pages with number
patterns but completely omitted gaqes two to six on
"Working with Fractions" and two‘}ages on "Some
Further Patterns". This omission does not mean that he
had nodpractice on these topics; it means he neglected
"to record answers for thése questions completed in class,
and he did not do additional ones in class when time was e
provided.
\ Ih géneral this student was not very strong in
mathematics and not very strong in calculator usage. He
easily learned some of the basics of calculator usage,

but he had difficulty with more complex features. In

the fourth week this student could not understand how

38 X 14 _ ., 414 be accomplished by the KSS

16 X 4

38 X 14 = STO 16 X 4 ;KEXC + EXC = . He didn't know how
to approach a problgm such as 643 + 929 + [ ] = 2617.

. 75 X 47 - 63 X 12 .
In the fifth week for T X 13 _\12 ] this student

produced 75 X 47) - 63 X 12 = STO 16 X 14) -12 X 8 7 RCL =

.

Aai.- . '!ﬂ'...b ?
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and got 223.965 33, which is incorrect. To 4o his

sequence correctly he would have needed "=" after 8

and then EXC v RCL, = . What he accomplished was

16 X 14 - 12 X gp—zm - A basic error he
made (in addition to neglecting to put "=") was to
bnv‘;t the ;:-plcx fraction. In a follow-up lesson to
this the above question was corrected and discussed.
During the follow-up lesson students were given a

N 75 X 47 - 63 x 12 -
similar one, T X148 - 5% (38 - 47 and this student

correctly produced the following KSS:

75 X 47-63 X 12=5T0 16 X 14 -3 X (38 + 47 =EXC ¥ RCL =

In the seventh week this student still had a
difficult time distinguishing between a KSS and a
mathematical sequence. For (-2)2 he showed -22 for
the KSS rather than 2 +/- x2 . However in this week
he did the test on integers and got two errors (one was
a sign grror) in the firs& thirty gquestions. He

correctly did all the six equations but omitted four

-

questions calling for evaluation of expressions )

- <]
(example: n2 - 3= when n = -5),

In af? interview in the seventh week he

-=-did 9 X 8 mentally.

»

-~did 4 + 4 + 4 + 4 + 4 as 4 y* 5 = but when

asked to read the quegiion realized his misinterpretation
‘.

and corrected it to 4 X 5 = ; that,’l., he used thg

.

calculator for this.

”
A
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--did 768 +' 468 + 768 + 765 = WP 768 x 4 =

--did 8746 < 100 on the calculatér and after that
he said he knew an easier way of doihg it by counting
two plgces and placing the decimal point.

 laid 2 476 345 X 1000 by attaching three zeros

to the originalrug?ber.

--did 18 + 7 mentally. .

--did 247 + 100 mentally. .

-~did 97 X 97 as 97 x° but wasn't satisfied so
repeated as 97 X 97 = and noted the answer was the same.

In this same interview he had trouble with
(86 X 86 + 47) X 25 % 17 = . If this question is entered
exactly as shown the correct answer will be produced by
the TI-30 calculator. }This student's problem arose in
attempting to rearrange the parts, assuming the answer
would not change.

Excerpt 25 (M-118):

S: Do I have to keep it in brackets?

R: That's plus 47.

S: I kno;. Do ;\have to keep in brackets or
can I go outside the braékets and then....

R: Do whatever you'need to do to complete the
quéstion, but what does the question tell you to do?

S: 86 X 86 + 47, bracket, times 25 and plus 17.
I was going to go, like 86 X 86 X 25 and then I was going

to plus 47 and then 17.
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This student is not sure about the necessity of
pﬁrentheles. In the same question, .
(86 X 86 + 47) X 25 + 17, he could not explain the
difference between the question as stated and a similar
one without parentheses. When this}stnﬂent did a complex
question and stuck to the given order he was able to

v

solve it correctly. In the eighth week he had no problem

5

with 37% - (16 x 14° - 8) + (8 x 10%) + 4000 mainly

because he adhered to the order given.

His limited knowledge of some aspects of ’
arithmetic were inhibiting in the calculator project.
One particular frustraﬁing experience is illustrated in
Appendix L showiﬁg the difficulty this student had with
a simple concept such as perimeter.

[
This student had some confusion in the language

related to division. He did 231 + 396 = but talked about

{
this as 231 into 396. In estimation he was reasonably
accurate. ‘In one page of estimation questions students
were required to pick the largest value of three given

(example: 33 X 64, 88 X 24, 76 X 29) by using estimates.

They found the largest by using the calculator after all
twenty had been estimated. 6f twenty such questions this
student got fifteen correct. s

At the end of the calculator project when

functions of keys were being checked this student

: *&‘.

»
. e

>
b
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-]tsz that the x2 key squares the display.

--did not know what yx key does even though he
tried 3V x .

--knew that x2 will check out a square root but
this was after the square root key function had been
explained.

--did not know what % key does.

-~knew what yx key does and could explain it
correctly in terms of the full multiplication; that is,
S vX6 is 5 X 5 X 5 X5 X5 x5,

—-knew‘pow to load the calculator for repeated
subtraction using the. constant (K) key.

When the questions of Checkpoint Number 6 were
put to this student he had trouble with many of them,

l. Even though students had done series several
times in the project, this student could not begin to

solve 747, 723.4, 699.8, 676.2, ' , . He

needed much help in establishing that it is decreasing
by subtraction, by 23.6, and that one would repeatedly
subtract 23.6. He did not know how to proceed to subtract
23.6 repeatedly by using.the constant key. Even after
having done 1. a) on subtraction he could not proceed
with 1. b), a division situation. He had to be guided
in determining the constant divisor. During this gquestion

he did not know the correct use of STO, RCL, and EXC.



162

2. In dividing 13.5 billion by 300 000 he knew
how to enter scientific notation. He did know that this
question called for division. He wondered why the
calculator stays in scientific mode even though the
result is not too large for the capacity of the
calculator. (The calculator stays in scientific mode
‘once it has been set in that mode and will stay that way
until it is switched off.)

In expressing this answer, 45 000 s, in minutes,
this student's first suggestion was to multiply by 60.
He also had trouble seeing that (45 000 %+ 60) + 60 is:
the same as 45 000 + 3600; he thought it would be the
same as 45 000 * 120.

[ ]

3. In doing 163 + 387g in fraction format he

used the calculator efficiently and easily arrived at

155
133°

fraction but to get that fraction he did 155 =~ 133 =

He had no trouble in establishing that I%% is in lowest

.54 He could see that this would be 55 plus a

terms.

10
11
this student did 18 X 9 + 7 = 3+ 9 = to get the first in

4. For 18; - 12 to be done in decimal form,

decimal form. He needed help in ensuring that he had all
the proper steps. The more efficient way would be to do

18 + 7 + 9 = , saving three key strokes. His KSS was

18 X 9+ 7=+ 9 =STO 12 X 11 + 10 + 11 = and then he

needed further help.

14 3
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Excerpt 26 (M-118):

‘R: How can you now complete the queition SO that
the numbers will be ;ubtracted in the correct order?

S: You recall and then You minus ... no!
That'd erase that [number in display].

R: Right, so what do you do?

S: EXC.
R: Right. ([Student was hesitant--did not seem
to be secure in how to handle this.]_ And then?

[Student did EXC - RCL = but kept questioning researcher

as to whether that was the correct'procedure.]

5. When faced with number 10, the problem of the
cost of an 85¢ hamburger every day for 365‘daYS, this
Student thought it couldn't be as high as $365 (answer
given in the problem was $31 425). When he calculated
365 X 85 = he was going to concede that $31 025 was right
but he looked at it again (he couldn't leave it since
he saw it could not surpass $365) and finally realized
ghere the difficulty was. ’

6. When this student was given 49 + 85X = 703.5
tO solve he did 85X + 49 + 749 = 703.5 + 49 but was
reluctant to leﬁve the right side in that form; he
wanted to calculate it immediately. Even after being
directed to leave it he could ﬁot Seem to cope with that

format, calculated it and then wrote X = 65;55 for the

last calculation.
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7. This student correctly did 1 + 1.+2+ 1+ 3,

and so forth, for the KsS for 1 . % + % + ... * % . He
did not, however, know about the use of % as a
possibility even though at the beginning of this
checkpoint the function of the % key had been reviewed.

8. When the last question was reached,
~64 + 198 X 32 - “8344 + 56 = , this student (as did
several others) wondered about the use of parentheses
around 64 + 198.. The researcher reviewed that the
multiplication is to come first and that is what the
calculator is programmed to do.

In reply to specific questions near the end of
the interview this student indicated:

1. He liked to use the calculator when he had
many questions to do such as nultipliéation guestions.

2. He tried using the calculator on £ractions
but got all kinds of decimals which he could not
understand so he did not use it for those again.

’ 3. He feels constant use of the calculator would
make you forget, "... such things as how to do fractions."

4. The csloulator gives a tremendoué advantage
of speed.

5. He would not allow calculators to be used for
examinations, "... cause they should know something

instead of just knowing how to use the calculator.”

v
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6. One disadvahiaqc he sgy for the calculator
is that a weak battery aljoqpyso the calculag@r to
mlltunction (produce unulunl.relultl) but the student
vould not be aware of this.
) . In the six“weeks follow-up this student made &
1ar§o'nunber of errors. Obviously his retention was
poor. Probably in the interim he had not had much
opportunity to practice the Pam. calculator skills he
had been taught: f \“L
--in doing 37 X 46 + 37 ? 16 he used ...

»*

« _ .
(31 X 46‘+ 37) ¥ 16 = ahd 'so changed the question.

-oto; i 65 ;2 ": —~ he used

(65 X 12) + 4 = 'STO (16:—.7) X 18 $+'25 =+ RCL = . In

'v

this he made the ,rror in Lnsertinq parenthases around
(16 - 7) ~and then in d01hg = —?RcL - at the end he
_*———

-

lnterchAnqed the’ rolqi»of num.rator.and donominator.
S ! S
-- he did 176 35 and 3% hy using 1 + }7,
and so forth,Jto ch(pgﬁ the decimals; again he forgot
about the role.of %T, ;

-=-in 34; - lS—T to ‘be done in.decimal form he

used 7 v 9 + 34 {'wh1¢h is efficient, although at the
end of the projoét he had been doing this as

34 X9 +7=%9 =, aless efficient way. However, he

could not cope with the total problem; he recorged each

result and then keyed in again to perform the subtraction.

-
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From the description of his behavior it can be

' cOncludod that this student

--is ptobably an average calculator user with _
soms.itronq points but several weaknesses (he could not
;ecall the use of Jx nor of % keys(although thesg were
died several times in the project.

f-i§ weak in many mathematiéaL concepts which is

reflected in his inability to cope with several of the

. established situations in the project; this is reflected

also in his performance in using the calculator.
--is ;easonably qooa in estimating results.
‘ --needs much more help and practice with complex
calculations and with order of operations before he

would handle them efficiently; he needs to realize the
. ! L

correct order and how this is relateé,;i\how the

calculator operates.’

~

--needs more practice with situaéions using .
STO, RCL, and EXC keys before he could utilize the full
potential of this ca}culatoé. |

| --is reasonably secure in doing rational numbers
in decimal form but would neeg more practice in working

with mixed numbers where answers are to be expressed in

fraction form.

Case Study Number Three: F-120 ”

This student is a female whose age was '15-0 at

\



g of the project. Her 1Q was feCOtdqd as
‘.81 Non-verbal on the Canadiap Lorge

st. Her mark at the end qf grade 7
dathematics was 42 percent. She had repeated grade 7

and so was older'thin most of thontﬁdﬂnts although two

other students in the project had rcpeaked.a gradn.' Thii

student was pleasan£ an& easy to talk t%. In clas-.she
contributed almos: nothing voluntarily. She would reply
when questioned (if she had a response) , but would sit
silently if she did not have a response. In perﬁohal'
interviews she was Qilling to participate and give .,
answers when she could. She did not seem to be

[

discouraged by her mgny failures although the researcher

gqgerally tried to maintain non-threatening circumstances.

This student did not as a rule carry her
talculator to claas. She offered no explanation for this
except to say that there wasny't much for which she needed

it. However, four of. the six students 1n her class did

[ \

normally bring the%; cald‘*qpors and uj?d them regular)&
Not using her calculator could be the\reason she had not
progressed much in calculator ability. Inf;aquent use of
the calculator could be a reflection of her inability
with it an; failu:e to appreciate its pot;ntial in the
grade 8 mathematics curriculum. . A

She used her left hand to handle the calculator.

When clearing the calculator she pressed the ON/C key
~

! 167
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,gveral t#mea-even t&ough twice is all thag is necelssry.
This seemed to be a nervous reaction and was' the only
outward indication of possible frustration. 'Othorwise
she appeared célm and undisturbed by the ;lny incorrect
respo;peg. . | |

. 75 X 47 - 63 X 12 .
In .an 16 X 14 - 12 x 8 in the fifth week

. . .
she did 75 X 47 - 63 X 2 = (16 X 14 - 12 X 8 = . -Besides-
! 28 -

the error of entering 2 zg;tead of 12, she got the answer
.only for the denominator. Failure to enter "+" after

the first “=" meant she really began a whole.new question
at that point. A similar question was given in thd ninth

: 63 X 27 . s .
week. Thlihwas kR T O WA 7 VB kT - for which this

student supplied 63 X 27 ¢ 933 + 44 X (17 + 3.8) - 234 =

63 X 27
933

answer fok the question that asked for a second

80 she solved + 44(17+ 3.8) - 234. She had no

g
(different) solution to this computation. 'This complex
a problem wasﬁtoo difficult for this student to handle.’
™ £he test on integgrs in the seventh week this
stud;;t got ajlgof the first thirty correct. ‘Pf the
next six equatxohs she had only one wrong ;nd for the
last four evaluations of expressions she had only one
correct. This was quite unusual since students generally
stronger than her in mathematics did not do as well i?

the test. The r?rults do point out that in q.

strajght-forward calculations a poor student can be
%
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sucoqssfﬁl wvhen analfsis of the ptoblemllis not r;quired.

'All of the first thirty could be done by just entering * .
exactly what was shown (for example: ‘ :t .
216 + 387 + 138 + 216 + 416). As a further indicatton -

of direct calculations, in the ninth week this student

" solved 7300 X (47 + 78) by 7300 X (47 + 98 = and did

this aqain'without using parentheses orln-ofy"by doing

47 + 78\= X 7300 = . She could do the fifth power of
six by 6 z*s = but could éive no other ways of getting
this question. | .

This student shows deficiencies in simple
questions. She did 9 X 8 mentally and wrote 72 but for
4 + 4 +4 + 4 + 4 she did 8 + 8 + mentallf. For ’
768 + 768 + 768 + 768 she addéd t orr the caltulator.

She used the calculator to do 8746 100 and seemed to
N Pal

have some vague idea ing a rule to divide by 100.

]
She could-not multiply By 1000 without guidance from the

. N\

researcher. Su estions as 18 + 7 and 247 + 100 she

did on the ;alculator. For (86 X 96 + 47) X 25 + 17 she
got the correct answer because she simply had to enter
éxactly what she saw. For this one she said that, the
parentheses were necessary but could notrexplain why
leaving them out gives a different answer. Only after
assistance from the researcher could she see that in
86 X 86 + 47 X 25 + 17 the calculator does three
additions, 86 X ngto 47 X 25 to 17. 1In

a

\
AV AN
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(4 + 6 X 3) X 3\+ 4 she could not staté why the
parentheses were needed although she did say zhat they
had to be included or the answer would be different'.
.When given a problem rgquiking the calculation
;f the perimeter of a lot and then the cost of fencing
it at $13.95 a metre, this student could no£ cope. The
researcher helped her at great length and set it up

entirely so, that she just had to calculate to find thT//’
s wa

cost. Thi in the eighth week.

Also in the eighth week she handled 14% - 212
easily using the yx key. However, in trying to use the
calculator to £ r 995 ghe~bas unable to proceed to
divide by consecutive primei@ -Shﬁ@neéded careful

) ¢
step-by-step guidance in order to.do ﬁis. She had no
N .
14
express the latter to the nearest tHousandth. Sif cowld

problem converting % or to a decihal‘gut cou;d~q" ‘

not provide any clues how to proceed in finding the '
missing number in %% * 53¢ ° /
In tﬁe final checkpoint this student indicated
the following: | | .
~-~The x2 key is used to multiply ﬁznumber by
itself. . .
-~She did not know .what theJV x key will do.
+«She did not know what the % key will -do and even

after it was established that 9% will yield the value for
/

% she said that in doing this the calculator does 1 X 9.

-
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--She had no idea, of what y. key will do.
--She did know how to make 12 a constant of ’
subtraction in the calcuhibdr.

In the final Checkpogyt, Number 6, the followinq
obsetv&txons were made. The interview was long since
the student needed continuous help. ;

1. 1In dec;ding on how series cag be continued
she needed help right through the whole'qunltion. . She
could not establish the constant of subggaction and then

use it to continue the series ﬁir the required number of

entries. In the second pﬁ;t, a serieg re ui:ing a
- o A ,

the ON/C key.a total of eleaven consecu
pAint. She could nSt‘do it and again ne
c3efu1 guig”.

2. sShe did not know what to do ta find how long
it takes radio waves travelling 300 000 km/s to reach a .
point in space 13.5 billion km away. She also &id&
knay how to enter scientific notation. v

3. She ‘could not-complete the folld’!ngo'

16
1823 =33 -
4. 1In doxng 27|!§ 36I§ in fraction form she got
to £22 —%% “and then multiplied to get l%%%ZZ but

beyond this she needed careful guidance to end ub with
b))

<"
&
. -,

32
101817%- ,
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\ $. To change 18% to dqcimal form, this student
w@ntod to do 18 + 9 ¥ 7. 1t required careful expfaining

to establish the correct algofithm to do this. In the

10

subtraction qunltion.‘18% - 12yy,  she did know that when
L 4,

vt
18.777 778 vas in storage and 12.909 090 in display, the
qu-ogtbu‘could be complated by using EXC - RCL = .~

A
In the next similar question involving division she

proceeded reasonably well after the previ!hs discussion

- but she neglected to put in an :=" sigmn in a crucial

pla in changing a mixed number to a decimal and so it

22 Y
- should be 4 X 32 + 15 = £ 22 = but she omitted the first

K

sign). ' ', "

: did‘notvxield the correct answer (4£2 to a decimaﬁ%‘

-
6. She agreed that 365 hamburgers at 85¢ could

cost $31 025 because she tried 365 X 85 = and got 31 025.

7. She could not o!!ir any suggestions about how

to solve 49 + ésx'# 703.5. The researcher led her

through that procedure in small steps. W \

" 8.. She got 1 + % + % + % * % + % + % easily by

1 1

1 + 2 % + 3 5 + ... + 7 = , _Because of her frustration

b L

the researcher did not pursue this furthér to see if she
could suggest other ways of doing this. A

9. In problem 14, because she is abl; to enter
sequential operations she had no difficulty in correctly

calculating the answer for 64 + 198 X 32 - 8344 # 56.

L 4

Al

3

S
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In reply to specific questions at the end of the

projec{:\ this student indicated the following: .
1. She had no comment whepn .asked what kxndg\o :
‘ ﬁ < 0,
questions she found easy-on the caltulator.
» 2. She made no reply when asked why she didn'g
. e %e' her caléulator often in mthqn&tic‘ Classes. _ 12 I

3. Shqghed ne opinion about whether the

“® ¥,
’“‘?..~ mathematics taken so. fat in school was easier or not

bec@mc of tg?‘avajgab{ﬁxy of a calculator.
.

o 4. She would not favor use of a. calculatot 1n

tests, "Well, if you use them in class then you wouldndt
know what you re doing-.on your math t:st‘

In the six weeks follow-up this student did the
first four basic ca‘lculations. She was not able to do a
complex fraction and she did 23 X 23 X 23 X 23 X 23 by
Seeding this in as shown. For mulﬁiplying (and dividing)
a series of numbers by a constant she did this by feeding

each separately (12 X 7= ,12 X 38=, 12 X 49 = , and.

‘ ‘\‘ n) ‘ She gid —7-, ﬁ' and 3-%-5 by 1 #+ 17 = and so on.
She did get -!- 32T by dqing 264 + 22 = and then using
: ” :.he result 12, in 15 X 12 = . She did not aven attempt
' two rational mnnb;rs .questiona (answers to be given in
\‘ decimal‘ form) .. She squared a number when the square root
was called for. She was not able to do two; last questions «

dealing with computations involving large numbers.

From these observations the conclusion is that

-~
<
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this student, low in mathematical ability, has low
calgulator competence. She can do well, basic r
cafbulations where the order of the question dictates

the KSS to be used but whenever some mathematical
knowledge is required in order to do certain questions

she is hopelessly loq.ﬂ . _ _

Her knowledge dgteég chlculator extends only to
the basic four functioﬂr,; At times she sekmed to be ]
able to use the e key"Qr ;%wg§? but she could not use
xiu, X ,wh’gr"} corr;ctly){:ohsistenﬁly.

\ Her estimating_nzity is poor. In one page of

twenty problems she goa;f ht out of' the twenty.

w4
When faced with simple problems thlS student

relies on the calculator and rarely does questions

mentally.
!

Comgérison of the Three Students

»

In the cognitive dimensions of mathematical .

knowledge and calculator knowledbe, student M-115 would
be rated High, M-118 Average, and F-120 Low. 1In syntax
knowledge M-115 and M~118 were Average hut F-120 Low.

In the affective diménsion of persistence M-115 was High,
M-118 and F-120 Low. In attitude to calculator tasks

M-115 and M-118 were High and F-120 was Average,



CHAPTER VI

CONCLUSIONS ARD mﬂ:’g 'RESEARCH
‘ ’ T .

The conclusions that one miqﬁt reach in a study

of this nature could be wide and varied. Following are

_ '
ypome conclusions that are indicated by the many
B, \

.. Observations made in the class, in personal interviews

with students and teachers, and in evaluating the many
teggg given throughout the project. The coﬁclusions
are-grouped‘ into those that relaté to teachers,\students,
the curriculum, the parents, and general mathematical
difficulties. This order parallels tﬁe order of the
research quéstions as given in Chapter II.

Following the conclusions some interpretations

of the researcher are given. These are followed by

suggestions for further research studies.

Conclusions \

Calculator Usage and the Teachers

Teachers adapt to the presen@é of calculators in
the hands of some students in their classroom by
permitting them to use calculators whenever the students

feel they can be used, but not for tests. Teachers do

17S

-
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not make other aﬂkltunts such as directing special
questions or specific procedfires to calculator users.
Teachers do, however, see a qr::t deal of potential for
calculators in thg future and recogni ze .the incvitability
of their prelence!in society. They feel the schools
should be adjusting to their Presence with specific
programs. However, teachers feel that there are \ °
fundamentais that .must be ghught so®that students can do
these without the use of the calculator. One teacﬁer

feels thas there is plenty of work in grade 7 and to

a large extent in grade 8 where students must learn

basic calculatlont‘and the calcilator shoulqd no%.be used

\

1unless it can be utilized to support those learnlngs

Calculator Usage and Students' Reactions

The conclusions given below relate to all the
sections of Chapter II that deal with the effect of
calculator usage on'students. The sections include
regular student learning, going beyond the standard
curricul um, high-achievers, low-achievers, the general
use of the calculator, student attitude and interest, and
addltlonal changes in students.

1. Grade 8 students‘including even those low in
mathematical ability can leaén to use a scientific
calculator efficiently for basic mathematical calculatlons

including the use of a power function. Only the students
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of higher ability have enough understanding of the
calculator to be able consistently to use %. xz,J1?,
v* keys. However, even the student of lowest ability
is able tJIUI. some Of thdoo keys, especially y“l after
much practﬁce. Basic calculations involving integers
(7216 - T119) become trivial even for low-achieving
students using a calculator. When complex computations
are re&uired even low-achieving students ;rc very
proficient provided no major mathematical decisions
need to be made. A question like .

T64 + 198 X “32 - 8344 ¥ 56 is simple beGsuse the
cgaculator is programmed to follow algeb;;tc order of
operations. The student needs only to feed in the

numbers and operations as shown. However,

63 X 12 - 140
114 - 73 X 2

realize that the numerator and denominator must in some

is different because a student must

way be closed and the division of these then performed.
Therefore brackets or storage features of the calculator
must be empioyed. The success of students in such cases
is not high and usually low-achieving students omit
something (for example a parenthesis) which then changes
the problfm and leads to error.

5ifterent algorithms need to be learned and
stressed. In doing 3%2gi§3 using a calculator a student

must ensure that 3064 is divided by the sum. With a paper

and pencil approach this is quite clear but in using‘a

. K
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caleulator, doing 3064 + 32 + 93 = ig not sufficient.

Stud.nts need to 1.::3 this and to have praétiq. in such
calculations. '

. 3. St&hnnel can learp how:'to do operations with
coupl‘i fractions using the calculator. With much
repetition the low-achieving stupnnts are ablo to handle

these in fractlon or decimal form with the docimaled// j.

. being much easlcr. Low-achieving ptudon;p need much

more time tO become proficient at these since they tend
to forget some impdrtant require@-nts. For example in
i o . \ .

4 . p] g . .
&ing75?730r§%‘m&35*4%7'7(30+2113',
the*fimst "=" gign is eassential as is the left

parenthesis. Some students make synﬁax errors. It'
akes littlqu;;?hrence toséhe students whether the*
numbers are large or small when doing rational number
algorithms. There was unahimoﬁi agreement by the sixteen
students that working jin decimal form ;- preferred to
working in fractional form. The ability to interpret
decimal forms is not as well developed as interpretation

of fractional numbers.

‘3. Students need more help and practice with

analyzlng prob}ems and establishing the calculations

;Qusqlve the problems. stcut-lgno relating

4 .

] eqolsary steps are requlred to make students

:-more eftleient calculator users.

£
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4. Pmicipauon in the aalountor pmjoct@
taiaqn grtdol in. oltlnltion toael and in one test thil‘

wes significantly M“r th%{it nn tor Chr\ :
4r°n°cl1cu1;:or students. y . . ' '
5. &tudents do not go beyond requirements of
‘the program but thdy are intogpsﬁod in topics not in
the normal curriculum when these are introduced by the
researcher. Only one student showed interest in using

the calculator for Projects associated with Other

t8. All students do apply their £alculator .
ntsyto other subjects such as science or business
mntho-nt;;s. atqh-achicving students ar$ much more

dbtiv‘ in class discussions pottainxng to topics that

»

\aro not normally discussed in grade 8 mathematics.
6. The best calculator users were the bc.é/
mathematics students. They had some idea of tho_mnénitﬁdo ;
of results to be ogpocéod and thercfdro were alert/ to
reasonableness of answers. The ability to analyze
problems, especially complcx computations, made some
studcnts superior in calculator usage. Using shortened
p:ocedura: such as lpplylng mental calculations helped
r;o spogg,ug the work. Q’“
7. Attitudos to mathc-atics w.:. not
significant altered for thc duration of the p.choct.o
. Interest in the project. and in calculator uscqn zcnainod

~

high thtoughout the grogoct and even at the time of th.

>
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follow-up six weeks after the conchusion of the project.
8. Calculato: s®¥udents progressed as well-‘l /

non-calculator students in krdowledge of the basic facts

of arithmetic. ; \\‘

"9, Calculator students progressed as well as

L3

mlght be expected in mathematzcs concepts “and problem

*

solving. Thay added oh the average 4.69 p01nts and 4.38
p01nts respectlvely to the Grade Eguivalent.

, 10. In rational numbers the calculator students
did_significantly better than the nongcalculator students.
Oon the Rate, Ratio, and Percent tests the difference

between the means achieved by the two, groups on the

posttest was not significant.

Calculator Usage and the Curricuium : .

1. Good calculator usage can not be developed in
a few months. It takes time for students to as;imilate
the techniques and the aigorithms just as it wouldrtake
with any other learnings.bccurring in mathematics.
Even though some fears are continually expressed about
the probable harm that CAICulators may produce, the
évidence here shows that good calculator usage wlll\hot
develop in an incidental manner (see Q15). Therefore,
formal calculator education is necessary and could become
part of the mathematics curriculum. If calculators are

introduced‘early and used throughout school, students will

e



likely develop their. sophistication and it will remain

with them. Again rhis can bé compared to ;hat OECurs‘at

this ti; with the mathematics learn¥hg that takes place

: N ‘e
in school. -
‘ 2. Calculations dealing with-rate, ratio, or
percent are trivial. The diffictlty,occdrs in‘qpolyzinq
the probleﬁ to set up the correct proporrion; Students
seem toO perform well with problems such as conversions
among common fractions, decimal fractlons and percent but
the difficulties occur when stpdents'must set up such
problems. For example, how does one osrablish a
proportion for finding the pércent that A ;: of B?
High-achieving students establish patterns and memorﬁ;e
the three formats; low achieving students do not and so
‘ always have trouble with these questions, usually getting
them wrong. However, once a problem’if/sct'up‘as % = é
where X is to be found average and highr a#iiev1ng

N

students find no difficulty; low- achieving students need k\
some guidance but usually get these correct once they

\

reach the calculation stage. ' , R s \(.
~ 3. In solving equation&)@tudents usually used the

format taught in schools, utilizing inverses. However,

the high~achieving students shortened this process ‘and

calculated directly. The low-achieving students had much

large humbers. The problem was not the calculatj

difficulfy with equations having several steps 4axd using
ns but



tpe format to bg used in soly}ng equations.

4. There is sufficient challenge in grade 8
.'mathem’tics.even if s;t'.udentS‘use the calculator bfxt in
ﬁerms of c.lEulations the present requireinnis provide
little «oop fo; calculator usage. More cha;ienéinq
programs would.need to be introduced so,th;t|the,

caleulator would become a useful teaching device leading

students t¢$ higher levels of mathematics.

Calculator Usdge and the Parents

Genefélly parents of students in the calcul#tor
‘project support the use of calculators and indicate that
they shouid be‘used in the junior high_school. They
support instruction on calculator usage ié schools. All
parents state that there will be a decline in basic
skills pni/;hat students will become dependent ;h their
use. However, parents recognize that calculators ai;/i’

reality in society and schools should help prepare

students to use them.

Calculator Usage and Mathematical Difficulties

b .

The major difficulties from using the calculator
stemmed from the students' problems with mathematics.
The poorest ‘student had no trouble in calculating such
a problem as (A + B + C + D) g E once the problem had

been analyzed and set up to that extent.

182
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A number of ditticulties in mathematicn have
, been identified which do not relate directly to the ul.
or non-use of a calculator. These difticuities are !hp
points that need attcntibn. The calculator cosld help
improve performance 1n mathonltics by & h)qh factor if
the basic ptoblhl. in nnthcnltxcs could be allovxated.
Students need more " involvement with dccianls.
With the calculator, going from 7T% to 7.2727272 is

easy using 7 + 3 + 11 = but this is not the usual way

as taught in school. It would likely be 7 X 1+ 3 =

and this would be written as TT rather ‘#han expfessed
as a decimal. R B
students should be given a better understanding
of the equality'or inequglity of such quantities as the \
following:
A - (B +C) or (B+ c) - A
A-(+C orA-B-C

A- (B -C or A -B-C

AQ%OIA'B?C
A, .

o <
X r A g ¢+ C
AL (BXC) or AT B+ C
A




‘Interpretations
)

’

The conclusions.reported previously were intended '

4

to be supportable by collected data. .These conclusionl
and the extonsxve day-to-day equrionces of thc
rcscqrchor allow for a numbor of int.rpt.tivcsintoroncol.
) in.t. there is much learnxng that can be
accomplxshed through the use of the calculator. This -
use extends far beyond that of a single computationai.‘
tool. Discussions in grade 8 mathematics classes could
centre around the analysis required in problem solving,

1

and on the develgpment of efficient calc lator algorithmi.

These could be compared with péncil nd paper algorithms.

Thus, the calculator should enhance rather than inhibit
mathematics teaching and learning.

’

Because of the large amount of mathehatics
developﬁent that can occur from the use of the caiéulator,
it could beiintroduced much earlier than in grade 8.
Evidence from this étoject shows- that efficient and
advanced calcyulator Ability does not occur in three
months. An ethnded‘period of|\ time is necessary rather
then fryiné to achieve these goals in a single calculator
unity. Th%,use_of the calculator, therefore, should extend
over rsl grades. T

Teachers could incorporate calculators into

regular programs but they need to adjust thq'curriculum

\

~
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and ‘conlciousLy prepare lessons with the calculator in
mind. '
Teachers should DPecome familiar with the potential

1

of calculators, not "Just

1

at‘a -liipl. foﬁr-functionn
operations level, but at a pore sophisticated level.
_This is.possiblo -by using a scientific calculator,
éncouragirié its use in the &:lgssroo':nd devising
lessons around the calculator. ‘

There is remarkable advancement in technology

' pertaining to calculators and the more advanced -
mini-computers ‘(see Time, February 20 1978 and Noyce,
pp. 62-69). This implies that different levels of the
educational structure must provide for the education of
people to bé able to cope with the rapid developments in
this.fiéld. The heed for knowledge in the area of
calculators and computers'extends not only to teachers
but to universities in the preparatio( of teachers..
?here are impL&?ations for professiona; educational
oipgnizations such as teachers"assocgations, school
boérds, and ministrieé of education.

As seen in the study knowledgeable, educated
teachers are not enough to ensure that a proper calculator
program will come into effect. Teachers need the help of
an active, positive policy towards calculator use for

fBoper effects to come to full fruition.



AN . N R 186
# Suggestiohd for Further Studies
’.. ’ l. ‘
This study copeiulered a wide range of\aspects of

o grg?c 8 mathematlcs ’
classes. As uUsions are hgsod‘not'so .
much on s;atistiéal evidgnce but more on observational
data obtained thro&bq a variety of sources.

Conclusiond ar; reported earlier in this chapter.
fhose dealing with the students and curriculum are strong
conclusions because of the tgchﬁiques that were used in
gathering this evidence. The techniques used in
gathering data on parents' opinions are probably reliable
" but not as extensive as other procedures might have been.

However, the conclusions on effects on teachers
are based on limited techniques. Tﬂis is in part due to
the passive use of the calculatg} in the classroom.

Only eight (or six) students, not all, in a class were
provided with a calculator. In part the conclusions are
based on weak methodological.studies. This is recognized
and it is shggested that further studies could utilize
stronger methods in the aspects dealing with teachers.
Mofe structured,.careful instructions could be given to
teachgrs even to the extent of holding in-service sessions

helping them incorporate the calculator into the total

program.
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\
The following suggestions for further studies
arise from the study and are due in part to the variety of

data-gathering techniques:
t\

1. If the existing units are considered important
/ .

to thd jurior high school then they should be revised
incor ratihg the calculator. This may mean drastic

4 i
revisions and would lead to a reassessment of priorities

and emphasis in the various topics now This move

would require a researcher working with a eachers .
and allowing materials to be tested and revised on a
>

continuous basis.

: l
2. What effect does verbalizing problems have on

the ability of students to solve problems?. That gy, if
students (all using calculators) are required to tell
someone how they will solve the problem before they
actually do it, will they be better problem-solvers than
thos; who simply are allowed to do them? ]

3. A controlled experiment could be per formed
on thé unit on rational numbers where all students use a
calculator but one group works on the usual alqoritpns
in fraction form while the other does all work in decimal
notation. Students would be tested on understanding,
estimation and application.

4. Students' ability to solve equations using
the calculator could be studied. TIf students are taught

algoritﬁms more applicable to the calculator would they
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still be well versed in the role of inverseg in the

-,
- ~

\olution of equations? I

5.’ How does.the calculator affect the way in
which students approach problems»

6. Units such as Rational Numbers or Rate,
Ratio, Percent could be selected for intensive study to
s?e what students can or can not do using the cah!61ator.
This could mean few students and full'concentration on
one topic only. That is, * study that would be narrower
than the one described here.

7. How can the calculatbr be used to develop
particular mathematical concepts such as: percent and
the relation to whole numbers, prime numbers and their
role in factoring and hence in reducing fractions, better
comprehension of magnitude of decimal §ractions?

/ 8. An intensive study should be conducted on

t use of calculators WiEF integers to sSee ?ow students'
knowledge of the rules is affected. Also appropriate
algorithms would need to Se developed sin!e these change
when calculators are used. How should students do

“8476 - 789 when they have a calculator?

9. A study should be made of appropriate
algorithms to solve rate, ratio, or percent problems.

For instance the three basic types of percent questions
should be studied and calculatoer techniques developed and

tested to solve these and see how well students cope with
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.these problems. Py

10. 'What'kinds of exercises using the calculator
will in fact improve students’ abilities in estimating
skills, in rounding, or in achieving reasonable answers?

! il. No-one hasfyct satisfactorily answered the
question whether the use of' the calculator over some
period'of time such as a year or more does in fact
improve students' ability to estimate, or to round off,
Oor to give reasonable answers.

12. Does the Calculator enable students to better
understand the relation of fractions to decimals; when do
fractions repeat, which fractions yield terminating
decimals?

13. 'Can grade 8 students master work with
powers beyond that which is presently required and can
they develop a full understanding of powers ahd algorithms
involving them? |

l14. To what extent does calculator knowledge
confound mathematical knowledge? An example of this is
in the method of entering a constant of division into

the calculator. In A + K Y = » Y represents the constant

by which A and subsequent results will’ be divided if the

sign continues to be pressed. KX represents the
constant key. This method of feeding in a constant
breaks the usual pattern of what we normally think of as

a division situation. ¢
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15. In solving pt‘blon. ho; much should students
be required to write in order that they be efficient in
problem solving? What should be written and wﬂat does
not need to be written to ensure that students will have
full understanding of what they have done?

| 16. Does the requirement of having to state
in writing the KSS, make students better calculator users?

17. Will students who do the division of
fractions using the decimal form on a calculator have a
better (or poorer) understanding of division of
fractions than do students who use the standard pencil
and paper algorithm employing invert-and-multiply rﬁle? .

'18. Could the calculator be used to help
students overcome the confusion between A + 0 and 0 + A2

19. can the calculator be used to increase the
comprehension of large numbers by grade 8 studenﬁs?

20. To what extent does the calculator assist
students in learning the field properties for the real
numbers?

21. Could the calculator be used effectively to
reinforce certain rules of arithmetic; for example,
such rules as the d‘ltiplication or division by 10 or

powers of 10?
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DEFINITIONS

Calculator: refers to the hand-held (or mini-)
calculators in gdneral or where Clearly it i; used
to refer to the calculator in this Project then it
means a scientifjc Calculator (the TI-30) as
provided by the researcher for the study and having
the following features:

- basic four functions

- i ' x2,\f§7.Yx, m, %

- sin, cos, tan, log, 1n, degree key for working in
degrees, radians Or grads (together with an
inverse key)

— parentheses (multiple capaci ty)

- +/- key for changing sign of display

=~ EEJ key for entering scientjific notation

- storage (memory) key (STO), recall key (RCL)
and a key for adding directly into memory (SUM)

- a key for exchanging the display entry with the
quantity in memory (EXC)

=~ an inverse key (INV) that can be used in a variety
of ways (to get arc functions, hyperbolic
functions, anti-lOgarithms, radian—dggree-grad
conversions, ‘</?—, chgnge display format from
scientific to regular where such is appropriate)

- a constant (K) to enable the operator to make a
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constant number to be used in addition, subtraction,
multiplication or division.
Display: refers to the numerals visible on the
calculator.
Calculator group: refers to the eight students from"
each of two grad‘ 8 mathematics classes, taught as
one group by the researcher. C
Calculator students: the sixteen students who form
the two calculator groups under study in this préjeoﬁi‘
Non-calculator students: the students in the two ‘
classes from which the calculator groups were drawn.
A single line under a sequence of ndmbers and

operations Or functions means an actual key

sequence, e.gd. 6 + 7.X 3 = indidates the pressing of

the keys 6, *+, 7, X, 3 and = in this order, to
correctly evaluate 6 + 7 X 3 =

Check: when used in coﬁbination as Opinion Check
refers to a form of assessment or data gathering.
The term "test" 1s not appropriate or.may be
misleading or perhaps threatening and soO 1s avpided
in certain instances.

KSS: Key stroke sequence -~ this refers to the

actual order in which keys are punched.
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CALCULATOR ACTIVITIES -- GRADE &

Observe the calculator --

i

do not turn {t on.

Note keys and their location.
Punction of each key is indicated above the key. .

Find the 10 numeral keys
point. These are most

(0 to 9) and the decimal
Luportunt“to us.

Find the 4 keys for the basic operations
== %, =, X, v =~ also most important i{n our work.

Find the = gign -- it ig
the way in which a quas

important because that is
tion is closed (¢completed)

and a final answer is Obtained.
Find the ON/C key, the OFF key -- C means clear

(we shall discuss it in
Other keys will be discus

a short while).
sed as we come to them (of

course the directions manual describes all keys

and their uses).

Turn the calculator on by

What do you see? {Small

Leave it on just like tha
for about 30 seconds.
(Travelling decimal poi
maintained in the machi
Pressing EXC key twice
the machine, does not )
progress and now allows
he *left off. This is a
If nothing should happe
calculator will turn it

pressing the ON/C key.

red '0' in the display).

t and do not press any keys
What happens? Explain

nt comes on -- display is

ne but is no longer visible)
restores data which is in
OsSe any calculation in

operator to continue where
battery saving feature.

n for about 10 minutes then
self off cCompletely.

However, as a regular point of procedure we should
become accustomed to turning off the calculator

whenever we are not goi

NG to use it for some time.

Enter 12345678. watch your display (a good habit to

begin to form) and noti
the display!

With those numbers on dis
happens? Therefore wha
calculator?

Now press ON/C key. wWhat

ce how the digits jump into

play try to enter 9. ‘What
t 1s the capacity of our

happens?
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Do these simple addition problems. wWwatch the display.

7+ 8= 461 + 38 = '
18 + 6 = ' 424 + 63 =
19 + 23 =

Notice that to enter any number such as 461 you press
the -digits in order just as you would normally
write them.

Also the whole guestion is entered in order just as
if you were writing it, always ending with the =
sign. This sign is always the signal to the
‘calculator to calculate the result and display the
final result. '

Let's try addition with some large numbers:

"8 465 + 7 365 382 456 + 34 568 =
19 396 + 18 007 = 2 334 872 + 33 746 =
1%4 324 + 78 888 = 16 000 000 + 345 678 =

What can you say about doing this addition on the
calculator as compared to some of the ones with
smaller numbers done previously?

A look at the ON/C key more closely: .
Enter 6 + 7 into calculator -- do not press = sign.
Now press On/C once and then continue with 5 + 4 =
What is the result? Why? ToO understand it let's
try this again with one difference:
Do 6 + 7 and now press ON/C twice. Now continue
with 5 + 4 = . What do you get? Why?
One press of ON/C will clear only the number in the
display but not your whole question. In the first
case you still left 6 + in the calculator and only

wiped out 7 sitting in the display -- when you
pressed the ON/C once. Wwhen you continued with
5 + 4 = you in fact did 6 + 5 + 4 = . In the

second case 2 presses of the ON/C key cleared
everything from calculation so you then continued

must know how to use this key. Often we shall want
to press this key once. Consider this example:

;'!with a new question.

85 + 36 but now you notice that you really meant to
press 46 so to correct this error, press ON/C once
then continue with 46 = and you shall see the
correct answer of 131.
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Let's try this a couple of more times.

If a whole question is incorrect then two times on
the ON/C key will clear everything and we start
from the beginning.

Note: turning fhe calculator OFF and then on again
with the ON/C key will also clear all calculations.

Note: it is not necessary to clear entry or total
operation if the last key was the = sign. This
key leaves the calculator clear and ready to go
for the next question. This means that the old
display will be replaced with your new entry.

Enter 98 765 432 and then square it. Use the x2 key
which means that this big number will be multiplied

by itself. .
What is the meaning of this answer? (Scientific
notation -- a brief description at this point).

Let us continue squaring this big number three more
times. This means we press x2 three more times.
What happens? (Error is displayed -- the capacity
of the calculator has been exceeded). The 'Error'
display will come up whenever we °“do something that
the calculator .is not programmed to handle or
simply something which is mathematically false.

Try 7 + 0 = . What happens? Why? :

Note: whenever you see a single line under a key
sequence which is written out then this tells you
exactly which keys are pressed and in what order.

Let's try some subtraction gquestions: Enter the
gquestion and then obtain the answer.

65 - 37 = 86 - 9 =
457 - 363 = 222 - 195 =
8763 - 2437 = 95 438 - 23 458 =

Are you watching your display to be certain the
correct numbers are being entered?

Do the following:

12 + 12 + 12 + 12 =
867 + B67 + 867 + 867 + B8B67 =
734 - 28 - 28 - 28 - 28 - 28 =
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Remember that after an = sign is pressed, the next
question may be entered without clearing previous
display.
Try the following multiplication gquestions:
16 X9 = 85 X 83 = 93 X 93 =
Can you do 93 X 93 in a different way?
673 X 37 = 746 X 372 = 4773 X 378 =
97 787 X 34 = 835 876 X 27 = 345 X 2354 =
56 X 100 = 6787 X 1000 = 873 452 345 X 10 =
67 X 34 X 24 X 8 = 687 X 27 X 15 X 4 =
Remember -- the calculator is a machine. It will do °

only what we make it do and only what it is built to
do. It can not correct the mistakes made by the
operator. -

Do the: following division examples:

17/ 1462 89} 40584 375 /12375 444 /J237984

2548 ‘= 98 = 9025 <+ 95 = 1234321 + 111 =

Do 16 = 7 = Why do you get such an
answer?

Try 65 + 4 = Why is this decimal

portion not as long?
Do the rest of these: Can you read the answer
correctly using two corrected decimal digits but

in fraction form -- for example, two and 13 one
hundredths)

36 + 16 = 48 = 9 = 75 + 11 =

867 = 24 = 276 + 64 = 9784 + 635 =

87 345 = 3125 = 88 < 15 = 487 345 =+ 4353 =

33 4= 15 + 16 = l:s 7 =

Note: if we shall not be using the machine for a few

minutes, we should switch it of £ even though it
does have the built in switch. Not all machines
have that and if we should be using a different
machine a good habit to develop is to switch off
when not in use.

Use of the K key. This key is used for entering a
number to be used as a constant. (why did the
manufacturer select K toO represent 'constant'?)

This key is used when we wish to repeatedly add,
subtract, multiply or divide the same number.

[+
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Key sequence for addition is m + K x - - - - etc.
This sequence will keep adding whatever m 1s to
the number represekﬁed by x. K is the key.

Let us try a simple sédquence: remember that a
single line under a series represents the actual
key sequence that is to be used --

l +K 10 = = = = Notice that we are getting the
usual whole nu?gers beginning with 10.

Can you produce e series of whole numbers
beginning with 150 up to 156.
(1 + K150 = = = = = =)

Now make your calculator show:
Even numbers up to 20 (2 + K 2 = = etc. until 20

is displayed)

0dd numbers from 13 to 25 (2 + K 13 = = etc.)

8, 18, 28, 38, ... , 78 (10 + K 8 = = etc.)
Similar sequences can be used with the X, = and
- operations.

See if you can make your calculator show the
following: ‘
2, 4, 8, 16, ... , 8192 Write out all the numbers.

10, 30, 90, 270, ... , 196830

200, 175, 150, 125, ... , O

l67, 160, 153, 146, ... , 76

1024, 512, 256, 125, ... , O

262 144, 65 536,16384, 4096, ... , 0.015625

Note: some people work the calculator with the hand
which is not used for writing. 1In this way the
'writing' hand is free to record results or to do
other required writing while working on
mathematics.

Let's try some questions requiring more than one
operation:

17 + 36 - 14 = 39 - 17 + 78 =
147 X 2 + 16 = 167 = 14 - 4 =
(17 + 25) X 18 = What do parentheses mean?
(467 + 18) = 53 = How do we key them into
(63 + 18 + 39 - 47) X 36 = our calculator?

Paying attention to the order of operatiocns:

What does 6 + 8 X 2 = mean? By the rules of
mathematics we must do 8 X 2 first and then add
the result to 6. This means that even though
parentheses are not shown, we must do it as if
they were around the 8 and the 2.

Our calculator is very special.
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Try 6 + 8 X 2 = on your calculator. What did
you get? Is that the correct response according
to the rules of mathematics? t

Now try the following, and remember that this
calculator is programmed to follow the established
rules of order of operations. This is not true of
all calculators.

17 + 75 X 3 = _ 375 + 34 X 12 =
6785 + 420 X 50 = 674 - 14 X 26 =
353 + 46 X 27 ¥ 2 = 3 - 200 =

Suppose our calculator did not have the correct order
of operations built in.

Let us try the five previous questions but using
our parentheses.

17 - 75 X 3 = now becomes 17 - (75 X ) =

Rewrite the others putting 1n the parentheses and
then working them. Did you get the same results as
previously? . :

This shows us that having this feature on the
calculator saves us some time. We don't need to
worry about where to insert parentheses.

However this feature means we must be cautidus when
doing problems. See if you can get the correct
answer to the following problem: :

We must take 27 and increase this by 45. Then it

is necessary to multiply this result by 4.

Write the expression- that will give us the correct
result. Use your calculator to obtain the result.

Try another:

Begin with 180 and from it subtract 39. Now
multiply the result by 17 and divide by 3.

Write the expression and calculate it. You should
be able to see that at times we can make good use
of/the parentheses. .

»

Our calculator alsp has a way in which we canestore
some information. ‘The STO key can put a displayed
number into storage (memory), the RCL key will
bring the number out of storage (recall it) and
put it into the display and the SUM key can be used
to add the number in the display to the number in
storage.

lLet us try some questions in which we use the storage
even th%ggh for examples chosen we have already seen
that it 71s possible to do them direchy or through
the use of parentheses.

Suppose we wish to do the following:
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17 X 225 2
3222

Why can we not do 17 X 225 5 16 - 7 + 36 = ? Or

do you think that 1s correct?

What is the correct answer for the questxon? (85)
If we did it by the suggested way, what is

obtained (268.062 5) ;

Explain at the question is asking us to do and
what the lculator did when we entered it as shown.

Let us now do this question using the storage (STO)

- and the recall (RCL) keys.
We shall fikst do|/16 - 7 + 36 and put this into
memory. Now we do 17 X 225, press the * operatidn,
recall the first result and get the calculator to
give us the fnnal answer by pre531ng the = sign
key. The key sequence 1is .
16 -~ 7 + 36 = §TO 17 X 225 + RCL = .

Can you explain the sequence? Did you notice that it
was not necessary to press = after the 2252 This
is dangerous on this calculator since with some
operations it would make a difference. Therefore
we should always get into the habit of using the
= gign.

Try another question of the same type:

695 X 31 - 1421
12 + 63 X 8

Remember to do the denominator, put it into storage,
do the numerator {(do not forget the = sign -—- it's
important this time), then show ¥, recall the
denominator angd as%mgor the final result by
pressing = . \

)
\
}

;
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CALCULATOR PRACTICE EXERCISES

Make your calculator display the following sequences.

Write in only the two numbers which follow the first
few given ones. You will know if you are right if
you can reach the last number in the series.

a) 1, 2, 3, 4, (.ccieiieitncannen ., 20
b) 2, 4, 6, 8, ..cciiciecennnanany 30
c) 3, 6, 9, 12, iy 45

4 4, 8, 12, 16, ..... eee e en s , 60
e) 5, 10, 15, 20, .ccecececononone , 715
£) 10, 20, 30, 40, ...ccccccccnnn , 150
g) 2,6, 10, 14, ...c.eeiencnnncnn , 46
h) 1, 4, 7, 10, «ccivieenccecnnne , 49
i) 1, 11, 21, 31, .c.ceiccenencenn , 151
j). 150, 155, 160, 165, .......... , 220
k) 451, 459, 467, 475, ....c.c0nn , 531
1) 60, 107, 154, 201, ........-.. , 577

" Add: All the answers are to be found at the bottom

of the page but not in the right order.
a) 793 b} 2747 c) 8674 d) 25675 e) 8

476 843 9733 4874 68
897 3767 6060 867 478
77 9498
f) 8
98 g) 6747 + 8748 + 48 =
998 h) 97 777 + 777 + 77 + 877 =
9998 i) 83.5 + 67.33 + 783.77 =
j) 33.434 + 637.112 + 0.279 =
24 467 15 543, - 31 493 2 166
10 052 670.825 9'34.207 11 102
7 357 99 508

Are the given answers correct? Draw a line through
the wrong ones and write the correct one under.
Addition:

a) 25 b) 129 c) 473 d) 2794 e) 4874 £)
78 247 897 3842 2986
1343, 366 48 4768 794 32

«
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Add the following and record your answers:

a) 79 b) 247 c) 994 d) 6748 e) 1627 £) 7007

97 196 849 8784 897 6075
78 8883 - 439 7060
12948 7766 15000

Now add up all your answers and you should get 85 774.
If you did not then find your error.
Check one: I got the correct final sum

I made an error in

tep———

(insert letters)

Subtract the following and record your answers.
Correct answers are at the end of this question.

a) 89 b) 73 c) 175 d) 347 e) 6477

46 48 83 299 2003

£) 8007 g) 17 897 h) 85 700 i) 666 555
4968 4 623 47 993 499 388

92 4474 25 37 707

48 3039 13 274 43 167 167

This is another set of subtraction questions:

a) 7007 b) 678 c) 3478 d) 475.6

2078 79 999 38.9
e) 9774 - 8799 = £) 1 767 969 - 999 497 =
g) 75.4 - 36.8 h) 97.77 - 43.765 =
i) 7.379 - 0.7777 = j) 797.36 - 49.473 =
k) 9437.7 - 8379.49 =
54.005 4929 6.6043 975
1058.21 599 436. 38.6
747.887 768 472 2479

Can you use the calculator and fill in the missing
numbers: All are addition problems.

a) 38 . b) 20 c) 179 d) 68033 e) 742
o 78 O3 029 ]

6 347 482 846 998
1868 2107

re
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f£f) 600 gl 63 h) 340 i) 4076 j) 0342
200 40 480 837 406 3
876 g8 909 2002 2207
1683 163 1729 T4038% 14382

Add or Subtract as required -- record answers:

a) 9767 + 2846 - 7993 =

b) 87.3 + 98.4 - 67 = L

c) 38.4 + 39.56 + 79.379 - 120.939

d) 767 - 297 + 38 = |

e) 38 - 33 + 47 + 53 - 60 =

£) 17.7 - 6.63 + 27.4 + 12.33 - 6.37 =

g) 7647 + 3333 - 2483 - 2244 + 1600 =

h) 616 - 225 - 207 + 78 + 8 - 33 =

Do the following.
closest answer and then calcu
exact answer in the blank:

a)

£)

g)

h)

78 - 53 + 150 =

867 + 347 - 463 =
375 - 236 + 64 =
6747 + 12300 - 8007

38 -

20 + 67 - 15 =

247 + 383 - 123 - 243 =

333 + 463 - 700 - 3

300 150
750 956
350 200

;O 000 11 000
80 60

230 250

;0 190

17 500

18470 - 12890 + 16000 - 4023 =

18 500

170

670

180

12 000

216

First circle your estimate for the
late and write the

I

290

60

16 500
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Figure out these Sequences and insert the missing
numbers:

a) 8764, 8616, 8468, 8320, ' ’ ’ , 7580

b) 87.5, 81.2, 74.9, 68.6, ’ ’ ' ’
37.1 0

C) 1000, 798’ 596, 394' ’ ’ ’ ’ -616

d) 1500, 1445, 1390, 1335, p ’ ’ '
1060

e) 21.1, 20, 18.9, 17.8, ' ' ’ » 12.3

Use multiplication to solve the following:
a) 16 + 16 + 16 + 16 + 16 =
b) 39 + 39 + 39 + 39 4 39 + 39 + 39 =

C) 473 + 473 + 473 + 473 + 473 + 473 =
d) 8167 + 8167 + 8167 + 8167 + 8167 + 8167 + 8167 =

Find the product for each of the following:

) 67 X 5 = b) 95 x°23

i = c) 847 X 3 =
d) 195 x 24 = e) 24 X 195 .=
£f) 272 x 224 = g) 224 X 272 =
h) 9 x 9 = i) 64 X 64 = J) 125x125 =
k) 2 Xx2x2-= l) 2X2x2x2-=
m 5 X5X5X5X5= n) 3x3 X3 X3X3X3Xx3-=
©) 18 X 16 x 15 = P) 16 X 18 X 15 =
q) 15 X 18 X 16 = r) 646 X 0 =
s) 0 X 646 = t) 646 X 1 = u) 1 X 646 =

Figure out these Sequences and insert the missing
numbers:

a) 1, 2, 4, 8, , , : , 256
b) 2, 6, 18, 54, , , , , 13 122
c) 8192, 4096, 2048, 1024, , , , , 32
d) 30 080, 15 040, 7520, 3760, , : :

., 117.5
e) 0.1, 0.2, 0.4, 0.8, , , , , 25.6
£) 5, 0.5, 0.05, 0.005, , , , 0.000 000 5
g) 3, 24, 192, 1536, : : : ,

50 331 648
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Write the product for each of the following:

a) 47 b) 69 c) 347 d) 768 e) 8037 |

13 22 28 237 6423 -
£) 6743 X 238 = g) 24 756 X 47 =
h) 97.6 X 33.7 = i) 999.9-X 10 =
j) 9.876 X 1000 = k) 0.876 X 100 =
1) 0.876 X 9.876 = m) 376.2 X 0.5 =
n) 7 647 124 X 0.75 = o) 0.5 X 0.25 =
p) 38.125 X 0.125 = |
1 604 834 9999 987.6 611
1518 51 621 651 4.765 625 0.125
97.535 376 9876 9716 1 163 532

5 735 343 3289.12 182 016 188.1

Find the quotient for each:

a) 75 + 5 = b) 874 + 23 = c) 2035 + 37 =
d) 59 272 + 478 = e) 12 204 + 18 = f) 1536 + 768 =
g) 16 482 + 2747 = h) 27 026 + 8 =

i) 33/ 2541 j) 147/ 2352
6

124 77 16 2
678 55 3378.25 15 38

Further division questions:

a) 36/ 972 b) 18’ 2286 <) 134) 12 998
d) 0.78) 17.394 e) 0.07/1.1361 f) 34.8J2874.5766

g) 16 983 % 37 = h) 108 144 % 18 =
i) 8121.7 = 674 = j) 771.034 ~ 347
1)
n)

[}
-

k) 338 800 + 7.7 = 469.365 + 8.3
m) 78.787 # 0.001 = 0.00010816 + 0.0104

6008 22.3 76.047 4400
27 0.0104 16.23 78 787

56.55 12.05 127 2.222
459 97 ‘



219
Wwrite down the complete calculator display for the
following: -
a).7847 v 43 = b) 6444 v 44 =
c) 93 464 ¢ 125 = d) 10 000 + 55 =
e) 367 475 v 64 = : £) 30 000 000 vy S12 =
g) 774 217 + 717 =
747.712 ' 58 593.75 182.488 137
146 .454 55 5741.7969 181.818 18
10 054.766 : '
Do the following as indfcated: .
a) 77 X 77 & 77 = b) 888 X 3 ¥ 11 =
c) 267 X 38 ¢ 47 = a) 9743 ¥ 53 X 8 =
e) 767 X 24 16 = £) 8763 X 233 25 < 8=
g[ 16 475 % 256 X 16 = h) 240 693 F 125 X 4 =

.y 370 774 & 3000 000 X 2 =
5) 7 747 893 X 2 - 625 = :
€3 x 77 X 23 ¥ 16 x 2 ¥ 64 = o
¥ 999 x 994 X 20 ¥ 6735 = o
m) 666 X 66 x 6 & 111 & 11 i1 .

1029.687 5 2.471 826 7 216

1150.5 215.872 34, 77 .
24 793.258 " 242.181 82 . 2963.625 8
7702.176 1470.6415 217.916 02
10 208.895

More seguences: try finding the pattern through
division: .

) 17, 8.5, 4.25, 2.125, .+ " —F
0.132 812 5 ‘
b) 65 536, 32 768, 16 384, 8192, o 1 1t
<) 59 049, 19 683, 6561, 2187, .+ — .
.3
4) 33 480 783, 3 720 087, 413 343, 45 927, , ,

;7

S
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21.

22.

120

Still more sequences -- but these use all the basic
operations. Can you fi1ll in the blanks?

a) 1.6, 6, 10.4, 14.8, . ' ' , 36.8
b) 1, 8, 16, 24, ' ’ ' , 64
c) 1, 8, 64, 512, ' ’ ' , 16 777 216
d) 97.656 25, 39.062 S, 15.625, 6.2, ____ . __
' ' ’ , 0.010 24
e) 7676, 7600, 7524, 7448, ' ' '
' ’ , 6916
£) 530, 497, 464, 431, , ' ' ' ' '
’ ' , , , 35
g) 9, 31.5, 110.25, 385.875, . , . .

e ! P 709 3‘0.75
h) 19 531 250, 3 906 250, 781 250, 156 250, .
’ [ ’ ’ 10

Try these more difficult calculations:

a) 764 X 13 + 38 b) 33 + 47 X 18

3 X9 X7 X6 656 - 37 ¥ 2
c) 788 + 134 + 21 _ d) 66 - 16 + 242

77 + 88 X 0.5 743 ¥ 5 - 7
e) 3346 - 45 X 63 _ £) 222 X 4 - 16 .

47 T 36 + 5 7 X6 -4 v 16

~

1.329 341 3 ' 1.378 823 S 2.062 146 9
0.086 431 36 6.565 131 8 372.388 66

/

Let's see” what happens to some fractions whdﬁﬁ;zj
change them t¢ decisnals in the usual way using

- the calculatoy: We do this by dividing the
numergtor by the denominator. As you do these
observe your PFesults.

—L: ——— R ——— S ——
2

3 4 5
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2 / 142

13

7

7

Y

Horizontal
1. 267 + 80 =
4. 37 X 777 =
7. 2800 - 36 =
9, 77 X 2 - 107 =
10. 62 X 100 + 100 - 6
11. (75 X 75 + 586) X 10 + 1 =
14. 99 X 99 + 200 - 2
15. 2 X 2 X2 X 2 X2 X 2 -2
16. .39 X4 + 3 - 11 =
17.

20.

8888 X 6888 + 8 888 888 - 231 111

9999 - 9922 =

221

This is a
Cross-Number
Puzzle. . .

Do the
horizontal
ones first
and insert
the numbers.

You will
then be able

Bto check by
7

doing the
vertical
ones.

Parentheses
are shown
where
necessary.



24.

.

22. 2 X 2 X 2X2X65 =

23. 1 000 000 - 999 990 =

24. (11 X 1000 + 111) X 2 X 2
27. (7 X 7 + 45) X 10 + 9 =
28. 1221 <+ 11 =

29. 17 339 = 2477 =

30. (3 X 47 X 10) =+ 15 =

31. (111 X 11 ~ 110) X 2 =
32. 8888 X 8 +« 1100 =

33. 330 000 + 3300 + 33 =

34, 250X 25 + 2 + 2 + 2 =

'

Vertiodfl

1. 55 X 55 + (12 X 12) + 100
2. 10 000 - 5271 =

3. 76 X 1000 + 1000 - 3 =

4. (2222 +2 =11 - 100) X 2

S. 860 X 860 + 2641 =

6. 900 X 0.5 + 21 =

8. 670 X 670 + 29 X 29 + 43
11. 111 X 6 - 1 =

12, 12 X12 - 2 =

13. 222 & 2 - 1000 =

18. 2 X 2 X2 X3 X5X5+ 4
19. 25 X 25 X 25 X 25 - 81 000 + 283 =
20. 777 777 + 111 - 7000 =
25. 666 X 6 + 66 + 66 - 5 =
26. 9 X 5 X 100 + 200 + 73 =
28. 41 X 3 =

Decode this humorous message by calculating each
letter value and then inserting the letters in the
correct blanks:

T T O X MmO W

909 - 900 + 90
26

4 X6 X 5 X 2
(80 + 175) = 5
73 + 27

(75 - 44) X 10
998 + 889 - 1700
23 x 33

11 + 99

QO W ¥ w

m

o

c X Z

7% + 37 + 65

779 - 550
444 = 2 - .20
12221 = 1111
282 & 6

46

82 + 92

1728 < 6 + 2

25 X 25

222



> é23

S 23 + 15 + 24 Y 544 ~ 4 + 2

v 27+ 24 F 64 + 35 + 15
10 3

R 63 + 147 S 2 - 10

C 2 X2X3I%X3Xx3 L 2° X5 +1

T 144 X 25 - 30 - 40

I87 230 I35 730 5 18T 735 I35 100 108

64 51 108 99 729 62 47 64 99 24 47

ST T00_IT 75 B0 TOT BT 70T TIT 4T~

. /‘\
N, \

16T 100 310 47 IT6 739 %7 751 B I7 135
100 T14 68 240 §7%5 225 751 710 17
144 100 767 724 100 I35 1T “80 229 740

117 100 I35 1T 37 310 27

|
(Adapted from Iowa Council of Teachers of Mathematics--
original by Tom Lehrer)



Calculator Activities (various Exercises)

Patterns

Each of the following is-a pattérn. It is not

necessary to calculate every one and in fact at

times it would be impossible to obtain the exact
answer because it will go beyond the 8-digit
display of the calculator. Once you see the

pattern write in the remaining answers.

part of the first one is done for you.
1. 1 This is read as one factorial.
21!
3!
4!
51
6!
7!
8!
9! =
Now do 11! bz multiplying all the numbers:
11! =
what do you notice if you try anything,beyond
Try several and state what happens. .

20

> < N
Fo SR N
e |

120 X 6 = 720

AU W N
R
UV e W
i A -
(5, SWN SN o
XKk XM

([ el g

TR O ST (O O N I

2. 3 X 37 = 3. 0 X
6 X 37 = ' 1 X
g X 37 = 12 X
Now guess the rest and write 123 X
the answers without cq}qulating 1 234 X
12 X 37 - ‘ , 12 345 X
15 X 37 - 123 456 X
18 X 37 - 1 234 567 X
21 X 37 - 12 345 678 X
24 X 37 -

27 X 37 -

can you explain why this pattern
is like this once you know the
first one?

1112
9 +
9 +
9 +
9 +
9 +
9 +
9 +
9 +
9 +

O O~ & Wit

224



11
111

11
111

111
111
111
111
111
111
111

11

111

1 111
11 111
111 111
111 111
111 111

N NN NN

111 111

11 111
111 111
111 111
111 111
111 111

111
121
131
141
151
16l
171

» X

X e KN

1

12
123

1 234

12 345

123 456

oo o0 00 00 00 00 00 ® ®
P e o

88 =
888 =
g8 888

g8 888

5 56 D D X DX XN

(T O I

12
123
234
345
456
567
678
789

g88 888 =

g8 888

88 888 883

888

0 =

1l =

11 =

111 =

1 111 =

11 111 =

111 111 =
1111 111 =
11 111 111 =

5¢ DG DX D¢ DX X DK e X
00 0 00 O GO QO 00 O ©
R i 2
© @~ OV e B
WO W

gg8s8 888 888 =
g 888 888 888 =

66
666

-6 666

66 666

R ]

67
667 =
6 667
66 667

225
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13.

VoW
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9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999

|I|I|l||I|I|||“I|lllll!lllllllllluli

11.

GO e W

><><><><><><><><><><><><><><><><><><'><

10
11
12
13
14
15
16

17

18
19

12.

99
999
9 999
99 999

15. 9
99

999

9 999

99 999

999 999

1 X 999
2 X 999
3 X 999
4 X 999
5 X 999
6 X 999
'% X 999
X 999
9 X 999
10 X 999
11 X 999
12 X 999
13 X 999
14 X 999
15 X 999
16 X 999
17 X 999
18 X 999
19 X 999
9 X9 =
99 X 9 =
999 X 9 =
999 X 9 =
999 X 9 =
999 X 9 =
999 X 9 =
999 X 9 =
X9 =
X 99 =
X 999 =
X 9 999 =
X 99 999
X 999 999

=

=

226
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17.

18.

- e
227
9 X9 + 7 =
9 X 98 + 6 =
9 X987 + § =
9 X9 876 + 4 =
9 X 98 765 + 3 =
9 X 987 654 + 2 =
"9 X 9 876 543 + 1 =
9 X 98 765 432 + 0 =
l =] =1 X1= 12 2
l + 3 =4 =2X2 =2 2
l+3+5=9=3x3=3 2
l+3+5+ 7=16=4X4-=14
l+ 3+ 5+ 7 + 9 =
1l +3+5+ 74+ 9 + 11 =
1l +3+5+ 7+ 9 +11 + 13 =

You may have noticed that these are sequences of odd
numbers.

Can you devise a method of calculating any number of
odd numbers in sequence without going through the
whole series?

Find the sum:

1l +3+5+7+9+ ... + 79 =

If you have some difficulty, go back and see how many
odd numbers there are in any series. Then see ‘how
you might figure that- out.

Try several others such 3s:

Add up all the odd numbers less than 100 -
All odd numbers less than 200
All odd numbers less than 10 000

1= 1-14x1 .

12+ 23 29 =3

l3 + 23 + 33 = 36 = 6 X 6

12+ 23 4 3% 4 43 2 100 = 10 % 10

l3 + 23 + 33 = 43 + 53 = = X

13 + 23 + 33 43 + 3 + 6.3 = = X

13 + 23 + 33 43 + + 63 + 73 = = X

Can you predict the next ones without actually doing
R R TR L - X

13 + 23 + 33 + ...+ 93 = =

Check your guess.



19.
4
54
654
7 654
87 654
987 654
20. 9
99
999
.9 999
99 999
999 999

21. Can you guess how this pattern works?

1
21
321
321
321
321
321
321
321

X
X
X
X
X
X

X 9 1 =
X9 -/1=
X9 -1=
X9 -1=
X9 -1=
X9 - 1=
X9 «1=
X9 - 1=
X9 -1=
6 =

66 =

666 =

6 666 =

66 666 =
666 666 =

Note that each number ends in a 5.
Could you do any up to 105 X 105
your head?

5 X5 =
35 X 35
65 X 65
95 X 95

125 X 12

S =

15 X 15

45 X 45

75 X 75

105 X 105

135 X 135

When you catch on to the
short way:

155 X 15

22. Do each pair of calculations. How can you predict
the second when you know the first?
learn how then write the second answers using

5 =

165 X 165

the first.

a
35 X 35
60 X 60
100 X 10
87 X 87
46 X 46
70 X 70
95 X 95

W Hou
"

scheme do others by the

b
36 X 34
61 X 59
101 X 99
88 X 86
47 X 45

(or further) in

25 X 25
55 X 55

85 X 85

]

115 X 115 =

145 X 145

175 X-175

When you

228



WORKING WITH FRACTIONS

Make these fractions equivalent:

a) 1,
7 I8

a) 12 o _ e)
I3 195 .

g) Write the key sequence for doing:

\

pecide which of the two fractions
are they equal?).
Write the numbers required f

the blanks:

a) 1 3 b)
2 5
4) 12 1197
19 186
g) 16 259
17 368

Factor these numbers.
you whenever you wish.
form as the example shows:

2 X 2 X2

X 52 X 11

Example: 19800 =
23 X 32

a) 120 =

b) 462 =

c) 52 =

d) 663 =

e) 1380 =

f) 257 =

g) 1369 =

h) 1024 =

i) 105 468 =

b} 3 .

is the larger

between them.
or your decision on

Put > , <L Or

—
0
-
—

(Yol BN )
i

w
[$2]
—
(92}

O
—
—
(V8]
|
o

|
|

O
—
-~
-
(o2}
w

Use your calculator to assist

Write the results in comp

v 31X 3 X5 X5 X1l

229

7 7 1598

act
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Reduce the following fractions to their lowest terms:

a) 95 _
125

b) 210 _ c) 1275 _
260 335 ‘

)

d) 9409 = e) 13 778 _
5737 11 703

f) 79 560

1 646 892

Do the operations as required with these fractions.
The answers must be given in the usual fraction
form:

a) 7 8 _
15 + 3 =
7 9 _
b) 81—-1-*'371—3-—
c) 2 _ _1 _
7 18
7 14
d) SGTE 38T§ =
e) 8 4 _
ﬁxz—:'
2 _
12 75
g) 97T7 X 10453
h) 16 . 6 _
33 7 11
i) 37 . 9 _
47 ~ 70
*
9 -
j) 7lo 22— =
17 . 65 _
k) 9537 - 1273 =
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Take any whole number-and do the following to it one
after the other (remember that your calculator does
correct order of operations so be careful):

multiply by 3, add 176, multiply by 2, multiply
by 7%, subtract 2640, divide by 45.

what do you get? Does it always work? To answer
this try a few more examples.

Repeat all the steps for number 6, but start with a
number involving a fraction like l9r% and write
all the values in fractional form as you go along.

Do all the parts of number 5. again but this time
work with the decimal form of the numbers.

what do you think about fractions done in fraétiOn

form as compared to the same questions done in
decimal form when the calculator is used?

Canada became a nation on July 1, 1867; this is 110
years up to July 1, 1977. Calculate the following
equivalences for 110 years. Start with the numbers
of days using the fact that,there were 27 leap
years in that period.

a) How many days in the 110 years?

b) How many weeks?

c) How many hours?

d) How many’minutes?

e) How many seconds?




!

10.

11.

12,

v

Can you put together combinations of just 2, 3, 5,
and 7 in such a way that by multiplying and
dividing only, the result will be 110? Two
examples are given:

Example (1) 2 X 5 X 55 + 5 = 110
(2) 44 x 25 x 17,
2 ¥ F T

a)
b)

c)

0ld Fashioned Problem:

Under the British system of measurement, a granary
is found-to be 12% feet long, 8 5s/6 feet wide and
10 7/8 feet high.

a) How many bushels of wheat can it hold if a cubic

foot is 6% gallons and 8 gallons make a bushel?

b) How much does the wheat weigh in tons if a bushel
weighs 60 1b?

Do both of these parts in fraction form first.

Next do the two parts again in decimal form. Think
about the comparison of using the calculator in
these two forms.

problems on the calculation of T:

As you know wappears as the ratio of circumference
of a circle to its diameter and is known to be
= 3.141592653897932384626... and oOn and on
never repeating in any pattern.

To calculate 77, mathematicians have derived several
formulas, some only approximate but others correct
up to any point you wish to select for
calculations.

Try the following and see what values of 7w you
obtain up to the suggested point and compare to
the value given above: Do all in decimal form.

i
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a) Early Egyptian (about 1700 B.C.) formula for the
area of a circle was A = (4 -~ %d)2 wvhere d is

diameter and @ = 2r (i.e. twice the radius).

Thri formula gives A = E%T r2 if we put 2r instead

of 4.

L ]
Using the r-formula calcualte the area of a circle
of radius 25 cm. 2
Now calculate using A =77r° and wfrom the
calculator. Compare the two areas.

b) Archimedes, a great ancient mathematician and
scientist (287 - 212 B.C.), estimated w to be
larger than 3 10/71 but less than 3 1/7. What
is the difference in fraction form of these two
numbers?

Using each of these find the largest value (in
fraction form) for the area of a circle as well as
the smallest (r=25 cm).

C) 7T can be obtained from the following:

1 1l 1 1 1 1 1
TM=4X(1 -3+35-3+353- 1% 3°15

+ ..0)
Find the exact fractional value that you get if
yQu take the fractions up to 1/15 and then convert
to decimal form.



13.

4)

e)

The formula for the volume of a sphere is V = %-nr

_calculator goes into scientific notation 8O

334

Here is another value for|w given by Abraham sharp
in 1717 (English mathemat cian, 1651 - 1742). He
used it to get w to 72 dedimal places. (Of course
today 77 has been calculateg to thousands of decimal

places using computers) .
+-1$—-—3l—- + ..0)
3 3"xll

-rr-sx%xu-—l—‘ -
X9

3X3 3°XS

Write the series up to whdte| you have 15 in the
denominator. Again see if you can get the exact
fraction up to that point. en convert it to a
decimal. Compare to the valpe for 77 given earlier.

glish mathemat ian's value for ¥

He is anothe

( Wallis, 1

ﬂ-4x<%x% %x%x%xl%xm
Can you get the exact fraction from the
where it is written above? Note that your

would nojr be exact. Can you figurg out how

it exact? Now change it to decimal form.
to the given value of .

3

Using 'Ir = 3% calculate the volume of a spherical

[ ]
gasoline storage tank 15 m in diameter (answer in

fraction form). Do the problem again using the

calculator value for 7r and get the answer in

decimal form.
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56 + 11
78 + 11
122 « 11
133 + 11
100 + 11
67 + 11
Also try
the same
30 £ 11
40 <+ 11

235

'SOME FURTHER PATTERNS'
(from a book by Judd) /

Can you add a few more to
be divided by 11 to give
you each of the patterns?

>

these and others of
pattern:

Do 101 X 101 =

101 X

101 X 101 =

Guess 101 X 101 X 101 X 101 =

and 101°

Can you prove that your -guesses for the las* two are
exactly correct?

101 x 11 101 X 202 =

101 X 111 = 101 X 2020 =

101 X 1111 = 101 X 20202 =

101 X 11 111 = 101 X 2 020 202 =
101 X 33 =

101 X 333 =

and so forth ----

Can you guess these even though your calculator can not
give you the exact value?
24 691 358 X 27 =

45 =
36 =
54 =
18 =
108
153
123

e e R T

L'}
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12 345 679 X 27 =
X 69 =
X 45 =
X 86 =
X 36 =
X 66 =
X 55 =
X 54 =
1 X9 +2 =
12 X9 + 3 =
123 X 9 + 4 =
1 234 X9 + 5 =

etc. Where does this one end?
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WHEN SHOULD I USE THE CALCULATOR?

1. Do the following without using your calculator:

Starting time:

4 + 8 + 2 = 20 - 10 - 4 =

12 X 100 = T2 X3X2-=

40 + 5+ 2 = : 1500 < 3 =

45 100 45 4/ 120
+23 -74 . X5

Finishing time:

Time needed without using the calculator:

2. Do the following using your calculator every time:

Starting time:

3+ 6+ 5 = 25 - 5 - .7 =
16 X 100 = 4 X 3 X4 =
30+ 3+ 5 = » 1800 + 3 = »
52 100 62 3/ 150
+34 67 X6 :

Finishing time:

Time neegded using the calculator:

v D

PO —
. ~
- 3 P ¢ N
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USE -YOUR ékLCULATOR (And Your Head)

You are allowed to use only 1, 0, +, and = on your
calculator. \ -

Make your calculator show your telephone number
(actually you don't really need the = sign for this
problem) .

What is the minimum number of entries you required?
(An entry is any number entered in the display to be
added, to a other number) .

can you tHi igpgWay to do it that will require an
absolute: number of entries? What is that
: -,

"o

Use your calculator efficiently to

a) add 31.5 to each number

6 347 9 47.9
300 |
b) add 489 to each number ‘ ’
65 248 . 979 4965
348.65

c) subtract 87 from each number

186 278 3789
56 345 478 346
d) multiply 1.08 by each number *
73 646 342
75.94 376.873

e) divide each number by 47
799 31 161 47

119 911.15 3760.438
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f) divide each number byg.s;a ('/
3043 27 745 3542.2

345.47 1281.64 35.8
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ESTIMATION

Each circle contains prices of a number of items purchased.

1.

Estimate the cost of the prices in each circle and
write your estimate in the proper space. Do all
estimates first. .

Calculate actual costs and enter those.

Calculate the difference between your estimate and -
the actual cost.

Can you give the percentage error (based on the actual
cost)?

SN e, N
\ - 81.52 N

/ Ve
/ $1.99 /7 $1.79 . :
' 88¢ 35¢
\51.08 $1.44 | 17¢
. e s 24¢ $1.49
\_-/ -
Estimate Estimate Estimate
Actual Cost Actual Cost Actual Cost
Difference Difference Dif ference
% error $§ error % error
- "/’A‘\\\\ /q\
$2.64 ™. $3.89 <7 89¢
$16.95 34.99 $1.44
28¢ $2.07
$1.89 $2.27

47¢
$0.97 17¢ : $9.99



Estima%e
Actual Cost
Difference

$ error

Estimate
Actual C
Differen
% error

ost

ce

I
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Estimate
Actual Cost
Difference

% error '/
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HOW'S YOUR GUESSTIMATION

Target Practise: In this game you start with the first
number and try to hit the second number through
multiplication. Each guess must be recorded in the
spaces provided.

Try to hit the target in the least number of trials.
If you need more trials than spaces provided, write
extra ones beneath the ones given.

1. 43 , , , , , , , 387

2. 175 , , y , , , , 1350

3. 89 , , . , , , 1246

4. 101 , , N PR , , 1111

5. 101 , ., , , , , 1515

6. 101 , , , , , , , 1818

7. 101 , , , , , , , 1919

8. 101 , , , , ., , 2929

9. 11 , . , , , , 121

10. 11 , , , , , , , 1221

11. 11 , , , , , , , 12 221
12, 1L e , , , 122 221
13. 11 , P , , , , 1 222 221
14. 48 . , . , , , 134.4
15. 27 , , , , , , , 472.5
16. 76 , , , , , , , 1425

17. 95 , , , , , , , 3576.75
18. 125 , , , , , , , 1110
19. 156 , , , , , : , 8221.2
20. 985 , , , , , , , 8732.5
21. , 1000 , , , ., , , 49 600
22. 22 , , , , , , , 488 884
23. 16.5 , , , , , , , 14 850
24. 20 , , , , , ) , 17 556

.25. 968 , , : , 4._ , 10 551.2

26. 3748 ' ' , ' ’ ' , 71 212
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MORE ESTIMATION

For each of the following guess your answer and then
check on the calculator. Solving these as equations
is not allowed.

Record each of your trial numbers to the right of the
question.

TWO spaces in one question require the same number.

1. 15X [ ] + 16 = 55
2. 75 -16 X [ ] = 31.8

3. 65X [ )] =936

4. 175 + 247 - [ ] = 38

5. | ] X [ ] = 1122.25

6. [ 1+ [ 1 = 2437.2 .
7. 85 X [ ] = 6383.5

8. 175 + 25 x [ 1 = 237.5

9. 28 + 28 + 28 + (] = 182

10. 7948 - [ ] ¥ [ ] = 7947
11. 175 + ( ] = 70
12. 452 + [ ] = 14.125

13. [ 1 X[ ] + 450 = 7846

14. 75 + 40 + [ ] = 4.475

15. 27 + [ ] = 0.84375
16. 27 %[ ] = 8.4375
17. [ 1 -1 1417 =0

18. 6548 + [ ] X [ ] = 7277

19. [ ] %25 =75.8

20. [ ] + 12 X 4 = 460



21.
22.
23.
24.
25,

26.

(

175 + 2 x [ ) = 311

6 X [ )] + 249 = 345

38 + 75 X [ ] = 1350.5

[ ] + 38 x 48 = 1921

! ] + 1143 + 500 = 185.286
75 + [ ] X 53 = 159

244
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POWERS
Complete these powers and see the differences: ,
(3%)° =
325
(35)2 - .
5
32 =
2
35 =
325 =

Start with 2. ~Double and get 4. Double again and
get 8. Double once again and get 16.
Guess the number of times required to reach 1000.
Now repeat this on your calculator and record the
number of times required to reach (or pass) 1000.

Write this as a power notation: =

Repeat the previous activity but starting with 3 and
doubling every time.

)
Guess the number of doubles required to reach”1000.

Repeat on the calculator and record the number of
doubles.

Can you write out the multiplications you performed?




246

The story is told of a man in ancient times who
performed a special task for the emperor,. In
order to reward the man the emperor aske® him
what he would like. A

The man replied, "I do not want money. Grant me 1
kernel of wheat for the first square of the chess
board, 2 kernels for the second square, 4 kerg,%;
for the third and so forth doubling the number.df
kernels for each square up to all of the 64 '
squares."”

The emperor was pleased to grant so simple a wish
and set his men to fulfill the request. ’

Calculate the number of kernels the man would be
entitled to receive for the 64-th square.

Can you calculate the total number of grains he
should receive (approximately) ?

Did the man strike a good bargain?

I wonder how much that amount of gra:n would bring at
$90 a tonne, which is 1000 kg.
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THE "TALKING" CALCULATOR ‘?
For each of the following, do the calculation and then
rotate the calculator and read the messaqr
1) An informal qrcotinq: (28 X8 + 74) £ A1 - 8 =
2) An informal greeting to a female friend:

2454 - 600 _ \

851.19 X ( 50 0.54) + 3 = .

3) A more formal greeting to a male friend:
(675.981 4?% 803< 2 -0.000 91)0.184 ﬁﬁ}OOO 06 +808 =
4) All this calcula‘rr work may do this to your mind:
(10 1091 X 30 + 7777)1.05 - 39.35 + 53 600 =

5) What Amelia Earhart put on for take-off: (She was a
famous woman pilot)

(25 678.75 X 24) + (5 X 1000 X 1000) - 444 444 + 208 063 =

6) And this is what Amelia's father said: s
' - “P z
(250.45 X 200.3) + (3457.344 ¢+ 6.4) = S
AU S A
7) On our trip we stopped here several times? v« .
1S S-SR IR
(33.75 X 20.37 % 0.9) - (106.203 1% :2) = o0
7‘? "u, * . *
as well as here: & . y;’-{ .
(58.609 04 = 7 X 25 - 206) + 6 + 10 + 1§oo - 290 .t
8) JAWS had a very large appetite. In factAieh, e so o
much of so many different things he was gqa a: T
((2 x 10% + 547 747) + 9 x 30 - 416 888 + FIB) + 1000 =

9) , There are too many of these in the roadwi Qgéh the
spring:

P

53 X 1000 + 720 - 12 - 4 + 0,918 =
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sleepy residefft threw at tho‘hovlinq cat:
X6+ 6+ 0,973) X9X 2=

10) Wwhat the
((440 + 44 + 4 + 3)
AN

11) What Snoopy gets a lot of in his doghouse as a
result of his scraps with the cat next door:

t

235 423+ 2% x 3 x109 =

-



1)

2)

A

a)

b)

c)

PROBLEMS I

person goes on a car trip from Edmonton to
- Sagskatoon. From there this person continues on

to Regina, then to Calgary and finally back to

Edmontan. The distances for each part of this
trip are (in order) 544 km, 263 km, 760 km and
288 km. N )
How many gallons of gasoline would be used if the
car averages 31.6 km/gal?

How much does the gasollne cost at an average of
87.9 ¢/gal’

What is the actual travelling time if this person
goes at an average of 90.4 km/h? -

»

The hamburger problems:

a)

b)

c)

d)

e)

Suppose that MacDonald's advertlses that it has
sold 18 billion hamburgers altogether in the
United States and Canada. If .each hamburger is
assumed to be 4 centimetres thick, how high
would a stack of-18 billion hamburgers reach
(if we can plcture them as formlng one large
stack)? .
- Give the answer in cm flrst and then in m and
finally in km.

The distance around the world at the equator is
about 41 000 km. How many times is the stack of
hamburgers as much as the distance around the
earth?

In the United States there are about 220 000 000
people and about 23 000 000 in Canada. 1If we
assuyme that each of these people eats one
hamburger a day, how long would it take to eat

249

N

18 billion hamburgers? ~

Each hamburger uses about 125 grams of beef. How
‘many kilograms of beef are needed for 18 billion
hamburgers?

'How many tonnes of hamburger meat is needed for
the 18 billion hamburgers?

4
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£¥/Let us take the average cost of a hamburger as
65¢ (some cost less and some cost more). How
much money would be spent for 18 billion
hamburgers at this rate?

g) The government of Alberta just announced that
during this hext year it is goi to cost 3.8

billion dollars for its expen running
Alberta government business { many times as
large is the cost of the ha s as this

Alberta budget? 1o

Why chain letters requiring some gift are illegal:

Suppose you started a chain letter and sent it to b6
people only and each of these is required to send
it to 6 new people. Call the first sending (by
you) round 1 and the next one round 2. If noone
gets more than one chain letter in which round
would you go ‘past the total population of Canada
(23 000 000)? ‘

In which round would you pass the total world
population (4 000 000 000)?
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CALCULATOR ACTIVITIES * “(VARIOUS EXERCISES)
M.

ESTIMATION

10.
11.
12,
13.
14.
15.
l6.

17.

Each question has three calculations.

PERY Yi¢

Draw a ring

around the one you estimate is the largest (do

not calculate exact answers).
calculator to get al
put a rectangle aro

thre
4 the

Next use ydur
e answers and then
largest of a, b or c.

Is the rectangle around the same one as the ring?

a
33 X 64
97 + 64
740 - 270
75 X 15
55 X 49
747 + 262
63 + 37
14-X 8 X 7
540 + 52
1000 - 497
710 + 11
365 §,¢“ ‘
897 + 245
6 X 16 + 20
95 X 9 X 8
18 /600

93 + 48

b .
88 X 24
127 + 48
1800 - 1237
23 X 39
153 X 20
33 X 27
19 = 9
15 X 10 X 6
475 + 23
24Z’¢ l67
7035 $ 120
353 X 5
2100 - 140
28 X 3 + 5
85 X 11 X 2

202 [ 1500

16 + 79 + 2

C
76 x 2¥
95 + 90
1176 - 444
1510 - 720
666 X 4
44 X 24
35 + 25
15 X 9 X 6
98 + 3
22 X 19°
76 % 2
420 X 3.8
1850 + 2
15 X 6 - 3
178 X 0.5 X 15
12 /800

3 17 X 12 bt 4

251



18, 2X2X2X36 3X PX 47

19. 437 - 15 - 18 1563 - 1450 + 225

20. 36 X 36 37 X 35

252

X 4 X 60
721 \ 285 - 60

a1 X 32
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SUMMARY OF CLASS LESSONS
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SUMMARY OF CLASS LESSONS

] Although procedures at each of the two schools
varied somewhat only one summary ts given. Where
variations occur these are noted. Summaries are given
for each of the twelve weeks (thirty-six forty-minute
class periods in total). .

Week 1 (Lessons 1, 2, 3)

Introduction to the use of the calculator and the
functions of the keys.

"Error” display when overloaded or when an unacceptable
operation is attempted (a + 0)

. 1 . 36 1
Possible use of % key in 5 %7 = by 18 x.4 =3 X 36

Gave first 4 pages of practice exercises

Week 2 (Lessons 4, 5, 6)

School A:

How to use the constant (K) key °

Using the K key to do sequences (3, 15, 75, 375,
’ ’ r 234 375.)

Use of yX key to do powers (review)

Briefly--the use of tangent function for finding
flagpole height

Did more examples of complex fractions and different
ways to do them

75 X 16
. e.g. 13+ 38

Gave pages 5 and 6 of practice exercises

School B:

Use of yX key

Tangent function-—flagpo%e height (this arose in
response to a question)

Interviewed students about 2/3 of the time

Week 3 (Lessons 7, 8, 9)

L )

Timed test on very simple calculations--with
calculator compared to time without the calculator

-y
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' Telephone number problem--make your calculator show
your telephone number by minimum number of moves and
using only 0, 1, + (and possible =)

Constants of operxrations using the calculator

Ritting a target number from a 'given number--using
multipli tion and keeping the guesses to a minimum

fﬁtﬁon of Cost--worksheet :

tio of costs problems--Macleans magazine (cost

for-two different lengths of time)--Pears soap cost
(which is the better buy--large or small har)
: Gave pages 7, 8 and 9 of practice sheets
Guesstimation page~--worked several examples as models

Reviewed calculation of percent or error (needed to
do the worksheet where costs displayed in circles were
to be estimated and calculated--Appendix C)

Reviewed sequences (15, 17.5, 20, 22.5, ' '

Reviewed use of reciprocal key (1/x)

How do you recognize some decimals to be repeating
decimals from the display (3.2727273 is really 3.27 --
the 3 comes from the rounding done automatically by the
calculator) .

Function of the = key--it completes all calculations
pending to that point--how to use it properly in such

75 + 18
12X 7

75 + 18 = + (12 X 7= . The first = sign is necessary
to complete 75 + 18 so that the sum is-divided by the
product of 12 and 7. Omitting the = sign causes only
18 to be divided by the product and then the result
added to 75. The right parenthesis is not needed as the
last = sign will automatically complete all pending
operations correctly.
Reviewed order of operations
Did some personal interyiews.

questions as which can become

)
Week 4 (Lessons 10, 11, 12) ' o8

Prepared for Group Test No. 1 with examples
Gave Group Test No. 1 (students had tc give KSS and
the answer)
Again did complex fractions and the various ways of
doing them: ’
- _
) 38 X 14
16 + 8
. . R
Gave More Es,-ti‘u“Ons workshegt~-discussed briefly what
is expected AR

l‘ \. .
N g

P . r

«
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Miksed one class peri,-School A because of Teachers'
Professional Development Day

~--School B because the
researcher had to leave early (students worked on their
own with supervision provided by the school)

Week 5 (Lessons 13, 14, 15)

Gave one special problem for which KSS and answer
were to be given:

Vo 75 X 47 - 63 X 12 _
1 X 14 - 12 X §
[ 8

--discussed various ways of doing this
--also gave another variation of it for further
practice (did this and discussed ways):

75 X 47 - 63 X 12 - '
16 X 14 - 12 X (38 + 41)

Gave Powers worksheet--worked some examples from it

) --Tower Of Hanoi problem (discussed and worked it)

Gave Patterns page 1 worksheet--worked some examples

Provided some time for students to do previous
worksheets and get caught up

Did some interviewing

week 6 (Lessons 16, 17, 18)
\

Worked on problems involving large numbers--most of
these were adapted from those appearing in an article in
the November 1977 Mathematics Teacher

--how to multiply or divide by 100, 1000, 1
million, etcetera, when the display is in scientific
notation

Powers page--continued--worked gsome of the problems

o Patterns pages 2 and 3--worked some examples

Reviewed constant of multiplication as done on the

calculator

week 7 (Lessons 19, 20, 21)

How tO enter negative numbers into the calculator
Gave integers test (Grade 8 Mathematics--Appendix E)
--Had them do 3) 11) 17) 27) 30) 39) of the Grade
8 Mathematics test again showing the KSS and the answer
Gave the students Mid-project Student Survey to
complete (Appendix E)
Gave them Patterns pages 4 and 5
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Discussed the role of the calculator in their
mathematics as a result of the Survey which they had
just completed

Began with the work on Fractions--using the
calculator to help with traditional aldorithms

Week 8 (Lessons 22, 23, 24)

Discussed x2 and yx again
Gave "Talking" Calculator page (gave instructions
and examples showing how this is to be done)
Gave 3 special problems on the chalkboard--students
had to do them showing the KSS and the final answer
--one questien involved finding the area of a
city lot 18.6 m by 33.5 m
--the second asked for the cost of fencing the
lot at $13.95 per metre :
-~the third was a calculation problem:

374 — (16 x 14° - 8) + (8 x 10%) + 4000 =

--students took a long time to get these--had
them do incorrect ones again after we had a discussion of
errors .

Did a number of interviews

Lost one class period at School A because of
administrative rescheduling for examinations

At School B did more examples on previously given
pages and discussed with them the relationship of
calculations such as A -+ B#& C versus A X C + B and
showed that they were equal

Week 9 (Lessons 25, 26, 27)

Worked on Problems I sheet--gave them assistance

Gave Group Test No. 2 (were to give KSS and answer)

Interviewed a considerable portion of the time but
interrupted this to assist individuals or the class z}th
various exercises S

Did percentage problems

Did conversions of numbers to percent, fractions to
decimals

63 X 27 .

Did 333 7 44 (17 + 3.8) - 234 = and various ways of

doing this 4

Gave Fractions page 1 worksheet dﬁ%b

Discussed Canadian Football field andptalculated
possible dimensions--implications for pO%Q_ le rule

changes X
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Week 10 (Lessons 28, 29, 30)

Gave rest of Patterns pages and shqwed examples
again of how students might approach such problems

-~-did adding of natural numbers up to any number

--beginning with 1 h :
--beginning" with any number other than 1

-~sums of cubes of natural numbers beginning
with 1 _ )

--did squares of 5, 15, 25, 35, 45, etcetera

--short way of multiplying by 11 (mentally--
checked on the calculator--also used calculator to get
the product and see if the pattern could be assessed)

--60 X 60 versus 61 X 59

--addition of odd natural numbers beginning
with 1 and the relation to squares of natural numbers

Did how to get exact answers (in such cases as
232 or in other calculations which go beyond the 8-digit
normal capacity of the calculator)

Worked for a large part of the time on fractions

-~doing them in fraction form (that is, having
the answers in fraction form)

-~-how to reduce fraction by cancelling--using
factoring in‘cancelling--using the calculator to simplify
the factoring of any number ’

Did more of the gquestions from the Problems I page

Week 11 (Lessons 31, 32, 33)

Did Checkpoint Number 5 -- took the problems up with
the whole class
Completed Problems I page
Continued with more work on fractions and the use of
factoring in reducing final result to lowest terms
Worked examples from Fractions worksheets
--did fractions work in decimal form (not only
conyerting mixed numbers to decimals but going on to do
operations on such numbers)
0ld fashioned problem (page 4 of Fractions worksheet)
--in fraction form--very lengthy and difficult
--also in decimal form--very much shorter and
much easier to calculate .
T -calculations from pages 4, 5, and 6 of the
Fractions worksheets
Estimation Exercises (three estimations to be done
for each question--largest selected--verification by use
of the calculator)

Week 12 (Lessons 34, 35, 36)

Did Posttests--Canadian Test of Basic Skills
(Mathematics Concepts and Mathematics Froblem Solving)
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How to find the repetand for fractions in which it
is beyond the 8-digit capacity of the calculator (1/19,
1/29, 1/81)
Further 7 -calculations
Palindromes
Volume of sphere problem (page 7 of Fractions)
Puzzle problems (think of a number, double it, add
15, multiply result by 3, subtract 45, divide by 6 and
what do you have? Answer: The number you started with)
--can you make some others of your qQwn
--how does this look in algebraic form
—--these are easy to follow on the calculator
and can do several trials in a very short period of time
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1)

2)

3)
4)
5)
6)
7)
8)
9)

10)

11)

12)

13)

14)

15)

16)

17)
183
19)

20)

21)

22)

71 + 36 +
121 + 215 + 36 =

ADDITIONAL TEST GIVEN TO STUDENTS .

Grade 8 Mathematics

T42 =

42 + 36 +
65 + 88 +
36 + 17 +

“g =

3 =

———

—

)

36 + 24 + 16 =

————

36 + 24 + 6 =

42 +

617 - 312 =

2

9

———

“3 -

————

71006 - 37 =
T316 - 119 =
412 - 316 =

————

7338 - 469 =

216 + 387 + 138 + 216 + 416 =

( 84 - 21) + 388 =

61 - (41 - 21) =

(-61 - 38 - 21 =
-12 X (~-11 - "61) =

16 X 3 =

-42 X 7=

111 X 13 =

T14 X T13 X T12 =

-



1Y
23) -6 X 7 X 2=
24) '1x}3x';x19-___
25) §102 v 74 = ____
26) 3228 ¢ -12 =
27) 03698 + -43 =
28) -1736 7 -31 =

29) 1024 & -64 = .
30) -2583 7 =21 =
31) -6 +n=-3 -
32). c‘i“_- n = -16

13)' 6Xde -2
34) '3n +°f} = ~17

35) -=2n - 4 = 10
36)' n i "3 =16

7N " n2 -3 = whan n - -5

§8).‘ Ry +2-4n = when n = -2
1y Z:‘ - b = when & = -2, b = -3
. ——g *

'.)'“4.0) Snz- 7= * .whenn = -1

M 4
o
1

%

A

262



263

’\' Group Test No. 1

Do each question by showing.iss (Keystroke Sequence) and
the final answer The first is dgne for you. Underline
KSS. : ’ '

1. 75 +.69 = 75 + 69 = 144 .

2. 16 + (89 x'3) -

3. 387 - (466 + 243) =

4. 783:47 - 69.874 =

5. 7483 + [ ] = 4096

6. 643 + 929 + [ ] = 2617

7. 948 + 948 + 948 + 948 + 948 + 948 + 948 + 948 =

il

8. 8473 X0 = - R
9. 1 X 7439 =

10. The product of 768 and 237

11. 0.010816 + 0.00104 = .
12. 888 X 888 + 4.4 =
" 13. 7946 X (27.93 + 0.3) =

THE 758 X 4 % 32 . j
16 X 7 - 18 v 64 \
15. 460, 425.5, 391, 356.5, , .
16. 3.7, 78.81, 1678.653, . .
In the next one hit the target by mg}tipliéation. N ’
17.  s2, , , , , ,7| , -, 1726.4

(Pléce estimates in blanks) '

SN



Group Test No. 2 9th Week

For all of the ﬁollowlng give me the KSS as well as the
answer:

-

1) 7300 X (47 + 78) =
2) Do the first one again but this time get the correct
answer without using parentheses or memory. (Give
[ both XSS and answer)
\
\
3) Find the fifth power of 6.

4) Do 3) in a second way. . %

.. » e, .
5) Do 3) again in a third way. v ﬂ‘;’\;"
> -

6) Express %% as a decimal.

’7) Round the answer from 6) to nearest thousandth.

" 8) Express %%*_!l a percent. , . : .
9) 63 X 27
. 933 + 44 (17 + 3.8) - 234

10) Give answer'from 9) correct to nearest tenth.

11) Do 9) another way shpwing a different KSS that will

get the cqrrect answcr. \ ‘-

2 . - . e - .

.’ ' 3 ( . f .-3"« A \”‘ ’
o J



 J

1)

2)

3)

N4 \
! v»w‘" - \
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»
MID-PROJECT STUDENT SURVEY
Have.you used your calculator outside of school (do,
not count.your work on calculator work sheets which
I gave you)? Yes
_ No (l v \
If wdo did, approximately. how many times did you use
it? . ) ) -
12 3 to 5 6 to 10 more than 10

If you did, explain how you used it and give examples
of the sorts of questiong you have done or for what
sorts of topics you used the §alculator.

3

Have you used your calculator,in school in other
subjects besides mathematics?® Yes No

If you did, approximately how many times did you use
it? N,

1 2 3 to 5 6 to 10 more than 10

— em—

i
1f. you. did, give examples of the kinds of questions
you did even if you canlt remember specific numbers.

Y

Do you regularly take your calgulator home?
Yes .- No (Regularly means ajmost every

night unless you just happen to forget). If you
do tell me why you take it home:
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If you do not tell me why you do_pot:

1
. .
- 4) Do you usually carry your calculator with you ®
throughout your school day? VYes No

If yod do tell me why you do:

If you do not tell me why you do not:

N\

5) For what kinds of mathematics questions have you
found that your calculator fs the most useful?

L

.'r.'

., N
ith the calculator so far would you
all grade 8 students should have

or their perdonal use in school (don't
t who would buy them)? Yes No

6) From your wo
recommend th
calculator

) ' ) N
Why or why not? ‘ \ 'S

7) Can you name any problems that could happen if all

grade 8 students had calculators at all times?

8) What kinds of tﬁings do you particularly like about
the calculator you are using? .



9)

10)

11)

L 2

What kinds of things de.you think are not very good
about the calculator you are using?

\

Are there any kinds of calculations that you find
difficult td do on your calculator?

If there are any other comments you wish to make
about calculators and their use please do so: .

v
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CHECKPOINT NUMBER %

1) PFactor 60214

L.
2) Multiply 589 764 by itself

l

3) DO7SX931-6437 \
38 + 16 X 3 ‘
L4

.4
.

CHECKPOINT NUMBER’

L !

+1) H wquld you,do the fpllowing?
W woug :

a) 9 X8 =
b) 4 + 4 + 4

"\ ) 768 + 768 + )

f d) 876 + 100 = !
e) 2° 476 345 .X 1000 =
£f) 18 + 7 =

g) 247 + 100 T ‘“

h) 97 X 97 =

2) (86 X 86 + 47) X 25 + 17 =

Do this mentally:
(4 +6 X3) X3 +4=

Write your é(nswer.
Now do it @#h the calculator,

bid 3* get the, same answer?

268



1)

2

1

2)

3)

4)

1)

2)

3)

4)

5) .

A

{

* J '0 y
P \\
* ' CHECKPOINT NUMBER 3 , g
. ’ N \ ‘
- o \
144 £ 12 .
. l “
Factor 9555. .
R =

CHECKPOINT NUMBER 4
.
Change % to a decimal .

.
]

Chanq —2 to a deg¢imal and write it correct to the

14 Dearest thousandth

9\;‘*
Complete this fraction %f RS

7
@

Put the correct sign (> , ¢ , or = ) between these two

fractions: , - .

7 231 | .
» IZ 3% ‘q’

.

CHECKPOINT NUMBER S

63 X 12 - 140 _ "
T -1 X2z

75 + 38 X 4 - 16 X 3, =

(7S + 38) X 4 - 16 X 7 =

>

Are your answers for 2) and 3) different?

If the answers for 2) and 3) are different explain to
me why this h&ppens? o
. \ 5 ) .

\
\
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CHECKPOINT NUMBER 6 -- FINAL

1. By using the constant key do the following:

a) 747, 723.4, 699.8, 676.2, P L
b) 895 -795.2, 149 299.2, 24 883.2, 4}&*!2' '

’ A ———
’

’

2; a) Find 63% of 2467.g ° LA
%% b) what percent is 98 of 1407 |
c) 78% of some number is 1833. What is that number?

L3 Cea
3. a) If radio waves travel at a speed of 300 000 km/s
: how many seconds would it takq a radio signal from
earth to reach a place in space which is 13.5
billion km away? " - . -

- PO

b) How many minutes is this?

Kl

c) How many hours is tMs?

* -

4. Change 18%% to a fraction. 18%% = 33

73 312

Then change it to a new fraction as shown:

5. Do this guestion in the usual fraction form:

3 14
1.6-7- + 38T§-

6. Do this question in the usual fraction form:

27; X 36%%

[ T

7. po this gquestion in decimal form:

7 - lo - L]
185 - 1277 = .
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8. Do this question in decimal form:
7 15
33T5 435 "
9. a) Estimate the answer to this question:
67.73 X 38.5 =
b) Calculate the answer for a).
- & g) How much were you out from thé‘acﬁual answer?
» d) Is that more or less than 10% of the actual
' & answer? )
’v . -

hamburger everyday of the year for a whole year

_v-(365 days)

e hamburger he had in mind costs 85¢

*{} @ did the calculation and said it would cost him
3
o1

l1.025. -

wdfhat would you say to him if he told You that?

11.

l2.

13.

14.

'a) Find, by trying out different values, what the

answer is to the following:
49 + 85 X | ] = 703.5

b) Jﬁlculate the answer for a) without guessing.

»

Do.the_following addition:

Ll o111 1
1l + 5 + 3 + y + = + g + 7 =

[ ]
Find the area aof a circle of radius of 16 cm.

(A -'ﬂrz)

Calculate the following:

"64 + 198 x "32 - "8344 1 56 =
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RATIONAL NUMBERS (Pretest)

PART I Your Name
v .

. ‘Y.
Clrcle the 1etter corresponding to your choice for the
answer. Do your calculations on the paper provided.

l. 31.42 + 8.56 + 0.0134 + 21 =
A. 41.53 B. 60.9934 C. 39.9955 D. 50.9934

2. Another way to write 5 degrees below zero is

A. 5° B. -5° .1 D. 5°°
+ 5
3. -9 + 43 =
~
A. -52// C. +34 D. +52

* 4. An example of the addlt\Ve identity property is
A. 24 X0 =0 B. 36 + 0 = 36 c. 0 4 = 0,
D. 24 - 23 = 1
5. The set of numbers which are both whole numbers and
integers is
- - +¢
A. -3, 0, 7, -8 B. -3, 0, 7, '8

c. -3, 0, 77, *s D. +3, 0, t7, *8

6. If the additive inverse of a number is 5, then the sum
of the additive inverse and the number is

A. 0 B. 1 C. 1 D. 10
5
7. -25 - 8 =
A. -17 B. +17 C. =33 D. +33

8. Which of the Yollowing is NOT a rational number?

A. 17 B. 4+ 0 C.12 8 p. -2
9. -3 -
< 3 =
A. -15 B. '9 c. T9 D. +15
4 3 g 3
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. o |
10. -8 _ 7 _ ., 4
‘—5 3 o
TA. =59 B. -56 c. =1 D. 11
1% 15 X ‘T'Ls IS

11. Which of the following statements is true?
A. 432 > InaY B. 432

33 —35 = 17.28 - 432 ¢ 17.28
d'%:l?-? - |
12. Which of the following is true? s ‘.
Mdxieixd el gxd
B T T A TS DR P

13. The number -7 is the solution for the condition:

3
Aol 1, -7
. P Sl
I ]
S oc. 1 . -3 .
gtx 3

1l4. what is the decimal equivalent of S
9

A. 0.5 B. 1.-;— C. 1.8 D. 5.5

PART II

Do the calculations shown for 15. to 26.
Use the paper provided and hand that in with your test
paper. '

15. 161.4 + 0.04 =
l16. (34 + 88) + 30 + 15 =

17. (-81 <% 3) <+ (45 + -5) =

8. -4 X 73 X 25 = ‘

19. '4%[ X ‘4§ - s% X ,lrg— =



21.

22.

23.

24.

- - —

29,

30.
31.
32.
33.

34.

35.

. A

what is the fractional equivalent of -0.7257
Arrenge these numbérs in ascending order:
;)
0.5 1 ¥
k)

.5 0.0375
8

Find the value of 3p2 - 9x - 6), if p =3 and
x = 4.3. .

If 14X - 2% = 8x + -2k, then what ii.x equal to?

If x = 3% , then what is X equal to?

Solve for X; Xx + :%x = 2X '
=3 - -3
Solve for n; -7 X Ia X -10 7 X nX 10

Are the following fractions equivalent? Show your
work.

%% and %g

15?2

[

-~

274

what number when divided by 8 yields a quotign;ipf ' <
' W



27%.

5\

36. The sum of three numbers is 132. The second number
is 4 times the first and the third is 7 times the .

first. PFind the numbers. .
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N RATE, RATIO AND PERCENT  (Pretest)
. {‘ [}
PART I Your Name “

Circle th@eletter corr.s&;:;Ihy;to your choice for the
answer. DO your calculations on thé paper provided.

6.

16 x -
134 i} - 190 ' then x is .
‘ .
A. 96 B. 52 C. 40 D. 250

I£ 9 : 36 = x : 100, then x is
A. 25 B. 40 C. 46 - . p. 73

1% expressed as a percent is

A. 3 ~ B. 1.5% C. 15% = D. 150%
Z

As a decimal 33% percent is

A. 1 B. 0.3 . ¢. 0.0% D. 33.3

3 .
k% of 2000 is .

»

A. 10 B. 100 C, 1000 - ‘D. 10 000

John gets an allowance of $8.80. If he spends’ % of
it then the ampunt he still has is «

A. $1.76 B. $7.04 C. $2.20 D. $6.60

\A flag pole 15 m long cast a shadow 25 m long. If

the shadow cast by a spruce tree, at the same time,
is 40 m long, the tree height is

A. 9.375m B. 24 m cC. 66.§m  Dr4.8 m

"Mary recexveh 60% on a test. .If there were 50

questions on the test the number of questxonl Mary
had correct was ;

A. 30 - B. 833 cr 120 .D. 40

R



. PART II

~/

*

-

- .27

Do the followxng questlons on the paper provxded and hand _
that in with your test paper. \\\ - .

9.

10.
11.
12.
13°
14.

15.

20.

21.

22.

Convert g%%'fo a percent.

!

Convert 240% to the equivalent basic fractional form.

-

Express 12 as'a percent.
‘Express 0.023 as a pércent,

Express 0.05 percent as a decimal.

'Solve for n ; n% of 36 is 9 ' : . .

Solve for n ; 40% of n is 62
Solve for n ; 112% of 6 is n .

Solve for n ; 65 is n% of 60

3
Suppose that the Progressive Conservative party won
4 out of 5 seats in theé 265 seat House of Commons.
How many seats did they win?

Canada has a populatiqn of approximately 22 000 000.
If 30% of Canada's population is bilingudal, how many
Canadians speak two languages?

My two year 0ld sister takes 9 8teps to go as far as
I do in 2 steps. At this rate how many steps will she
have to take to cover the distance I go in 360 steps?

In a school election, Dan received five votés to every
two votes Andy received. If Andy received 120 votes,
how many did Dan receive? i

A “ J !
After travelling 600 km we had covered 60% of our trip.
How many kilometres will we travel in the whole trip?
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'RATIONAL NUMBERS “{Posttest)
’/‘- - . .
A
PART I Your Name ~ e

Circle the “etter corresponding to your choice for the
answer. Do your calculations on the paper provided.

I3
*

1. 41.62 + 9.73 + 0.0245 + 23 =
A. 76.80 30‘74.3745 [ C. 51.3768  D. 41,6045

2., Jim has $788\in a bank account and wrgvggéa cheque for
$29. His ba}k balance can be represented by

A. 29 - 26 _B. 26 - 29 c. 26 - 29 -26 - 29
3. -24 + -48 + 34 = - S0
'A. -106 B. -38 C. +38 D. +106
- ’ - . .
4. The identity element for multiplication 1s illustrated
in: '
A. 15 X0 =0 B. 15 X a =0
C. 15 X a = a D. 15 X 1 = 15
5. The set of whole riumbers does NOT include which of the
following sets: o~ :
A. 0 B. 0, 1,2, 3, ...~ c.
-
D. 1 . !

6. The expression which illustrates the aqgi
property is ’

-1 a -1 _
A. =4 + =0 B. 4 + — = 0 o c.
b. I+ -4=0
7. =24 + -48 - 34 =
A. -38 B. -106 c. 38 D. 106

8. &hich‘of the following is NOT asrational number?
A. 23 B. 6+ 0 c. 1575 D. -4
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\ o
9. —~ 1 + 3k =
D! 1 ' 1 1
[ 3 —d = - -
A. -4g B. -2 C. +4g D. +2z .
22 -3 ) |
0. =% - 57 A
-41 ' -4 25 19
A. 17 B. v C. +ﬁ . pD. -1-7

1ll1. Which of the following statements is true?

A %.}18.44 B. i%-sla.u C. %<18.44

D'%-léJ

12. Whi;h'of tLe following i; true?
axZioZxl s 2x2dTxl

13. The number :% is the solution for the coné}tion: )
R P T 5.2 l. 3
C. é + x = :% D. %.= X - :lé

l4. What is the decimal equivalent- of % ?

A. 0.4 B. 1.43 c. 1.75 D. 4.7

~



- PART II

. . : n
Do the calculations shown for 15. to 26. .
"Use the paper ?rovidod and hand that with your test
paper. A :

' [ ]
15. 151.2 % 0.03 = | ‘
16. 16 + 38 + 2 - 12 =
17. (=84 # 3) % (42 + -6) =
18. +6 X 78 X 44 =
-2, -2 3 2 , .
19. T4f x 43 53 X 133 y
i
1 J
20, 133 ,
5
83‘ .
1
+9§'
21. 1 .1, ’
g 3
22. 3., 16 _ )
7 X7
23 1% + 36 =
3 s _
24. 183 - 63
5 -, 8
25 7I3 X 4TI
43 - 5 . -
26 "19‘5'—,- 16§.

27. wWhat is the fractisnal equivalent of -0.675?

N -

N\

280"
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. : . ]
28. Arrange these numbers,in ascending ordcr.

T A . 0.0475 o
~ . 5 g

. 59.3 Ewaluate 4m - ldm, if m = %

- . A . ,
. 30. 1f 27x - 63 = 12x + -62%, then what is x equal to?
v e | . .
. .1 _ 25 - : | ,
31. "1If ZX = =3 then what is x fqual to? _ )
| 1 -3 5 N
32. 591Ve for x: Tx + d§x 2§

33.. Solve for n; -11 X i% X -14 = 11 X n X f%

34." Are t§e following fractions equivalent? Show your '

work. .
o 17 18
f —_— =
57 and 53

35. What number when divided by 7 yields a gquotient of 132

P .

36. The sum of three numbers is 154. The second number is
3 times the first and the third is 7 txmes the flrst
Find the numbers, )
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RATE, RATIO AND pzaéz‘r (Posttest)

* °

' PART I _ " Your Name y
. [} - P T
eiréio thx letter correspanding to your choice. for the
answer. Do your caléulations on the paper provided.
' ‘ 3 . .x Lo .
1. Ifxﬁ.‘ 137’ then x is L a -
A. 147 - B. 143 Y Cc. 63 D. 21
2. If 8 : 32 =x : 160, then x is
A. 40 B. 20 C. 45 . D..5
3. 1% expressed as a percent is g ) t
A7y B. 1.75% . c. 17.5%  D. 175%
4. As a decihal 66% percent is
A. 3 B. 0.8 c. 66.8 - . D. 0.08
1 ’
5. 3 t of 30 090 is
A. 10 B. 100 _~  C. 1000 D.-10, 000
6. -Jim eiﬁned $9.40. If he séends ¥ of it, then he
still RNas ' @
¢ S
A. $2.35 .. B. $7.05 : C. $1.88 D. $7.52

7. Theré are 28 students in the mathematics class. The
boys outnumber the girls 3 to 1. The number of boys
in the class is ’

A. 20 ‘' B. 18 - c. 15 D. 21
8. Joan received 70% on a test. If there were 80
gquestions on the test, the number of questions Joan
‘had correct was .

A. 56 B. 114% . C. 160 D. 24
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PART & e .

- . -

L4 » ” ) o o
Do the following questio .ﬁ?e‘papet provided \{a. hand

that in with your test a

- 9. Converk 35

10. Convert 540% to the ivalent basic fractional form.

11. Express 16 as a plttent. - ’«
X :

12. Express O.ng_ag;g_gg;gQgt. _

; ) ’ \\\
13. Express 0.04 percent as a decimal.™

14. Solve for n ; n% of 48 is 12
15. .Solve for n ; 50% of n is 74

'1l6. Solve for.n ; 118% of 8 is n

N

17. Solve for n ; 95 is n% of 90

. 18. Suppose that Edmonton Oilers won % of their league

games. In a seventyw.game schedule how many games did

they win?
. ’ »

19. In 1961, 45% of Alberta's population of 1 332 000
were of British origin. How many people were of -
British origin? - <

20. An airplane travels 58 km in the time our car goes
7 km. How far could we go in our car in the time that
the airplane takes to go 4640 km? J

21. Mary earns seven dollars for every four dollars ‘that
her sister Myrna earns. 1If Myrna earns $148, how much
" will Mary earn in that time?
22. After travelling for 900 km we had covered 80% of our
trip. How many kilometres will we travel in the whole
trip?

~

s
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ADDITION CHECK

1l min
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SUBTRACTION CHECK

Work down the columns,
Do not omit any.

2

12 -4 = 4-3= 10 =5 =
16 - 7 = 13 - 4 = 1-2a= \
9 - 3 = 11 - 2 = 9 - 4 =
8 - 4 = B - 6 = 12 - 6 =
17 - 8 = 16 - 8 = 2-1=
. d
{
15 - 6 = 12 - 9 = g -0 =
18 ~ 9 = 14 -7 = 8 -.8 =
7-4 = 15 - 8 = 15 - 7 =
17 - 8 = 14 - 8 = 8 - 3=
6 - 2 = 10 - 5 = 4 -2 =
]

11 - 3 = 13 -7 = 12 - 6 =
5 - 2 = 915 = 16 - 9 =
13 - 7 = 8 -5 = 13 - 9 =
8 - 0 = 10 - 4 = 8 - 7 =
13 -9 = 9 -2 = 14 - 6 =

-5 = 14 - 6 = 15 - 7 =
124- 7 = 16 - 9 = 14 - 8 =
10 4 = ¥8 - 3 = 12 - 8 =
15 - 7 = *12 -9 = 6 - 2 =
5~ 3= .3 -2 = . 7-0=
11 - 7 = 8 -1 = 15 - 8 =
8 ~ 4 = 9 - 8 = 9 - 4 =
3 -2 = 15 - 6 = 12 - 7 =
16 - 8 = 16 - 9 = 13 - 4 = o
13 - 6 = 11 - 4 = 7 -4 =
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MULTIPLICATION CHECK

1 min

Time:

Work down the columns.

Do not omit any.
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1 min

Time:

DIVISION CHECX

\

i

work down the columns.
Do not omit any.
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tsrxnafgou CHECK . N
ror each of the foll ing give your estimation of the
right . answer. A fov | ox les are given.
Examples: 16 + 28 45 (thinking 15 + 130)
8 X 43 320 (thinking 8 X .40)
9 X 67 - 630 (thinking 9 X 70)
N 30 (thinking 70 - &0
or 78-- 48
or 80 - 50)-

You do not need to write down why
you estimated what you did:

Estimate , Estimat;

——

1. 2% 29 2. 80 + 190
3. 103 - 69 4. 39+ 27
5. 75 X 9 6. 19 X 7
7. 604 - 208 g. 247 + 261
9. 95 X 69 ‘10. 18 X 9

11. 37 + 98,+ 57 12. 1283 - 879

13. 29 x 11 14. 78+ 4

15. 804 <+ 39 16. 766 - 281

17. 237 X 42 18. 1035 + 25

19. 33+ 6 20. 297 X 39

21. 318 + 347 22. 98 ¢ 5

23. 198 X 7 24. 378 - 247

25. 43 X 78



l.
2.

10.
11.
12.

13

14,
15.
16.
17.
18.
19.
20.
21.
22.

23.

PINAL ESTIMATION CEECK -- Mo. 2

34 X 63

9 + .76 =

750 - 260 =
85 X 16

SS X 48 @ |
8473 + 4763 =
64 - 36 =

15 X9 X 7=
545 + 51 =
1000 - 489 =
7054 + 120 = 4
178 X S =

898 + 348 =
78 + 89-X 9 =

97 X 89 =

204 /1700 =

4 X 4 X4 X4X4X4=

17 + 89 + 27 =
483 - 47 - 56 =
48 X 48 =

35 < 21 =

197 X 0.5% 18 =

99 _:’ .8 -,

L

a4,
2s.
36.
27.
a9,
29.

30 ..

Jl.
j2.
33.
4.
3S.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45,

46.

- [ J

470 X 4.9 »
1947 ¢ 2 &
s i 28 -

95 + 90 =_
1176 - Y48 =
777 X "-
31+ 11
475 & 23 =
12/820 =
153 X 21 =
1900 - 240 =
1IX3IXS57=
148 + 517 =

88 X 24 = .

‘65 X 9 X 97 =

18X 19+ 8 =
1583 - 1460 +
247 + 162 =

42 X 32 -\
78 + 2.1 =

89 X 1.9 =

70 - 30.753

115 + 84.315 =

238 =
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47. 1543 - 750 = 49, 48 4 48 + 48 =

48. 88 X 8.865 = ’ 50. 29 /73000 =
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OPINION CHECK

Underline the one that you think best describes your
feelings. - Since this depends on your feelings, there
are not right or wrong answers.. Just give your honest
opinion.

SD -- means Strongly Disagree D -- means Disaqiee
U -- means U;Aecided A -- means Agree
SA -- means Strongly Agree
-
1. I enjoy working on my mathematics homework.
a . sD D U A SA
2. Mathematics is an enjoyable subject to me.

sD D u A SA

3. Mathematics makes me feel uneasy and confused.
SD D U A SA

4. I like to do mathematical questions £n other subjects
and outside of school. < ’
sp bO:-U A SA

5. wWhen we have to do mathematics, I get nervous and
uncomfortable
SD D U A SA

§. I have always liked mathematics in school. e
o‘SDDUASA

7. Mathematics is a dull and boring subject.
SD D U A SA

8. I am interested 1in studying more mathematics 1in
Senior High School.
SD D U A SA

9. I have never liked mathematics and it is my most
dreaded subject.

uSD D U A SA
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11.

12.

13.
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I am interested and willing to take more mathematics
when I shall have the opportunity.
SD D U A SA

‘Mathematics is not a very practical subject and we
should do less of it in school.
sp D U A SA

I like to work on mathemaﬁics and help other students

with it.
: sp D U A SA

I enjoy trying difficult questions in mathematics

whenever these come up in class.
SD D U A SA

-
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This survey is an attempt to obtain your present opinion ’
onthe use of minicalculators in the school. You are
being asked these questions because your child 1is
participating in a project using a minicalculator in
mathematics. Your: opinions will help form an overall
assessment on the status of minicalculators in the
schools.

Names of students or parents will not appear in any final
statements that may be made as a result of this project.

OPINION CHECK --- Parents
[ J

1. Do you have any calculators in your home at present?

Yes No
2. If you do have any calculator(s), is your child allowed
. to use them (it) if he or she wishes? -,
Yes No

TS an)
If there are any restrictions on its use, please
indicate these.

3. In general do you favor the use of minicalculators to
some extent in Junior High School?
Yes No ~
4. In what way might the use of the minicalculator in.the

grade 8 classroom affect your child's performance in ,
basic computational skills?

Hinder Have little or no effect
Improve . No opinion '
5. In what way might the use of the minicalculator in the

grade 8 classroom affect your child's overall perfor-
mance in mathematics?

Hinder Have little or no effect
Improve No opinion
6. In what way might the use of the minicalculator in the
grade 8 classroom affect your child's attitude towards
mathematics?
Hinder Have little or no effect

g Improve No opinion
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10.

11.

12.

13.
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i Y I .
Will the use of the minicalculator in the grade 8
classroom makd your child depenpent on it in 'the
perfo nce ofy basic skills? .
Hig{T; depengent Dependent to a slight

Not dependen degree

No opinion

Should the Edmonton Public School System permit the
use of the minicalculator in the grade 8 classroom?
¢« Yes No No opinion

If you said."Yes" to number 8, should the
minicalculator be permitted for all subjects?
Yes - No No‘opinion

If you said "Yes" to number 8, should the
minicalculator be permitted when students are
writing tests?

. Yes No No opinion

Should the Edmonton Public School System provide
instruction to its students in the use of the
minicalculator?

Yes No No opinion

* \

If you said "Yes" to number 11, in what grade do you
think instruction should begin?

12 10 ‘ 8 Below 7

11 9 7
‘ - -
If you wish, make any comments you like about the
use of minicalculators in the school.
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. ° ! \ " R
Student Age I1Q* Final Grade 7
(by Code Number) . (Start of School Mathematics
Project) Mark (%)
F - 111 . 13-11 ' 126 15
F o+ 112 - 13-1 108 45
: . ———
M - 113. 13-11 (106 £ 10
F-414 14-1- 67 b 35
M - 115 13-3 135 = 70 .
F - 116, : 13-3 92 60
M - 117 13-8 89 60
M - LR -~ 13-6 98 43
F -~ 119 13-5 110 80
F - 120 ’ 15-0 75 427
M - 121 15-4 83 c (in Special
PY Ed. class)

M - 122 ) 13-6 129 58 :
M- 123 13-7 - 108 69

‘M - 124 13-4 102 78
M - 125 14-9 85 59

F - 126 14-1 96 " 82

*Canadian Lorge Thorndike Test
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OBSERVATIONS FROM THE PILdT PROJECT

.

SN . The following observations, presented in no
particular order, were made as a result of the experiences
during the pilot study: *

\\l. Even though students have been exposed to
calceiators and may even have them at home, they do not
know how to use them efficiently. They seem tO know only
th to carry out the four basic operations.

2. Several students commehted that many guestions
were boring pecause they were so simple. It appears that
‘there is simply no reason for giving students a number of
repetitive exercises. Even a lengthy puzzle problem
(such as one similar to a cross-word puzzle but involving
mathematical calculations) seems to be poring because of
the simplicity.

3. Good students rended to compete for speedy
solutlons and thereby often made errors.

4. Good students seemed most keeﬁ when there

appeared to pe some challenge: for example, decide ﬁow
this serlesL s formed and £i11 the blanks with correct

numbers to complete the series:

59 049, 19 683, 6561, 2187 ' ) ) , 3.
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. : ]
5. Estimation is not as well developed a skill

in grade 8 as are other skills in mathematicd. '

6. Students are reluctant to analyze situations;
rather they seem to want procedures.gfven to them directly.

7. .All students, but especially slow stvden;s,
will need to be given c:retui\instructioné and opéor—
tunities for practice ip order to become proficient in
using a calculator. The usual procedures of good teaching
apply.

8. It takes time (more than two weeks) for most
students to appreciate the.power of the calculator.

9. The efficient use of the calculator is not a
triviality; there is alsignigicant amount of learning,

not just in the manipulation of the keys to effect a

solution, but to do so with ease and mathematical‘w).

75
eloquence. For example, 16 X 34 should be done by
75 = 16 + 34 = but no students using the calculator in

the early stages would do that. Rather they would likely
do 16 X 34 = , record the result, and then do 75 +

(recorded result) = . Later students tend to make use of

the calculator memory rather than record an intermediate
result. Howevér, the efficient way requires some
analysis and application of mathematical knowledge.

10. In general students are enthusiastic about
the opportunity to use calculators; other students express

interest in their work.
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"
11. The teacher reported that she noticed the

ease witﬁ which so-ca;(ﬁd problems became trivial
. calculations to the studéhtl who had calculators.

12. No problems occu;rod in view of the fact’
that students wofq‘a}lowed to carry their.calculaéorl
wherever they wishe@ an@ that they were encouraged to ‘

]

use them. -

13. The ca;;ette fecbrde;.provides a good record
of'the class talk.

14. . It may be necessary to arrange time from
regular‘mathematiés periods for personal interviews. The
time in the’ calculator group sessions appeared-to pass
very quickly leaving ligtle time fogy personal interviews
of students by the researcher.

15. One parent is very much in\{?vor of the use
of calculators, two were not certain with a number of
reservations, and one was opposed. .Two did not complete
the Opinion Check.

1§. Relatively inexpensive 9-volt batieries will
not last murh more than two weeks--hence they are a
nuisance and a waste of money. As a result 1t w;s
decided that good quality batteries (usually described

as heavy duty) would be utilized throughout the project.
>,
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ADDING FRACTIONS WITH THE CALCULATOR

-

Consider a question like l%; + 3! . With'tho

power of just a $5 calculator -- basic functions and
metory -- the solution is trivial:
115+ 37 = (M) 28 + 63 = + (MR) = ; this yields a decimal

result. (M) means that the displayed value will be placed
-

in Memory and (MR)~refers to a key which recalls from

Memory. However if a raacher wants a fractional form, a

student can use his calculator to find very quickly that

the result is %%%l and furthermore by d1v1dinq 8281 by

'2331 he realizes that the fraction is equal to 3 + A

8281 -3 1288
2331 2331

With some understanding of his calculator the student

fraction which he can readily obtain:

can soon establish a méthod of decidimg if the fraction is
in lowest terms. He can factor the numbers quicKly to
obtain 17

1288 = 2 X 2 X 2 X 7 x 23 and 2331 = 3 X 3 X 7 X 37.
115 28 184

From this the final result lS.-§7 + 3 ™ 3333

Although this process appears lengthy and
complicated in the explanation, it is relatively simple in
the execution. . Teacheré would hesitate to give students
such a question for paper and pencil calculation because
of the high chance of error but on a caiculator the

manipulation of these numbers is only slightly more
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-

complicated than for fractions involving liiplpr numbers .

2 o]
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\ FOLLOW-UP CHECKPOINT

764 + 89 X 17 =

37 X 46 + 37 3 16 =
(38 + 97) x 12 =
0.0127 <+ 0.00125 =

65 X 12 + 4
16 - 7 X 18 = 25

“

Give answer correct to
nearest thousandth

N
23 X 23 X 23 X 23 x 23 =

Multiply each of the

following by 12:

7, 38, 49, 2374 0

Divide each of the following by 32:

12, 78, 97, 44
. 1
17 a5

Complete this fraction 1

1

- ; 1.

625

w

,..

N
[3S]
(o))
S

Do these in decimal form:

7 10 _

3) 345 - 15 {7 =
4 . 2 _
‘b) 757 5 30r§ =

a) Find the square root of 799.1959

b) Check your answer.

Do (17.5 X lOlO) + (8

*

Do 39.4 billion multi
the answer 1n scienti

.5 X 106) = Write the answer

1n scientific
notation

plied by 6.4 million and write
fic notation.
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: &

Excerpts on working a rational number question,

3 14

167 + 3819 - Two students had trouble after they got
to S4i§§ Although the problem is not with the

calculator, the following éxcerpts show the mathematical

difficulties.

. Excerpt No. 1 (M-117)

155
[Student had 54133

R: What happens now?
S: You reduce thenm.

R: Right [Student did 133 i 1] = ]

Isn't l%% bigger than 1?
S: Yes.
R: So don't you have to change f§§ SO you can
get a whole number to be addgd to 54?2 [No reply]. How

many times does 133 divide 155? [sStudent proceeded to
/’;éy 133 = 155 into the calculator]
That's the w}ong order. You're entering

133 divided by 155.

S: I always get mixed up.

R: Just remember to start at the top, the
numerator, and just enter theﬁ in that order.

S: Uh, huh.

R: Actually you don't even need the calculator.

Just look at the two numbers. How many times does 133

()
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divide 1552 [Pause - no-reply, then he did 155 - 133 = ].
| Well look at the answer; 'what is ths whole
numbe&?
S: 1 \\‘
R: And how maﬁy 133'3 left over? [No ;eply]
.How maey‘one hundred thirty-thirds does it
take to make 12 | ‘

S: 1

2

?
133 makes 17

R: You mean
Q: No

R: That's what I mean. How many does it take to

get 1?2
! S: 155 - .
R: No [researcher then led him through several
steps to: get iig = igg + 133 ¢ supplying the 22 for the
second fraction. Even though this led to 11§§ , the '
researcher had to supply 55T3§ as the student did not]
How can we tell if T%% is in its simplest |
form? .[No reply] * g

What can you divide 22 by?
S: 133
R: No. What numbers will divide into 22 and give
no remainders? _ .

s: 2 Q\

R: And what else? [No reply). Well 22 is 2

/

times what?
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s: 11 '

R: Can you Qreak 11 down into émarler numbers?
\ S: No.
]‘ R: So all I need to do to see if I can reduce the
fraction is to see\if I can divide what? {No repiy].
.A‘ Well 22 is 2 X 11 so what do I check?
§: 2 into 133.
a: Does it divide? ([Again student did 2 + 133 =]
But that sign is not a divide into sign ([so
researcher did it for student on student's calculator]
what else do you check? |
s: 11 [Student did 133 + 11 = and saw it does
-not diQide]. !

R: So what can you say about the fraction?

Ss: It stays the same.

Excerpt No. 2 (F-120) :

(Student had 54%%%]

R: What will this be? 1331 (o reply]

Well %%% gives you how many whole ones?

(No replyl. 1Is that [%%%] more than 1? [No replyl].

It is equal to what? [(No replyl. That is one since‘you

can take %%% out of it to make one and then what is left?

[(No replyl. Well, you subtract tHem, 155 minus 133, and

what is left?
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Ss 22.
R: Yes, so now we have 54 and that much mbre
(showing II%% ]
‘ ‘How much is that?
S: You add them, AE
R: And get what?
S: SSI%% .
R Good. What can yoﬁ divide 22 by?
S 2

R 2 and what else?
S: .4
R No. 2 times what is 22?
s: 11
R: Right; and 11 is'a prime number so can you
divide 133 by 2? °'[No reply] .
‘ You can try it on the calculatot to see if
you can divide. [Student did that].
's: No. (Then tried 133 % 11 = ]
R: Can you divide it by 11? \
S: No.
R: So that's it; I%% can't be reduced to lower
numbers.

[Researcher's final note in the transcript was

~

that he doubts that the student really understood what

was attempted but he did not pursue this further].
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Excerpt 3 (School B - Rational Numbers):
[After a few questions had been done this one
rd

was given. It indicates what happens with simple

. . l6 . 6
questions. The question was I3ITITT ]

R: What should we do here?

Several students: Invert I% ahd multiply.

[Researcher wrote %% X l% and reduced this by

cancellation upon suggestion of various students.

Result was % and no calculator work was used]

Excerpt 4 (School B - Rational Numbers):

17 . 65 _
{Problem was 9537 : 1273 = ]

R: What will we get here?

M-124: [(After calculations] 2%%3
F-119: times 5%% [student did the calculation

and the necessary inversion]
R: Good and that leads to what?‘
F-119: 257836
R: Over?
F-126: 34817

M-124: We should divide to get the whole number.

[The fraction was 2328%3 ]

[The division was performed and the integral
portion was reported as 7].

R: Now what is the next step?

L gl

W
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Mj;&l: [He was always,dble to see this procedure].
7 X 34817 = +/- +257836 =

[He diQd this and reported 14117)

R: What is.our answer to this point?

14117
P F7126: 7jr§r7

\ (At this point went through another example of
converting ;%% to 9%% to see the algorithms used. The
whole procedure is 119 + 12 = to get 9.916667, follow this
with 9 x’lz = (9 is thé integﬁg} part of the nuﬁber) to
get 108 and then subtract 108 from 119 mentally or with .
108 in display continue with +/- +119 = ]

(After above example class returned to problem of
14117 ‘

34817 can be reduced].

R: Factor 14117 by the method we used.

M-124: 19 X 743 [this after suitable interval of

calculationf& o 4)

)

seeing if

-

R: Good. 'Let us'éee if 743 can be factored.
How far will we need to go Sefore we gquit checking?

M-124: To the square'root of 743.

R: Very good and where will we start? 7

M-124: at 23.

R: Why is that so?

M-124: Well, we already did up to 19 so we just
keep going from thgre.

[Class established that 19 X 743 is in prime

factors]
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R: How do I check if we can reduce the fraction?
M-124: Try to divide 24817 by 7 and by 743.

R: Good. Do that. A /

[Class did this and found that the fraction could

not be reduced to lower terms].

It should be noted that the major contributor

was M-124, the best calculator user and the best student

. /“\
in mathematics in School B.\

Excerpt 5 (School A - Rational Numbers):

[Problem under discussion is SGI% - 38%% }

R: Where do we start?

M-115: Use 180 for a common denominator.

R: How did you get that?
M-115: (Multiply 12 X 15.
R: Good, so give me the fractions.

. . .
\\\\ (As researcher got these he recorded on the

\
tchalkboard]
105 . .
F-116: Ssm [she multiplied 7 X 15 = to

provide the 105]
168

180 -
105 168
[Researcher wrote §6I§6 36—55 1

and 36

R: Now what?
M-113: Borrow from 86 and that'll give you 285

over 180 f[he did the calculation mentally]
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R: Good sO we now have ....

' 285 168 .
F-116: 85—3— 36I§3
R: So that will be?

o
Several: %%%

(At thiskboint one student requested an :

explanation of the source of 10§ and 168. A friend next

LY

to her explalned and she seemed satlsfled with the

explanation. Researcher showed how 285 came about. ]

R: 1Is 117 a prime number? . " §

hY

Several: Yes.

M-113: 3 goes [meaning 3 divides 117].

—
~

R: Good. Givé me a reduced form then for 50

M-113: 39 oyer 60 (He had used calculator to get
the 39] : ‘ |

[From this step several students sugqfsted that

39 13
5 reduces further Fo 55 ]
{ R: If we had realized that 3 divides 117, 39

‘times and then 3 divides 39, Qe could have divided right

at the beginning by what?
' F-111: 6

(Student was corrected on this by several others. ]

Excerpt 6 (School.B): -

[(This excerpt illustrates a class discussion and
the limited replies of the students. The researcher's
qguestions are usu%lly such that students are led through

a problem in small steps.]

n
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(The questioni under coﬂsido:ation are as foihown:
a) Find the fifth pewer of 6.
b) Do this in a second way.
c) Do this again in a third way.]
R: What did you do for that one, F-120?
F-120: 6y*5 = |
R:| Right. That's prbbably the best and simplest
What's another way for the next guestion?
M-122: 6 X 6 X 6 X 6 X 6 =
R: Right, that's another way.
M-125: I had a different way.

R: What is that, M-125?
2 2

M-125: 6x x X 6 =

R: What does this do [showing.6x2]?
M-123: lDouble’s it. .
R: No, 6 + 6 is 12.

M—léB: Oh, squares it.

R: Right, so he has 6 X 6 [up to 6x2] and when

he presses xz-again what does he have?

M-123: 36 X 6
R: No. ' \
M-123: Well it's squaring the last number.

R: Right but you don't get 36 X 6.

M-125: One thousand two hundred ......

LA [Interrupting] I don't want the actual
- LY

numbers bat, an explanation of the power of 6.
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e M-124: You get 6 X 6 X @ X 6

R: Good. (Researcher reviewed Kow that comes

i

about] And when hi then multiplied by 6 [showing

x%x? x 6], he does get fhe cortect answer. So this is

6
a correct wéy to d& it different from the ?irst ones.
What's aﬁothet waQ of doing itz
M=-123: 6 X.3 = = ==
R: hight, so we have four ways of’gettiné this

answer. ’

M-122: Shouldn't we go 6 X K6 = for that last
. L]
one? ’ ¢

-

R: No, it isn't necessary [explanation followed
that the first = sign entry followiﬁg K will multiply
the. 6 in display by the'6 as constant].

M-124: Yes, I 8id it, like, a long way

(6 X 6) X (6 X 6) X 6 =

R: Right, and this is really the same as we
had before except that it lumps some factors together

with parentheses so it's not very different from

6 X 6 X6 X6 X6 X6 = . )
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MULTIPLYING DECIMALS
(USING CALCULATORS)

Name

I. Multiply the following numbers on your calculator.
Record your answer.

-

Group A Group B . ,
3 X 13 = 2 X 12 =
3 X1.3 = 2 X1.2 =
3 X0.13 = 2 X 0.12 =
0.3 X 13 = 0.2 X 12 =
0.3 X1.3 = 0.2 X 1.2 =

IT. (1) What is the same about all the questions in

' .group A? -

(2) What is the same about all the answers in
group A?

(3) What is different about all the quesfions in
group B?

(4) What 1is different about all the answers in
group B?

III; What is the relationship between the number of digits
- to the right of the decimal point in the question and
in the answer?

IV. ,Write a rule for multiplying numbers involving
decimals.
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INTERVIEW WITH M-118 ON PERIMETER

-

[The ‘first two problems given were: (1) What is
the area of a city lot 18.6 m wide and 33.5 m long? and
(2) How much would it cost to fence the above lot
complefely (all four sides) if it costs $13.95 per metre
to ﬂet this done?]

S: I don't get that guestion.

R: Why?

S: I don't know how you multiply it and that.

R: Well, how would you find out how much fence

S: Times 13.95

R: We had a lot and we'rqhtold it's so wide ;nd
so long and we wish to find out the number of metres of
fence we'll need to get around this lot. ’

S: I did the first ohe and it's ....

R: But let's not get the first one into this.
Let's just try to stick with this second problem as 1if
it's a new guestion. "

S: ©Oh, do you times 18.67

R: Don't start getting formulas involved. Just
pictﬁre this lot [used th"room as a model of the.lot and

e

pointed out all dimensions]. What do I need to know

first if I'm going to fence this lot?
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S: How big it is?
R: What do you mean how big?

S: All together like 18.6 times 3343.
} that give

R:; But why multiplication. What wil{
you? &

S: The answer [laughing]

R: [Again the room model was used and researcher
pointed out distance from one corner to another and
called that 18.6 m and so forth around the room] . What
could I do\to get the total?

S: Measure it.

R: Well, I know the first side is 18.6 m [and
so forth around theoréom, stating dimensions of each
side]. What do I do to get the first quantity I need?

S: What do you do to get it? [Laughing]

R: Yes. .
S: Measure it. g

R: But I've already ¢ot the measure for each
side. Now what? | ~
S: I don't know. [Laughing]
Another student: Go 18.6 times 2.
R: But even if I didn't multiply by 2, could I
not just add all four measures?
[So researcher and student went through stating

how all four measures would be added.)



Now we get the total number of metres of fence

‘'needed and each metre costif....?
S: 13.95
R: So? °

S: Now you've got me confused. After I plus

them altogether what do I do? Do I times them by 2 or

multiply?
R: Why multiply them by %2

S: Well, just multiply by $13.952

R: Right, because each tre costs that amount.

322



