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Foreword

The information for this,p-dit.N4as largely collecie8 in May,
/

June, and July 1975; the erim Report (originally intended to,be the

Final Report) was preppred in August 1.975. The present paper is an

extension, based on he original data and an analysis of what has

occurred since the Interim Report was prepared, but without further

data collection. /-

Richard Shumway participated in the project and was responsible

for developing Significant portions of the Interim-Report. Because the

Project tnding Date was extended without further funding, other pro-
.

fessionalcommitments-kept him from participating in the preparation of

this Final Report, and he requested that his name-not be used in a

,co-author sense. Nevertheless, many s ctions of this Report are directly

attributable to hiS earlier analysis: I have attempted to indicate these

in the Report. I would also like to express my appreciation for his

help.

Marilyn N. Suydam
The Ohio State University

Appreciation s also extended to others-who helped in'the preparation of

the Interim eport: Suzanne Damarin and Paul Wozniak, doctoral students

at The Oh State University, for their assistance in collecting and.;

collating information; Louraine Wagner and Beverly Brooks, fo<tyTing

project, materials and managing. certain aapects'of the project; colleagues.

at the University'and personnel at NSF. for 't eir'helpful suggestions --

and most of all, to all those throughout-the untry who so willingly

shared information.



Electronic Hand Calculators:

The Implications for Pre-College Education
A

. Introduction

Explanation of-the Study

There have been many misconceptions about this project. Therefore,

it seems appropriate that this report should begin:by 'stating. three

things that this project was not.designed to do:

- It was not designed to compare. the reactions or beliefs of

*-

different groups about hand-held calculators.

- It was not designed to collect specific uses of calculators

in the classroom.

- -It was not designed to be the precursor of a developtent project

(much as that may be needed).

It was designed to provide a repott to The National Science Foun-

dation on the range of beliefs and reactions about calculators, and in

particular on the arguMents that were being used to support positions

strongly favorable and strngly negative toward the use of- calculators

in elementary and secondary schools. From various sources? an analysis

of the status of he calculator was to be developed.

In connectio with this:

(1) A reptri ted questionnaire survey was conducted: the sampling

was by d sign nationwide, but it was not random. Therefore,

the results cannot be st tistically compared for the purpose of

Hereafter,- the jword calculato willj)e used to refer to the hand -held;

calculator, al o termed the e ectronlc calculator, the.mini alculcuter

.(not in the computer sense), or the pocket calculatOt.



neralizing. The questions were designed simply to e

t e r'inge of reactions,

.

,,\

b ing.iised:
1

(2) T

(3)

to aid identifying the arguments

literature was surveyed to identify wh
0.

for or against using caltulators.writing

ianufacturers

I

'ecure iinforMation on the current and future status of sales

and deiiekopment.

to argue

being. said

and distributors were surveyed in an attempt to

Experiential reports And researchf<eports Were,

.ascertain what has alfeackbeen learned about how ;t (1 use. calcu-

tutinized to

lators and the effect' of using calculators.

Telephoning to follow up on iAformation,attending/meetinga
1 1

/

and workshops (local, state,,re ional, and nationlI) to learn

what'was said by speakers and au ienceg, talkingiwith teachers,
/

art of the protess of seOring

i

s eras topis, to provide

a variousiaspects

i

was simPly:

and similar activities were also
1

information.

(6) Position papers were requested on

in-depth, thoughtful statements

to the use of calculators.

Thus, the original t f this pro

(1) To collect information regarding

and to form a list of the reasons why

believed thatthe calculator shbuld' be Used in schools or/why

the calculator should be banned in schools;

related

e Or/non-Use of calculators -

ducators and otherg

(2) To analyze the arguments repOrted by thoise questioned and in

the literature, in order to determine Oe potential impact or

lack of impact of the calculato'r on the.pUrricuium; and

(3), Todeyglop a critical analysis of what has and has not been.



one with calculators at pre-college levels, what knowledge_

'is or is not available about them, and what implications this

has for education at the pre-college level.

Procedures Used in the Study: Further Explication

The steps taken to-meet the purposes of the study are described

in more detail'in this section.

(1) Collect information

Information was collected_in three ways: by means of question-

naires; by searching the literature; and by-attending'meetings

and conferences. .

(a) Questionnaires

Nine target audiences were identified: calculator menu-.

facturers; supply companies selling calculatora; other

marketing outletS; state supervisors of mathematics; ,

school districts using and/or studying the use of calcu-

lators, not using calculators, or banning the use of

calculators; mathematics teacher educators;-decision-

makers in both elementary and:secondary schools (including

teachers, administrators; and supervisors); publishers

of elemcintary-and secondary-school textbooks; and cUrri-

cuIum developers.

As the questionnaires to be sent to these groups were

being prepared, it became evident'that these audiences

were not all distinct in their composition.' Therefore,

five questionnaires'were develOped, to be sent to:.

calculator manufacturers and distributors, state supervisors

of mathematics, school personnel, teacher educators, and

textbook publishers. (These questionnaires are contained

in Appendix B.) :

Certain questions or points weraduplicated:on two or more

questionnaires, but in general the questions asked of one

gioup differed frOm those asked another group, The intent

Was td.secure a range of "pro" and "con" Answers, rather

than to .compare the responses of one group with the

responses of-another. ,In some cases, telephone contacts

were,
.cz ---7------made-th-secura-baaic_or_additional:information; in . ,1

most cases, the questionnaires were sent and returned-by

'mail.

The samples were identified in various ways:
.

- Calculator manufacturers and distributors were determined

primarily by perusal of the-literature and advertisements..
-/

8
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All' those identified (N = 39) were, sent a questionnaire;.

responges were received from only 7. In an attempt to

secure further information, some were contacted by tele-

-phone.. In addition, a 7blind" request for advertising

informationvas:sent, and information on specifications

of various calculators was collated from these materials.

- Marketing outlets in'20 selected cities were identified

and a sample contacted by telephone. Alowever, the sam-

pled outlets indicated that they were unable to provide

the type of information requested. Some similar. infor.,

---mation was, however, secured from marketing journals.

A list of all.those responsible for supervising mathema-.

tics in state departments of education wAs secured, and

each person was sent a questionnaire (N = 86, plus 13

Canadian supervisors). Responses were-received from

65 persons in 33 states and several provinceS.

- School districts and personnel involved in using calcu-

lators or taking a position on banning calculators were

identified by such procedures as scanning'news reports,

contacting state supervisors, and querying teacher

educators, in addition to contacts made throug meetings .

and conferences. Each person identified was ent a

'questionnaire (N = 58). Responses were rece ved from

16 teachers and 16 ()Ott school personnel, n 20 states.

- Teacher educators who.were in.a position to make sub-

stantive statements about. the implications of using

Calculators were identified primarily through published

membership lists1 An attempt was made to aend a ques-

tionnaire to at least one person in each state, as well

as to all major curriculum developers. Of 87 question-

naires sent, 78 were-returned, from 39 states.

Allpublishers of elementary- and seCondary-achoOl. mathe-

matics textbooks (N = 26), were sent a questionnaire.

Responses were received from 13.

(b) Literature'

Literature from the folloWing sources was compiled and

reviewed:

- Reports from calculator manufacturers and distributors.

Curriculum materials in ERIC and from other sources.

- Other reports in ERIC (e.g., opinion papers).

- Newspapers.

Educational journals listed in ERICi4 Current Index to

Journals in Education. .

9



- Non-education journals (including "popular" and "news".

magazines.

- Research, including journal-published reports, disser-

tations, and other report's and monographs.

- Position papers, conference reports, and other doc

(c) Meetings

Meetings which were attended included ones in Mt lemens,

Michigan;.Canton, Ohio; Washington, D.C.; Denv Color o;

and several in Columbus, Ohio. At these meet s ther

was opportunity to listen to presentations, end workshops,

discuss with teachers and other educators, d reviet-the

displays of manufacturers.

(2) Collate anal ze and's nthesize the informat

(3).

This second stage of the project was the n cessary elude to

the development of this report. -QueStion aire res nses were

collated, literature reports were abstra ted, and nformation

from meetings and discussions Was'cull ./ Append x A contains

an annotated list:o most _of t1e lite atUre sure yed. (It should

be noted that not a 1 of the article and report's deal with

hand-held calculators: some refer o desk calc6latora: It was',

felt that, in view of the limited amount in print on hand-held

calculators plus th similarity n use of the /two types of

calculators, there ight be. so 'information .cin desk calculators

which is applicable to hand-h d

Appendix B contains the complete sets of res onses from ques.-

tionnaires, organized by type of respondee and by question.

Prepare report.

The remainder of the body of this document is the analysis of

the above information. This is based on the data collected .

during May, June, and July 1975, which was incorporated into

the Interim Report, plus an analysis of what has occurred since

the Interim Report was prepared, 'but without further data

collection. A summary is presented of the most meaningful-

information ''On:

- the availability of calculators,

- the status of the case against using calculators,

t.

- the status of the case for using calculators,

- that is going on in schools, and

- empirical evidence.

In the summary-are specific
recommendations related to the use

of calculators. \

10
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[Perhaps it should be reiterated that there is no statistical

analysis of the responses to theinformation obtained from

the questionnaires. The samples were not randomly selected;

the samplin techniques employed were designed only to identify

Arguments which are being proposed for and against the use of

calculators in schools. No effort was made to sample repre-

senta vely to estimate the extent toyhich any group holds a

te ainposition:or 17,he_proportion who-hold a position for.a

certain reasons That this type of survey should not be a goal

of the project was stipulated by.National SCienceFoundation

personnel early in the development of the proposal.]

In addition to the analysis in the.body of the Final. Report,

several position papers'were prepared by persons who have .

devoted mUch-thOught and_ effort to the promises and problems

posed by the use ofcalCillators in the elementary and secondary

schools of this tountry. The topits were identified by a small

064 of persons meeting in Washington, D.C. on 31 July-1 August

075, The position papers are incorporated as Appendices

CD, E, and F.

- Appendi :
Teaching Mathematics 'with the Hand-Held

Calculator

bye George Immerzeel, Earl Ockenga,. and

,JohnTaxr

- Appendix: Hand-Held Calculators'and Potential
Redesign Of the Schoo'. Mathematics

Curriculum

by ft. 0. Pollak

- Appendix E:\ Some Suggestions for eeded Research

on the Role. of the Ha d-Held Electron'

1CalCulatOr in RelatiO to School Math matics

Curricula

by J. F. Weaver

- Appendix F: Calculators and School Arithmetic,.

Some Perspectives

by,Zalman Usiskin and Max Bell



I

II. Availability of Calculators

During .1975, it was evident that-calculators. Were--"selling like'

hotcakes". As Tripes tumbled. early, in the,year, calculators lost their

position as status symbols, and reached the point of being cOnsidered

necessities by Many. The level of sales and the implications of data

projections fdr the schools are considered in this section.

Sales

C4lculator manufacturers (with one exception) were, to say the leas,

reluctant to discloSe infor4ation on'sales. Distributors indicated
.

inaqiity to access this. information readily. Therefore, much of the

information on sales comes from published sources; marketing journals

/1 \

such as Discount Store News, Merchanditing Week, and Electronics regulati

)
publish both data and projections. I

I

/
For the Interim Report on this project, Shumway developed two tables

to sUmmarize,Such information on sales; one is on

Hand-Held Calculator Sales Per., Year

in the United States

s 1,4

/17 3 VD+ POT
4-

sa4s estimates peryear

12
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That such estimated data are tenuous must be clearly understOo To

;illustrate this,Usislan.and Bell (1976) cite data "from'a 1975 s rVey.

for industry by a relIable private research organization! (p. 2). heir

data indicate sale Ccilculators to have been 8.34 million in 1973,

10.52 million in1974, and 12.77 million, in 1975, with'a projection of

14.15 million in 1976. Another figure is provided by Electronics
°

'(8 Janua'ry 1916), indicating that estimated sales 'are 21 million for 1976. *,

-It is safe to say that the number of calculdtors'being sold is large,

increasing eac-4--year, and neither fully tabulated.nor predictable)

The seCondtable develOped by Shumway presents the data in terms of

cumulative sales estimates:

,Cumulative Hand-Held Calculator' Sales
in'the United States

a

2

yr qSab);

1

3

1

i a

- , tI.
i

I

4 S

1

.1

1

1

1

i

52.

11, $

S 1

1175 1976 19'77

Shumway providedIsalts statisti-c.s..for he top five leading, magazines in

1974 (included in the 1975 Information Please Almanac), to serve a a

referent for the magnitude7oiLthe,figd
- 0

TV Guide 20.1 million ( Fam ircle 8.3 million

Readers Digest 18.8 million / Woman s .7;9 million

Nationaiteogtaphic 8.8 million
_."
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The data-provided by 1Isiskin andiBell (1976, p. 2) are slightly more

.

conservative. tonics (8 January 1976) indicated that "sales of

handheld calculators have just_about leveled'in . . The

,

balance of production fer ,111 types of calculators has again shifted

to Japan" (p. 86). Nevertheless,. they'prediet that 1976 should be'a

"solid year for calculator's,

Shumway reported that calculator saieS-in over half the instances

are being. Made to houseWives and students for home and school use.

-,

However, it is frequentlynoted,in marketing reports that the actual

`users of cal lators (especially the simpler ones) are not clearly
I

determine ; it is particularly unclear-how many of the instruments" are

I.
actually in the handsof students. As one visits schools and talk with

teachers, it is clear' that this number is increasing. Shumway.al

,

noted that more and more sophisticated models are being purchase

each year :(especially as cost has dropped and as familiarity increases).

There are two price rangeswhith seem appropriate.for 800°1 use:
- ,

Il
(1) baSic four- or five-function mac ineOWith limited memory

(2) fairly sophisticated scientific calculators with fiinctions

such as x , 47, 11x, xl , 3177,Yx, ,log, e
-1 x2

v
. -

sin h, degrees/radians, etc.
4..

Examples.-0f each of these include:

;

*

(1) basic four- or five-fu tion machines

e.g., Novus 650'.
Sharp EL-78005
Texas-Instrumenta TI-1200
Rockwell 10-R

arc,/sin, cos, tan,

$1 - $20

$/9.95 ($6.99)*

$19.95 ($13.95)

$19.:95 ($13.95)

/ ($12.66)

Prices in. parentheses were observed in Columbus, Ohio in August 1975.

14
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(2) scientific' calculators
e.g., Melcor SC-635

Hewlett-Packard HP-21

Casiofx-11
Texas lnstruments SR -50A

$50 - $100
$69.95

$125.00
$49.95
$99.95 ($66.95)'

'Electronics' (8 January -1976)' indicated

personal calculators are or will be:

1974. $265 million

1975 $268 million-

1976 $276 million

1977 $301 million

that'sales of four-function,

In his analysis of the situation in August 1975,.ShUmway statecCthat

\ -e

the predicted retail sales priewithinone year for basid four- or

five-function machines i -$5. The, predicted retailsaies price 7,4ihin

two years for scientific calculatora,is .$25. He noted that_Most-Manu=

facturers''WOUld-onlyimakeLsuch_predTctionS verbally.' Others, however,

have indicated that they believe that\"rock bottom" has been-reached,

and that prices will either stabalize at current (February 1976) figures

or begin to climbslightly for basic fouf.4..inction calculators; prices
.

for scientific caICulatOrsmay;
however,,continUe to dealne (at least

to some'extent). This belief is based on\the point that the production/

Marketing factors which combined to drive vrices.downward in.1975 parallel

Lthe-situation of several years ago with television sets: prices now

have nol4here to'go but up, for basic four-function calcUlatora. Refine-

ifients are still being made in the production of scientific calculators,

.

\ --,

however; for instance, 'one company recently placed a calculator on the

\

/

market for $395, approximately half the cost of a comparable calculator

from another company.

Perhaps' the most pertinent point for educators is that it seems that

15



prices of calculators appropriate for use in elementary and secondary

schools will not vary so greatly that there-iareason either to speed

or procrastinate in purchasing calculators on economic grounds'.

Curren Level of Use in Schools

timates of the extent to which calculators are now being used in

schools are highly subjective. The project survey of school pe sonnet

suggest d that.about two-thirds of the schools used calculators in some

way: the figure, however, is biased, since many schools were identified

which i,zexe known,to have -been using. calculators.
MeiringISA19.7)

.

_

sUrvey o:Ohioaecondaty achools suggested that about 18% of :the schools

tespondilg had.systematic use of calOillators. Most of.the use.occurred-

in grades 11 and 12. 7hirty7four pen cent report that calculatorsNwere

,prohibited in some diasses or for

testg).

would, appear

-
certain classrooth activities (notably

n the past six months (since these data were collecte21)-,
,

using.th

that more teachers and. schools have become involved 1.11

caldulator in some way: perhaps an estimate inthe.tange Of
; ,

25%-t is the best projection that'canbe made

timates of Yuture Use

fact

and

use

GivenIthe data on ptIdea, the data on the

that the pidiject survey teachereducat

textb60k publishers. appear
' . t

to iiel.lsold" on
'/J

number sold,' ancUthe

ors, state supervisors,

the deairabilit of the

of calcUlators in.schoola, school use of-calculatots

increase. ,actors whictrmight tend to control the use are`

is likely to

teachek rel

and parents

diminish.

bY1979,

dtance to allow.calculators in the'ClasstooM.

use calculators themselves, theintelUctande is

ent And

teachers

likely to ;.:1,

y 1977, there. could be widespread use of calc ators in schools;

swill almpot tertainly'be true.



III. The Cases For and Against Using Calculators in Schools

A primary purpose of thiscproject was to identify the positions

which educators hold regarding the use of calculators in elementary

.

and secondary schools. When th responses onthe,questionnaires sent'
, .

to school personnel, state_superyisors of mathematics, and mathematics

educators are analyzed, it becom s apparent that there isImuch7aimilarity

in their viewpoints. And in additiOn,a redundanCy is

published articles, for these same points are retlectedover 11 d over

The most frequently cited reaSons for usi,calc lators in schools.
I

I/

apparent:in many

are:

(1). They aid computatiorL They are tactical, convenient, and

/ ,

efficient. ,They remove drudgery and save time on tedioiie

They are lesS frustrating, especially for.low

achieVers. They eicourageispeec and accuracy.

(2) They facilitate understand ng nd concept development..

(3) They lessen the need for memofrization, espeeially as they

reinforce baSic'facts and c cepts with immediate feedback.

calculation.

They encourage estimation, approximation,'and Verification.

(4) The hel in rOblem solv Problems can be.MOte realistic

and the scope of prbble solving can be enlarged

(5)"They motivate. They e

iand independence.

courage curiositysitiveattitudea,/

(6) They ai/1 in explorin understanding, and learning algorirhMic:

processes,

(7) The ncoura e-di loration and creativit

(8).They/exist- in the "real world", So we

of ignore t
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/

f / /
.

reason -- the gmatic faCt 'hat they exist and/that they are,

ih 'llid'hands of increasing numbers of students I-- is perhaps

le /most coMpall.itig w they can be ,used to facilitate/each of the

r/s4en bel4fsi_s 'therefore a question that must be attacked.

/,'

!toSt frequently cited reasons for not using calculators in
1-

.ailra: that

they Uld be used,, as substitutes for developing computational

a: Students may not be motivated to *aster basic facts

and aigbrithms...

'

(2) he' 4re'
f not available to 'all Students. Because\they cannot

afford a calculator, some Students are a a disadvantage.

They may give a falSe impression of what mathematics is.

Mathematicsjmy be equated to computation; performed without

thinking. EmphaSis is on/the product rather than on the procss;

structure 'is deem asized. Mental lazinesa and too much depen-

dence are fentouraged; lack of understanding i promoted. Some
j /

'Students and te!ichers will misuse then

(4) the aia"addia There is 11itle. p\lanning or research.

(5) The lead tip Amaintenance and secufit ' rob lems.

.The first' ontern --/that students will not le rn baSi -mathematical'

skills -- is one xpressedimost frequently by paraits.and.by other

,,/

member4.of the a licoPas refleqed'(and,/dreated) by newspaper arti-

cles.. But it buA,lds stifawman, for fewyeducators believe that chi dren

v
.

should use cal lator in place of/learning basic mathematiCal skills.

, / ,A,
/

.

,

Rather, there/is a st on g belief that calculators can help Oildrahrt-U
,

II

develop-and learn mor mathematical skills and ideas than iS]possihleii'

/ i

Much serious attention muse be giv!enwithout the use of calculators;

18
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y_leachere and others to proving that th

and become fact.

For the Injarim Report,. ShuMway

educators gave n theques!tiohnaires

calculatorS, co
Ients made

persons, and\sta ements i

belief can be implemehte&

considered 4heiresponaes whiCh

as reasons Brand againSt/Osing'

i . ,

interviews a d discuSaions with Various :.L

title§ a ct otter /publiShedi.iterature. He1
'

. 1 I.

then develope section ihjwhich

against.usin7g culators.i

Idllowing page 4-23).

he Expanded/on the argument's fcit and
J.

Shumway's anal presented hn'the

/

.ArgnMents for / U g,Calc 1 tors

The extreme of the.po fit of view avoring the use of, calcd

is represented by hisiataeMent:
l'

/ -; 1 ,

/

d ca101ators as aop istiCatedas th so- called`,

7icicaiCnlator' shou d be made feadiy available'

i dn.,lifdr all aCh661 wOric, from first grade o
!

arguIri

"Hand-he
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1

support of such pi sit variatiOn's of the folloWing
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,/
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"Decimals and scientific notation will be introduced earrit

1n.first rade. /Children will_Work:with Aumbers_such as

/02857142x5 and .893458 08. The first nti6ber is that pa

of a cake each f 35 children would get if it is divided into

/35:equal parts; the second is the number of seconds a six -

year- old child as lived. Children -can and, will work coMfor7

tably with suc numbers. Calculators will facilitate early

continuous exp riences with-a_whOle new cfass of numbers.

"Mathematical /exercises will.be more realistic. Exercises

will no longer have to be chosen so that there-are integer

solUtions. $o-called.'grubby. numbers' and iediou* calculations

done with ease."

(6)4 "Calculatora are fUn. The motivational a

Icalculator/are exciting. Children create
achievers generate new ent

because,,AheY finally have no fear of bein

v'thP.AedePaary calcUlations. Children are

when caIc lators ate available."

.0) "The add
e delay

pects of tLe hand-held
their own interesting
usiasm for mathematics
unable,to perform

eager, to do mathematic

tion and multiplidation algorithms for fractions can.

d until algebra."

i

(8) ftlip. caXbtaa=4M:facilitates number sense, iBecause of their

iimPfi tYand'speed, hand-held calculators will allow children

uncti ns, etc,, withnumbers of all-sizesMith a frequency
to sums, Rowers, logarithms,'trigonoMetric e'r

everf/before passible. Intuitive number sense will be'much 1

cil*tat4 by such extensive, Continuous,' and early experience!

with umbers and their Properties."
i,

//

4

''' (9) "Ha d-held calculators make calculations easy and practical 1

for all chWren. /It must be remembered that-dedimal notations

Ai ic'numerals,.zero, paper- and - 'pencil algorithms, etc.,' :.

we, e introdced not tO teach mathethatica, but to make daltula,-

t ons easier. The hand -held calculator was invented for the

Me reason." - )

/(10) '
Hand-held calculators stimulate interest in ancrfacilitate the

teachin of mathematical conee s. Homomorphic propertiesOf
thmic and exponential functiOns,
onents, comPounding continuous

isometric functions, limits, number

ned in more interesting manner's
power whichthe<dalculator proVides.."

functions, properties of logar
characteristics'of rational e

interest,'combinat rics;'trig
theoxy, etc..; can 11 belea

_because of the ca culational

7( ) "The calculator Canlbe used
Open exploration and new p
because of the facilitati
aleuiator_pravides.: For
nteger values of x will

,teaches agrPat deaf abo
relative primes."'

ta facilitate .roblem solvin:. ,..,,

oblems canbe,-offered to children

g calculational powe which the

I
example.. learning to predict for What

1/x fill the calCula,OrAisnIay-screen-
t our base ten_numeration system and

,

20
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..(12) "Hand-held calculators provid experience with the only prac-

tical algorithm'which is used in society today. No business or

professiohcarties out extens ve calculations without the use.'

of a calculator. Mostfamll financial calculations will soon

be done by calculator."
7.

(13) "Hand-held calculators will .lace the em hasis on-when and

what operation to use rath than'on how to perform the paper-

and-pencil.algorithm corre tiy."

(14) "There.-*illtheMore inter st in estimation. :Since calculator

errpretend to./be dramati rather than minute, estimating

'ballpark' answers will e useful in avoiding errors."

(15) "The power of mathematic used by the common man will increase

Abtronomically, simp e example can be used to illustrate. .

this:' Suppose it takes $10,000 pet year for a particular couple

to retire today. Assu ing an annual inflation rate of 5.per

?.ht4uhow muChTeryea would be required 20 years from today?

The sequence (1.05, yx, 20, xi-10000, =) gives the answer of

$26,533 in lOseconds Tailor -made family finanCial planning

would be much improve, by s- uch.calcUlatiOnal ppwet."

(16) "More time/will be available to teach mathematics in depth:
Since calculators increase the speed and accuracy with which

children can do calculations, much more'time will be available

to learn the concepts and principles of mathematics."

(17) "New topics in mathematica can be introduced into the cUrritu um.

The calculational power of the calculator allows:the consideratiOn

of new topics' Whilethe 46-emphasis of paper - and - pencil algo ithms

produces more time for new tOpica."

Arguments:AgainsttUsing Calculators

The, extreme of the point of,vibw
is represented by this statement:

gainst the use of calculator

'"HandtheldCalculators should he banned from,-Classroom

Use for mathematics." :

Arguments cited in support of this positiOn include variations of these
, .

points: ,

-

(1) "Hand -held Calculators would destto all motivation fo learning

the basic facts._ Calculators do not remove the heed t know

basic facts' such as 9 x.7. To raise children'IcGrun o their:-
6

calculators for every'simple calculation would be fol y.. Such

dependence on calculators would be most unfortunate."

/
(2)/ "The use ofcialculators would destrpy_thebasic ma stream'

mathematics of the elementary-sChool-curriculumS clety!a_

major objective for elementary-school mathematics .that

children learn.the, basic facts and be able to pert' rm the paper-. :

21,
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and pencil algorithms for addition, subtra tion, Multiplication;

and division.. If calculators are allowed in schools, children

will no longer see any need for basic calculational skills.
EverOmnning calculators on certain days or only using them for

chetking would seem unfair and illogical to children. Calcu-

lators must not be used for any teaching of mathematics."

(3) "The cost of calculators prohibits their use., Schools simply

Cannot afford to provide,calCulatorafor children. The cost

of hand-held calculators is prohibitive and their attractive-

ness makes them disappear all too frequently."

(4) "Calculators are particularly inappropriate for slow learners.

What possible. motivation would such children generate for

lerning an algorithm they know they can do on a calculator

much more quickly and accurately? Calculators would insure

that poorly motivated "students would,not learn the basiC skills."'

(5) "The child's notion of the nature of mathematics would be changed

by the use of calculators. There is areal danger that if
calculators are used, children will think that pushing-buttons

on a black box is mathematics." .

(6) "The use of calculators. would reduce. children's ability to

detect errors. We are all familiar with the belief that;_if a' .

calculation was done on a calculator:dtmUst, be right.- Not oply

is such faith unjustified, but' disdovering errors of key-

punching a calculator is almost impossible since there is no

rttord of what.wasdone."

(7) "Paper-and-pencil algorithmaare still necessary, basic skills..

Calculators can, never\be everywhere. Children must still be -

able to calculate on their ciWn. The' availability of calculatora

in schools would remove'dhildren's.need for practicing the

-basicskills. Homework done at home would no longer ensure
facility with the-basic skills, since the home is likely to have

a calculator. Schools must ban:the use of calculators to ensure.

facility with the basic skill's of arithmetic. ",

(8) "Batteries lose their charge and wear out. Dependency on batterieS

for computational arithmetic would'be'f'oolish."

.
(9) "The use of hand-held calculators would discourage mathematical'

thinking. If children can do any mathematical calculation by/

pressing.a few buttons, problem solving will be done by guessin

not mathematical thinking. Try this, try that,:.keep'doing /

things with the numbers until the" answer' looks rightNon-./
thinking, guessing will become rampant if calculators are available

in scho(ils."

(10) "Parents are, unalterably opposed to-the use of calculators in the

schools. The schools have failed`, miserably in the teaching of

basic skills as it is. The introduction of-caiculators would. be,

in effect-, not teaching-matheMaties at all. SchOols would be

exhibiting extreme. political ineptness to introduce calculators:"

22
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Discussion of Arguments

.It is probably. ob oUs that the validity f the arguments in some

of the statements above is questionable -- depending, to some extent,

on your own viewpoint! It shouldalso-be obvious that not all proponents

or opponents of using calculatOrs in schools take extreme positions such

as thoSe identified. The following compromises have been suggested, 'fOr

instance:

Restrict thecaThiab-i-li-ty of the calculator through masking or

making electronic modifications to control the operations
available so that paper7and-pencil algorithms are still"

necessary and/or so that mathematical capabilities b' and the

current curriculum are unavailable tO the student.

(2) Restrict the -use of calculators" to checking answers-only, or
restrict the use to certain days of-the weak so thafbasic
facts and paper7and-pencil algorithms are still necessary.

(\?)

"r \

Sothe react to ,such compromises as an unworkable effort to "have

your cake and eat-it too", while others view them as examples of

Restrict theuse of calculators to the upper grades(10-12),
where presumably students have already learned the basic facts

and the paperand-pencil algorithms. -,

democratic coMpromise to achieve the best solution. The compromises do

serve to fOcus attention on-what appear to be the fundamental argument'
fr

regarding the hand-held calculator. The proPopents! argument is essen-

(

tially:
'

"The tand-held calculator is the-tool used in society today
fOi-calCulations.. Schobls are .'burying their heads in sand'
if calculators are not:recogniied and Used as the calcula-

tionaLtool that they are:"

The6pponenta'arguthent is essentially:

:"The prifiCipal'objectives of Mathematics instruction (at

leaSt4n_grades k-9) are that children learn the basic facts

and'ihaPe'r-and:pencil algohihms. Such learning will not

occur ifalcUlatcirs are made-available An chools.

It'would seem that a rational approach to the resolution of the probleth

23
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(perhaps over-simplified) would involve:

(1) Determining current and future societal need for the basic.

facts and the paper-and-Pencil algorithms.

(a) If there are no needs for such Akills, drop the emphasis

on them and introduce 'the widespread use of Calculators.
,

(b) If there are needs fOr such skills, move-to question 2:

(2) Can the calcUlatOr'be used in the Classroom and still build

students.'-needed.skills (as identified in lb)?
1

SUch a procedure would 'seem to satisfy -the concerns of opponents of

the use pf calculators. The proponents of the use of calculators would

(probably) Claim that such an over-simplification of thebenefits of the

use of calculators is ignoring .a potentially poWerful,educational devide.

Potential Implications of the Widespread Use of Calculators

SuppoSe we adopt the position that- there will be widespread use of

the calculator in schools, What aresome of.fhe benefits
10.

and disadvantages

Cs such widespread use?

(1)'Curriculum concerns

As Pollak. (1976) has aptly described in:his position paper (see

Appendix D),. there are two partial orderings which 4re often

used in the designing'of a mathematicsourriculup. For examOle,

the mathematical development of the number systems suggests

that childrenought to wor with addition of whole numbers before

they study addition of de imals. The algorithms for addttion

Of decimals require fac ity with the addition of whole numbers."

Henrp the_arder- numbers, then decimals, rather than

decimals followed by whole numbers. Such partial ordeririga, may

be called content rderin s.

A second partia ordering which must be,conaidered in curriculum

development is a aocial.valUe Ordering. Topics in a mathematics

24
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curriculum are included and ordered by the topic's worth to

society. For example, the quadratic formula is included in the

curriculum before compound interest because society views the

quadratic formula ab more essential for the needs of society

than compound interest. Mathematically, either topic could be

introduced before the other. Socially, the quadratic formula

has'priority over compound interest; Such partial orderings may

be called societal orderings.

If-theintroductiouref a new deVice such as the hand -held cal -

makes a signifieant'change in either the content ordering .

or the societal ordering, then major curriculum modification

would :seem appropriate. 'ISLA changes in tbe,partial orderings'

are possible with -the calculator. For. example} the algorithm

A

for.additionof decimals is the'same as the algorithm'for -Addition

of whole numbers't the same buttons are pushed7fOr-either. Thus,

it may no longer be necessary or desirable t delay decimals

until fifth grade.

A careful, extensive study.. of. the impact of the calculator on

the curriculum, is needed: there appear to be significant changes

which could (or ought to) be made. In their position paper,

Usiskin and Belf. (1976) (see AppendiX F) present some initial

suggestions on this task.

(2) Computational skills

' The principle purpoSe of a calculator is to make calculations

easy. Consequently, all the basic operations Of.drithmetic, square
)

tte

roots, trigonometric:
functions, logarithms, etc., can be computed

by very young children. Decisions regarding curriculum need no;

4

.longer be made based on whether or not children'ean perform the

25



calculations, but rather on whether the understand the,concepts,

involved It is -- probably true that the concept of square root

is easier to understand than the former computational. algorithms

for finding square roots. It may or may'not be desirable to

introduce square roots much earlier in the curriculum. The poiht

that the decision need not be based on the difficulty of

teaching paper -and- pencil algorithms for finding-square roots:

Compound calculations need no longer be avoided. "How many,

seconds have I been living?" may be a very reasonable calculation

problem for a nine - year.-old (60 x 60 x 24 x 365'.25.-x 9). The

cost perk gram of various candy bars is calcnlationally trivial

and a reasonable-question to pose. There no longer-need be a

/2

. fear of non=integral numbers (2.7 x 5 x 17.6 is as easy as

3 x 5 x 16). ProbleMe' do not need to be artificially simplified'.

The numbers can be realistic.

At the- minimum,?one'vould expect some de-emphasis of the paper,--

arid-pencil algorithms. Most calCrilations,in reality, will not

be carried out by paper-and-pencil. It is likely that schools

will .begin teaching paper-and-pencil algorithms as another way

to do calculations,- but not the principalcway.
.._

(3) Teacher education

It is easy for the teacher educator to advocate widespread user;

of CalCulators. It is another Matterfor the classroom teachei-,.7

actually to implement their use. the first difficulty encountered

is parental opposition to calculators. The second difficulty

is that the current curriculum is not designed for calculators.,

Exercises and probleik which tee the,O'elculational power now

available must currently be developed by the teacher. (Some

2



f the articles and books cited in-Appendix A contain helpful

.

suggestions; the .position paper by Immerzeel, Ockenga,' and 7garr

(1976) inAppendix C provides a Variety of speZific_activities;

textbook publishers plan to have some materials available by

19770

__The;third difficulty is that Most teachers lack the mathematical

background necessary to deal with the questions and mathematics

_which can be generatedhy the use of calculators. For example,

'-there is a mathematically honest explanation for the sine function

-which can be given to first graders. Most first-grade teachers

would be unable to provide such an explanation'. Many junior

high school teachers would be unable to'provide such an explanation.

'And many high/ school teachers wourd, have difficulty with the

hyperbolic sine function.

The fourth difficultY is,that techniques fer teaching mathematics

With calculators have not been ;illustrated. The effect of calcu-
,

lators on children's number sense and other mathematiCal factors

is not known,' either through research or tradition Each

teacher must break new ground 'in the interaction of calculatora.

',and children learning MatheMatica.,,

(4) Budgets

Consider a typical elementary school With two .classes at each

grade level. In order to provide approximately one basic four-

function calculator for each two students, such a school would

need to spend $1800 ($10 per calculator for 180 calculators, or

15 per class). Consider such a eost in perspective: $1800 4:s the

cost of 30 filmstrips or 120 minutes of, 16 mm film. .Given the

impact on students, such a cost could'be defended easily. Of

27
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Course, if one acquires scientific calculators, the cost would

be $9000, or the equivalent of 150.filmstrips or 600 minutes of

16, mm film. It would appear that the' widespread purchase of

calculators may not be a major. financial burden for a aehoolwhich',

routinely purchases materials such as filmstrips or films.

, -

The data on .purchases of calculatOrs suggest that many 'children

will soon have access to a.calculator regardless of the schdol

,

'action. The:school's responsibility will, probably' be to have.

machines available for those children whO.do not have adeess.tda

Calculator. The. cost of such a requirement could- soon be rela-;-

tively low.
4

Summary

The impact of wideSpread use of hand - held calculators is likely to be:

(1) A de-emphasis on paper7and,-P

(2) More significant and interesting mathematics in the curriculum.'

(3) Consumers and decision-makers much,better prepared to deal with

thevolUminous amount of data in communications today.

.

0'

Shumwayla,point,of view expressed above is echoed to some extent in

the position papers in Appendices C-through F. Each of the writers of

those papers expresses additional concerns and thoughtful comments; atten-

tion is directed particularly to the papers by Rollak and by Usiskin and

Bell..
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IV. Ways in Whlich Calculators Are Now Used in -Schools

'CalCulators are being used in various ways in classrooms scattered

throughout the country. Last year, suckactivities were generally more

extensive at the secondary-school level; this year, elementary-school

'.',.'teachers are. increasingly introducing them for specified purpoSes. They

Are recognizing that .the t41-6,04.;p4rt-of children's lives. In

many instances (perhaps too.many), use of the calculator is restricted

to chedking the result of paper-and7pencil computation. As teachers

explore pOtential Uses, and As more specific suggestions

additional use is made of the calculator,

Two fears must be expressed:

appear in print.

(1)'That.calculators will not be used appropriately; so:that few

positive benefits of their use are apparent.

(2) That teachers will indiscriminately buy materials for use with"'

calculators (as in some cases they haVe done with metric materials).

As Immerzeel, Ockenga, and Tarr (1976) point out, to avoid. !future shock'.'

imaginative software must be developed. They also make recommendations

regarding use ;of calculators (p,-5):

.(1) Primary level: incidental use, especially in an interest corner.

(2) InterMediate availability In the school of class sets

for occasional use

(3)'Junior high level: availability or class sets, for each teacher

'(4). Senior 'high level: 4 c41cUlator.fOr every,4tudpnt, available

anytime.

They go on to proyiae_a variety of specific illustrations for using'the

Calculator at each of these levels usually wlthin'the existing curriculum.
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In general, certain patterns o .-e are7evidentt

(1),TheL4i.strict-br school purchases a small number of calculators,
which are given to teacheia for exploratory.

activities. This
is followed by discussion and decision on whether the district
or, school should, purchase more (e.g., Columbus, Ohio).

(2) ReMedial mathematic§ or Title I classes receive calculators

for use withlow
achievers who have not previously learned

\computational
skill51441-1e.g.TjWaehington Irving High Sdhool,

New York; Berkeley,
California)...

(3)Calculatorse placed in.adVanced

in secondary schools ( .g., Lubbock, Texas).

scienceand mathematiCs

-,,.-----7 (4)
Exploratory-ieork-entop-fEk.for4hich calculator's seem moat

appropriate is in
progreas;(e.g.._unttection of such

,---11------.

_----Mathematics educators. -a
Immerzeel-,,lcessner-,- Rudnick, Scandura

Weaver).

(5) Pilot.studies and/or research is being conductedJon the effect

of use of calculators
(e.g., with low:achieveri-at-the

secondary

I' .

.level in Chicago;
in. such Cali or-rrl i

schools_as"Cupertino,
Garden Grove, bps-Angele -)San,Di6g)i San. Francisco, and

.:Saita-Barbara).

,--Amon the Varie
'other activities; surveys of the attitudes of

:,--teachersardKcalculatort andio
, -

uses being made of alculators
been conducted

(e.g., Philadelphia;:shawnee,Mis
baorbhiO;daIi-

fornia) ; these sometimes lead
to the'develoyMentza-polioy,statementa

The 1975 Anni-iakLeadeiahip
Conference at the-Universitya Michigan

.eron the role of calculatora
as did several ixtinps at'a SeptemberL

. , -
,.,_.

.

1975 meeting,, :on

_,.

secondary school-matbematics attended by-edutatorsjinm
..:.;.,,--;---- _1

. _. -throUghoaTOblo. Workshops were presented at fOca1,-regionai:and
national.,

.

.
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mathematics 'mee ings in 1975, and plans are underway for extending such

_ ... _

offerins dur g 1976 (e.g., the NCTM Name-of-Site
Meeting, in Detroit

featured
alculator workshops). The National-Council

of Teachers of

Mathethatic is
developing film

materials on calculators
(with a grant

from a c. culator manufacturer).
In cooperation with ERIC/SMEAC, NCTM is

developing a compilation of teacher-suggested-eCtivities
for use with

calculators.
Severel journals (e.g., Instructor and Arithmetic. Teacher)

will have 1976 issues focused on the calculator.

/ Analysis of the published
articles and books cited in Appendix A

Andicates that many
fall into one of four,categorieS:

(1).Ceneral
statements about calculators; e.g.,'Denmen, 1974;,

HigginS, 1974..

(2) Pros and-cons: e.g., Etlinger,
1974; Yiske, 1975.

, .

(3) Cests
and.features: e.g.,

Jesson and Kurley, 1975; gonsumer

Reports.

(4) Varied uses: e.g., Engel, 1974; Judd, 1975.

The annotations
in Appendix

of specific interest.

A may provide.a guide to laCating materials

Usiskin and Bell,(1976)-(see
Appendix F) take exception-to merely

incOrporating-celculator
uses into the-existing curriculum.

For reasons

:which they state,
thus,. Your belief that

the insertion,
of calculators

into K-6 classrooms'
using most existing curri6ule is fraught with peril"

"(p. 56). They argue f an alternative
curriculum, and

provide an assess-

ment of how the curriculum may be restructured.
They note hatthis'mgy

,
y.

be-threetening
to those who view the present

curriculum as optiMdlly

logical and
sequential: their specific suggestions

(pp./40749) could./

however,' suggest
to many elementary

teachers e
different way of considering

/.-

the use of _calculators
in schools.

/
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V. Empirical Evidence

/

At the time that ;the Interim. Report on this proj ect.-was prepared

.

.-

..-

in August 1975, attention was called to three points: /

. ,

/
_ ,...- /

. (1) At this time, there is comparatively little evidence' on the

effect of the use of hand-held calculators in Schonls. 'Studies
.,/

have been exploratory 1,,n- nature, often with the Support of a

- .

.
(2) That the calculator can be used to teach certaiktoptcs seems

t, 4

,clear: that significant achievement gains will result is not

'clear: As might be expected, attitudes are reported to be

A

calculator manufacture.

generally positive.

(3) Not, all of the research\ has focused on significant questions

,

.(some has remained unpublished for this'reason). There JO-a

definite need to establish priorities and attack the ,questions

that. 'can and should be answered by. research.

As this Final Deport is prepared in February 1976, the.same three points

can be reiterated. Theresearch.picture has not'esaentially changed.

As Weaver (1976)'has pointed out in his paper on needed'research

(see Appendix E):

. . .
The very newness of calculators provides little of

a research base upon which to build. . . .. The extent of

ongoing research is very difficult to assess; this also is

true of the nature of, that research.14e are given hints

from the brief progress reports released by, some project's

. but by And largeATe have precious little information--

and none of it definttive-regarding the extent and nature

of ongoing research. (p. 18)

He goes on toexpress the thought that "When the annotated listing (of

_research on mathematics education) for calendar year.1975-is compiled,

more calculator investigations are boundto .appear; but there still will

be no plethora of such investigations reported (p. 18). Very. true:
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no plethora; researc4 evidence remains searce perhaps:
fi

.t

the 19'76 listing will Contain morel).

/.

here is so little research on the uses of hand-held calculators, in
.

fact', that there is some question if it. is .worthwhile to review it. Most
.0

of the studies barely meet criteria for being termed "research

"action research, "preliminary.study"; "inquiry", "exploration" are the

words which investigators use in the - published reports. There are rumors
.4.

of many studies going on:,most of them turn-out to be explorations to

find out what can be done with calculatora',. .Seme of the,"hardest" data

come from Studies conducted by calculator manufacturers; not surprisingly,

these indicate that students (a) can use the Calculator with a Variety

of content and (b) achieve well when using the calcUlatOr. Many schools

are checking datalontheir own students to find out the effect pfithe

use of calculators with their students: this is a highly appropriate

activity -- providing it continues as new suggestions and materials for

using the calculator appear. Schools must be wary of selecting options

too quickly -- of deciding that this way of using calculators Is effectiVe

and that way isn't -- before the range of options (that is, a diversity

,

of material designed for calculator use) bas been. developed.

Over the years, several dozen studies have been conducted with

desk calculators. .There has been some thought that this research might

provide _some useful' information which would be applicable to hand-held

calculators. jilaa, the studies are not all designed aS well as they

should have been. On Table 1, 21 of the studies with desk calculators

are summarized; n6-tie should'be tade of the small sizes of Samples, the

short lengths of time-, the limited purpose of many Of the atudiesi the

evident confounding of variables.
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There aPpearto be very few potentially transferable findings

from the studies with desk calculators:

(1) Children can learn to use calculators.

(2) Children generally_enjoy usineenculators.

(3) Low achlevers may profit from using calculators, but calcu-

lator use should not be restricted to low achievers.

(4) Calculators can be used for checking paper-and-pencil compu-.

tation.

(5) Calculators may or may not facilitate partictilar.typea:of

achievement:"

On Table 7L 8 studies On hand-held calculators are summarized. A

few additional comments about each might aid in makingreaders further

aware of the limitations of the research information on hand7ifeld.calcu-

lators.

CoMMents on Research Repprts on Hand-held Calculators

The major goal of the study reported'byllawthorne and Sullivan

(1975) was to "discover how (and if) the calculators could enrich,

supplement, support,'and.motivate the regular_ program. There was no

intent to change the program to fit the calcUlatOr" (p. 29). Barrett'
II.

and. Keefe (1974) expanded on some of the ways'the students used the cal-

culator: to check answers and in,working with verbal problems, means,

probability, palindromes, functions, and multipliCation with decimals.

A Comparison with a matched group indicated that the mean scores of

'students using calculators were higher (p < .02) on the concepts and

computation sections of the test than were the corresponding scores for

students not using calculators, but the two groups performed about equally

well on the problem-solving section of the test. Two coMments of interest
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are made by Hawthorn'and Sullivan:
re,

Project evaluators do not believe that calculators have any

great inherent ability tosupPort and motivate mathematical

study, though these instruments, definitely have some powerful

computational capability. 0. 31) [Oh?]

Perhapg-anOther study can Shed some. light on what effect

calculators have on learning mathematics if used by children

without any particular direction by teachers. (p.31): [Why ?]

One wishes that there were some discUssidn of each of these points in the

article.

Bitter and Nelson (1975) developed a "diagnostic remediation mathe-

matics curriculum utilizing the hand-held calculator ". A group using

9 V

this curriculum was compared with a group using a commercial hand -held

calculator mathematics remediation program and, with two groups using

the "norMal" Curriculum, one with calculators available and one without

calculators. While no data were reported'in the article, the authors

note that " . all three calculator approaches provided for signifi-

cant statistical gains in both thecdgnitiVe and attitudinal domain as

opposed to the control group."

Analysis of data from Project Equip, a mini-calculator program for

teaching mathematics sponsored by Berkeley schools, was reported by

KelleV'and Lansing (1975) Two seventh-grade and two eighth-grade mathe-,

matics classes for low achievers were involved. Neither experimental

. ;

nor control classes showed statistically significant,gains on the CTBS

(the experimental group Mean was 4.87 on,the October pretest, 4.98 on

the May posttest;.the control-grouics respective scores were 5:29 and

5.30). On the .CTBS computition-sUbtest, the calCulato-rTgroup did signi-

ficantly better, however (4.9 for the control group, 6.5 for the eXperi

mental group). And on the NLSMA Reasoning. Test, the gain of the control

group was signifiCant at the .08 level-j0:9 pOintay;:thecalculator

- _

group gained 1.9 points, which was significant at the .001, level.
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Kessner (1975) present d information on a pkimary mathematics. project

designed "to research', develop, and field test Activities in which kinder--

f,

gat-ten and first-grade children can use hand-held electronic calculators

promote their Mathematics learning". Si ified calculators are

1'6
"coupled with gamelike modules" to teach the 'complex aspects of counting

and the perations of addition and subtraction". In the project informa-

tion cite no data are'reported.

Bell-, .and Crown 0975) report on ajimited "inquiry" in

which one gro p. of-fifth-grade pupils-was given a pretest, and th. .

given calculators for two (2) days,.with probleths to work and'enc urage-

ment to ask queattOns about the calculator. A week later a posttest was

given. Overall, there were no significant differences; -,Those wi had

_ .

calculators, however, scored significantlk,higher on examples on which
...

the calculator could be used, while there were no significant differences

on.
non-calculatOrexaMples ,(although the score of the calculator group

was lower than that of the non-calculator group), One wonders whether

the same statistical result could be replicated: the conditions were

obviously loose. The comments in Appendix A of the Usiskin and Bell

.

position paper (1976) report further explorations with about 20teachers,

The work does not appear to be systematic, owever:. it is purely explora-

tion tatind ouihoypupils (and teachers/ react.

.1.4eaver..197-6), on the Other handi.hae since 1973 been systemOically
T

4

exploring the'use,of various'*alculators at several grade levels, in

T
ways which connect with his (and his students') previous research on

.___ , .),
,

mathematical sentences and properties of operations. Although he reports

some empirical data, "the prindipal intent of the project to date has

not. been hypothesis forMUlation and testing,"-but informal exploration as a

necessary stag to precede controlled experimentation. This .''exploratory
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work was independent,of ongoing mathematics programs .. /.",'although

this year "teachers are opting to have pupils use the calculator from

time to time in connection with the ongoing mathematics programs". Among

the emphases of the exploratory work have been chaining, doing and undoing,.

.
and related number. sentences.

Spencer (1975) investigated the .effecty)f using calculators on

tomputation:skill, reasoning ability, and total arithmetic achievement,

as measured by the. Iowa Test of Basic Skills. Forty pupils in grade 5

and 44 pupils in grade 6.were randomly assigned either to a group using

calculators or to a. group using paper and pencil-without calculators.

For eight weeks, both groups worked with computation. worksheets,prepared

by the experimenter; unfortunately, .the abstract of the study does not

indicate the.nature,of these worksheets. At the fifth-grade level,
.

the only significant difference. found was on the reasoning test, favoring

the calculator,group. In grade 6, significant differences favored.the

calculator group on the computation test and on the total test; a ten-

dency for thecalculator group to have higher scores,on the reasoning

test was also noted.

The locations at which this research and development work is being

a-onducted are dIverserArizona, California,. Illinois, Iowa, New York,

Wisconsin. In other states, other projects are going on, with no pub-

lished results as yet. For instance, Rudnick aye on Education, 1975)

is currently directing a project in Pennsylvania with seventh graders

to investigate the effects of the availability and use of the calculator"

on achievement and attitudes. Capoferi and Winowski (1975) present a

design fot a'study to be, conducted in Michigan schools. One hopes that

Carefully designed research will be planned at many other locatiofis.
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Needed Research

In his poSition paper,in Appendix E, Weaver discusses some of the

research questions which should have some priority. He called attention

to the point that

the greatest thing we have to fear today about' he calculator
vis -a -vis school mathematics curricula,is the degree' of fear
that already exists.about the calculator vis -a -vis school

mathematics curricula. (p. 2)

To ma ersons-the calculator threatens to violate certain
tenetsItegarding school, 'Mathematics learning and in truction--
tenets that, are adhered to more tenaciously than I ighi

'have expected, Suggestions for calculator uses are ade
within the constraints of those tenets,- - and'any research

that might be implicit in such suggestions wouldbe similarly

constrained.

Some other persons, however, appear to..be willing - -possibly

even-anxiousto suggest calculator uses that may challenge

certain of our cherished tenets. (p. 5)

Weaver distinguishes between three types of curricula -- calculator-.

assisted, calculator - modulated, and calculator-based 7-.and pOints out

that "research should not be unmindful of such differential roles ".'

After citing the research questions included in the NACOME Report (1975),

he discusses six others for whichansi.iers should be sought. Each in

turn can lead to a series of investigation0.-

Summary

Evidence on the effectiveness of calculator use is largely experi-

ential- A concise summary of the suggestions for research which,should

be conducted to determine the potential and problems of caloulator.use

in schools includes. investigations- related to:

- when and how to introduce calculators,

7-effective procedures for learning basic facts, computational

skills,.problem solving, and various mathematical ideas
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effective calculator algorithms

long-range - effects of using calculator algorithms

- need for paper-and-pencil algorithms

- effect of calculator use with specific"content and curricula

- effect of curricula sequence/emphasis changes

7 relationship between work with calculators and computers

- changes in teacher education curricula

optimal calculator designs

One very specific caution must.be emphasized: attempts at restruc-

turing the curriculum, either extensively or minimally, must not proceed
. .

independently of research. The two are integrally interwoven, and, one

cannot be effective without the other.
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A variety of

VI: SoMe Recommendations

recommendations has been Incorporated a many poi

in this Report. Many. pthera are-specified or suggeste n each Q

the'position_papers. These are generally stated at he end of this!

sectIon.

is

But first, some recomMendations which hay not been cited preyiodslY

i.

will be listed. These were/ given by educatoi-s in response to a, questio

!

on several questionnaire 'in the survey conducted early-in this ptoject.
,

They range from.the g eral to those specific to the curriculdm.
1

;
Recommendations frcn Educators SurYeyed

1. Experiment and plan.

a. Learn to use calculators yourself first, finding meaningful ways

to use them.

b. Use calculators with students only after considerable thodght

as to how, when, and why.

c. Develop a school-wide policy and guidelines.

d. Develop ways to incorporate- calculators into the existing .curri

culum, and develop new curriculum as necessary.

e. Plan a reasonable inservice programevaluation, and research.

f. Use in early grades with care, if at all.

2. Survey available calculatot models carefully and buy good equipment,

commensurate with student needs,: Make sure that all students. have

access to a calculator,

3. Change teaching emphases to concept development, algorithmic proceases,

when to apply various operations, and problem solving using reai-life

and interdisciplinary applications.
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4.,Do not ignore the development of computational skill.

5. Think of calculators as a tool to extend mathematical understanding ,

and learning by making traditional WOrk'easien The focus can be on

process because the product is assured.

6. Place more emphasis on problem-solving strategies. Use practical,

realistic, significant problems, and more, applications.

7. Spend less time on computational drill, more time on concepts and the

meaning of operations. Use more. laboratory activities where compu-
,

tation,is involved but the emphasis is on learning mathematical con-

cepts. Decrease the use of tedious; complicated algorithms; eMphasize

algorithmic learning, including student development of algorithms.-

8. De-emphasize fractions, and emphasize decimals, introducing them

eari.

9. Emphasize estimation and approximation (including mental computation

skifls), checking.and feedback, exploratidn and discovery.

10.. Do more and/or e0clier.work with such ideas as place value, the

'decimal system, nUMber theory, number patterns, sequences, limits,

functions, iteration statistics, probability, flow charting, computer

literacy, large nUmbers, negative numbers, scientific notation, data

generation, and formula testing.

Two points should be made in connection,with the above recommendations:

:,(1) There was not consensus on all of them, nor wgre they all cited

with equal frequency. A selection process occurred, which may

reflect the beliefs of the author of this Report.

(2) The overlap of the recommendations with statements in other

published materials is eVident.
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r

1. .A thorough analysis of the.mathematics and other appropriate curri-

.Cula of eledentary and-secOndary schools shoUld be conducted to

determine:

how calculator use Could be optimally integrated with existing

curricula (see SectionIV, Imperzeel et al.). .

b. how curricula should be revised/redeveloped. to incorporate

optimal use of calculators (see Section III, Pollak,'Usiskin

and Bell).

2. A careful plan for systematic research should be developed (see

Section V and Weaver).

3. Following the above steps, appropriate research related to, and

development of, curricula'should be initiated.

Experiences for teachers at both inservice and preservice'levels.

should be Provided, to aid them in using calculators with kudents.

5. Information about research and development efforts must be cOmmuni7-_

cated (with speecVand-accuracy) to parents and other non-educators,

as well as to educators.

These recommendations are based on the assumption, derived from-
,

analysis of information secured during the project, that calculators

are increasingly being accepted as-an - instructional tool (by both teachers
,

and parents). Therefore an immediate need exists for sound and substantial

researchend.development efforts.
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Number Sentences and Sentential Transformations I, II. Project

Paper 761. Madison: 'Wisconsin Research and Development Center for.
-

COg ive Learning, January 1976.

L
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Advani,-Kan. The Effect of the Use of Desk Calculators on Achievement
and Attitude of Children with Learning and Behaviour Problems.
A Research Report. .December 1972. ERIC: ED 077 160. 10 pages.

Eighteen students (ages 12 to 15)..usedlonr calculators for
six months to check mathematics probleMs. CompArisons of pre7

And posttest data indicated significant increases in student
`interest and positive attitude4 toward mathematics, while
disruptive behaviors decreased.

Albrecht, Robert L. and others. The Role of Electronic Computerg and

Calculators in Mathematics Instruction. In Instructional

Aids in Mathematics (edited by Berger). Thirty-fourth
Yearbook of the National Council of Teachers of Mathematics.
Washington: The Council, 1973. Pp. 181-187.

Various types .of computing devices are described, and their

usefulness in the classroom discussed. Scant attention is
devoted to calculators in general, and none to the handi-held
calculator as a distinct instructional aid. The author§ state

that electronic calculators are "far more powerful problemaolving
tools than conventional machines."

Asmus, Paul. Calculators vs. Minis. Datamation 18: 55 -58; April 1972.

A summary of key features to compare when deciding on either a

programmable calculator or a-minicomputer are listed. 'Considera-

tion is given to the kinds ofwork.to be done, flexibility needed ;

experience of users, operating features, and price.

Bahe, L. W. Finding Logarithms and Antilogarithm§ with a Simple

Calculator.' School Science and Mathematics 74: 221-224;

March 1974.

The availability of simple, low-cost electronic calculators has
removed some of the drudgery from calculations needed in the
chemistry laboratory. Since logarithmic calculation .is important

for many experiments, a method of finding these-values using a

simple 'matrix and a four- function calculator is provided.

Barnes, Bart. Hand Calculators CauSeMath Teachers' Debate.
Washington Post, 'pp. 1, 8;December 16, 1974. . .

Pros and cons on the use of the calculator in the clasaroom are.

discussed.

Barrett, Ray and Keefe, Michael. Using Hand-Held Calculators in

Sixth Grade Classes. Albany, New York: The State Education

Department, Bureau of Mathematics Education-, 1974:-

Each student in the authors''sixth-grade classes was assigned a

calculator for use throughout the year. Provisions for main-

tenanceT'security, and classroom'organization were made. The
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calculators permittecrexplOration of a variety----of-topics; word

problems,. arithmetic means, probabilityilialindromes, functions,

abd decimal multiplication were-pafilcularly successful. The

calculators motivated and strongly supported instruction on

some topics'. Student interest was sustained throughout the year;

they accepted the calculator as a tool to help them become
.

more independent and proficient in mathematics.

Beakly, George C. and Leach, H. W. The Slide Rule, Electronic Hand

Calculator, and Metrification in Problem Solving (Third edition).

New York: Macmillan, 1975.

A comparison of reverse-Polish and algebraic logic is given, in

addition to descriptions of the three major types of hand-held

Calculators currently onrthe market.

Beck, Lois L. A Report on the Use of Calculators'. Arithmetic Teacher'

7: 103; Feliiruary

Fourth-, fifth-, and sixth-grade classes use0onroe,Educator

calculators; these Calculators perform the basic operations in

much the same way they are done with paper and pencil. .Although

complete results were unavailable at the time of writing, several

observations were made. The calculators, couldbe,operated.by

the.students; when used as Etregula'r'classroom tool, they tended

to motivate and reinforce understanding and achievement in basic

skills. Children seemed to enjoy using the calculators, and to

exhibit better work habits. Place-value concepts were reinforced.

Berg, Gary. Teaching Flow-charting Through Electronic Calculators.

Business iducation.ForUm 24: 30; January 1970.

Flow-charting_symbols and a flow-chart describing a use of the

calculator are.presented, in relation to the use of calculators

in businesses.

Berger, I. Calculators Get Smaller; Smarter, and Cheaper. Popular

Mechanics 142: 7075; December 1974.

,Features to look for and what models have those features are

included in this guide to buying a hand-held calculator.

Berger; I. Electronic Calculators: .How to Choose the Right One.

Popular Mechanics 139r 86-90,192; February 1973.

What features to-lookfor-when purchasing an electronic calculator,

how much to spend,-and conaideration of. One's particular needs

are discussed. -Bath desk and hand-held calculatOre are considered.

Berkowitz, S. A Rational Number Calculator. Datamation 16: 106;

-1973. -

.- A description is given of how a calculator might be built to, save

and display a quotient' of.tWo rational numbers-regardless of length.
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Betts,,Emmett A. A Preliminary Investigation of the Value'of a

Calculating Machine for Arithmetic Instruction. Education 58:

'229-235; December 1937,

Thee'ffeCt of practice with a calculating Machine on the pupil's

problem-solving techniques and computational skill's was studied.
Thirteen pupils in the second half of sixth grade completed

the year's work-in the six-week treatment period. Gain scores

from four tests were compared, with improvement found in each

case. Pupils were able to analyze more problems in the time

available than they usually did.

Birtwistle, Claude. Eome Fdrther-Camments on Electronic Calculators.

Mathematics Teaching: 66: 27-30; MarCh 1974.

The author comments that pocket calculators are too easily lost,

and their keys and displays are too sMall; small portable. desk

calculators arerecommended.instead. _Several Madels are available

for,!performing the four ba.siC operations; the order.in,which

keys are punched tO perform calculations varies with the different

machines, and the unnaturalness of some order's can cause problems

for some Children. For 100.;achievers, electronic calculators

are probably not as 'effective as the old type. For average and

above-average students,. however, the calculator presents advan-

tages in.speedand accuracy. By taking the tedium out of complex

computations, it can encourage:thought about the answer. Calca-'

lator use Allows complex topics to-be introduced at 1oWer levels

in the:culfrculum..

Bitter, Gary G. and Nelson, Dennis,: Arizona Migrant Education Hand-Held

Calcdlator Project. Migrant Educator 1: 1-3; 1975.

Evidence is presented.that hand7held calculators can be used

successfully in remedial mathematics programs.

Bolder, Jacqueline. Calculator UseDoesn't,Add Up, Maryland NAACP Says,
Washington Star, October 26, 1975.

The Maryland state chapter pf the.NAAdP urged the restriction of the

use of hand calculators and computers in most state clissroOms.

Bormann, Thonias M. Electronic Calculating: Processing of Thoughts.-

Journal of Business Education 48: 302-303; April 1973.

Some characteristics oC electronic calculators which make them

desirgble tools for office workers are speed and accuracy, greater

capability and decreasing price, quietness and dependability,

portability, and relative ease with which their use is learned.,

.
The basic objectives of calculator instruction in the business

'curriculum are rapid and accurate operation, and integration of

( a working knowledge of the Calculator into the problem-solving

4
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process. Several mathematical and business concepts must be
understood in or -der 1:o achieve theSe objectives. Guidelines for
preparing electronic calculator instruction calls for emphasis
on both intellectual and Motor skills, and simulation of. actual
business applications.

Braun, Alexander E. Eulogy-for a Slide Rule. Science Digest 79: 65 -67;
February 1976.

The "passing" of slide rules is humorously decried.

Broussard, Vernon; Fields, Albert; and Reusswig, James. A Comprehensive
Mathematics Program. AV Instruction 141 43- 44,_46;. February 1969.

A program for low achievers :in grades 7-9 from disadvantaged '

areas which' emphasized real-world applications and use of flow",
oharts, calculators, and other materials, resulted in significant
achievement gain. Sixty per cent of the students who-'had
participated in the program continued' to take mathematics courseth,
compared with 40 per cent in a control-group.

Buchman, Aaron L. The Use of Calculators and Computers in Mathematics
Instruction in New York State High Schools. School Science and
Mathematics 69: 385-392; May 1969.

Only 13 per cent'of the schools reported (in 1967-68) having
calculatbrs in the mathematics department, with T per cent of
these.having computer features.. Five per cent of the schools
had computer facilities which were used by mathematics classes.

tb

Buchwalter, L. Now It's Pocket Calculators. Mechanics Illustrated
69: 108-109; February 1973.

The role of calculators is explored, with comments on their
potential uses.

Buckwalter, L. 100 Ways to Use Your Pocket Calculator. Greenwich, Connec-

ticut: Fawcett Publications, 1975.

Suggestiohs for' particular. ways to use the calculator.

Budlong, Thomas S. What to Look for in a Microcalculator. Machine
Design 44: 155-161; November 14,-1972,

A checklist of features to consider when choosing a hand-held
'scientific calculator rare listed. A description of their
features is given, including a summary of the .characteristics:
of 17 representative erigineering-calculators.
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Cantor, Charles B. .NoWThat the Electronic Calculator Fits in Your

Pocket, How. Fit in Your Math Class? Business- Education

World 55: 29;-November/Detember 1974.
-t

Future Uses-Of the calculator in business classrooms are .

discussed, with comments on such topics as programming, artificial

intelligence, and electronic classrooms.

Capoferi; Alfred and Winowski, Eugene. Mac6mh Intermediate School

District, Van Dyke Schools Cooperative Project - Exploration

- 61 Classroom USeof the Hand Calculator in' Grades 4 -6. Mt.

Clemens; Michigan: Macomb Intermediate Sch6o1 District, 1975.
.

The.project is briefly described, and many examples of mattli

matics topics appropriate forthe calculator are provided.

Cech, Joseph Philip. 'The Effect the Use of D'esk Calculators Has on
Attitude and Achievement in Ninth -Grade General Mathematics
Class s. (Indiana University, 1970.) Dissertation Abstracts
Inte national 31A: .2784; December 1970. (See also ERIC:-.ED 041 757.)

Cech, Jo eph P. The Effect of the Use of Desk Calculators on Attitude
an Achievement with Low-Achieving Ninth Graders. Mathematics

Teacher '65: 183-186; February 1972. 67-

The two main reasons Ibr using calculatots with low achievers in
mathematics classes are motivation and Achievement.:This study of
calculator effectiveness involved two teachers each teaching a;
calculator section and a regular section of general mathematics
for seven weeks. Students in the experimental group were
encouraged, but not forced, to check answers with the calculators.
All classes were given pre,- and posttests of attitude and achieve-:
ment. Results did not support the hypothesis that students using
calculators would' show positive gains in attitude toward mathematics,
or increased paper-and-pencil computational skill. Students could

compute better with the calculator than without it, hoWever:

Clarke, John. Educational Technology. Mathematics in School- 1:

30 -31; November 1971.

Principles on which the use of educational technology is based
are discussed.

Comarow, Avery. Practical New Uses for Pocket-Money Calculators.

Money -13i. 88-91; October 1974.

Different models of pocket calculators are Compared; and some
war's to use the calculator to solve businessoriented problems

such as compound interest and taxes are presented.
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Comatow, Avery. 'Maximizing Your Minicalculator. ..Money 14: 52-,53;

January 1975.

.

The tttal number of pocket aalcuaators sold in the U. S. in .

-1974 probably exceeded 13 million. To be reasonably flexible

for household uses, calculators should have separate keys for

x, and =, a floating decimal point, and a display of

at least eight-digits. Methods for.basic calculations, computation

of interest, and-ahticipating monthly paymalits_are presented

in step-by--step formats.

D'Anlaire,Emily and D'Aulaire, Ola.' Put a Computer

Digest 107: -115-118; September 1975.

Reasons for buying 'a calculator are included in

Denman, Theresa. Calculators in Class. Instructor

February 1974.

in Your Pocket. Reader's

this article.

83: 56-57;

The author comments on the fact that calculators are fast

.
becoming accepted as necessary 'household appliances. When the

childrenjn school today are adults, they will look on calcula-

tors as being as necessary to everyday life as telephones.

'Dthlel9an: L, What to Look For in an Elecfronic.Calculator. Business

.
.Education Forum 27: 32-33; March 1973.

Features to consider when buying calculators' for business or

business education purposes include output type, decimal control,

.automatic rounding, portabilitY,-and programmability. A buyer

of calculators for 'ad ational use should know the terminology,

pertaining to the machin as well as his educational objectives.

He should test the machine 4th the ,types of problems he will

be using in class.

Douglas, John R. Computers 1: From NumberNCrunchers to Pocket Genies.,':

Science News 108: 154-1.5; September 6, 1975. (Parts 2 and 3

appear in the September 13 nd-October 4 isaues.)

Computer developments are disc ssedf with some mention-,of hand-hald

calculators.

Durrance, Victor Rodney. The Effect 'cif the Rotary Calculator on

Arithmetic Achievement in Grades S'ix, Seven, and Eight. (George.

Peabody College for Teachers, 1964.), Dissertation Abstracts

6307; May 1965.

From grades 6-8 in a single school, -35 airs of' students were

matched according to IQ and' grade placem t in arithmetic. One

from each pair was then selected to ,use th calculator. Analysis

of data from the nine-week study indicated hat in computation,

reasoning, and concepts, the calculator had o effect except

in the area of reasoning 'in grade'7.

57
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Edelman, Ron and Olesony Clif. Creative Calculatoringi. Eugene, Oregon:

Action. Math Associates, 1975.

Activities with the calculator are .presented.
_

Ellis, June and Corum, Al. Functions of the Calculator in the Mathe-
matics laboratory for Low Achievers. 1969. ERIC: ED 040 847.

46 pages.

An experimental And a control class were administered pre- and
posttests to check the effects of Calculator use on the achieve-
ment, attitude, and academic motivation of low achievers. The

use of printing calculators did not produce Asstatistically
significant change in mathematics achievement . More favorable

attitudes and weaker academic motivation were recorded for both

groups at the end of the experiment.

Engel, C. William. Meet Minnie Calculator! In Fostering...Creativity .

Through Mathematics (edited by Betty K. Lichtenberg and Andria P.

Troutman). Tampa: Florida Council of Teachers of Mathematics,.

1974. Pp. 69-77.

Appropriate topics and activities are suggested for using the
calculator at a variety of levels.

Etlinger, Leona/rd. The Electronic Calculator: A New Trend in School
Mathematijs. Educational Technolo0i 14: 43-45; December 1974.

The existence of low-cost calculators is not sufficient justi-
ficatio0 for their use in mathematica'programs. Proponents
of calculator use in schools generally have one of two contrasting
views./ The functidnal position advocates the use of the calcu-
lator/to perform computations, obviating the need to teach

computation. The basic tenet of the pedagogical position, is that
the calculator can facilitate (rather than replace) learning.
The implications of this point of view, and the potential
pedagogical value of the calculatorare not yet known, and many
specific questions need answers Examples of the pedagogical
use of calculators aie'described,

Feder, Chris Welles. Children and Calculators : Do They Add Up?
McCall's 102: 34; May 1975.

Some current uses of calculators in schools in East Greenbush,
New York, Virginia, and Brooklyn are &escribed

Fehr, Howard F.; McMeen, George; and Sobel, Max, Uiing Hand-Operated
Computing Machines in Learning Arithmetic. Arithmetic Teacher

3: 145-150; October 1956.

A controlled experiment on learning multiplication by using a
two-digit multiplier was conducted for atwo-Week period. TNo
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.

significant difference was found inthe performance of.students

in experimental and control groups. However, the experimenters

felt that longer use of the devices might have produced an

effect, and therefore conducted a-half-7year experiment using

the Monroe, Educator model hand-operated calculator: Students

using this machine made significant gains in both computation.

and reasdning. Although their gains were greater than those of

a control group, these differences were not statistically sighi-,

fi'Cant. Both students and teachers using calculators had a
"very pasitive'attitude toward calculator use in the mathematics

classrodm.

Feldzamen, A. N. and Henle, Faye. The CalculatorHandbook. New York:

Berkley Publishing Co., 1973.

This book gives the layman an'introdUction'to,the packet calcu-

lator. It includes, tips on how to use the calculator to solve

everyday problems such as use in shopping and computing taxes.'

Field, R. Sciente and the Consumer: Figuring PockWtalculaiOrs-

Sciende Digest 77: 85-86; March 1975..

Ways in which the calculator can aid the consumer are discussed.

Fielker, David. dtlectronic Calculators: A Changing Situation.

Mathematics Teaching 65: .28-32; September 1973. .

Electronic calculators -care. here to stay, and far-Sighted schools

are beginning to be interested in them. As they become more

popular, it will be difficult to justify teaching as much rote

'arithriletic as is common. Computing devices of the past have

often been effective because they involve tactile and visual

experience of mathematical operations; electronic calculators

do not afford one this experience. Use of the hand calculator

in schools will, require emphasis on,place value, magnitude, and

notation. Some advantages-of the machines are the ability to

handle large numbers, their usefulness for activities such as

estimating square roots, and the passibility of using them in

the design of new algorithms. Some advice on the purchase of

calculators anda glossary of calculator-relatedterms is

included'in this* artitle.

Findley, Robert Earl. An Evaluation of the Effectiyeness of a Text-

book, Advanced General Math, Used by Ninth Grade General,Mathe7

.matics Classes. (Colorado State College, 1966.) .,Dissertation

Abstracts 27A:-.2440-2441; February 1,967'.

The group using the traditional textbook and calculators for a

full year gained significantly more than the group using the'

traditional textbook alone or the modern textbook With:. Qalcu7-

lators, but only onlarithmetic fundamental achievement.
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Fiske, Edward 3. -Educators Feel that Calculators Eave'Both Pluses
and Minuses. The New York Times, Section IV, p. 7; January 5, 1975.

The views of proponents'and opponents for the use of calculatorg\
in the classroot are presented.

. .

Free, J. R. P. S. Buyers Guide to Under $100 Electronic Calculators.
Popular Science 202: 86-88, 156; March 1973.

Several types of calculators and their distinctive features are
described.,

Free, J. R. Those Incredible New Scientific Pocket Calculators.
Popular Science 204:1124-125; April 1975.

Ways in which the calculator can be used are discusSed.

Free, John R. Now There's. a-Personal Calculator for Every Purse and
Purpose. Popular Science 206: 78-81; February 1975.

Features and functions for 37 models are tabulated.

Frye, J. F. Versatile Pocket Calculators. Electronics : 58-61;
-Hay 1972.

Some of the applitationdfot"Calculators are discussed.

Frye, J. F. Buying and Using a Pocket Calculator. Popular Electronics
5: 62-64; May 1974."

Some common-sense thingajo look for.when buying an electronic
calculator are given. Some algorithms are also piesented, for
Use with the less'expensive calculators which do not have all
capabilities built in.

Frye, John. T. Selecting a Calculator, Popular Electronics '8: 94-96;
December 1975.

Who will use the calculator and for what purpose, how mush math the
user has and/or will study, and how much the buyer wants to pay
should be considered when purchasing a calculator.

Gardner, Mat.tin. The Magic-Calculator. New York Times Magazine, p. 74
January 18, 1976. .

FoUr tricks., with a caltulator are presented, with how and why_they

work indicated.

Co
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Gaslin, William Lee. A Comparison of Achievement and Attitudes'of"
Students Using-Conventional or Calculafor-Based Algorithms for

Operations'on Positive Rational Numbers'in Ninth-Grade General

Mathematics. Dissertation Abstracts International -33A: 2217;

November 1972.

Gaslin, WilliaM L. A Comparison of AchieVement and Attitudes of
Students Using-Conventional or Calculator-Based Algorithms for

Operations on Positive Rattopal Numhers in Ninth-Grade General

Mathematics. Journal for Research /in Mathematics Education.

6: 95 -108; March 1975.

/

Use of units in w ich fractionalosnumbers were converted to

decimals and ex pies then solved on a calculator was found to

. be a "viable al ernative" to use of conventional textbooks
(including fractions) with or withouta/calculator, for
ahility or low7,achievin students,

't

Gibb, E. Glenadine. Calculators in the

42-44;1November-December 1975.

Ways in which the calculator can:/ used are discussed.

Gibb, Glenadine. My:Child Wants a Ca culatorl NCTM Newsletter 12:-

December 1975 /

Somesuggestions/for selecting and using a calculator are given.

Gilbert, Jack. A anced A lica4 na for Podket Calculators. Blue Ridge

Summit, Pe Sylvania: TabAo ks, 1975.
.

. ,

Mathematical. and scientific problems and examples for all types of

calcdiators are include0

ssroom. Today's Education

.Gronbach, Rita. ,Readers' Did/A gue./ArithMetic Teacher. .2 659-666;

.[ .December 975.

A letter.to the edito1r commenting on Stultz' artic

Grosswirth, Mari.Tin. ,Calcu atots in the Classrobm. '..Da amation.95:

/

The pros nd 'Ong for the use of-hand-held calculators in the
:,

ciasstOo are given. Summaries of some experimental work

90-91, 95; March 1975.

using ca culators in the classroom are presented, and the

need for more researth in this ateis stressed.

Gwynne, Peter. /New York View: Calculator .Boom. New Scienflat'

65:'231 -232; January 23, 197.

The question of whether school children should be allowed to

use calculators in the classroom is said, to be at the root of

a debate "raging"'throughout the U.S. Proponents of calculators

61
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argue that their use for calculations can free time to explore

the basic concepts oflnatheinatics more deeply, while opponents

insist. that their use will lead to a generation of mathematical

illiterates. As more students acquire calculators, pressure

to allow their use on examinations is increasing. Several

schools. routinely use calculators, and children enjoy using

them. Their use offers the opportunity to do more:cot/31ex

problems, but also provides the tempatation to sell students

arithmetiC without understanding.

_Hale, David S. Using Electronic Calculators. Mathematics Teaching

67: 20-21; June 1974.

Two examples of classroom-use'of the calculator are described,

one With a fifth-year claSs computing the volumes of bdxes

which could.be constructed from a piece of metal, and one

with a third-year class testing hypotheses concerning volumes

of similar solids..

Hannon, Herbert. The $59.95 Electronic Wonder: Its Implications

for the Arithmetid Classroom, Mathematics in Michigan, pp. 3-6;

November 1973.

Various implications of the use of calculators are discussed,

Hawthorne, Frank S. Hand-held Calculator -: Help or Hindrance?

Arithmetic Teacher 20: 671 - 672; December 1973.

Few curricular changes will be hecessitated by the advent of .

the calculator. Elementary schools already emphasize an
understanding of concepts and a meaningful approach to algorithmeA,

It was partly anticipation of inexpensive calculators that

impelled curriculum designers to decide that emphasis on

drill was unwise. While calculators will produce no grand

changes in the curriculum, calculators offer many advantages in

the elementary school. Students can check their work, ancl-/
laborious computation can be eliminated from problem solving

activities. As with any teaching aid, they 'can be misused%

Hawthorne, Frank S. and Sullivan, John J. Using Hand-held 'Calculators

in Sixth-Grade Mathematics Lessons. New York State Mathematics

Teachers' Journal 25: 29-31; January 1975. ,

This is a report on the study by Barrett and Keefe, involVing

two sixth-grade classes. A posttest at the end of the year

indicated that the students using calculatorsscored higher

on tests of *doncepts,and computation than a non-calculator

group, but not as high on problem-solving tests.

Heilman, Carl. More References to Calculators: Pennsylvania Council

of Teachers of Mathematics Newslett 12-14; Spring 1975.

Recent articles concerning electronid' calculators are listed.

with brief descriptions, to call: them to the attention of

mathematics teachers in Pennsylvania.
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Higgins, Jon L. Mathematics Programs Are Changing. Education Digest

40: 56-58; December 1974:. (Reprint from NASSP Curriculum Report.)

4 Inexpensive pocket calculators will change both the kinds of

computaridhalkills taught, .and the manner in which they are

taught. Knowing when opera4ona are used, checking errors, and

estimation will become therneti fundamental skills. Progtammable

calculators will soon become commonplace, and emphasis will be

plaCed on the unity of mathematics and the common procedures of

mathematical thought.

Hoffman; Ruth I. Don't Knock the Small Calculator -- Use It! Instructor

85: 149-150; August/Septembet 1975.

Some "scattered examples" of using hand -held calculators to'e3\flore

mathematical`' ideas are presented. \

Hohlfeld, Joseph Francis, Effectiveness of an Immediate Feedback-.

'Device for Learning BaSic.Multiplication Facts. (Indiana Uni-

versity, 1973.) Dissertation Abstracts International 34A:

4563; February 1974.

The effectivness of an electronic calculator, programmed as an

immediate feedback device, was compared with-the effectiveness

of pencil-and-paper exercises without immediate feedback for

the learning of the 100 basic multiplication-loombinafions.

Twelve students in each of seven fifth-grade classes were

identified as low achievetaand randomly assigned to treatment.

Significant differences favored the electronic calculator,

practice group over the pencil-and-paper practice group on both

acquisition and short-term.retention; but not on long:-term

retention.(dne month or three-and-one-half months retention

periods).

Huff, D. Teach Your Pocket Calculator New Tricks to Make Like Simpler.

Popular Science 205: 96-98; December 1974.

Interesting things to do with a hand calculator are presented.-

Huff, Darrell. How to Have Fun with Your Pocket Calculator. Popular:

Science 208: .90 -91, 152; February 1976.

Activities and games for the calculator are presented.

Hunter, William L. Getting the Most Out of Your Electronic Calculator.

Blue Ridge Summit,Pennsylvania: Tab Books, 1974.

This book describes some basic problems that the layman can

solve using a pocket calculator, Working with basic mathematics,

grocery shopping, computing simple interest, and tax' preparation

are some of the topics. included:

6 3



A-14

Jefimenko, Oleg. How to Entertain with Your Pocket Calculator.

Star City, West Virginia: Electret Scientific Co., 1975.

Mathematical diversions arse presented.

Jesson, David and KUrley, Frank. Specifications for Electronic-CalcU-

lators. Mathematics Teaching 70: 42-44.14arch 1975.
7'

A baSic electronic calculator for' the'"mathematics classroom

should have the following featurealisted in order of preference:

(1) natural-order arithmetic02) floating point underflow,

(4) constant key to operate:on all four operations, (5) eight-7,

digit display, (6) fingertip7size keys, (7).rechargeable batteries

with alternativ'e pluiOn operation, and (8) clear-entry key.

The prospective buyer can check for each of these features

using simple tests. The educational market is a clear growth

area for calculator manufacturers, and should not hesitate to

demand what is needed.

Johnson, Randall Erland. The Effect of Activity Oriented Lessons on

the Achievement and Attitudes of Seventh Grade Students in

Mathematict. (University of Minnesota, 1970.). Dissertation

Abstracts International 32A: 305f July 1971

Activity-Oriented instruction, including one treatment in which

calculators were used, did not appear to be more effective than

instruction with little or no emphasis on activities for units

in number theory, geometryand measurement, and rational numbers.

Jones, C. D. Pocket Math. National Elementary Principal 51: 56-57;

January 1974.

Three children (aged 6, 7, and 10), who used a pocket calculator

for one-and-one-half weeks, learned to use the machine in-

self-initiated activity. However, it took a while.for them

,to trust it.

Judd, Wallace.. Games, Tricks, and Puzzles for a Hand,Calculator.

Menlo Park, California: Dymax, 1974.

This book is a source of recreational ideas for use with the',

calculator, with sections on each of the topics of the title.

Included also is.a-section on the internal. workings of a

calculator.
.

.

Judd, Wallace. A New Case.for the Calculator. Learning : 41 -48;

March 1975.
/

.

.

.

.
A visit to a classroom in which calculators are used reveals

that children work well with them. As calculators'become

increasingly available, a change in classroom emphases will
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occur; drill will be de-emphsi'zeclin favor of problem-solving

activities. Students will need to have firm concepts of place

value. The calculator will never replace mathematical under-

standing, but it is here to stay. Considerations for selecting
calculators and selected games for use with calculators are

described.

Kelley, J. L. and Lansing, Ira. Interim Report on Project EQUIP.

Berkeley, California, July,1975.

This document reports on Berkeley's mini-calculator program

for teaching mathematics'to low achievers in junior high school

classes. Data on four experimental and four control classes

are presented.

Keough, John J. and Burke, Gerald W. Utilizing an Electronic CalcUla-

tor to Facilitate. Instruction in Mathematics in the llth and 12th"

Grades. Final Deport. July 1969. ERIC: ED 037 345. 60 pages.

The group using calculators achieved significant y'more on a

standardized test than did a group not using the.

Kessner, Arthur. Exploring Calculators in Primary Mathematics. Berkeley,

California: Regents:of the University of California, 1975.

A report on a study with primary grade children is presented.

-Ladd, Norman Elmer. The Effects of Electronic Calculators on Attitude
and Achievement of Ninth Grade Low. Achievers in Mathematics'.

(Southern Illinois University, 1973.) Dissertation Abstracts

International '34A:' 5589; March 1974.

Two- hundred -one low achievers were randomly scheduled into one
of five control sectionsor one of five experimental sections.

All groups followed the same lesson sequence, with control groups

using only paper- and - pencil for all calculations and. experimental

sections using electronic calculators.. Significant differences

were foundon-both attitude and achievement tests from pre- to

post - treatment for both groups, but no significant differences

in .posttest mean scores were found between groupP.

Lecker, Lorna,' Mini-Calculators Help Students Enjoy Math. The

Burlington (Vermont) Free Press, p.'19, June 20,

A report on t\e positive-influence that two electronic
calculators hakon the-studentsin a junior high. mathematics

"program is given. -

Lesjack, J,. J. Computation Beet the Machine. Grade Teacher 87:

,150,4 152-153; March 1970.

A game in which teams of students compete with each other

using an adding machine can be used to practice and enhance

basic skills.
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Lewis, J. A Further. Review of Scientific Calculators. School Science

Review 56.: 6254T,628; NUmber 196, March 1975.

Eighteen calcula'tors available in Britain are analyzed.

Lewis, Philip: Minicalculators Have Maxi-impact. Nations Schools

93: 60, 62; May 1974.

The pocket calcul4or is not only cheaper and more convenient
than the calculators of a few years, ago; it can also do mor%:
It may revolutionize education by saving students and teac4ess

a great deal of computational time. Checking answers Will

become routine. Students may''eVen use mathematics outside of

class. When buyihg calculators, .several optional features I

should be sought: built-in battery rechargery battery drain \

lidicator, display cut-off; decimal capability, numeric'00play
indicator, high impact plastic housing, and warranty. iktil7

increasing number of models and extra features are available:

Lindsay, Robert L. Black Box Numeracy. Mathematics in School. 4: 26-28;

November 1975.

The effect of the use of, hand -held calculators on the arithmetic

curriculum is explored..

Longstaff, F. R. at al.. Desk Calculators in the Mathematics Class-

room. June 1968. ERIC: ED 029 498. 11 pages.

This study was designed to te'St,the use of calculators with

two groups of ninth graders and one group of fifth graders.

The findings were equivocal, concerning the effect of calculators

on students' performance,,aelf-confidence, and attitudes.toward

mathematics. Teacher enthusiasM for calculator use was unrelated

to student'performance. Teacher enthusiasm was highest in

classes ofjow-average IQ. While some teachers: felt calculators

interfered 'with their. daily operations others felt that the

productivity of 'students. increased, especially. among those pre-

viously incapable of producing. :Classroom behavior problems

were eased.

Machlowitz, Eleanore. Electronic Calculators -- Friend or Foe of Instruc-

tion? Mathematics Teacher 69: 104.-10e; February 1976.

Somesuggestions for using calculators are presented.

Maeroff, Gene I. Calculators Termed Good Tool for New.York.Times,

December 24,' 1975.

The NCTM position on calculators is reported.

68



A-17

Mastbauni, Sol. A Study of the Relative Effectiveness of El ctric

Calculators or Computational Skills Kits in-the eachi g-of

Mathematics. (University of Minnesota, 1969.) Asaer ation

Abstracts International 30A: 2422 -2423; Decemb r 1969.

I

The calculator, when used as a teaching aid withjslow learners

in mathematics in the seventh and eighth gradea,ididnot signi-

ficantly improve attitude, increase mathematical achievement,

or increase non- calculator computational skill, mastery of
mathematical concepts, or ability to solve matheMatical proble s.

However, the students did at least as well in all areas as thus

students not using calculators.

McCluggage, D. Calculators: ,Mini-CalculatorS. American Home 76:

25-26; April 1973.

Uses of hand-held calculators are discussed in this article.

McShane,,, Jane. Electric Calculators; Business Education:-7718.06.
(Quinmester Course, Dade County .Public Schools, Miami, Florida.)

1972. ERIC: ED 097 570. 30 pages.

A caul-Se was developed to instruct business students in the use

of mechanical and electronic printing calculators, andelect.ronic

display calculators. 'Performance objectives, coarse content,

suggested activities, evaluative' instruments, and resource

materials are described.

.Miller, R. Make a Giant Step Forward with the Latest in Electronics

Technology: The,Mini-calculator. Man /Society /Technology :331

5-6; September.1973.

The potential of the. use of calculators is discusse .

Millikin,.G. and Siegel, D. Kit for Teaching:Calculating and Computing

Devices. Teaching Exceptional Children 3: 17-22; Fall 1970.

A kit was designed to introduce gifted students to basAcomputer

activities. The kit included an abacus, slide rule,desk\calcu-

lator, punchcard equipment:and an electronics computer, as well

as books. A series of objectives and activities is outlind.

Mims, F. ..$20 Mini-computer Revolution. Science Digest 75: 41-45;

May 1,974.

Due to rapidly advancing technology, especially the development

of silicon large-scale integration 'chips, the price of. vestpocket

calculators is going down, while the capability of these devices

continues to increase. :Calculator manufacturers are now working

on streamlining the pocket models even more, and perfecting key-

board design. Advanced scientific and business pocket calculators

are currently on the market, as are models which perform conver-

sions-between the metric and English systems of measurement.' A

6 7
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-somewhat large calculator with printout capabilities is available,

and .programmiable calculatore are being developed. In the future, .

calculators with large memories -will be available. One pocket-

sized machine will serve as a combination computer, telephone

v directory, notepad, calendar,and dictionary.

Mims, Calculators: From the-Abacus to the Electronic -Calculator.

Radio - Electronics ,43: ,51-54; December 1972

The develdpment of calculating machines is traced.;

Moss, Rosalind. Using Electronic Calculators. Mathematics Teachin

673 -20-21; June 1974..

Suggestions for using calculators in the classroom are discussed.

Mullis, Henry. How to Get the Most Out-of Your Pocket Calculator.

New York: Collier Books, 1974.

This. book describes how pocket calculators can be used by the

average'pereon.. Such things.as determining gas-consumption

of one's ca`,:ipalancinga checkbook, shoppingforbest.buys,

computing interest, and- 'similar topic's are covered. -A section

on.higher-priced calculators is incIudedialong with sample

problems and answers.

North, Roger.1,Using a Hand-held Electronic Calculator. '1410hematics

in School 4: 22723; March 1975.

An explanation of the featuresand operating, procedures for one

British Calculator are given, with illustrations for solving

various types of problems.

Pffenheiser, Marilyn. U. S. Homes in on Calculators: Electronic e 45:

69-71; September 25, 1972.

Challenging Japanese domination of the business calculator'

sales, Americans are exploiting technology, not merely exporting

it. Reduced prices for U. S..calculators are"upstaging.cheap

Japanese.; labor.

Osborne, J. M. The Pocket Calculator in School Physics. Physics Education

9: 414-419; September 1974:

The eignificance of the simple;. inexpensive type of calculator as a

tool in the classroom is discussed, as well as the contribution of the

more sophisticated type to the - school science department: f

Parks, Terry E. Minicalculators:. Opportunity or 441emma? Bulletin

of the Kansas Association of Teachers of Mathematics 49: A8-21;

-April 1975.

The phenomfola which will have the most profound effect on mathe-

matics 'education in the 1970s are'the changeover to the metric

system andthe rapidly increasing use of hand calculators.
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eportedly '30. to 50 per cent of all secondary students in Kansas

ity.have access to calculators, yet relatively little has been

written about their use in schools. Research on the of ects of

such use has produced mixed results: :rhe decision to- e or not

usecalculatorsin the classroom muse depend on many fa tors.

Calculators can be used functionally as an eraser or de k, or

pedagogically like textbooks and flashcards,. Used in ei her way --,

they will necessarily cause curricular changes; they deal in decimals;\

not fractions, and handle negative. numbers as easily as Positive:

The major benefit of calculator. use will be in the area of moti-

vation.
_

Pendleton, Deedee. CalculatOrPin the Classroom. Science News 107:

175, 181; March15, 1975.

Bothhe manufactUrera of.electronic calculators and "progressive"

educator's are anxious to, see a calculator in every classroom.

Although ,4ponents claimHthat'students using them won't know

how to count when-the batteries die, instructors using them-say

calculators crease students' interest and enable theni'to

solve more int resting problems.

Priest, E. C. Additio.al Functions forYour Pocket Calculator.

Popular Electronics 14: 64; October 1973.

By knowing a few simple ocedures, one can make a simple four-

funtelot-calqulator pefor many functions. Positive integral

ekponentials; reciprocals, any square,roots are easily compUted

by the described methods:

Quadling, Douglas. A Nation of Button Pushers? Mathematics in School

4: 23; May 1975.

The use of, electronic calculators in the 'British classroom is

examine(i. l.Concern center on the extent of sed, with basic

questionsabout use.on tests, fairness to.tho e who cannot afford,

them, and/the danger of them becoming a."cruttb".

Quinn, Donald R. Yes or No? Calculators in the Classroom NASSP Bulletin

60: 77 -80; January 1976.

Reasons for using or not using calculators are discussed.

..Quinnf Mildred Louisa. Accounting Class. Failures and Arithmetic

Deficiencies. Business Education Forum --28-:-- 30-311 March 1974.

A common cause of failure in accounting, student inability

compute mentally, could be resolved if a calculator were availab

to all students.

Riden, Chuck. Less Than Ten on a Calculator. School Science and Mathema-

tics 75:. 529-531; October 1975.

.A method to checkaddition' and subtractiOn in any number base less

than ten; usinga simple adding machine or a calculator, is given.
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Roberts, Edward M. 'Fingertip Math. Dallas: Texas Instruments,-1974.

This book explains how to use a hand-held calculator effectively.

Rogers, J. T. The Calculator Book: .Fun and Games, with Your Pocket

Calculator.' New York: Random House, 1975.

This book presents many activities for the calculator,

Schafer, Pauline; Bell, Max S.; and Crown, Warren D. Calculators in Some)
Fifth-Grade Classrooms: A Preliminary Look. NElementary School Journal
76: 27-31; October 1975.

.Students in the calculator group scored signifi antly higher on
calculator examples, while no differences were- ound on noncalculator
examples between calculator and noncalculator groups.

Schilt H. Use of Calculators in Swiss Schools. Arithmetic Teacher 9:
129; March 1962.

The use of hand-cranked Curta calculators is des ribed.

Schott, A. F. Adventure in Arithmetic. Educationa Screen 34: '65-67;

1955.

A study with students in grades 4 through 9 i- reported; the
groups using calculators achieved higher tha groups not using

calculators.

Shapiro, Donald. How To Add, Functions to Simple Hand Calculators.

Popular Electronics 8: 38; September 1975.

Instructions for-modifying the calculator re provided.

Shaw, Bob. Equipment for the Mathematics Roo Mathethatics in School

2: 30-31, November 1973.,

Among other materials, eight permanent y fixed,butrreadily

available calculators arasuggested. I

Shea, James Francis. The Effects on Achie ement and Attitude Among

Fourth Grade Students Using Calculator Flow-Charting Instruction

vs. Conventional Instruction in Arithmetic. (New'York.University,

1.973.) Dissertation Abstracts International 34A: '7499; June 1974.

The group having calculator instruction'had significantly higher
scores than a group not using calculators on computation but not

other tests or an attitude measure.

Shumway, Richard J. Mathematical Problem Solving, Children (9-12 Years),

Teachers, Hand Calculators, and Research. Unpublished manuscript,

prepared for'George Springer, Indiana Problem Solving Project;

September1974. r4 v
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Psychological,and mat ematical considerations in regard to problem

solving are discusses}/, with the use of the hand-held calculator one

of many 'points.

Skoll, Pearl. Coping /ith the Calculator.,. Northridge, California:

Pearl Skoll, 1974

Activities for Vise with calculators are presented.

Smith, J. M. Scie tific Analysis on the Pocket Calculator, New York:

Wiley, 1975.

Suggestions/ for more advanced uses of the calculator are presented.

Spencer, JoAnn Nora. Using the Hand-held Calculator in Intermediate Grade

Arithmet c Instruction. (Lehigh University, 1974.) Dissertation

Abstrac s International 35A: 7048-7049; May 1975.
O

.
The calculator group scored significantly better than the non-calcu=

-lato gro.up on the reasoning test in grade 5 and on the computation

test and total test ,in grade 6.

Stocks, Sister Tina Marie. The Development of an Instructional System

7Which Incorporates the Use of an Electric Desk Calculatoras

"Aid to.Teaching the Concept of Long. Division to Educable Mentally

/
Retarded Adolescents. (Columbia.University, 1972.) Dissertation

Abstracts International 33A: 1049-1050; September 1972

All students demonstrated an improvement in scores between pre-

and posttest; however, no tests of significance were made. A posit ve

change in attitude was also found.

Stultz, Lowell. Electronic Calculators in the Classroom. Arithmetic

Teacher '22: 135-138; February 1975.

Several applications of calculators at various elementary grade

"levels are suggested, with some punch/display sequences illustrated.

Thiagarajan, Sivasailam. Calculators are "In" and Cheap: Here are Four,

Games You Can Play Using the Least Expensive. Simulation/Gaming/News

2: 10-13;.January 1975.

The games may be appropriate for older students.

Triggs, E. The Value of a Desk Calculating Machine in Primary School

Mathematics. Educational Research 9: 71-73; November 1966.

. .

Two groups of students,- matched for. ability, were found to make aig-

nificant gains whether or not they used the calculator.
'<?

Van Atta,Frank. Calculators in the Classroom. Arithmetic Teacher 14:

650-651 December 1967.

Many problems cannot'be ddne by the pupil alone, but can be handled

by the pupil- plusy- computer
combination: Two such problems involVe

exponents and thd Pythagorean theorem. The facility to do many compu-

tations enables / tudents to get a better feel for rational and irra-

tional numbers and for the definition of a logarithm_
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Wasson, Ruth Ann. The Medium* is the Message...0r,,There is a essage

in the Medium. Journal of Business Education 48: 69-7 ;

November 1972.

Experience shows that students are accepting the us of calcu-

lators because it'saves them time and provides mory realistic

experience related to 'business practice.

Weaver, J. F. Materials for use in workshops on usi g.the hand-held

,calculator, Madison: University of Wisconsin 1975.

Various materials prepared by the author in' ude a list of books

and articles, questions to ask when purchasing a calculator,

descriptions of various models, and items/ to use with children.

Weaver, J.. Fred. Readers' Dialogue.. ArithM tic Teacher 22: 658-659;

December 1975.

A letter to the editor commenting n
/

tultz' article.
,

Weaver, J. F. Calculator-influenced Ex oratio in .0. athematics:

Number Sentences and Sentential Tra on _II.,project

Paper 76-1, Madison: Wisconsin Research and Development Center for

Cognitive Learning, January 1976.

Explorations involving the use of mini electronic calculators in

connection with mathematics instruction were conducted with two

fifth-grade classes, two second-grade classes, and three third-grade

classes. Limited empirical data suggest that pupils encounter no

consequential problems with the mechanics of using simple four-

function, algebraic-logic calculators in routine contexts, and that

pupils likely will elect not to use calculators in situations where

their use is unnecessary or of no particular advantage. While

/ elementary-school mathematics programs usually emphasize binary

operations, project explorations have\moved increasingly toward

content interpretations in terms of unary operations.

Adding and Calculating Machines. Consumer Bulletin 55: 14-18;

September 1972.
)

. ,

Features, prices, and things to look.for when buying are included,

.with ratings of ter} electric adding machines and one electronic

- hand-held calculator.

Calculated Boom. Newsw ek 80: 84;.October 2, 1972.

increasing po ularity of eleCtronic calcu74toriris reported.

CaIduljated Warfare. Time 100: 95; October--30;- 1972.

---
status report on calculators is'given, with the price war noted.

., /
72



Calculation or Computation?
. March 1975.

The role of the calculatOr in schools is discussed.

.-

A723

That. the Question? Teacher, p. 52;

Calculators. Iet:Glid Buying New York:

New American Library, Signet edition, 1975. Pp. 340-343,

_

Ratings for various types of calculators are presented.

.Calculators. Consumer.Reports 40: 533-541; September 1975.

General- purpose calculators_areanalyzed

Calculators. TLneSIent (England), No. 214, pp.

.23-27, November 28, 1975.

. -

This issue contains a series of articles, by different authors, on

various aspects. of calculators, including background, uses, and

projections.

CalcUlators in the Classroom. Time 105: 88; January 6, 1975.

An overview of some work.with calculators in the class-

room is presented. Sutcesses have been reported in computational

efficiency and motivation.- Problems include fear of dependency,

unfair advantage, and machine-security factors.

CalcUlators Plus ClasSrooMs EqUal Positive Profits. Consumer:Elec-

tronics News, Februap...1575.

The statusof--Ealculators is discussed and conclusions of manu-

facturarS-and retailers presented.

CsItulators Remotivate High School Students Towards Math. Educational

Equipment and Materials, Spring 1973.

Use of desk calculators with, low achievers in a San Francisco

,high school is described. -

Calculators Slim Down in Size and Price. Business Week, p. 50:

_ October 9, 1971,

The development of chlips, reducing size. and price of calculatois,

is. discussed.

A Calculator to Fit the Pocket. Business Week, pp. 28-29; April 18,

1970.

The development of one of the first pocket-sized calculators is

described.
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Effectiveness of Calculators in Teaching Children Both Fundamentals

and Concepts of Math. Educational equipment and Materials,

Spring 1973.

A pilot program with pupils in grades 4-6 is reported.

Electronic Brains in the Classrooms -A+ or -? U. S. News & World

Report, p. 30; January 13, 1975.

Views are presented for and against the use of calculators.

Electronic Calculators. Consumer Bulletin 56: 15-19; May 1973.
ft

Various types of caticulators are discussed.

Electronic Calculator Changing Times 27: 39-41; July 27, 1973.-

Differing chary teristics of calculators are considered, with

a summary for waive hand-held and eleven desk calculators.

Electronic Calculators. The Complee Buyer's Guide: Best Values '75.

New York: service Communications, Guide,No. 18, 1975. Pp. 49-64.

Various ca
/culators are. evaluated.

-

Electronic Mini-calculators. Consumer Report l 38: 372-377; June 1973.

38: 663; November 1973.
e

Basic characteristics, prices, and ratings for calculators are

presented.

Electronic P cket Calculators. Consumer's Research Magazine 57:

7-12; Optember 1974. 58: 19; January 1975.

Characteristics and ratings Of calculators are given.
,

Games Calcdlators Play. Time 103; 56; June 24, 1974.

USing the calculator for games and spelling words is discussed.

Great Calculator Debate. NationiSchools and Colleges 1: 12,26;

December 1974.

Reasons for using or not using the calculator ar discussed,

How,to Pick an Electronic Calculator. Better .Homes aid Gardens 51:

162; April 1973.

Some features to look for when buying a hand-held calculator

include floating decimal, negative function, clear key, ability

to do mixed calculations, and power source.
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Math Lab Matrix (Illinois State University bulletin), Spring 1976.

This. issue is devoted to articles about using,calculators.

The Mini-Calculator Project. Eye on Education 4: 8-9; Numbei 1, 1975.

(Temple University College of Education.)

Aprge-scaie investigation of the effects of the availability and

use of the hand-held talculator upon the attitudes and mathematics

achievement of seventh-grade students is described.

Minicalculators in Schools. Arithmetic Teacher 23: 72-74; January 1976.

Mathematics Teacher 69: .92-94; January 197.6.

This report from the NCTM Instructional Affairs Committee presents

nine justifications for using the hand-held calculator, with some

specific examples of curricular applications.

Minicalculators'Steal the Consumer Show. Business Week, pp. 29-30;

June 16,,1973.

The market situation is. reviewed.

New-Markets for PrOgrammable Calculators. Business Week, pp. 109, 112-113;

June 15, 1974.

The status and projections for sales of calculators are given.

ow -- There's a Personal Calculator for Every Purse and Purpose.' Popular

Science 206: 78-81, 136; February 1975.

Types of calculators are described and discussed.

Numbers Game: Games with Pocket Calculators. Newsweek 85: 66;

March 17, 1975.

Several games played on calculathrs-are described.

The Omron Express! Mountain View, California: Omron, 1972. (See

ERIC: ED 079 923.)

This 30-page comic book is designed to introduce elementary - school
/

children to electronic.calculators.

-__10ne Neat Little Way To Get Your Schools Ready for the Electronic

----Teaching Marvels Coming at You. American School Board Journal //

160:. 46-47; September 1973.

Some plans for providing electrical and communication.outlety

in an open-plan school are described.
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Overview and Analyal:o.f School Mathematica Grades K-12. .Washington:
Conference Board of the Seiendes, National Advlsory
Committee on,Mathematical EdueatiOn (NACOME), NoVember.1975.

In the report, references to the use of calculators are made at
many points, including pages 24-25, 34, 40-43* 138, 141, and.145.

Pocketing'Itlie Profits. Dun's 100:' .89790.-;,September 1972.
,.-

TI Current status and future projection for the manufacture Of

calculators is given.

Quiet Show Worries Calculator Makers. Business Week, pp. i09 ff:;

.June 15, 1974.

The slowdown of interest in Calculator sales described.

Sales BooM: Prices Plummet in Pocket Calculator Biz. Purchasing,

November 19, 1974.

This is a brief report on the status of sales in calculators.

Scientific Calculators. Consumer.Reperts 41:. 86-87; February 1976.

This update on the September 1975 CR report includes-analys-eS .of

four calculators. .

Teachers Approve of Mini-Calculator Use in Classrooms. Math's Alive,

volume IV, No. 10. Philadelphia, Pennsylvania: Office of Curriculum

and Instruction, The School District of Philadelphia, June 1975.

Results of a questionnaire sent to all secondary mathematics teachers

in Philadelphia publid schools are presented and discussed.

Those Little Calculators. Bulletin of the Council for Basic Education,

p. 5; January 1975.

The impact of calculators is btiefly discussed.

Tricks with Calculators. Machine Design, pp. 170 ff.; June 13, 1974.

Some ways to use calculators are diacusSed.

Utilizing an'Electronic Calculator. A Manual for Planning and Develop-,.

\ -ment. ,January 1970. ERIC.: ED 038 030. 53 pages.

An electronic calculator was used to aid mathematics instruction

in grades 11 and 12. Requirements for implementing the program

are described and illustrated by experiences at the pilot school.

kcoNptlum guide is given for the inservice teacher training

program, and suggestions fOr using the calculator in a mathematics

program are included.
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What-;to Look. For in an Electronic Calculator. Christian Science Monitor,

December 10, 1974.

Some guidelines are given for those purchasing a calculator.

h,ere Do You Stand? Computational Passe., Mathematics

Teacher 67: 485-488; October 1974.

A survey of teachers, mathematicians, and laymen is reported,
with seven questions and percentage of responses noted.

World Electronics Market's: Mounting a.Push Toward a Slow Modest:Recovery.
Electronics 49: .83-106; January 8, 1976.

Projections on sales. of calculators are included amid much other data.

1984: A,Calculator on Every Wrist and in Every School Desk; Too.

Nation's-'Schools and Colleges, p, 13; December 1974.

What will be available for calculators is predicted by Mullish.

He expects many of the sophisticated capabilities now on

expensive models,.such as programming capacity, to be found on

most standard models in a few:years.
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Appendix B:

1. Summarized Responses from Manufacturers and Distributors

The questionnaire (pages B-2 to B-4) was sent to 39 manufacturers

and distributors; responses were received from only 7. This information

is collated on pages B-5 toB-11). In an attempt to secure further

information, some were contacted by telephone. In addition a "blind":

'request for advertising information was sent, and information on

specifications was collated from these materials. This information

is presented on pages B-12 to B-16).

Especially evident (amid the general lack of response) was the

helpfulness of the representatives of two companies - Hewlett-Packard

and Novus - about the role of hand-held calculators from their

'perspective.

8



B-2

Survey on Calculators Sample: Calculator Manufacturers

1. Please fill in informationion models of hand-held calculators that you

manufacture which you consider appropriate foruse in elementary and/or

secondary schools, and check the features of each:

Model number

Current retail cost

Rechargable?

Adapter cost I

1-, -, x, t

4

V-7,---

scientific notation

floaing decimal.--,

log (base 10)

In (base e) .

,

lox

ex

xY
,

sin
.

.

.

cos

tan

arcsin/cos/tan

hyperbolic sin/cos/tan

n!

---ipX r, , y

stacking storage
.

independent storage

programmable?

length of guarantee

predicted cost: 3 yrs.
. -,..----

5 yrs.

10 yrs.
.
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2. Do you advertise hand - -held calcUlators as being useful in doing school work?

Yes

No

3. Do you employ staff specifically to help educators/sthoolS use hand -held

calculators71

Yes

No

4. Do you produce educational. materials to be used with harm -held calculators/

Yes (We_would appreciate samples of these materials.)

No

5. Approxitately what percentage,of your sales .of hand-held calculators is

ode to elementary and/or secondary schools?

a. p%

b. 1-25%.

c. 26-50%

A. 51-75%

. 76-100%

6. What do you estimate to be the total sales (to Aate) in the United States

of hand-held calculatois?

of all manufacturers of your'-company

a. numbei,

$ amount

7. What do you project for sales of hand-held calculators in the United States?

of all manufacturers of your company

number

a. for the
rest of 1975

b. for 1976

c. for 1975-77

d. for 1975-80

e. for 1975-85

osu/mNs-1

$ amount number $ amount
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Approximately what percentage of sales of handl-held calculators d6 you

estimate will be made to:elementary and/or secondary/q_chgplAl___L

. of all manufactueeig"' or-your company

a. for the
rest of 1975

b . for--1976--

c. for 1975-77

number $ amount number $ amount

d. for 1975-80

e. for'1975-85

What types of consumers are buying hand-held

Type

a. Schools (K-12)

b. Individuals
for general
home uses

c. Individuals
for work--
related uses

d. Other

e

Estimated % of market

calculators ?.

10. What do you predict for the future technology in this fie d?

Si

osu/mNs-1
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1. Please fill in information on mpdels of hand -held,..,calcUlatotsthat you
manufacture which you consider appropriate. for usein:element4Ty_and/pr
secondary schbo2s, and check the features of each

,71C

A d Ver-

Model number \ gi C. gl S fry-r- /o1'T t2-1
Current retail cost

\
If /.5. -399.5- 7! 1S II?.'? 999s-

Renhargable?
_ , p-

Adapter cost
\

it fs Nil.

v
fs a 9S- pia. 11.9s- _

LI ....'

.cientific notation
.

.loating decimal 4/ ` f.
og. Oase 10) /

n (base -) . pe

10x . .X4,..
..,

in / ....--

os s.,

tan
.

1.--"

/
"fr-

arcsin/c6s/tan
...

I,-

.

hyperbolic sin/cos/tan le"
.

I P
.:

....-9,rY .

V

stacking storage

independent .storage
1...- ..---

rogrammable?

, -

I,
, EISIEMfferrilen_th of :uarantee

predicted cost: 3 yrs.

5 yrs
r

.

_._

10 yrs.

0SU/MN$ -1 62



B -6

. Please fill in information on models of har4--held'calculators that yOti

manufacture which you consider appropriate for use in elementary and/or

secondary schools, and check the features of each:

G. in oye

Model number Dagq L54tLOF0 LDfl tEgl F5 F7

Current retail cost I ti. qg 'tic ictis tr, gr szt, ri,s- 71 45 Ibqsr
Rechargabie?

.

Adapter cost 5:" 500 '5.o0--- S. 00 10. Oo 10.0o /0. oci

--, , i V V

-cientific notation
,_

1.--

loatin:,decimal 1.--- v i .,-- I,-

o: (base 10) i

ln (base e) .
v v

10x ....---

-
-

,/

.Y v

in ,
V: -

Os bo"'

ran
v

arcsin/cos/tan

hyperbolic sin/cos/tan t,

.

.

--*xr-- Y
v ,.

stacking'-storage V ,.f?,

independent storage

programmable?

length of guarantee

predicted cost: .3'yrs.

5 yrs.

1. 1

osulms-1

10 yr

83
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1.\Please fill in information on models of hand-held calculators that you
Ipanufacturewhich you consider appropriate. for use to-elementary and/or
Asecondary schools, and check the features of each:

ew Packard'ac kar4
Mod 1 number ( zS 35- 70 Lf 5 5S- 45 1

Curr nt retail cost /2.5 ao Pg-apoo /Moo 275.0o zitc.00 3L'a co 79r.00

Rech rgable? e.--
.--

Adapter cost

+, -,x -t 4---

scientific notation

poatidg decimal
---

log (base 10) 1,--

in (base e)

10x y'

-* 1.,' . L.,-

.Y ,..----

in g.-----

cos id," 10/ t../

tan ..-- v L..," V V"-

-resin/cos/tan V

hyperbolic sin/cos/tan

....-i

( Y

stacking storage .
.--

,

.

independent storage

rogrammable?

length of guarantee - I L. 1. I IA. 14- I (r. !

predicted cost: 3 /yrs. L
5 yrs.

10 yrs.

osufmNs-1 84
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1. P3Ras4J ,1WInformation on models of hand -held. calculators that youj
mafacture which you consider appropriate for use in elementary and /or
seOOTAry schools, and check the features of each:

Noy vs

Model number CSo g So gig ir I ' 45/0
... ..*

*5/0
Ghfi z
16d

VVII 1 Z

A64,.

-Current retail cost 9.9. i2.qs- 3?.95- if4.9S- 19.95- 71..95 IVO /7.9'r,
Rechar:able? V V
Adapter cost 5,qs- 544- S/s- C.9. 5"q3-

-, X, ". 1.-- ,.---- i,- re' le- I.,'" le**

1--- 1.,

,cientific- notation

floatin: decimal- t....- ,...-- ,..,-- L..,- i.,--

og (base 10) v .

In (base e) m'

10x

x .

. /.

p--

sin ,
.5.--- ...--

cos ve

tan - 1,---

arc sinl coal tan

hyperbolic sin/cos/tan

n!

.y ,

-

stacking s torag I--

..,

independent. storae 1,"

programmable? .4c

1i.
_

---WILI accumuleri-in Mewor 1/
,

°X) 'icei .pf t,/
.

°in 't - 1.,--- 6,'

cila4e 5%5., /7

EXCAliAlvoi-C, $/- (*.
....

length of guarantee I li--:, I 9 i-. 1 y . I (jv.. I 4r- 96 day ?c idI

predicted cost: 3 yrs. /00o 30.00 3500 zc.00 570.00

.5 yrs.

10 yrs.

OSU/MNS -1
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1. Please fill%in in
mannfacture which
secondary schools

B-9

formation on models o hand-held tal-...ulators that you
yOu consider appropriate for use' in elementary and/or
, and check thefeaOres-of

cloy- C ctsio Con tl CO r

Model number ZZS CnOIC FAIl FPS' 32-4 344 3 IG

Current retail cost . tZ.too 0.19.i 119-9S CA g.t.- 600.06 600.On gota,

Rechargable? v--...

Ada.ter cost 2. So 2.. go
.

:

'Kt. I. Inc . Ind.
-, x, ÷ t,...- \ L." II"'

cientific notation c....-

loating decimal 1..,!-- 1.-

..4...
, i

og (base 10), , . 1 .6.--- v." L.--

in (base e) , ,.--- 1,...-" 4..--- 4,...-

./..---

(...--

sin
.

t/

cos .

L.,' V 1.0/

tan . v v' 1
L./ 1,'

-resin /cos /tan v'/ ti v-

y.erboliC sin/cos/tan

.....-..).

xr-,.., y

staCkin: storage 1.--

independent storage v." ...-- ' v L.-

nro:rammable? V" L....-

'10 Kt
I--

if

EX*,iciruAlco VeA a

length of guaraptee

3 yrs.

f 1 r . I IV: 6 mo. (a trio. (Imo.

predicted cost:

5 rs.

10 rs.

A r
1 t

t
ocklon deCilmal TO? enTri.es -CoCa-{ ov+

OSU/MNS -1

86



B-10

. .

2. _Do you advertise hand-held calculators- as being useful in doing

school work?

Yes: 6

No: 1

3. Do you employ staff specifically to help educators/Schools-use

hand -held calculators?

Yes: 3
No: 4

4. Do you produce educational materials to be used With.hand-held

calculators?

Yes: 2

No: 4 Now producing material: 1
1

5. Approximately what percentage of your sales,:of hand-held calculators

is made to, elementary and/or secondthy schools?.

;0 - 5%: I,

r1 - 25%: 1.

26 ,--50%: 1

go response: 4
\

. What do you estimate to be the tal sales (to date) in the United
-

States--of4amd,haldr-calculator

a. number

b. S amount-

of all manufacturers

30-35 million - I
15-17 -

no responsel - 5

$250-350 mill
$530 million
no response

on - I
1

-5

of your company

No. response - 7

/No response

7. What do you project for sales of hand-held calculators in the

United States?
t

of all manufacturers of your company

number $ amount number $ amount

I

for the rest

b. for 1976 n

d. for 1975-1980 23-25 million $goo millipn
c. for 1975-1977 20-23 million $ 90 million

of 1975
18 -20 $ 50 millio'

10 million $ 50 million
1

e. for 1975-1985 25-28 million $E30 mil4on

Total by 1980 100 million $1.5-5 billion

No response - 5 Si

No response - 7
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8. 'Approximately what percentage.of sales of hand-held calculators do

/ you estimate, will be made to elementary and/Or secondary schools?

of all manufacturers of your-company

Inumber $ amount number $amou4t

i

a. for the rest (Only 1

. of 1975 , 10% response; No response - 7

b. for 1976 10% no dollars
cl fo-i 1975-77 .10% named)

d..fci: 1975 -80 12%

e. for 1975 -85 A,

9. What types of ConsuMers are buying hand-held calculators?

ape Estimated % of market

a. Schools (K -12)

b. Individuals for
general home
uses

c. Individuals for
work-related
uses

d. Other

7%,

25%,

22%,

1%,

10%,

30%,

50%,

10%,

10%

60%

50%

15%

No response t- 4

No response - 4

No response.- 4

10.Wha 'do you predict for the.future technology in this field?-

Specialized function units such as metric converter.
Programming.capability also

- Much more power 'in programmable machines fdr lower prices as
technology and competition progress. More speciallity models

,for specific requirements. These are called dedicated machines.

- It will be changed.
- UnliMited.

No response - 3
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Additional .Soirces of Inforination

on Calculator/Availabilityjand Features.

'A. Blind Requests for'Advertising

Letters requesting that information concerning calculators be

sent to the homy of an individual on the project staff were mailed

to 39 firms identified as manufacturers of hand-held. calculators.

Returns were as follows:

3 - returned by post office

7 - replies indicated company does not make hand -held calculators

14.- sent advertisements for hand -held calculators

15 no response (These included some.now known to be distri-

butors rather than manufacturers.)

Replies Were received from the following companies:

Summit Craig Lloyds Texas Instruments

Casio Toshiba Sharp Adler

Melcor Rockwell Monroe Hewlett Packard

'Unitrex. Radio Shack

The advertisements received were examined to determine answers to

the following questions:

(1) How many companies manufacture --

at least one full scientific model? 9

at least one programmable Model?. 1

at least one "four-function-only" model? 12

at least one four-function plus i'model? 13

(2) Were prices supplied?

yes for all models: 4 yes for some models: 1 none:

89
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(3) Was warranty information supplied?

yes for all models: 6 yes for some: 1 none:

(Warranties reported ranged from 90 days to 1 year. Some

companies are consistent across models; for others length

of warranty increases with price.)

(4) How many models were advertised?

Number of models . 3

number of companies 1 2 0 1

Data concerning features available on different machines were tabu-

lated and are summarized in Table 1.

'Notes on. Advertisements (Table 1)

- Floating decimal: almost all models claimed to have this feature.
Sometimes a mysterious " raparound" decimal is mentioned. One

model .(TI 2550) has a floating/Preset option.

- Other features: since this is advertising, some ambiguity exists.
Some ads spoke of %, squaring, and other operations as "hidden

features". If the pictured model did not show ,a % (resp x2) Icey,

these were not tallied. Similar ambiguity exists with regard to'

the "constant" feature and memory.

- Scientific notation figures are not necessarily accurate. (Use of

this notation was tallied only when explicitly mentioned - presume-

bly_the 20 or so "full scientific machines" use It and others may

as well.)

The "repeat function" is mentioned by only one company.

- Not tallied: "true balance"; ability to parenthesize; number of
memory registers; number of constants; functions for which constants

are available.

- Rechargeable feature: some companies listed information about power

sources while others did not. Only one liSted the cost of separate

adaptors. For some calculators, adaptors areincluded in the sale

price.



TabU 1

Marr_ifactur.":" me^ier - 2 3 4 5 6 8 9 10 11 12 13 '14
-1

Total'I
..,

.7:4.72:,t",r ...7:' -,:c..-le:: 8 1 10 9 6 6. 2 7 .6 5 80

R echarg, e. al, le:'

4", -; X.11 8 1 10 . 9 7 2 7 4 6 6 2 7 6 5 - 80

Nr-- 2 1 5 2 5 0 2' 3 2 3 0. 1 4 3 33

0 2 ::_:>:.-t ":f7-2. rc=tion 0 0 2 4 1 0 0 0 3 1 0 2 13+

:7 ;:z t i n1:: ...2:-..irla:

.;:: (:.2Se IC) 0 0 1 3 3 0 1 1 4 1 22

....,v: ?."...23e ..?.) 0 0 2 3 0 1 1 4 2 0 5 1 1 22

,,:t
..... 0 0 1 3 0 0 3 2 0 5 0 0 16

...

xt 0 0 2 3 2 0 1 1 4 2 0 5 1 1 22

rY 0 0 0 3 2 0 0 1 4 1 0 5 18

eir 0 0 2 2 2 0 4 2 0 5 1 1 21

223 0 0 2 2 2 0 1 1 4 2 0 5 1 1 21

7.2r. 0 0 2 2 2 0 1 1 4 2 0 5 1 1 .21

. .:

2,- . 0 0 2 2 1 0 1 1 3 2. 5 1 1 19

--:.? r ..1',. :. : : c 7: k: _%.:7 ;V: O

t
0 0 2 0 0 .0 0 1 0 0 0 0 0 3

r! 0 0 0 2 0 0 1 11. 0
.

0 C.: 6

0 0 1 0' 0 1 4 2 1 . 21.

4 0 5 4 2 1 4 6 4 0 7 . 4 3 47

5 1 ? 6 7 2 3 u 2 ,-.- 4 66,

.. . 3 0 1 3 1 0 3 0 3 0 0 0 r 3 '- 27

-. :,.., 3 1 7 5 4 0 4 2 1 1 2 3 3 38

0 6 1 2 0 2 1 4 1 0 5 1 1

_ .

25

3 0 a 4 1 0 2, 1 3 3 0 5 2 3 33

2 0 2 2 0 o 0 0 5 1 0 1 1 14

:: Zr ' . 0 0 2 0 0 0 0 0. 4 2 0 5 0 0 13

. : ::..7.. ? ^ : >::;. 1 0 0 0 0 0 0 0 0 1 0 j o ..0 0 2
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Summary of Data from Advertisements

Overall there seem to be five basic types of hand-held calculators
available:

1. Scientific.
2. FOurfUnctions with one or two other keys (often %,
3. Four functions only (with or without constant)
4. High-powered business or statistical models
5. Miscellaneous

Table 2
Types of Calculators'Available from 14 Manufacturers

Manufacturer

Type 1
2

3

4

5

2 I 3, 4 5 6 7 81 9 10 11 12 13 14

1 0 2 3 2 0 1 1 4 2 0 -5 1 1

5 1. 6 5 4 1 b 2 2 3 i 0 4 4

0 0 0 1 0 0 0 0 0 0 0 1 0 0

2 0 2 0 1 1 0 1 0 1 1 1 1 0

1 0 0 0 -0 O. 0 0 0 0 0

B; Additional Data

Data on prices and features available on 15 models of hand-held

calculators was-reported by Budlong (1972). These data were reorganized

to provide the price-by-featureaarray provided in Table 3.
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Table 3.

Cc-4,1:.v. r., Monroe HP Sharp Monro 'HP HP point TI
Rock-
well 3owmar Sears Rem.

Sin-
clair

Commo-
dore Casio

111 -deZ. AI7.4717er . 326 65 PC1002 324 45 35 SCGO SR50 2025R MX100 tSR SSRB SR140C FX10

.7urrent ---':.:::: ...'_ . 1200 795 645 500 325 225 170 150 120 120 120 100 100 100 100 .

.

X.:1..717.-..q. .'" ac. V V V V no V

".f :,"'" d'....gfra- -runti.33a 13 10 10 13 10 10 10 13 8 5 10 8

exponent 2 2 2 2 2 2 2 2

_.,

0 0 0 0 2 2, 0..

1---- V

.;_ase 10:L.._
V 1.,

:.n "1-ase e;
V -v V.'"

1 J
2C

ex

x.Y
V V 1-9 1-9

sn ":,.:-..s, tan
.

ar? a f.v: 7s --:

..
V )....-- v

3-.7,1 : :.:c. ;".. tar h
IT V 1., V ' te

: "x

V V 1/-

V v-

r-:_.-7.: -:%-.-.. V , V V V
i

.:.,...-:: ..7.:,-:::.
V V Iv*

1

i v-

-

V

24

43 35 29 43 35 35 38 40 '0 25 25 29 18 36 29

v ,./ v., I/ v v
%,"

`/ ',./. './

2 4 4 2 0 0 0 0 0 2 2 0

-.7%

,12 9 8 10 YR 1 1 1 1 1

_

1 0 0 1 0

.... i 1 IP



Appendix B:

2. Summarized Responses from State Supervisors of Mathematics

The questionnaire (pages B -IS to B-19) Was sent to 86 persons

in the state departmentaof education and to 13 Canadian supervisors.

Responses were received from 65 persons in 33 states and several

proVinces. In two instances, the state supervisor_ ent copies-of

the questionnaire to county or local educational agencies in the

state, and these responses are collated-separately (n=29).

9
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Survey On Calculators, SamPle: Supervisors

1. Do you believe that hand-held calculators (check any which apply)

a. should_be available for use in every mathematics class?

b. should be used if some students have them?

c. should only be used if all students have them?

./ d. should not be used in elementary schools (K-6)?

e. should not be used in secondary schools (7-12)?

f. should be used in the c assroom but not on tests?

Comment in relation to your answe

2. Should hand-held calculators --

a. be provided by the schoolT,

b. be provided by the child?

c. I don't believe they should be used in schoold.

3. Estimate the use/non-use of hand-held calculators in,your state:

number of schools using number of students

number of schools banning number of students

number of schools studying use number of students

number of remaining schools number of students

4. How do you believe that hand-held calcu ators should beitsed? (check any

which apply)

a. checking answers (% of this use should be:

b. routine calculation (% of thi use should be:

c. concept development (% of thi use should be:

d. open exploration (% of thi use should be:

(% of this use should-be:

f. (% of this use shodyid be:

g. (% of this use shalAd be:

h. (% of this use squid be:

9
OSU/MNS -3



B-19.

5. Which use of hand-held calculators do you feel is most important at each

of the following' levels?

a. at Primary:levl (K-3)

b. at intermediate level (4-6)

./

c. at junior high level (7-9),

d. at senior high level:: (10-12)

_

6. What modifications do you believe should be made in the K-12 curriculum

if/when hand-held calculators aremade readily available-to students at

all times? Star,the three you belietre to be ma significant.

OSU /MNS -3
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1. Do you believe that hand-held calculators

a. should be available for use in every mathematics class? 52

b. should be used if some students have them? 22

c. should only be used if all students have them? 9

d. should not be used in elementary schools (K-6)? 8

e. should not be used in secondary schools (7-12)? 1

f. should be used in the classroom but not On 'tests? 8

no answer 2

ents in relation to answers:

- Should not use calculators in classrooms unless all students

have them.
- Could use, calculators on tests where objective is not to test

computational skills.
- If goal is computation with basic facts, calculator offers no

advantage;\ when goal. is to learn which operations to solve
problems, discover alternate solutions, check solutions, etc.)
calculator\then becomes very useful.
Should be available from 3rd or 4th grade up after basic
fundamental calculations are known.

" Not necessa 7 for all students to have a calculator. Should

be availablalike pencil sharpener - for use as needed.

.- The use of hand-held calculators is both economically and

.educationally\ sound. The-treild is for costs to be reduced even

further. They will be the greatest asset to the teacher and
student in the math classroom.

- Children need to develop a sense of number prior to their use.

- The use of cal ulators in elementary schools (K-6) would hinder

the mastery of basic.cOmputational skills.
- Pupils should be allowed to use their own calculators.

- Calculators sho ld be ased any time that they would help teach

a concept.
- Hope to .see mor

intelligent supe

The sophisticati
the ability of t
capability for 2

and mor hand calculators in use with.

vision And encourAgement.
n,, of the\calculator should be consistent with

e student's (e.g., no need of a square root

d'graders).

.
There is a real i sue With regard to the equality of educational'

portunity where the use oE hand-held calculators is concerned.

jland-held calcalators are to be used in a classroom in a

district, then all children in that district should have equal

opportunity for access to them.

J 7
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No Wpjection to their use on tests if all students have access

to them and, are capable of using them. Opportunities should

be found for all students to have this experience.
- Would prefer to see the student have a desk-type calculator

with d tape..
- In time, the hand calculator will become a common item in the

classroom, especially in, the sezior high levels.
There does not have to be a 1-1 correspondence between students

and Calculators. Calculators should be used on tests but all

students do not need to be tested at the same time.

- Available in every classroom for every student but not

necessarily to be used by all students. The appropriateness

of using hand-held calculators has to be determined by each

learner on the'basis of his understanding and application of

computational skills:
- The calculator should be used if the teacher is willing to do

some individual work with students. Possibly through mini-

courses students who have calculators could better learn their

applications.
- Pebbles-in-the-sand, count-on-fingers, Napier's Bones, slide

rule, logarithms - and now electronic calculators. All are

helps for man's work in math: All have been used in classrooms.

It's the future, that's all, friends.
- Use should be based upon the objectives of the course. There

are times when they could be used in any course.

- Students need to know how to use a calculator properly.

- Calculators should not be used to replace normal paper-and-

pencil calculations.
- If they are used by a class during instruction, they should be

utilized on evaluation of instruction.

- Let the choice of using a calculator be determined by the

learner.
- Should be available on a School or departmental basis but

to put them in every classroom at this time is an unjusti-

fiable expense.
- Calculators should be provided by the child because of mainte-

nance; put 2 or 3 in each classroom for use by those who

cannot afford their own.
- There are many variables that have to be identified before-a
'100% accurate answer is possible, e.g., has (in the elementary

program) a material/conceptual approach been used as an

introduction?
- The teacher should be prepared to build use of the talculator

into the, math program. They do not replace the students'.

needs for basic skills but can enhance the learning of them

if there is planning in the way they are used.

- Preferred response is that'haftd-held calculators should be

available in math classes for use with slow learners in

attracting and sustaining interest; for special projects; and.

for verification of results or for rapid determination of

results. At no time should it ihterferewith a student's

learning computational processes or mastery of algorithms.

D8
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- The mini-calculator has arrived - students have them and if
properly acknowledged in the classroom-can be a great aid in
understanding, motivation, and applicationsto problem solving.
Thy pose real problems regarding curriculum reassessment. We

can't pretend they don't exist, nor should we.
- Calculators can become an integral part of math programs; allow

f r extending the math to be taught; and* more balanced programs
o all problem solving skills; and even fulfill a utilitarian
role which is steadily increasing.

2. Should hand-held calculators

a. be provided by the school? 56

b. be provided by the child? 28

c. I don't believe they should be used in schools. 0

no answer 4

3. Estimate the use/non-use of hand-held calculators in your state

(rounded totals):

a. nwnber of schools using: 4,800 number of students 500,000

b. nwnber of schooZs banning: 300 nwnber of students 75'000

c. number of schools studying use: 3,200 nwnber of students 750,000

d. number of reamining schools: 20,000 number of students 7,000,000

e. not known or no answer: 40 states

4. How do you believe that hand-held calculators should be used?

a. checking
answers

b. routine
calculation

c. concept
development

d. open
exploration

100% 7 1 1 1

80% - 1

75% 1 - - -

65% - 1 -

60% 2 2 -

50% 4 7 2 2

45% - 1 - -

40% 1 - 2

35% 2 - 2 -

30% 1. 4 3 6

25% 2 - 2 4

20% 4 6 7 3

25% 1 2 1 1

20% .7 8 1 6

5% 3 - 2 3.

2%\ 1 _ -

no % given 28 30-- 23 28

Fr9
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other responses:

e) problm solving: 4 ; (30%)

f) motivation: 3 ; (50%)

g) tests: 1 '; (10%)
h) routing calculations in higher math: 1

i) non-routine calculations: 1 ;. (20%)

j) algorithm development: 1 ; (20%)

k) fun activities: 1 ; (1%)

Z) time consuming math, e.g., physics: 1

m) employment skills: 1 ; (10-15%)

n) business math: 1
o) student determined: 1 ; (100%)

p) "real life" problems: 2
q) math recreations:, 1

r) number theory: 2

s) statistics; f----
t) use in science: 1
u) directed discovery; 1 ; (15%)

v) gates: 1

5. ich use of hand-held calculators do you feel is most important

a each of the following levels?

moti ation
checking answers
problem solving
explorations & discovery
alternate solutions
reaZ life problems
Zong calculations
enrichment
concept development
routine dfaculations
science
operation ;order

estimdtioli
algorithm evelopment
decimal numeration
number patterns
employableiskins
determined'by student
full use
math electives
reinforce basic facts
propertiesof numbers

of no .use

no answer'

primary
(K-3)

intermediate
(4-6)

junior h.
(7-9)

senior. h.

(10-12)

\2 4 2 3

13 26 22 10

- 2 6 9

16 20 18 19

- 1 -

- - 1

- 1 2 5

- 1 1 -

9 16 12 5

3 10 24 27

3

-
2

1 / 4
-

- 1 2 1

- 1 - -

2 3 2 -

1 2 2 1

- - 1

1 1 1 1

2 6 8

- - 2 -4

1 - -

- 1 1 -

10 5 2 2

19 16 8 7
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What modifications/ do you believe should be made in the K-12

curriculum if/When hand-held calculators are: made readiZy avail-

able to students at all times? Star the three you believe to be

most significant.

More emphasis pn problem solving. n=10

,gmphasize decimals and/or earlier introduction of decimals.

A=18

hasi'ze esImation. n=11

- J,esk time spent on computation; more time on concepts.

n=14\

- 4ore emphasis On approximation in measurement and study of

ound-Off error. n=4.

- USe of calculator for "real life" or practical, realistic

problems. n=13

- Work with sequences, limits, maximums and minimums. n=

- Morelemphasis on algorithmic process. n=2

- Integration with other disciplines,(science) and

math courses (number theory.-sf4istics). n=15

- Strengthening of fundamental ski-11s. n=6

Open exploration encouraged. -11=5

more varied

- Flowcharting technique. n=3

- Don't'modify on elementary and/or secondary level. n=6

- Use forchecking. n=2
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Other Respondees

. Do you-believe that hand-held calculators

a. should be available for use in every mathematics class? 9

b. should be used if some students haVe them? 4

c. should only be used if all students have them? 0

d. should not be used in elementary schools (K-6)? 18

eo should not be used in secondary schools (7-12)? 6

f% should be used in the classroom but not on tests? 7

no answer 1

2. Should hand -held calculators

ao be provided by the school? 11

bc be provided by the child? 7

co I don't believe they should be used in schools.

no answer 0

3. Estimate the use/non-use of hand-held calculators in your state
(rounded totals):

ao number of schools using: 98 number of students 2,625

b. number of schools banning: 2-3 number of students 2,500

c. number of schools studying use: 54 number of-students 60,000

d. number of remaining schools: 176 number of students 89,244

eo not known or no answer 16

4. How do you believe that hand-held cci,culators should be used?

.4,

exploration
1

a. checking
answers

b. routine co concept
calculation development

100% 2 1

90% 1 1

85%
80% 2

65% 1

50% 2

30% 1 1

102
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a. chec
answers

25%
20%

15%
10%
5%

3%
no % given 10

other responses:

e) math Labs: 10%

B-26-

b. routine c. concept

calculation development

I 410

2

1 1

7 5

5. Which use of hand-held calculators
at each of the following levels?

checking
exploration'& discovery
concept development'
routine calculations
full use
math electives

of no use
no answer

do you feel

d. open
exploration

1

1

1

OOP

1

7

is most important

primary intermediate junior h. senior h.

(K-3) (4 -6). (7-9) (10-12)

2 9 14 9

4 3 4 8

3 3 '4 5

4 6 11

1

11 3

8 6 2

10 8 5 3

6. What modifications do you believe should be made in the K-12'

curriculum if/when hand-held calcu tors are made readily avail-

able to students at aZZ times? Star the three you believe to

be most significant.

- 1Iore emphasis on problem solving. n=3

- Employing estimation. n=1

- Less time on computation; more ime on concepts. n=2

- Work with sequences, series, 1 its. n=1
- Integration with other disciplines and math courses. n=2

- Strengthen fundamental skills./ n=2

- Open exploration encouraged. ki =2

- Use for checking. n=2

- Don't modify. n=7

1/0 3
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a

Appe dix B:

3. Summarized Response- from School Personnel

The questionnaire (pages B-28 to 1330)' was sent to 32 teachers

and 26 other schoOi personnel; res nseg were received from 16

teachers and 16 others, in 20 state
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Survey on Calculator Sample: school personnel

1. Do any pupils in your school(s) use hand-held calcultors in classes?

Yes If yes, please answer questions 2-11., '

No If no, please answer questions 12-15.

2. Who provides ,the hand-held calculators?

a. Pupils/parents (approximate number:

b. School/school board

ManUfacturer: Mode]/ [Use reverse
side of this

Numbr,purchased: When ? ,

/
page if '-

Are you Please4V7ith this selection? Yes i No more than on
type purchase

Why or why not?

iHow was the decision to provide hand-held calculators reached?

c. Other suppliers -- please specify:

. In what subject areas are hand-held calculators used? (check any which apply)

a. Mathematics

b. Science

c. Business education

d. Other -- please specify:

4. Are hand-held calculators used -- (check one)

a. only in classes?

b. only on tests?

c. both in classes and on tests?

Is the policy on the use of hand-held calculators determined by -- (check one)

a. the individual?

b. the faculty as a group?

c. the principal or other administrator/supervisor?

d. the school board?

6. How many students are in your school(WN

105 NN
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7. What suggestions do you have
calcUlaor for school use?

B-29

for those who are selecting a hand-held

8. What security measures are used to protect school-owned/hand-held

calCulators?

9. What is. the attitude of the majority of parents (public)jin your district

about the-use of hand-held calculators in the schools?

a. favorable

b. unfavorable Wh.,

c. controversy, but no clear majority

d. no reaction

10. How do you believe that hand-held calculators should be us d? (check any

that apply)

a.

b.

e.

f.

g.

checking answers

routine calculation

concept development

open exploration

of

of

of

of

of

of

of

use should be:

use should be:

use should be:

use should be:

use should be:

use should be:

use should be:

of use should be:

11. Which use of hand-held calculators do you feel is most important at each

of the follolfing levels?

a, at primary level (K -3)

b. at intermediate level (4-6)

c. at junior high level

d. at'senior high level

OSU/MNS -4

(7-9)

(10-12)
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12. Why are*hand-held calculators not used in your school(s)? (check any

which apply)

a. Their use is banned or prohibited. By whom?

b. No child or teacher has expressed interest in using hand-held

calculators in school.

c. The question has not been raised.

d. ather'-- please specify:

13. How many students are in your school(s)?

14. What do you feel are the best reasons for not using hand-held calculators

- in schools?

15. Do you foresee any problem(s) if students used hand-held calculators

for doing homework (out of school)?

OSU/MNS -4 107
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1. Do any pupils in your school(a use hand-held calculators in

classes?

Yes: 22' (Answered only questions 2-11,)

No: 10 (Answered only. questions' 12 -15.

2. Who

a.

b.

provides

Pupils /parents:

School/School

Manujacturer

the hand-held calculatre?
t,

10

purchased When

board: 17

Model -#

Texas Instruments as an. 11 Spring, 1974

SR-50 2

2500 30

2500-1i 30 MarCh 19 75

SR -10 16 1074

1500 1 /--

Casio SM 116
/
/ 1974

-- /240 May 1975

personal mini 1 June 1975

Bomar MX-50 30 Sept. 1973

Corvus 401 30 Feb. 1975

312 30 Oct. 1974

Adler 805 NAD.&
815 NAD 198 April 1975

Sharp ELSI 8101 35 1974 & 1975

ELSI-8; 801; /'

EL 122; 80021 8 1972 & 1974

RES Mach-II \19 'Oct. 1974

Pleased
Yee, No

x
-
0.0

x

-

.1*

too soon
to tell

Why or why not pleased? Nbw was the decision to provide hand-

held calculators reached? /
- TI 2500-11; replaceable /battery proved to be better than :,,

rechargeable battery where battery could not be replaced

without soldering; decision to use as part of NSF problem

solving project
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- TI SR-10; not pleased because prefer TI 11 or HP 21; no infor-

mation on decision.

- CASIO 8M;41ave'been trouble free to date;'decision reached

by teachers and administrators.
- CASIO;' seems durable; decision reached through acceptance of

a proposal for use in two districts.
-CASIO-personal mini; works well except doesn't have adapter;

decision reached by 6th grade students who decided to spend

clasi-money for one.

- ,BOMAR MX-50; seems sturdy, minimum of malfunctions, four
calculation processes available on all machines, handled all

math peCessary for Grade 6; decision reached from pilot program

by State. Education Department.

- CORVUS Mode 312; have had good service during one year's
us-e; decision in relationship with a Math-Lab set up with

Title II and III funds.
CORVUS 401; service free, serves instructional needs of a

K-4 program; decision reached through 'proposed research

project and cooperation of participating schools.

--ADLER 805 NAD and 815 SAD; too soon for evaluation; decision
by Secondary Math Curriculum Committee made up of department

chairmen for grades 7-12..

SHiARVELgI 8101; has good capability and have had excellent
service; decision reached by department heads

SHARP ELSI. 8, ELSI 801, EL'122, EL 8002; dependable,
'reasonably inexpensive,' have very plain display panels,

good size keyst'simple'to operate, and well builtvdecision

by Title III ilinigrant to math.lab school and bylptincipal.

, - RES-Mach II; don't stand up.

c. Other suppliers: Commodore; Accutron; Ardvark; HP 21, 35, 45;

Disi-matic; Rapidman 1212; Rapid Data. Systems.

3. In what subject areas are hand-held calculators used?

a. Mathematics: 22

b. Science: 10

c. Business education: 5

d. Other: 3
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41, Are hand-held calculators used --

a. -anly4n classes? 14

b. only on tests? 1

c. both in'class6 and on teats? 10

5. IS the policy on,the use of hand-held calculators determined by --

. a. the individual? 11

b. the faculty as a group? 8

.C4 the principal or other adinistrator/Swpervisor? 2

d. the school board! , 1

B. /Icy 'many students are in your school(s)?

/total number of students in schools: 971,781

7. What suggestions do you have for those who are selecting a hand-
held calculator for school use?

- Batteries should be type-that can easily be replaced. Heavy use

was too much for non-replaceable, rechargeable batteries.
- Teachers and 'ttudents prefer larger display of Monroe over Texas

'Instruments.
- Percent-key of little value, if any.

- Logicl6f1Texas Instruments is best; Monroe does not have
appropriate logic, however students (4-6) adjusted easily and

did not complain.
- Get all ,teachers involved in the selection.' -

- (a) rechargeable or, not (non-techargeable seems best)

(b) type of batteries used
(c) crystal display
(d) trade-in value after one month
(e) can dust get in'machine
,(f) are batteries separate from rest of machine
(g) number of digits in read-out

- Make clear agreements with suppliers about replacements. A
system should be set up in advance $o that -when breakdowns-.

," occur, the company will immediately supply.a replacement.
- Overflow indicator.
- Clear entry key.
- Quality, desirable ase (especially for grades 3-8).

Functions for grade 9-12: ax, trig and inverse functions,

; exponential notation, M+, M-, indicator for memory, parenthesis.

- Operable on both AC and DC.
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8. What security measures are used to protect school-awned, hand-

held calculators? .

- Each teacher responsible for his own calculator.

- Make sure if loaned out, it is checked in each period.

- Some are secured, while most are on a check-out system where

they 411 have to be turned in before any class or child leaves.

Locked "cabinets with recharging plugs inside. Preferably in a

room where units are used.as oppoSed to a hallway facility

(closet).
All,calculators have a school number and name engraved on the

back: Calculators are left in boxes of 15. Calculators are

checked,out in numbers of 15 or 30. One teacher is in charge

of locking them up each evening..
- Attach to a board; if possible, pair so students sitting

opposite each other could use them.
- Assign calculators to individuals.

94 Aat is the attitude of the majority of parents. (public) in your

district aboutthe.use of hand -held calculators in the schools?

a. favorable:' '9

b. unfavorable: 1 Why? Community is still pretty traditional.

c. controversy, but 'no clear majority: .2

d. no reaction :. 8

10. Haw do you believe that hand-held calculators should be used?

, a. checking
answers,

b. routine
calculation

c. concept
development

d. open
exploration

100% 2 1 1 2

80 - 1 - -

6 , 1 1 -

50 1 )1 1 -

45%
i

1 - -

40% - 2 < 1

30% 1 1 2

25% - - 3 1

20 %, 3 1 1 2

15% 1. 2 1 1

10% 3 1 3 4

5% 1 - -

no % given ? 7 7 8
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other responses:

e) problem 'solving (10%, 20%., 35%, 100%)

D integrated curriculum (25%)

g) estimation (100%)

h) use in Place of tables (20%)
i) remedial work
j) consumer topics
k) career math
1) research
ml games (5%)

11. Which use of hand-held calculators do you feel is most important

at each of the following levels?

checking answers
routine calculations
concept development
open exploration
problem solving
widen experiences
long calculations
number development
estimation
remedial work
research
full use
little or no use

,no ans. or opinion

primary
(K-3)

intermediate
(4-6)

junior high
(7-9)

senior high
(10-12)

5 9 6 5

- 4 8 9

6 7 7 7

. 9 9 6 7,

- 3 1 2

- 1 1 -
ONO 1

1 1

- 1

- 1 1

2 2 3

1 3 2

-12. Why are hand-held calculators not used in your school(s)2

a. Their use is banned or prohibited. 0 By whom?

b. No child or teacher has 'expressed interest in using hand-held

calculators in school. 1

c. The question has not been raised.

d. Other. 8

4

- There have been some ordered for future use.

- Lack of funds to provide calculators to stUde s.

- A few will be provided for the 1975-76 schoo year.

- Only certain individuals have expressed the dfrsire to use

them and they have been purchased by theSe.individuals.

- prefer desk models which can be locked in place.

- We do not want the problems associated with atteries and

recharging units.
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Teachers have discussed the possibility but no requests have

been made.

13. How many students are in your school(s)?

Combined number of students in alfschools responding: 225,350.

14. Wha do you feel are the best reasons for not using hand-heLd

caloulators in schools?

- Perhaps availability of hand-held calculators would inhibit
student learning of tables of number facts. Perhaps it would

militate against students developing ability to do arithmetic

calculations or estimations menta4y. Perhaps it would make

students too dependent on a mech nical computing aid. BUT

on.balance, Iée. the advantages cf hand-held calculators
outweighing the disadvantages.

- If students fail to learn basic thah when they are capable of
achieving mastery without the calc lator, use of the latter

should be restricted. Total' depen ence on the calculator

should not occur.
- We do not want the problems associated with and

recharging units. We do use small desk calculators.

- Cost.
- Some students would tend to depend on calculators instead of

learning basic facts in mathematics.
- Who will be able to use them and when? It would be difficult

to provide everyone with a, calculator when he needs it (or

wants it). Too expensive for the school system to i3urchase.

- None. I feel hand calculators would definitely be an'asset

in class.
- None. I think it's about time we began and I-think they will

soon be used.
- I have nong. We have been operating on a reduced budget and

could not fford them..
Too costly to provide one for each student.

15. Do you foresee any problem(s) iLlstudents used hand-held calcu-

lators for doing homework (out-of school)? '

- No. Supply of calculators in an elementary school presents

problems: initial cost, possibility of theft, difficulty of

getting all students to supply their own, and not least

important - the P.R. problem of convincing parents that their

children will learn how to compute more effectively if they

,,have calculators than if they do not.
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No,unless the .calculator is not accurate. Students who

cannot achieve masteryIshould be permitted to Uae calculators

both in school and at home.
The response would be ciependent upon the level: computational

skills-yes; adVanced mathematics-no.
Depends on purpose of Work.

- No!
- Possibility of not leariing the processes and it certainly

will be necessary to doI 'manual" calculating at times so it

must be learned.. DangeI of loss of school caldulators if

they are taken home.
- Studentp would possiblype unaware where or Why they had

mistakes.
- Yes, in the area in which I teach, however, they might

disappear!
- No! ,>.

\ I

- No. I think it would free the student of long g calculations

and provide them,bore tine to concentrate on theory.-
, 1
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Appendix B:

4f Summarized Responses from Teacher Educators

The :questionnaire (pages. B-39 to B-40) was sent to 87 teacher

educators;, responses were received from 78, from,39 states.

Responses too questions 1 and 2 are not included, since these

questions wlere asked only to generate names (the school personnel

questionnaire was sent to all those named).
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Survey on Calculators Sample: teacher educators/developers

1. Are you aware of schools or teachers who are banning the use of hand-held

calculators in the classroom or during tests?

Name Location

t,yuLak;1.

person

DctuuLag

everywhere classes tests

i

L

2.. Are you aware of schools or teachers who are enthusiastically endor in

the use of hand-held calculators in the lassroom?

Name

Con act

Location
-
er onp Type of use

3. What do you consider the three most compelling argumentsfor "the
hand-held calculators in the classroom?

4

/

4. What do you consider the three mostIcOmpelling
of hand;held cal'ulators in the ollssroom?

rgument'S or e bane ing

.r

i

5. As an expert mathematics education, hat recomm ndatio e Would you give

to elementary !and secondary schools regarding/the se,of and-held! CalcU fetora
,

today? ,
, 'i,

! i

1 i

r.
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. What modifications do you bel eve should be made in the K-12 curriculum
if/when hand-held calculatots are made readily available to students

at all times? Star the thre you believe t& be most significant.

7. Assume that a school ays em (K-12) has moved-to widespread use of hand-held

calcIJators ihroughoUt t e curriculum and testing program. React to each

of the follc/wing in 1.1c a framework:
f

True False

. OSUIMNS -5

T

a. The ma hematics curriculum would need to be modified

extensively.

b.!Th,1e mathematics learned in elementary schools would be,

significantly less.

c Students would no longer remember the basic facts.

d. Parents would strongly oppose such widesptead use of

hand-held calculators.

. Elementary teachers would not uSe hand-held calculators
---

during mathematics lesson

. Students would no lOnger have an appreciation for concepts
suchas negative integers, fractions, square roots, etc.

. Fractions will no longer ,be taught in the elementary, school.

h. Students would improve in the ability to estimate quantities.

i. Students would improve in the ability to solve problems.

1 j. Students would lose.interest in mathematics.
t

k. Student's would become lazier than they are.

1. Students would lose confidence in their ability to handle'
numbers.

m. Students would have a greater underStanding of concepts

such as square root, negative integers, fractions, etc.

n. Students would gain understanding of the decimal system.

o. Students would gain interest in arithmetic.

11.7
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3. What do you consider the three most compelling arguments for the

use of hand-held calculators in the classroom?

More attention can be given to problem solving and to estimat-

.ing answers.

- More attention can be given to geometry, probability, graphing

.-and number theory.

- xxx

- They are here to stay and are part of one's everyday exper-

ience.
- Their practical use in computation.
- Their use as a motivational factor.

- "Flexible Answer Key" concept.
- Resource tool which promotes student indep ndence.

- Encourages inquisitive and creative experiMentation.

- If properly used, they can facilitate concept development.

- An asset in teaching problem solving.

- A much more efficient tool than slide rules and should make

the slide rule extinct.

- Saves ..time in tedious calculation.

- It may well free the student to explore in areas in which

calculation might discourage him.
- >opt

- They serve as an aid to calculation allowing more realistic
mathematical examples to be used.

- They eliminate the need for as much. time spent in rote memori-

zation of facts and skill development.
- They are here. To ban them is comparable to insisting on
memorization of facts in a reference book.

- To compute "partial sums, products . in learning algo-

rithms.
- Reinforcement in basic fact drill activity.

- Reduce computational."load" in problem solving.

- They are available; we must cope with their existence.
Reinforcement after "student" computation.

- Use in problem solving to minimize computation aspect.

- They give correct answers.
- They are and will be available toreducated people.

They allow us, to do more and know more than otherwise.

- Motivation,
- Problem and answers not otherwise poSsible.

- efficiency,. accuracy.
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Their availability.
- Their usefulness as an aid in solving problems.

- Their use in generating mathematics thinking, i.e. patterns;

functions, operations, etc.

- -It removes some of the "pressures" of computational problems

during problem solving.
- It might generate some, interest in mathematics and improve

attitude.
It might make the classroom situation more realistic to some

students.

- Save time. Why do
do it faster.

- In the near. future
so now is the time
Convenience.

all of the work by

many of us will be
to teach their use.

hand when-a machine can

using calculators daily

No real need to be able to perform tedious calculations;;, but

should know how to perform them.
- Hand calculators enable students to erplore..problems and

situations not accessible otherwise due to complicated or

extensive calculations needed.
Very motivating and a very real part ofour current techno

logical society.

- They are now readily, available and cheap.

- Some studies have indicated improved learning of mathematics

and arithmetic skills.
- More and better mathematics could be taught with use of cal-

culators.

- They permit independent investiption'of many problems more

easily.
They elimindte teaching of calculation so that more attention

can be given to the ideas involved.

- They peroilt problems to be more interesting because the arith-

metic need not interfere.

- Speed and. accuracy.
- They make it' easy to test fOrmula, e.g. to get a feeling for

the variance of skewed distributions.
- xxx

- They teach the capability of calculators.

- Develop a positive attitude.

- Can be used to teach flow charting and related logic.

- They can enable students to handle larger and more complex

problems.
They are widely used in society and readily available.

- The remedial student Who is poor in arithmetic can go ahead
and experience success 'in mathematics,,.'

1 9
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I view this as a function of-levelargument for lower grades

(e.g. develop basic addition and/or mu4iplication facts), may

not be appropriate later.
- One that would cross all levels would be allowing students to

concentrate on problem rather than on skills needed to solve

the problem.
- xxx

- Free student time to concentrate more on mathematics, less on

arithmetic.
- Redirect student attention to more significant aspects of

problem.
Speed and accuracy.

- They are becoming a reality of life; persons will have them,

so should know how to use them.
- Permits student to look at structure of mathematical opera-

tions without arithmetic getting in the way.

- Motivational factor. U.
- They help--phony not to have them.

- Enable one to consider more kinds of problems, data, situa-

tions.
- No one has the percentage of accuracy that a calculator has.

- May aid understanding of math ideas ifrUsed properly.

- Calculators will be common- ly available in 10 years or less.

- Speed and accuracy of solutions.

Good motivational device. .1

- Their use might help to shift the elementary curriculum from

an almost total preoccupation with how to compute to spending

more time on when and why one compUtes.

- xxx
- xxx

Reference.
- Opportunity to assign more complex calculations in problem

solving, etc.
- Positive affective cha ges in kids.

Can solve more realis/tic problems.

- Saves time from ardu us computation.
- Student can concentrate on aspects of problem solving.

- You can do more so histicated, realistic mathematics without

being limited by substantial arithmetic.
Encourages estimation.

- xxx

- Ease of computation.

- xxx
- xxx
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Checking answers.
- Enrichment.
- Develop interest in and encourage use of mathematics.

- Make calculations easy. (The only argument.)

- xxx
- xxx

- Permits students to ocus on the content of problems rather

than-the calculation., involved.
Calculators are motivating for' children.

- Calculators are (will be) a part of adults' experiences.

- Their use may lead to improvement in math skills and concepts.

Their general use in society, i.e. engineering, business, etc.

- Their ability to do rapid calculations which decrease errors

and permit additional work.

Enlarge the number and kind of problems which can be solved

and to help students keep their minds focused on their problem-

solving techniques,. .

Aid in the development of concepts.
Aid in graphing "interesting" functions.

Experience with them can be a lead-in to computer work.

- There are a couple of high school course-:, statistics and
calculus, where -there is enough computation that they could be

useful.
- One could utilize them to teach better organization of compu-,

tation.

Part of today's world.
- Helps child's understanding.

- Places emphasis on estimation.

- Motivation.
- A useful skill in itself; helps students add long sums, as in

lbusiness and accounting.
- Illustrates thevusefulness of numbers, etc.

- In the "real world" virtually-All arithmetic is done by cal7

culators.;
- Emphasizes problem solving and planning-rather than manual com-

putation.
Extends. the range of computations which, are "reasonable" in

given time.

Efficient and rapid for "mechanical" aspects of math.

Will use in later life ("social utility").

To learn other math concepts with time saved.
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I

- They are availab34 and can't be avoided.

- They can be a motivational element.

- They cap serve t? reinforce concepts.

- It is an effici nt_way to compute.

- They will be us, d throughout life.

- m

- .Motivational for the slow and average who,experience frustra-

tion in computation.
-'Students will ].earn some of the number facts by constant

repetition on the calculator.

- Immediate check on student paper and pencil computation

instead of -0aiting for the teacher.

- Relieves child of frustration when unable to compute accu-

rately.
- Allows the slow child to go on while working on these skills.

- xxx

- To free us from laborious computation.

- When appropriate, it allows studentto focus onprinciples (a

la Gagne) without great,worry over computation and without

undue fatigue.
-xxx/
- xxx'

- Ea y time doing simple calculations so that more material or

s:_ri. her:material can be developed.
';-';Prpvidevreinforcement of basic' facts and algorithms.

-..fix
i

- Can solve problems without confusion/mistakes during compute -

ion.

- elief from tedious computations.
.7 Improvement in accuracy.

-/Less time would be spent on pager and pencil drill.

i'

Greater speed-and'acCuracy in coOputation should result.

More time and a means would be available to develop greater,

.understanding of concepts.i-- :, ::

Emphasizes Conceptual development.

1- Technology will eliminate need to memorize basic facts.

I- Sneed of processing and: volUme of work will demand it.

- Takes the "worry" out of'arithnietic.

- xxx
- xxx
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- Use of realistic problems.
Emphagis on algorithms.

- Freedom from computation in problem solving.

- They,eliminate the tedium of computation in situations in
which'the problem analysis is more important than the compute-

tion.
Provide immediate feedback.

- USerepresents reality in commercial and industrial situations.

- -They are here, students have them, it is silly to say we can't

use them.
- They are a useful tool"; it is up to us to find ways to use

. them.
They open new doors to.problem solving.

- Saving in time, i.e. will tackle much more involved problems

with larger numbers.
Student,is more apt to get overall perspective on problem; can
concentrate on operations.

-'_-xxx

- Motivation.
- Problem solving not inhibited by tedious computation.

- Understanding of use arid . limitation of algorithms process..

- As with most machines, it relieves the user of the drudgery Of
work (computation) to concentrate on the aspects so man's mind

cam-be best used.
- It is logical that we should use the mosteffective means of
'teaching whatever it is we are teaching.. The ultimate aim is

.to teach problem solving skills. Let's get with it and use

the feasible technology that is available at reasonable cost.

- Telling students they cannot use a calculator is like telling

a teacher that movie projectors, overheads, tapes, TV, etc.

are not appropriate aids for teaching, or telling a doctor

that the myriad of technology available is not tobe used.

- Student can learn to use arithmetic; "helpful to those who do

not know their number facts.
- Motivation--students enjoy using calculators.

- Learning to operate 'calculators.

- Reduce the need for hours of drill on "hard" math operations
such as 3d x 3d multiplication and long division.

- Speed computation in high school classes, such as trigonometry

and analysis.
xxx

Realistic problems withOut tedious computation.

- Recognition of algorithmic procedures.

- Facility of considering greater variety of materials.
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- Attitude.
- Understanding of algorithms.

- Problem solving capabilities.

- Student interest.
- More and a wider range of problems could be undertaken in the

senior high school courses.
The hand-held computer is becoming widely used'.

- By-pass awkward computation to do true, analysis and problem

solving.
- To do "on the spot" exploration of mathematical ideas.

To do real-life problems with realistic numbers..

,-,Students can concentrate on non-computational concepts.
- More advanced examples can be used.

- Students enjoy using them.

--They are available (kids will all have them).

- Aid to problem solving.

- XXX

= Allows more ''-'real" problem work.

- Makes discovery and verification more easy and/or possible.

- Illustrates and reinforces concepts of approximation, error/

round-off.

- Until we have some data on the effects of calculators, any

opinion is baseless. So I have no opinions, suggestions, or

recommendations.
- XXX

- XXX

- Problem solVing where algorithmic skills are not the learning

Objective.
- Motivation.
- xxx

- Motivation.
- Makes mathematics more accessible as a tool.

- Can aid concept learning.

- Can be an aid and an incentive for learning more mathematics.

- Low cost and availability, along with usefulness.

- An aid in solving significant problems that couldn't be dealt

with otherwise.

- Training in their use.

- Increased range of problem-solving situations.

- Motivation for computation practice.
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- Less .time would be spent on pape-r and pencil drill.
,-

- Greater speed and accuracy in computation should lt.

- More time and a means.WOuld be available to develop grea
understanding of concepts.

- Highly practical.
- Leads to essentially error-free computation.

- Avoids much frustration among slow learners.

- Potential for exploring algorithmicprocesses.

- Fast computation.
- Examining simple arithmetic relationships.

To get -Computations for solving problems. of greater depth

As part of future culturel
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What do you consider the three most compelling arguments for the

)iannin6, of hand -held calculators in the classrdom?

- I can think of none.

- The usual reason giVen is that students would not learn the

basic facts. (I do not go along with this. reason.)

- xxx

None--if used judiciously and not as a.replacement for'skill

i'development.

- xxx
xxx

- Lack of mastery of basic facts.

- xxx
- .xxx

- Error prone.
- xxx
- xxx

- One should be able to do common algorithms with skill and

speed.
xxic

100C

- I don't consider any to be compelling. The major argument I.

hear is that kids still need to have the skills in arithmetic

computation. Mainly, I think this is based on .a fear by teach-
ers that their old ways of testing kids will no longer work.

- xxx
- xxx

- When used as a substitute for learning arithmetic" processes.

- xxx
- xxx

- Could become a "machine crutce befor6 concept mastery is

'established (dehumanizing).
Unfair to classes of students from low economic area districts.

- Expensive, in general, if implemented on an educationally

reasonable basis.

- Not everyone can buy one so it is unfair to allow anyone o;

use them.
- xxx.
- xxx

Students won't learn basic facts, especially if introduce&too

soon.

- Not all students can afford one.

- xxx
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- The possible misuses that could be made of them . . . teaching

how to use a calculator in lieu of teaching mathematics.

- xxx
- xxx

It might diminish the basic
handling the calculator.
It might cause a dependence

- It might put undue pressure
for their children.

skills for students when not

upon the calculator.
on parents to purchase calculators

- Overuse. If student hasn't achieved competency in addition,

subtraction, etc. without machine, he may never do so.
1Beca4se of cost each student won't have access to a calculator

. . 41 should be treated equally.
- Cost . . it's not fair that some have calculators and others

do not.

- Students will use calculators as a crutch and won't learn how

to compute.
- Just another r-ad that will pass.

- Too expensive for the benefit derived from their use.

- Unprepared teachers could teach the wrong things, e.g. compul-

sive skill emphasis.
- Need for more of a research base.

- Prospect of investing in very cheap machines which would not

last.

In lower grades students may fail to master the basic facts.

- Students may not master the four basic algorithms.

Encourage mental laziness.

- Cost.
Availability--the calculators differ greatly. I have seen

some which do not even accumulate products!

- XXX

- Some students cannot afford them and in some test situations

they are placed at a disadvantage.

- XXX

I have no arguments for banning their use. There may be times

when their use is banned, i.e. to develop mental arithmetic

skill.
- xxx
- xxx

- Lack of availability.

-m
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Children won't be able to compute accurately.

- Students will depend too much on calculators.

xxx

- Some students cannot afford them nor can the schools afford to -

supply them.
- Some students wittl physical problems will have difficulty.

- It is questionable what tile benefits will be (testing).

Students might use them when you wish to check their computa-

tional abilities.
- xxx
- xxx

- They are pretty useless exceijt in a very few coUrsesi.

- A few students might not learn to compute.

- As.a distracting toy, they might interfere with learning.

-'Cost.
- Not integrated into program yet.

-. Not yet understood.

- None, except when students are being tested on the ability to

calculate.
- xxx
- xxx

- Child can't always,. have it with him.

If one can!Ccompute, one won't know when it's malfunctioning.

xxx

Misused by teacher and child (prior to understanding of con-

cepts and cotputations).
More available to those'-who can afford calculators (inequal- I

ity).
- xxx

- Teachers will avoid teaching computational processes with

understanding. .

- Expense (and possibly rip-offs).

- Psychological impact of the calculator as a crutch.

Children tend to not learn computations and algorithms.

- Expense.
- xxx

- Price. -5othe teachers feel that either all or none should have

the calculator.
Calculator does not meet the needs of all mathematics-in-the

classroom; for. example, computation with fractions. Students

may forget the classroom algorithms for'the various-computa-

tions.
- xxx
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- Students will become dependent on them; will become

- Will not develop the same computational skills.

- All students may not be able to afford one.

- Student becomes over reliant.

The val e is unknown.
xxx

lazy.

- Computational akills will decrease (don't feel this is valid).

- Knowledg of basic facts will fade (might be true).

- xxx

- Students may not learn their number facts and algorithms.

- Students may learn the buttons to push but not understand the

process.
- xxx

- None, other than on tests in elementary.

xxx
xxx

- All students must have equal access to calculators.
.-.Rapidly changing technology with resulting changes in algo-

rithms.
- Undue dependence of child upon them.

- Child becomes machine dependent.

- xxx
- xxx

Might decrease students' ability to compute mentally or with

paper and pencil, although the computer could be used in such

a way as to enhance their computational skills.

- - xxx
- xxx

- Misuse by teachers who do not have adequate math backgrounds
to determine where or where not or how to use them.

xxx
- xxx

- Meaning for operations may be lost.

- Skills may not develop properly for future needs.

- Teachers may not know how to incorporate them properly into

the curriculum.:'

- Cost.
- XXX
- XXX
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you mean outright prohibition, I do'not See any compelling

reasons. The use of calculators must be kept in perspective)!

however, as it can never completely replace consideration of '4

operations and manual calculations therein.

- xxx

Might be misused by some teachers and/or children.

- If not provided by a school district, it puts certain economic

groups at a disadvantage. .

- Presende of the calculators might cause an undue preoccupation

with computational mathematics.

There are no good arguments for banning totally. However,

arguments against their constant use include: (1) hand-held

calculators will never be omnipresent and (2) if all don't

have them, some; should not be able to use them on tests.

- xxx
- xxx-

- May discourage learning of some, primary facts.

- Unfair advantage if all students are not provided calculators.

- Cost.

- Lack of understanding of basic operations.

- Unfair advantage unless accessible to all students.

'xxx

Used when what is wanted is paper and pencil work.

- xxx
- xxx

Might not learn basic facts.
- Might become lazy and use calculator for simple problems that

he could easily do himself.
- Expense of supplying each child with one.

Over-use sometimes discourages thinking and skills.

- xxx
- xxx

- All students cannot afford an equivalent machine..

xxx
xxx

De-emphasis of usual, computation may take place.

- Children may gain false impresSion of what mathematics is.

Structure and problem-solving may be de-emphasized.

- Cost to parents.
- For tests designed to test computational skills, using a cal-

culator should be discouraged.
xxx
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- /RelaXation of memorization of basic facts and essential algo-

/ rithmic knowledge.
4 xx
/- m
- Children use as a crutch and therefore don't learn number

facts
- Operate calculators with no math understanding.

Cost.

- Maintenance problems related Co the hardware and batteries.

- Children and adults may become, somewhat dependent for-calcula-

tions. \ v

- May make teachers uneasy.
- None [of the above] are really compelling.

Not available to,all students, thus unfair competition or
financial burden.

- Could result in crutch for those not learning basic arithmetic

facts.
- Gives emphasis to product rather than mathematical process.

- in early years, can reduce practice and motivation'for learn-
ing facts and algorithms which are still needed.
Encourages exaggerated expectatiOns from machines.

- Equates mathematics to computation.

- Replacement of algorithmic skill understanding and practice.

.XXX

- AAAE

-.If professional planning for effective use is not provided.

- Xxx
- xxx

- The possibility that certain, skills will not be reinforced
sufficiently to be, usable.

- xxqt

xxx

- Leads to dependence on them, i.e. basic skills will not be

learned.

.- Arithmetic may become a "black- box ". mystery.

- May interfere with learning basic facts.

- May interfere with learning standard algorithms.

- May interfere= with learning much about fractions.

- Be sure student does possess some skill in computation without

calculator.

"None" (with no qualifications) was the response of 3. persons.
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5. As an expert in mathematics education, what recommendations

_ would you give-to elementary and secondary schools regarding the

use of hand-held calculators today?

- Spend much more time on multiplying and dividing by powers of

ten and rounding numbers before obtaining an answer.
- Have contests to see how close students can come to answers by

rounding and then using knowledge of powers of ten: Estima-

tion would be checked by using the 'calculator.

- I think forthe time being calculators should become a part of

classroom instruction like pencils, paper and chalkboard in

the intermediate grades. HoWever, I would not advocatetheir
deliberate use'in the primary grades nor would I ban their,

use. I would encourage teachers to use the calculator as a

way of introducing students to decimals, but I w&ild not sup-

port efforts to use the calculator unless the goal of instruc-

tion is understanding and problem solving in the broadest

sense.

Learn how to use them yourself firist.

- Develop units of work that incorpOrate 'them into regular class

work.
- Search literature and obtain help from professional journals

(MT and AT).
- Use for specific skills, i.e. estimation, concept development,'

checking, discovery, etc.

- Encourage teachers to experiment and not wait "for the word."

- Don't buy them until you kno4 what to do with them.

- I can encourage use after some skill is developed in calcula-

tor without the calculator,
- Especially at the secondary level, use of calculators should

be encouraged; also roots; involved multiplications, divi-

sions, etc.
- I would encourage their use but would still want them to have

skill in "doing them by hand,"

- Change teaching emphasis to concept development and when to

apply the various operations.
- Spend time on estimating reasonable answers to lessen the

danger of mispunching to get wild result.

- Do not worry about developing speed of calculation (by hand)

in elementary schoOl kids.
,

- Use the type of calculator so that keypunchs, order, etc.,
corresponds to the order that the symbols are written.
Use a type of calculator on which certain controls are pos-

sible so that the calculator can be restricted to certain

operations, e.g. when kids do multiplication--2 digit x 2.

digit--restrict the calculator to 2 digit x 1 digit 'multi-

plication so that the partial products need to be computed and

recorded.
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Do not stick your head in the sand. They wil]Pnot go away.

Learn how to use them in an educationally sound manner.

Do not be gullible to the strong commercial pressures from the

electibnics industry.

- Buy an algebraic.' language one and use it.

- Recognize the fact of their wide acceptance and availability

to students, parents, everyone!

- Reviewlyour goals--are you"teaching'kids whwwill be in the

real world (where hand-held calculators abound)?

- Study, read, devise ways to incorporate and 'capitalize on hand-

held calculators in your class.

- Elementary school: have a few available for special situa-

tions. Do not introduce generally.
- Secondary: if they are to be used, must be available to all.

Emphasize use in general math but limit use,in college prep

classes.

- Use them to aid in problem solving--to save time doing computa-

tions that students know how to do. Use them to explore rela-

tionships among operations, functions; etc.

- I would encourage a school system (math department) to plan

how the use of calculators could be effectively accomplished,

how they fit into the objectives of,jeach course, and what new,

ways they could be used to motivate and stimulate creativity

and interest in the students.

- None, until more research is done on the effects of the cal-
.t

culator upon mathematics teaching.

- The calculator, like other motivating devices, helps to moti-

vate students. Use them for motivation, but don't over do it.

Cuisenaire blocks are excellent for motivation but I, don't

want my child to always use them or instantly use them. Strike

a happy meditim.

- Put them in the classrooms and watch what happens. Teachers,

will find that Ssiwill not learn less, but more. Don't force

the use of the calculator; there's nothing worse than teaching

Ss how to use a piece of equipment rather"than teaching mathe-

matics through the use of that equipment. Teachers must be

sold on the idea.

- Plan a reasonable inservice program for teachers.

- Survey carefully available models; don t get caught in fake

economy. Buy good equipment like Texas Instrument, Bomar, or

Hewlett Packard.
- Design evaluation of effects of calculators.

- Buy a supply of them for the school; use them in the classroom

at all levels. They are an excellent tool for teaching mean-

ingful mathematics.

133
ir



B-57

- It is still absolutely essential that the child be able to:

perform the 4 basic operations by hand. The calculator should

not be used in a manner that replaces these basic skills. We

would hope it could be used to increase. interest in problem

solving.

Introduce.themin the upper elementary grades.

- Use them to teach the capabilities of calculators and then

branch to computer literacy.
- They should not replace instruction on computation (meaningful)

but should be gs a supplement.

- Make them generally available when they are introduced.

- We should not be charmed by the advent of calculators. Plan

activities which require appropriate use of the calculator and

'encourage its use when appropriate. We need a careful study k

of curriculum implications of the calculator and especially of

the cheap, programmable calculator of the near future.

- 'consideration should be given to acquiring some hand-held cal-

culators that would be made available for students' use at

various grade levels. ,

- Strongly encourage their use especially as an aid.to problem..

solving, i.e. removal of mundane aspects of the generation of

precise numerical solutions.

- Do not consider the use/non-use issue as black and white.

- Seriously consider using them in a well-planned program where

the calculator is seen as an aid in solving certain kinds of

problems and in a way that helps persons look at the structure

underlying the mathematical operations and their associated

algorithms:
- Beware of the "get-rich-quick" publishihg houses who are

marketing poorly conceived and hastily written printed materi-

als to be used in a calculator-based progralit of instruction.

- Think of a hand-held calculator like a typewriter; it is

likely to increase the use of arithmetic (just as the type-

writer has increased letter writing).

- To ignore the existence of hand-held calculators or to ban

their use is counterproductive and counter to reality--hand-

held calculators are here to stay.

- Expect curricular consequences; some ideas, will become more

important, some less.
- Hand-held calculators have limitations in availability, pre-

cision, and utility. Do not ignore fundamental skills.

- Try to have available at least 30-35 (full class size) of cal-

culators and instruct in basic operations.

- Encourage student projects in the use of hand Calculators.
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- T would recommend that a long hard look at what we are trying

to do-in elementary arithmetic must be taken. We must revise

our present expectations of behavior on the part of children

in certain grade levels. More emphasis on approximation,'
estimation, common sense and problem solving must be, placed in

the classioom activities. Let the carculators do the "busy

work" and children start "thinking" about mathematics.

- Include their use 19 math, science, social studies and other

curricular areas.

- I would, suggest,,that they find meaningful ways to use them at

all grade levels and accept the fact that they are here to

stay.

Prepare.kids'to use them (emphasize decimals and /estimation).

- Allow use when computation is not the principal goal.

- Encourage children to learn to check work.

- Study their benefits.
- Use them if you find benefit.

- Study the literature thoroughly before using the calculator iu

'class.
- Dete ine clear objectives for using the calculator.

- At nd workshops and inservice sessions on the use of the cal-

cu ator.
- Consult NCTM reports and research.

- Request university consultant for demonstrations, ideas,

information, etc.

- Use them for calculations after.students have understood and

mastered the basic operations.

- Allow children to use them to check their calculations.

- Calculators motivate children.

- Neat problems can be illustrated with the calculator, espe-,.

cially in the secondary math and science curriculum.

- Use them with discretion,remembering that understanding math

is more important than being able to compute.

- I would strongly encourage their use.. Many students are

turned away from mathematics because of problems in computa-

tion. This is true for different ability levels. 'I believe

that the skills in computation will come through use and suc-

cess combined with interval reinforcement. Skills and con-

cepts should both improve.

- Take advantage of them. Find ways to use them to your advan-

tage but still stress skill at computation, number facility,

etc.
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Use them butonly after considerable thought is given as to

how, when and for what purpose.
Approach'their use on an 'experimental basis.

- If you don't.haVe a-'faculty member or supervisor who can guide

their ptoper use, get some consultant help.

- Show kids how to use theM, then put them aside for the most

part.
Now and then givea,teSt deliberately using very large numbers

and let students solve problems' with their calculators. This

dOes'provide teachers with an opportunity' to encourage chil-

dren to learn when to +, x,

\,7 My answer would be dependent entirely on the interest and com-

petence of one or more of the faculty. I think we are not now

',at a point when one should be directing schools to get

involved. I think some individuals and some schools will get'

started and their experience will.be useful to us all.

- Use them freely; provide them for students who don!t have them.

- ,Their use should be discouraged (banned actually) only during

lessons on development of computational skill.

Make available (by school system) in classroom (to be used

when appropriate).

- I would endorse its use provided it is used in conjunction

with a program which emphasizes Why computational procedures

work as they do. There is no good purpose served if a student

can determine a result but not know when to use a particular

process.

- I would recommend to replace the log,-multiplication and divi-

-sion algorithms with the calculators and using the,extra time

to teach algebra.

- Tell them to introduce the hand-held calculator slowly for
checking purposes, checking either pencil or paperwork or

checking estimations prior to computations.

- I would encourage teachers to seriously consider the hand cal-

culator as a standard piece of equipment in the'classroom.

- The teachers should be-on the alert for new applications of
mathematics suitable for hand calculators at allgrade levels:

; - More time can now be spent in teaching what operations to per-

form in a problem rather than being preoccupied with the cal-

culation itself (which in many cases is trivial).

%In Don't overly promote or deny; this is something (a tool) in

1 the real world.
- Let's learn to use it correctly but let's not assume it's the

answer:
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- Start teaching estimation, quantitative thinking, as an objec-

tive. Devise -drill where the task is to show how to estimate

the product 3.97 x .26. All we do now is make a pass at this
and then scold the child when he makes dumb errors--didn't use

his "common sense." But it isn't commbn. It should be

taught. The only place where quantitative thinking'is taught
as an objective (to be learned) is in slide rule work.

Samples:
Given Student Shows

. 35 x 1700 1/3 x 1800 = 600

73% x 9 3/4 x 8 = 6

. 89 x 17.6 1 x 17.6 = 17.6

. 43 x .17 1/2 x .18 = .09

- Use them selectively, not to replace learning basic facts and
standard algorithms, but to open up the set of reasonable prob-
lems and projects kids can pursue.

- Children should be exposed to calculators and learn to operate

them. However, some practice in hand computatiOn is necessary
both for better understanding and so one is not totally depen-

dent on having a c-alculator. Calculators are just another

tool and do not appear to affect learning significantly.

- Examine curriculum to find new opportunities and situations
which are not noia'available .for study in K-12.

- Use the calculator:in a positive way as a tool to extend
mathematical learning by making traditional work easier. You

can solve many more of the traditional word problems using the

hand-held calculator. %

- Focus can be on process because product (computing) is assured.

- Use them, but stress knowledge of basic facts.
- Stress problem solving skills.
- Stress al orithmic process.

- Use them en appropriate . . better yet, use them:

First,--fin" out what they can and cannot do so that you are
le'about them. Experiment with their use in

selected cl ses. Develop a positive school-wide policy
governing t eir use in all classrooms; then encourage their
use within these guidelines.

- For elementa, and slower secondary students use as motiva-
tional and feedb ck (after applying personal computation).
For better se ary students, train in usage, then apply when
needed (set up, pr blew and perform computations with calcula-

tor). In any ase, they should be provided for all students

or used by none'
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- Provide one for each teacher if they want one from grades 1 or

2 to 12.
- Encourage teachers to try out ideas. If they want more
machines, try to provide a few that teachers can share.

- Let's get a resource of ideas before we make any decision.

- They are becoming an increasingly, evident facet of our culture.

It is folly to ignore them. It is easy to develop some facil-

ity with them, and we should orientour students in their use,

pointing out their strengths and weaknesses, and giving some
problems (with very large numbers) that are suitable for solu-

tion on a hand-held calculator.

- Have goals firmly in mind and proceed thereto w th common

sense.
- Stress estimating skills.

- If they are available, use them.

- If used, then there must be a far greater emphas s on (1) con-
ceptualizing processes and (2) approximation and estimation.

- Use in_early grades must be marked with care in a way similar

to using any other labor saving device.

- Use them only when they facilitate learning in its most impor-

tant aspects.
- Make sure students understand each computational process and

when it is used.

- Purchase experimental sets and have your best staff experiment

with them for a year. As a result, issue guidelines for cal-

culator use.
Consider

-)
implications of allowing students to bring calcula-

tors from home for use in math classes.

- Consider implications for curriculum in math. Calculators are

a fact of life. Let's not fight them!

- Inform all students of the capabilities and limitations of

various calculators.
- Encourage students to obtain calculators commensurate with

their needs and finances; do not rush into a heavy investment

in rapidly outmoded calculators.
- On all tests (etc.) be sure the students have equal access tO

calculators. (An emphasis-on setting up problems for calcula-

tor use ls often desirable.).

- Encourage teachers to set up real-life type problem solving
situations which require application of the calculator to

solve the problem. In other words the problems no longer need

to have integer solutions.
Also visit business places and apply the calculator to every-

day situations,
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--I would suggest students in the advanced high school science

and mathematics courses be encouraged to use calculators in

much the same way they did and to some extent still "use the

slide rule.
- In elementary grades and general math-classes, I would propose

they be used somewhat the way desk calculators have been used
in some instances in the past.-

.- Buy calculators appropriate to the level'of the students and
with desired properties (floating. decimal point, algebraic
logic, no gross errors, etc.)

- Conduct careful inservice programs.

- Prepare guides (or acquire them) for where and.how to use them.

- I would not give advice on this topic.

- Study how they'can be used to help teach the mathematical con-
cepts and skills we want students to learn.

- Use them!!
considered.

situations

Properly:: with planning and purposes carefully'
This requires thoughtfully developed problem

(e.g. find 7r, 47,
2n
n
+ 3

, Problems where areaslim

change as perimeters are fixed, but dimensions change, etc.)

Have enough machines (but students can work in pairs or teams,

etc.).

- Ease time doing simple calculations so that more material or

richer material can be developed.

- Provide reinforcement of basic facts and algorithms.

- Replacement of algorithmic skill understanding and practice.

- Their use should be justifiable from a learning or educational

viewpoint. We do need to research their use in terms of

specific outcomes.

- For elementary teachers: Consider limited use until a
defensible program is developed.

- For secondary teachers: Participants in 'conferences, local
planning groups and action research, to learn about or con-
tribute to calculator involved curriculum development.

- Eneourage their use generally, but, emphasize their limitations.

- Be specific in many instructional settings (e.g. use only to

verify if you calculated correctly).
- Use to p-rovide immediate confirmation during practice.

Emphasize estimation skills.
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- Allow their use because of reasons given previously (less time

would be spent on paper and pencil drill; greater speed and

accuracy in computation should result; more time and a means

would be available to devel6p greater undersltanding of con-

cepts)..

- Where students; cannot afford their own, povide them as the

school would provide other teaching and/learning tools.

- Use freely after about grade six for all sorts of checking and

computation.
Also useful for, exploring new algorithms.

- Use them in thie classroom; however, some skill should be

developed in }rental computation.
Use calculatdr to check computation.

.';0
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. 6. What modifications do you believe should be made in the K-12
curriculum if/when hand-held calculators are made readily avaiZ-
able to students at aZZ times? Star, the three you believe to be

most significant.

* More attention to estimating.
* More attention to multiplying and dividing by powers of ten.
* More attention should be given to programming problems (trans-
lating from familiar to math language).

- More attention must be given to decimals at an earlier point

in the elementary school curriculum.
- More realistic problems could be given to students.

- No "modifications" in curriculum as such, but rather the
incorporation of the calculator into traditional programs as a
means of developing basic concepts, checking answers, estima-
tion, discovery and laboratory approaches, etc. Possible
changes: decreased emphasis on fractions, logarithms, use of
trigonometry tables and other tables (square root) as well.

* Include problems whose solutions were_prohibitive.
* Encourage-development of algorithmS.
* Increase the number of exercises of a "numerical nature."

* More emphasis on solving real problems.
.

* Facilitate teaching of computer programming (which is really a
subtopic of above).

* Eliminate teaching the slide rule.

- Really havextt thought too much about this;
there mightcheed to be "practice exercises"
for "slide ru4e courses"--or as there were.

-10ne may wish to decrease slightly practices
-'"by hand."

however, I am sure
just as there are

on calculations

Activities designed specifically for hand calculators must be
developed by creative curriculum developers.

* More emphasis on problem solving.
* More emphasis on creative mathematical activity.
* More emphasis on mathematical processes vs. emphasis on
products (answers).

- More emphasis on decimal equivalents of fractions.

- Give more emphasis to computation with decimals and less to
mixed numerals--mainly because of metrication, not electronic

calculators.
- Restrict computation with fractions to "easy" fractions.

(Structure needed for pre-algebra considerations.)

- Incorporate more "real" world problems with "real" numbers in
the problem solving strand.

11
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* Estimation and approximation needed to mentally check the

hand-held calculator's answer.
* De-emphasize fractioni, emphasize decimals.
- Examples and exercises need not be devised to work out nicely.

Students can make up problems.:
- Order of operations needs study.
-.Get out of the "back to basics" movement and teach structure

with, hand -held calculators for computation.

* Kindsof numbers in word problems, especially for general math.
* Do not ignore fractions even with SI and calculators.

* Emphasize estimation.

- A clearer distinctiOn needs to be made throughout thecurricu7
lum as to when we are teaching for process as opposed to when
we are teaching for product.. In the latter case, the use of a
calculator will save time which may induce curriculum modifi-
cations... In the former, the use of a calculator would not be

central.

* There should be an increased emphasis "upon problem solving,

using the hand calculator as a possible tool to eliminate long,

complex calculations.
* There will have to be more emphasis upon decimal form of frac-

tions.
- "Built-in" work on how to use the calculator appears to be a

"given."

- At this time I can't see any changes. Recall "teaching

machines." The machines were to revolutionize the schools.
Students would do most of their work at home. What happened

to those machines? Millions of dollars went into experimenta-

tion. The Wall Street Journal at one time devoted the front,

page to them. Where are they? Modifications latermaybe.
Maybe, if calculations are speededup, we may be able to add a

few more topics. On the other hand, maybe we can then be sure

that all of the single basic competencies are learned.

Less time devoted to "drill and practice" and more time to

problem solving and applications.

* Teach some mathematical functions earlier such as SIN,
* Develop good resources of the applications (problems) for
which calculators can be used

* Carefully consider use of calculators in all classes, espe-
cially mathematics, science and social science.

- Revise drill procedures in elementary school.

- Consider teaching "flow charting."

- Teach decimals and estimation; encourage checks; teach to use.
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* More problem solving.
- More investigation into number theory.

- More investigation into what might happen if some Of the data

were changed (mini-mathematical modeling).

* Less time on computation, more time on concepts.
- New material.in curriculum, e.g. geometry in elementary grades

and possibly probability in elementary grades; these will be
possible as a result of the time saved by utilizing the calcu-
lator (for example why teach the square root algorithm?).

- After my recent visit to the University of Georgia, I am con-
vinced that transformation geometry will be the next major
push in elementary school curriculum. ,

* As an introduction to computer literacy.
* To teach problem solving.

.
* General utility in every day life.
- Flow chart logic.

* We can have less concern for skill in standard algorithms.
* Mental arithmetic will take on new importance.
* We must continue and increase our concern for meaning and
understanding of process and relationship.

- More realistic problems with large masses of data can be

handled.
- We may need to de-emphasize skill development in fraction

arithmetic.

* Increased attention to estimation skills.
* More attention to problem solving, less on problems involving
messy computation.

- Provides an alternative to developing basic skills.

- Additional attention devoted to decimals.

- Relationships between fractions and decimals.

* Re-orientation of emphasis from computation to higher level
objectives.

* Development of curricular materials designed to higher level
objectives.

- Encourage estimative procedures to a greater extent.

- Encourage iterative procedures to a greater extent.

* More emphasis on decimal fractions than on common fractions.
* Problem solving, particularly multi-step problems, will--

-
. probably receive more attention.
* Consideration should be given to using the calculator as a
drill and practice device, particularly as a validating tech-

nique.
- De-emphasize the long division algorithm.

Use metric measurements more predominantly:

- Decrease drill and practice in computations.
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- More problems with real data.

- More emphasis on problem-solving strategies, and algorithms.

- Less drill on certain skills, e.g. long division.

- Earlier introduction, of decimals, perhaps scientific notation

also.
- Earlier introduction of negative numbers--nothing like " -5

can't be done."
- Successive approximation, sequences, and limits are easier to

do.

- In courses such as probability and statistics, more inductive
experiments (to precede deductive arguments).

- More emphasis upon approximations in measurement and study of

error.
- More emphasis upon computational algorithms suitable for cal-

culators.

- "I believe there are many researchable questions regarding
their use in classrooms which should be investigated.

- We must be willing to forego some of our popular assumptions
about what and when children of certain ages should "know"
about mathematics, i.e. do all entering 4th graders need to.
have committed to memory all the basic multiplication facts or
will they learn them in time through use.

* Can now put more time on the concept of the 4 fundamental
operations and less on the algorithms.
Can make math fit the real world better.

- Less time on practice with the algorithms in paper and pencil

practice form.
- More time to develop the explanations as to why and under what

circumstances algorithms work.'
- More time for applications with a broadened range.

* Greater emphasis should be placed on problem solving.
* Structure should continue to be emphasized.
* Textbook exercises Should be revised to include proper use of

calculator.
More enrichment material, employing the use of the calculator,
should be devised.

* Shortening amount of instruction with long division, division
of fractions, operations with decimals and percents.

* Increase the use of calculators to solve practical problems,
i.e. have more practical problems.

* Focus more on concepts, less on computational skills.

- Nothing startling--maybe add units of,,study inwhich the calcu-

lator can be used. I still think computational skills should

be stressed.
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* More emphasis on rational number concepts and less drill on
computation with fractions, particularly fractions related to
English system measures.

* More emphasis on estimation and boundary problems.
* Earlier work with sequences, series and limits.
-;-More emphasis on the decimal system.
- Support metrication.

- At this point I don't foresee a fundamental change in the
course of study; that is, the same topics are apt to be taught
in the same sequence. But there are apt to be fundamental
changes in the approach to topics, the number,and kind of func-
tions that can be considered, and'an increase in types and
kinds of problems to be solved.

- More emphasis might well be spent on teaching children the
.meaning of the operations, i.e. knowing wht operations to per-
form.

- Estimation could be emphasized more heavily.

- More problems from science dealing with *conversion from one

unit to another might be employed.
- More computation involving approximate measurement could be

performed;

- Heavier emphasis on estimation.
- Change in the nature of problem solving at almost all levels.
- Again, we search for more effective ways to improve understand-

ing, this time through the use of calculators.

- Increased use of learning center or.laboratory in math instruc-

tion.
- Teach math behind the calculator.
- May be able to add more math content if calculators speed up

the process of learning.

* Build in lab activities where computation is involved but the
emphasis is on learning other math concepts.

* Use calculators with primary students only briefly for moti-
vational purposes.

* Develop standardized tests which allow for use of calculators.

- Build in more work with 'no patterns, particularly with greater

numbers.

* More emphasis will be placed on analyzing word problems and
the sequence of the operations involiied in solving a problem.

* Because of the above, there will be a greater need of reading
proficiency among the students than they now possess.

* Routine page after page of dull computational problems will' be

minimized.

- More discovery-laboratory techniques in concept development,

especially in higher grades.
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* Less emphasis on computational drill.
* More emphasis on un erstanding and knowing when to compute.
- Integration of mathe atics teaching/learning with other sub-

ject areas.

- An earlier focus on dec la

- Problem solving situatio scan use "real world" data.

- Guess and test strategies or solving word problems will be
easier to implement. .

- There will be less focus on ommon fraction computation.
- Drill in computation will be =asier to motivate by using the
hand-held calculator in conjun tion with pencil and paper com-
putation.

- Laboratory situations which invo ve messy data can be devel-
oped using the hand-held calculato to do "on line" calcula-
tions.

- Much more emphasis on algorithms, lea ing to students develop-
ing their own algorithms for the calcu ator.

- Earlier development of decimal fraction,

New emphasis on (verbal) problem solving.

Reduce greatly emphasis on computation by logarithms.
- Reduce tabular and interpolation work with trigonometry func-

tions.
- Increase emphasis on estimation of answers (before calcula-

tion).
- I'm not very responsive to this question because I don't
believe that massive changes would or should be made. I feel

that the basic computation algorithms should still be taught
and calculators used after that point for motivation, simpli-
fication, and applications as appropriate.

* More attention to decimals early.
* 'Increase probleM solving attention.
* Make decisions about "need to know" levels of computation suc-

cess.
- Less attention to common fractions.
- Increase attention to estimation.
- Change focus on numeration with emphasis on longer numbers.

* We should encourage students to develop their own algorithms
for shortening the computational process on their particular
machine.

* We should.teach a variety of algorithms for calculators (with
vs. without memory, functions, etc.).

* We must teach estimating so they can detect large errors made.
- We should teach students how to use them.

- Stress on application of computation to interesting problems.
- Increased emphasis on statistical inference and on combinator-

ial problems.
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- Greater emphasis on conceptualizing.
- Greater emphasis on estimation/approximation.
- Rewriting exercises to make them more realistic.

- Complete reverse in ratio of "word problems" to standard drill

exercises.
There would be greater emphasis on decimal fractions and less

on common fractions (although not completely eradicating com-
mon fractions as many would believe).

- Less time will be spent on 3d x 3d multiplication and long
division.

- Decimals will be introduced earlier in the elementary sequence.
Perhaps introduction of metric will force this change also.
Arithmetic computation, as a-factor in accuracy, will nearly
totally disappear from senior high math courses.
Senior high math teachers will be able to assign much more
significant problems, when all students have calculators avail-
able to them.

- No one has as yet determined the specific impact on the cur-

riculum--it will be significant!

- Calculators should support rather than replace hand calcula-

tion..

- Estimation should be given greater emphasis.
- Precision and accuracy should be stressed.
- Irrespective of above: Application should be given greater

emphasis and 'a wide variety of application should be con-

sidered.

* More problem solving situations.
* More applications of math now possible with earlier introduc-

tion of decimals -- coordinates with philosophy of metric system.
* More emphasis on place value to understand numbers.
- Algorithm understanding reached before calculator application.

- Real life solutions instead of more integers in problems.
- Coordinate decimal system wityh measurement with money in the

curriculum.

- The only modification I would make is to'incluae more "real"
applications, i.e. having calculators available allows us to
deal with problems which do not have small integers, neat
solutions, etc. Two minor changes might be: (1) a selection
on round-off error and (2) more emphasis on statistics.

- Why state "at all times"? Calculators should be used some of
the time, esp cially when the instructional gohl is prbblem
solvint (apply'ng principles) and not first of all drill over
computation. . So Used, calculators wouldn't change much of
anything except to allow students to do more work more effi-

ciently.
.

- I don't feel that they will.
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- Less fraction work with complicated, denominators.

- More problem solving experiences.
- Less use of tedious algorithms after they are mastered.

Change the place ar.r.in the curriculum.
- Eliminate use, of answer keys to check papers.

- De-emphasize computaticin and increase emphasis on concepts.

- * More work with decimals, less with fractions.
* More math-science coordination and integration.
* Greater emphasis on problem solving.
- Spend less time teaching long division computation in grades

4-6.
- Mare exercises involving patterns (of numbers).

- In the elementary and middle schools: (1) instruction in
their use, (2) increased emphasis on problem solving (applica-
tion situations), and (3) increased emphasis on estimation

skills.

* Earlier work with dedimals.
* Greater emphasis placed on concepts.
* Additional tine available for applications.
- Less time -and attention given to drill.

- Aid in metric computations.

- They might decrease the amount of time needed to teach compu-
tational skills in the elementary school. I don't mean to
imply children would need less skill in computation--the hand-
held computer might help them gain that skill sooner. I see

no other major modifications that would need to be made.

- Changes will have to evolve slowly.
- There will be an emphasis on decimal vs. common fractions.
- There will be an emphasis in problem solving.

- Concepts will be met earlier and unexpectedly by students

(e.g. negative numbers).
Realistic numbers in real life problems will become more

common.
Students will be encouraged to check work, explore new con-
cepts, examine patterns more often.

- Earlier introduction .to decimals.

- More applications of math in elementary schools.

- Large numbers introduced earlier.
Trigonometry manipulations will be easier and introduced

earlier.
- Logarithms will be easier and earlier, used more as a tool

than as unit of content.

- This would depend on research findings.
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- I haven't given this enough thought. I don't believe "major"
modifications of the curriculum are needed but effectiveness
of time allotments may change and more applications may be
usable.

- They-are so dependent on the teacher and the situation it is
difficult to generalize.

* Less stress on speed skills and drill.
* Great increase on estimating skills.
* More stress on processing problems, problem-solving.
- More stress on understanding of how numeration/calculation

works.

- I haven't really thought this through.

- Include problems of greater reality that call for chains of

computations.
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7. Assume that a School system (K-12) has moved to widespread .use.

of hand-held caldulators throughout the curriculum and testing,

program. React to each of the following in such a framework:

True .? False

19 3 56 a.

2 1 75 b.

2 5 71 c.

18 8 52 d.

15 6 57 e.

0 .77 f.

5 5 68 g

53 8 17 h.

53 . 12 13 i.

3 75. j.

3 8 67 k.

4 4 70 1.

8 27 m.

48 10 20 n.

54 14 10 o.

The mathematics curriculum would need to
be modified extensively. 'ow

The mathematics learned in elementary
schools would be significantly less.

Students would no longer remember the
basic facts.

Parents would strongly oppose such wide-
spread use of hand-held calculators.

Elementary teachers would not use hand-
held calculators during mathematics les-
sOns.

Students would no longer have an apprecia-,
tion for concepts such as negative inte-
gers, fractions, square roots, etc.

Fractions will no longer be taught in the
elementary school.

Students would improve in the ability to
estimate quantities.

Students would improve in the abil'ty to
solve problems.

Students would lose interest in mathe-
matics.

Students would become lazier than they
are.

Students would lose confidence in their
ability to handle numbers.

Students would have a greater understand-
ing of concepts such as square root, nega-
tive integers, fractions, etc.

Students would gain understanding of thti
decimal system.

Students would gain interest in arith-
metic.
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Appendix !:

5. Summarized Responses fro* Textbook Publishers

The questionnaire (pages B-75 toB -76) was se t to 26"

publishers of elementary and secondary schoOl mat ematics textbooks;

responses were received from 13.
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Survey on Calculators Sample: Textbook publishers

1. What, do'you anticipate to be the extent (in percent of schools) of use
of hand-held calculators in schools

a. this year?

b. in one year?

c. in 2 years?

d. in 5 years?

e. in 10 years?

2. Do you plan to develop materials for use with hand-held calculators?

Yes

No

3. If yes, how soon will they be available?

4. If yes, what level? (check any which apply)

primary (K-3)

intermediate (4-6)

junior h gh (7-9)

senior hig (10-12)

5. If yes, what type?\\(check any which apply)

included in textbook

integrated

alternative

supplementary

workbook

other -- please specify:

6. If yes; what functions/features of hand-held calculators mill be assumed?

a. at primary level

b. at intermediate level

c. at junior high level

d:\at senior high level

OSU/MNS -6
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7. If you are not planning to develop materials, Tahy not?

8.,,What modifications do you believe should be made in the K-12 curriculum
if/when hand-held calculators are made readily available-to students at
all times? Star the three you believe to be the most significant.

9. Assume that a school system (K-12Yhaa moved to widespread use of hand -held

calculators thioughout the curriculum and testing program. React to each

of the following in such a framework:

True False

OSU/KNS-6

a. The mathematics curriculum would need to be modified
extensively.

b. The mathematics learned in elementary school would be
`significaNntly less,

c. Studentswoula-,no longer remember the basic facts.

d.

e.

Parents would strongly oppose
hand-held calculators.

-\
Elementary teachers Would, not
during mathe4stics lessons.

such widespread use of

use hand-held calculators

f -.. Students would\no longer have an appreciation for concepts
such as negative,integers, fractions, square roots, etc.

g. Fractions would nd, longer be taught in the elementary school.

h. Students would improve in the ability to estimate quantities.

i. Students would improve in the ability to solve problems.

j. Students would lose interest\in,mathematics.

k. Students would lose conffdence in their ability to handle
numbers.

1. Students would gain understa ing of the decimal system.
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1. What do you anticipate to be the extent (in percent of schools)
of use of hand-held calculators in schools- -

a. this year?
b. in one year?
c. in 2 years?
d. in 5 years?
e. in 10 years?

a. this year?
b, in one:year?
c: in '.$ years?

d. in 5 years?
e., in 10 years?

.01% 50% 1% 5% 5% 50%

.1% .55% 2% 10% 10% 60%
1% 60% 4% 15% 15% 80%

10% 75% 25% 40% 20% 90%
100% 90+% 80% 80% 70% 100%

1% 1% 10% 5% 5% 1%
2% 5% 15% 10% 10% 2%

10% 10% 20% 20% 20% 5%
20% 40% 40% 30% 40% . -40%
40% 80% 50% 40% 80%- 60%

2. Do you plan Ito develop materials for use with hand-held calcula-
tors?

Yes: 11 No: 2

3. If yes, how soon will they be available?

1976; April 1976; Fall 1976; 1978; 1978-1979; 1980-1981; 1985;
1 or 2 years;,not definite.

4. If yes, what leveZ?

primary(K-3):- 3

intermediate (4-6).:_ 9

junior high\(7-9): 10

senior high V10-12): 5

5. If yes, what `'type?

included in textbook: 8
integrated: 4

alternative: . 5

supplementary: 8

workbook: 7

module mini-course: 1

kit: 1

6,4yes,:, what funatienzi-ZeLatizrgsof hand-held calculators will be
assumed?

a. at primary ZeveZ
algebraic
not decided at this point in time
checking results
simple, durable

addition and subtraction
not \certain -at this time
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b. at intermediate level
+, =, x,
algebraic system, chain and mixed calculations, stored
constant, floating decimal point, CE (clear error),key
algebraic ,

helping to develop algorithms, checking results
algebraic logic, no memory, constant
+, x,
addition, subtraction, multiplication and division
4 basic operations plus percent

c. at junior high level
+, x,

algebraic system, chain and mixed calculations, stored
constant, floating decimal point, CE (clear error) key,
square root
algebraic with memory
being able to usereal numbers in problem solving
algebraic logic, no memory, constant
+, x, T r"-- , Nn, floating decimal
addition,. subtraction, multiplication, division, square
root, exponential (ax where a is rational number)
as aids in performing some forms of mathematical processes
4 basic operations, percent

d. atasonior level
+, x,

algebraic system, chain and mixed calculations, stored
constant, floating decimal point, CE (clear error), key,
trigonometric functions and a limited memory
algebraic with memory
time saver, more realistic data, good for approximating
roots

+, x, Nn
+, 1, x, +, trigonometry, Lx; 7r, and one or more memory
banks
as aids in performing some forms of math processes
4 basic operations, memory, scientific notation, xy,
trigoriometric functions

7. If you are not planning to develop materials, why not?

Only two respondees were not planning to develop materials.
They responded:
- Do not believe they will be used to any extent.
Not into math right now.

it'
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8. What modifications do you believe should be made in the K -12
curriculum if /when hand-held calculators are made readily avail -.
able to students at all times? Star the three you believe to be
the most significant.

* Earlier introduction to place value.
* Earlier introduction to decimal fractions.
* Greater emphasis on decimal fractions.
-'Greater'emphasis on estimation.
- Greater emphasis on problem solving.

* More emphasis on estimating.
* More emphasis on problem solving.
* Realistic problems--not contrived for neat calculations.
- More emphasis on quantitative thinking and analysis, and place

value.
- Earlier work with large numbers, decimals, irrational approxi-
mations, integers.

- Greater use of mathematical properties.

- Development sequences will change to reflect the capacity to
look quickly at patterns.

- Increased emphasislon decimal numeration.
- Increased use of guess and test.

- None--instruction in math classes.

* Emphasis will be on the structure of algorithms rather than on
the execution.

* Applied problems can be more realistic.
* Flow charts will become important in order to organize informa-

tion before using the calculator.

- You would only need to add a special topic within existing
structure of math and business classes.

- Could be handled by teachers or by a special supplemental
booklet with directions and practice examples.

* Emphasize problem-solving skills.,
* De-emphasize routine calculations (paper -and- pencil).
* Emphasize rounding, estimation, checking for reasonableness.
- Introduce more realistic problems involving messy data.

- Minimal use of calculators at primary level.
- Increase work with number theory, exploring relations, between

numbers, etc.

- Decreased emphasis on computational skills.
- Increased emphasis on problem solving strategies.
- Increased emphasis on estimating and error checking.

Increased emphasis on manipulating numbers.

t' te,

e.) 0



B-80

- Simply-ad enrichment concerning existing processes.-

* Students will deal with applications (some practical).
* Students will deal with career mathematics.
* Studentd,will be free of computational drudgery and will know
when to compute rather than just how to compute.

- Students will deal with dilemma (choice) situations.

* K-6 Less on particular algorithms to be memorized and more
on methods.

* 9-12 Little (if any) hand computation.
* K-12 More story problems,

- Few modifications.
- More emphasis on problem solving.

Special exercise booklets.
More emphasis on problem solving.
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9. Assume that a school system (K-12) has moved to widespread use
of hand-held calculators throughout the curriculum and testing
program. React to each of the following in such a framework:

True ? False

The mathematics curriculum would need to
be modified extensively.

2 0 11 a.

1 0 12 b.

2 0 11 c.

1 7 d.

0 10 e.

0 1 12 f.

1 11 g.

9 1 3 h.

9 1 3 i.

0 0 13 j.

1 0 12 k.

9 0 4 1.

The mathematics learned in elementary
school would be significantly less.

Students would no longer remember the
basic facts.

''-

Par' nts Would strongly oppose such wide -

spree d Use of hand-held calculators.

Elementary teachers would not use hand-
held calculators during mathematids les-
sons.

Students would no longer have an apprecia7
tion for concepts such as negative inte-
gers, fractions, square roots, etc.

Fractions would no longer be taught in
the elementary school.

Students would improve in the ability to
estimate quantities.

Students would improVe in the ability to
solve problems.

Students would lose interest in mathe-
matics.

Students would lose confidence in their
ability to handle numbers.

Students would gain understanding of the
decimal system.
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TEACHING MATHEMATICS WITH THE HAND-HELD CALCULATOR'

By George Immerzeel, Earl Ockenga, and John Tarr

Malcolm Price Laboratory School
University of Northern Iowa
Cedar Falls, Iowa 50613

You walk into the grocery store and see people

using the hand-held calculator to make decisions about

what items are the best buys. You ask for an estimate

for new carpeting for your home and the estimator arrives

with a calculator in hand. You visit your lawyer's

office to get advice on your income taxes and there is

a hand-held calculator. More and more people are using

numbers to make decisions because the hand-held calculator

is available.

Estimates for the number of calculators sold in the

last three years range from 20 million to 40 million.

Mathematics teachers all over the country are beginning

to ask how they can use the calculator to teach mathematics

better. Students are beginning to bring their calculators

to class and are asking if they can use the calculator to

do their homework and tests. It is tine that mathematics

educators recognize that the Calculator is an inevitable

part of our daily lives.

Now is the time to consider the effect of the hand-held

calculator on the curriculum. Think of what would happen

in a fifth-grade class if every student had a calculator

when the class is studying multiplication. A lesson that

normally takes a full class period would be reduced to a

ten-minute experience.

GO



To avoid the "future shock" of the calculator it is

time that every teacher begin to prepare-for the future.

Imagine the effect on learhing of mathematics if teachers

are-unprepared for the flood of materials that will soon be

forthcoming to fill the vacuum being generated by the hand-

held calculator. All of a sudden-the teacher must make

.judgments in terms of what materials are appropriate and.

that judgment must be made without any experience using

the calculator. Preparation of a teacher can begin with

one machine. , One machine will help the teacher build

experience upon which future judgment can, be based.

Recent years have provided similar situations. The

mistakes made in these situations should give educatorS

some guidance in preventing the future shock generated

by the hand. -held calculators. The growth and demise of

the language lab might be a good example to consider.

When language labs were first available, they were put

into schools across the country. They were to be a

solution to the problem of teaching language. Where

are these laboratories today? In many cases, they are

gathering dust and taking up needed-storage space. Why

did they fail to produce the anticipated results? It

seems apparent that they failed because of the lack of

software support. There are people today who think that

the calculator-alone will provide the needed answers for

the problems in mathematics education. But again' we

shall find that unless imaginative software is carefully

developed, five years from now the dalculltors will be

gathering dust as well. It may be that the calculator's.

main advantage is that they take less storage space.

2
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There is ohe very important 'difference, however; everyone

will have a calculator. The point we should learn from

the recent history of the language lab is that a fine

technological tool without adequate support in the form

of software is doomed.

Probably the best example is the dilemma evidenced

by what has happened with the "Modern Mathematics"

movement. A tremendous effort was mounted to affect

the mathematics curriculum. Many good materials were

developed, but :these materials were buried in an

avalanche of poorly conceived-materials. They were

modern in appearance, but.,were often traditional' in

basic. concept. This mixture didn't'come up to expectation.

All df these movements have lessons to offer as we

look at the beginnings of a new movement that is being

generated by the invention of the hand-held calculator.

We can expect to make many of the same mistakes, but

this time there is a big difference. The calculator

will be a part of the lives of every student regardless

of what we do about the curriculum. For this reason,

the calculator provides another opportunity to generate

a mathematics curriculum that will meet the needs of

the future adults.

Let us look at some of the general changes we can

anticipate as a result of the calculator.

In the beginning we will see two basic approaches.

There will be some who want to put units of study in

the curriculum at various levels to teach the use of

the calculator. Actually, there is very little need to

teach the use of the calculator. If you give calculators

to ten-yearolds, they soon find out how to add, subtraqt,

3
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multiply, and divide. A little experimentation by the

student is all that is all that is necessary. The

student may soon be convinced that all pencil-and-paper

activity with mathematics is unnecessary. Although there

are more'complex uses for the calculator, these uses make,

little sense unless they are supported with conceptual

know-how.

The second approach will be more common. Teachers

will use the calculator as they would other teaching

.aids that support the objectives of the curriculum. You

can better understand the relation between common fractions

and decimals when you have the *calculator to generate the

examples. You can better teach estimation when you have

the calculator to verify the estimate.

Out of this second thrust in using the calculator, you

can expect people to become aware that the basic curriculum

will be more effective if the materials are designed with

the calculator in mind. At this point a danger exists.

Decisions will be made in terms of the relative importance

of the various topics and the whole curriculum will be

revised. Let us hope that by this time we have develdped

some guidance from research and experimentation to help

make wise choices.

THE ROLE OF THE CALCULATOR IN THE PRE-COLLEGE CURRICULUM

Our position on the role of the calculator in the

curriculum is a function of the age of the student and

the principal objectives of the mathematics content for

each level. The following paragraphs summarize our

position by level.

4
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1) The Primary\Leyel (K-3) Incidental

use is recommended. One or two cal-

culators in the mathematics interest

corner would provide an opportunity

for both the teacher and the student

to explore its use. If dangers exist
-

they are at this level. All students

should be guaranteed the opportunity

to develop the basic mathematics skills

with pencil and paper.

2) The Intermediate Level (4-6) Each

elementary school should have a class-

room set available for occasional use

to support the present objectives of

the curriculum. Each teacher should

also have one or two to use on an

individual basis and to support class-

room activities.

3) The Junior High (7-8) A classroom

set should be available for each Junior

High teacher. The calculator should be

used whenever it is the best way to

develop the objectives of the curriculb-M.-

4) The Senior'High (9-12) Every student

should have a calculator available anytime

one is needed.

The following pages give examples of the use of the

calculatoriAavrelation to the principal content objectives

for each level.



THE PRIMARY LEVEL

The principaIjunction of the primary yeats is to

.build the images and symbols for numeration and he

fundamental operations with whole numbers..

Because the fundamentals are built at this level,

we feel that the greatest danger in using the 'hand-

held calculator, exists here. We would recommend one

or more calculators be in the'classroom and-that their

use be incidental to the basic program. Students would

use the calculator to verify, extend or explore, but

the use would be in an individual or small-group mode

such las would occur as a Part of a mathematics interest

center. Seldom, if ever, would it be 4 total

focus for the class. Such Ilse could be supported by

activity cards such as these.

Activity Card Grade 1

Make the calculator count. How far can

you count in a minute? Find a way to

make your calculator count by 2's, 5's

and 10's.

Activity Card Grade 2

Enter the number of tens, push g .

32 125'

45 Ef.5 241 E,
96 t:c 643- LI

43 105

Push Push

Check 20 Check 10

6
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Activity Card Grade 3
40

Find two numbers whose sum is 77 and whose

difference is 11.

There are many games that would be appropriate for

second or third grades. Here is one that is fun.

Activity Card Hit the Target

Push one digit key. Push + Hand the

calculator to the second player. push .any

.digit key. Push.

The first player to, display 50 is he winner.

The calculator can be 'used for drill as, you would

flash cards. FOr example, for addition, th student

enters ra gives the answer and then ushes

to verify the answer.

Sometimes the calculator can be used to support

or extend a concept. For example, the t

class has been studying Area. Today th

ird-grade

class is

organized into teams. Each team is measuring the door,

or a window, or the chalkboard to det i.mine the area.

Since the final computation to deter ine area is beyond

the students' skills, it is done on he calculator. The

concept of area has been built thro gh a variety of

experiences, but is culminated and extended by using the

calculator.

Perhaps after careful research, it maybe possible

to use the calculator to help students build the basic



images for the operations much as Cuisneaire rods 'are used

today. But using the calculator extensively at this.level

should be done cautiously. It is very difficult to determine

the effect of a substantial curriculum change with small

children. It often 'takes years before the final results

are known.

THE INTERMEDIATE LEVEL

The principal objective of the intermediate grades

is to develop the manipulation of the whole numbers and

the positive.rationals. 'All students should be guaranteed

the opportunity to develop "need to know" levels of

manipulation with pencil and paper. We should recognize

that the existence of the calculator has affected these

"need to know" levels. All students should be able to

add or subtract any pair of three-digit numbers, to

multiply any pair of two-digit numbers and to divide

two-digit numbers into any four-digit number. When a

student has accomplished this goal with pencil and paper

he or she should be able to develop the skill of handling

larger numbers using the calculator.

At the intermediate level, a few calculators should

be available in all classrooms. They should be used to

support the development of the objectives of the pro-

gram. Because of the calculator, the current objectives

should undergo certain modification. To better understand

the role of the calculator,' we will consider the effects

through examples from various strands in the curriculum.

NUMERATION STRAND. Many of the concepts taught in the

numeration strand can be supported by calculator activities.

167
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Activity Card.

nine thousand thirty-five CI

fifteen thousand nine Eh
thirty -five thousand two hundred L,/:

two hundred -thouSand

seventy-two thousand three hundre

CHECK NUMBER 331544

In this activity experiences in ,reading large numbers

are provided by havihg one student read the nUmbers.and

second student enters the numbers in the calculator and adds.

The input is checked by comparing,th.e total with a check

number.

Experiences with large numbers a.al:S-o readily

available using the calculator. For example, after

experimentation in counting, the studentsiestimated

24,260 grains of sand in a teaspoon.' Using the cal-

culator, and their estimate, they determined an estimate

for the number, of grains of sand in a gallon pail. In

a similar experience, they found the number of times

their heart beat in a minute and estimated the number

of heart beats since they were born. The calculator

can contribute to the use and meaning of.large.numbers.

There are many ways to use the calc4lator to support

the dOelOpment of numeration skills. The place value

concepts are obvious using the machine and there is no

danger in using it in this mode..

COMPUTATION STRAND. Once the student.has developed

the/basic levels of computation skill, there are many

163
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ways that a calculator can be used to facilitate the

understanding of computation algorislOs.

:For example,'the student could be a ked to use

the calculator to fill in the "holes":in\these algorisms:

23
9C) 891 46 54 11295

2 -2(:) 30 10)

125/) 616 2130. 165

2650 .1386 160

-- -1610

Activities such as these can be used 6 teach the

important computational ideas without interfering with

pencil- and -paper skills.

The calculator can often be used to effectively

develop-generalizations. For example, it is easy to

develop the zeros generalization when the student uses

the calculator to multiply numbers by 10 or by 100. A

few examples with the calculator replaces many examples

with pencil and paper.
. .

The calculator increases the need for est mation

skills. Even though.a calculator user quickly learns

to visually check each entry..miStakes are made. A

good estimator can usually recognize when. these\mistakes

are made. To increase the student's estimation,skill,

the teacher can give an example orally, like 65 42.

Each student makes an estimate and one student checks-
\

the estimate on the machine.

Many games can1be played on the calculator that

also increase the estimation skill. For example,\try

this with a partner.
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.Hit the Target

Target
490 510

Start Number 15

Operation

First player: Enters 15, pushes rTt

Enters estimate, pushes try

Hands the machine to opponent.

Second player: Uses display from opponent.

Enters estimates, pushes X

Returns the machine to first

player.

Play continues until someone displays a number

between 490 and 510.

As the calculator becomes more common, the need for

mental computation increases. The calculator can be used

to support mental computation practice in the classroom,

The teacher or a student gives a series of examples for

mental practice like:

( 6+ 10 - 3 + 7 ) x 4

The students compute mentally. One student checks the

answer on the calculator.

We believe that the proper use of the calcdiator

can increase the student's computation skills and

understanding.

RATIONAL NUMBERS The existence of the calCulator coupled with

the change to the metric system should have more effect on
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instruction in use of the rational numbers than on any other

part of the curriculum. The minute students pick up a

calculator, they are operating with decimal fractions. The

only question is how long it will take mathematics educators

to adjust the curriculum to respond to this change. Will we

continue to spend weeks each year teaching operations with

rational numbers.in g form or will we increase the time with

decimal fractions and their operations? Only time will answer

this question.,

If students can operate with whole numbers using the

calculator, they can operate with decimals as Well. The

problem becomes that of making sense out of their answers.

Students should have experiences with the usual images for

fractions by responding with decimal fractions.

For example, use your calculator to determine the

decimal fraction that is shown:

f°1-17.1.
...:

";;;...,:.

alill
gr

-

12

__4111',E7

- , : : 4
1..-..-.T.

grwm-i-

'I -
L7.---.51.



They should'have similar experiences with the

number line. For example, use your calculator to

locate points on the line for these fractions:

/.1..X for

.0=1,
for

3

5

0 for 5-
8

Afor 8

Much of the emphasis should be on interpreting

the decimal answers so they make sense. For example,

when sixth graders were answering a problem dealing

with the number of buses needed to transport the

students of the school on a field trip, their answer

was 17.417215 because that was what they got on the

calculator. When asked who was going to, drive the

.417215 bus, they decided that they needed 18 buses.

The calculator puts a focus on interpreting the answers.

Of the time today's student spends on fractions,

about 80% is spent on fractions in the g form and only

about 20% on decimal representation. Since the students

of the future will use the calculator for most computation

and the metric system for measurement, the time allotments

should be reversed. The student will always need images

for simple fractions, but most.computatioh will be done

with decimal fractions.

The calculator's main advantage is in the fact that

you can generate answers to many examples rapidly and

_/
1 7 2
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accurately For example, machines with the facility to-

use a constant multiplier can be used to generate a

sequence by multiplying by the same decimal.

.4 x 200 = 80

.4 x 20 = 8

.4 x 2 = .8

.4 x .2 =.08

.4 x .02 =.008

The student's intuition and understanding of the situations

when multiplying by decimals can be increased through this

kind of calculator activity.

The machines with floating decimal points make it

easy to identify the usual difficulties with ragged

decimals in addition and subtraction. The student who

has 31.7 as an answer when adding 17.2 + 1.45 better

understands the difficulty when he or she finds the

answer is 18.65 on the calculator.

A difficulty with decimals has always been the

placement of the decimal point and the awareness of

what the digits mean. The machine can be used to focus

on these difficulties. It is important to remember that

on the machines, the student has no more difficulty with

operations on decimals than on whole numbers. This

allows the teacher to put the emphasis where it belongs.

17 3
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MEASUREMENT The use of the metric system and the calculator

opens up a whole new dimension in teaching measurement,

For example, it is advantagous for the student to find

the area of at least one triangle by measuring all three

heights and all three bases and determining the area in three

ways. In the English system and when computing with fractions,

this is difficult if not impossible. If you take the

measurements in centimeters and compuie with the machine, the

process is easy and the generalization comes home to the

student..

For a second example, consider the ease of finding the

volume of any rectangular box if the dimensions are measured

in the metric system and the computation is done on the

machine. A.whole new approach is possible with the metric

system and the calculator. The experiences not only can

deal with real data, but can be more efficiently handled

by combining those two resources..

PROBLEM SOLVING The major reason to teach mathematics is to

solve problems. Today most problem-solving activities are

further experiences in computation. This is primarily

because problem-solving follows a computation unit. The

problems are more practice for the computation just taught.

Students should study problem-solving as a skill. This study

should occur over a substantial time period with a variety

of situtations where decisions as to how to solve the problem

are necessary.

1 7 4
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The calculator eliminates many. of the difficulties

the students have with the usual problems that are the

computational type. For example, with a group of sixth

graders, we prepared a set of 40 problems from various

textbooks. We gave the set and calculators to 28

students. At the end of a 20-minute period, the students

had completed an average of 27 problems and almost all of

the answers were correct. If problem-solving skills are

related to the number of problems the students can solve,

the calculator can be a real help in problem solving.

Most of the problems that are available in text

books are.not representative of problems in the "real"

world. The data are necessarily artificial to limit

the computational difficulty in the problems and generally

these problems are uninteresting to the students. More

'interesting problems are now feasible.

How high would a stack of 20 billion

hamburgers sold by the hamburger chain

be if they were piled one on top of

another? If you can make 600 pounds

of hamburger from one cow, how many

cows were required to produce the

hamburgers?

Mini projects involving experimentation, data

collection, and real problem solving can provide worth-

,while activity when the calculator is used. One example

of a mini project is illustrated.
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A teacher brought a bathroom scales, four small

wooden hiorks, and a jump rope into the classroom. The

students watched couriously as the teacher positioned a

block under each corner of the bathroom scales and, after -

having slipped the rope under the scales, proceded to step

on the scales and pull up on the ends of the rope. This

measured the teacher's pulling strength. Most of the students

were anxious to try the experiment\themselves. They quickly

got into a discussion on how to compute the number of kilograms

a person could pull. They agreed if a person weighed 44

kilograms and could pull on the ends of the rope hard enough

to make the 'scales read 79 kilograms,, that person would have

a pulling strength of 35 kilograms.

After the teacher demonstrated the proper way to pull

on the ends of the rope, students performed the experiment

and recorded their weight and number of kilogramS pulled.

After the data were collected on a bulletin board chart,

students were interested in determining who were stronger,

the boys or. girls. With the aid of hand-held calculators,

the class computed the average pulling strength of boys and

girls. The boys' average was less than the girls', sC the

boys wanted to try the experiment again.

One of the boys thought that the experiment might

not be fair, since bigger students should be able to pull

. more than smaller students. This possibility was discussed

and it was decided that the ratio of student weight to

their pulling strength could be used to make comparisons.

Again the calculators came in handy.,__These-ratios, expressed

as decimals rounded to the neare t hundreth, were recorded

on the bulletin board chart. /tudents then computed the

average of the ratios. Again the boys lost.

A. 7
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The boys left:that day determined to _spend time that

evening thinking about how they could use the calculator

and the data collected to prove that they were indeed

stronger than the girls.

The calculator should not replace the basic skills

experiences in the intermediate grades. It is not

necessary to have a calculator for every student. A few

calculators or even one can add a real dimension to the

math activities. At this time, we recommend that the

calculator be used to support the development of the

objectives of the present curriculum. As people get more

experience, we expect modification to take place that will

make the calculator even more functional, but those

modifications should be made slowly d with care to assure

the basic learning for all students.

JUNIOR HIGH LEVEL ---

The p4rppsppf_iunior high athematics has not been

agreed upon. Some teachers have felt the purpose is to

complete the elementary programs and guarantee that all

students can successfully compute. Other teachers have

felt its purpose is to prepare students for the study of

more advanced mathematics. Neither of these views is

entirely satisfactory to junior high students themselves.

Junior high students are active, curious learners. They are

at the age when they are seeking a purpose and reason for

the learning of mathematics. They want an answer to the

question, "What can I use this for?"

The hand-held calculator as a standard piece of

classroom equipment, has a role to play in giving junior

1 7 7
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high Mathematics a new focus independent of both elementary

and secondary school mathematics. Having calculators

available in'the classroom provides all junior high students .

a means of performing arithmetic computations. This removes

arithmetic proficiency as a prerequisite to application and

--extnesion of mathematica' ideas. Student access to the

calculator also means it is possible to provide experiences

in which studdnts can perceive mathematics in real and

meaningful situations. Therefore, with the calculator, the

junior high mathematics program should focus on making

mathematics useful for all students. To better understand

these effects, we will consider the role Of the calculator

in regard to various strands of the program- --

THE ROLE OF COMPUTATION Perhaps the greatesv: sequence of 1

the calculator on the junior high mathema cs program is that

it equalizes students' ability to pe-f6C[11 computations. It

becom/s obvious in the classroom/that with a calcul tor, all

junior high students can perlorm computations with s eed and

accuracy. The exercises below, for example, can be computed

with a calculator in a matter of seconds.

36,725 3265

4,029 x 427

356 r 73276. 70,706

54,894

Fife same exercises utilizing paper-and-pencil methods

would take as. long as 10 minutes for some students and

an eternity for others. With- a calculator, exercises of

the type shown serve a very limited purpose, other than

calculation for calculator's sake.

While the need to perform heavy computation with

paper-and-pencil methods diminishes with access to a
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calculator, the need to know when to add or multiply

increases. What now.become important are questions

such as, how can I use my machine,to help me solve

this problem and what does my,,answer mean.

Although the calculator removes the burden of tedious
.

computation, it will,not replace the need for quick recall

of basic facts, proficiency in simple paper-and-pencil,

computations, or the ability to make good estimates.

When using a calculator, the ability to make good

estimates becomes increasingly important. Mistakes are

sometimes made. Wrong numbers can inadvertently be

entered into a calculator. Being able to sen e the

reasonableness of displayed computations becomes desirable.

Many text book drill-and-practice exercises can be modified

to bec6me interesting estimation activities. Pairs of

students, for example, can use a calculator and a set of

division exercises to play this mental estimation game.

44184 4 56 60507 4 486

57426 4 102 997.80 4 12

424742 4 53 378048 4 88

1. The game starts by selecting one of

the division exercises. Each player

has 30 seconds to secretly write down

what he or she thinks the quotient is.

Then use the calculator to see who came

closer to the actual answer.

I
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3. The/player whose estimate comes

'clbser wins the round.

4. The first player to win 10 rounds

Its the winner.'

The impact of the calculator on junior high math-

ematics procrams is that all students can perform basic

computations on an equal footing. The effects of the

calculator/on content strands in junior high programs

'are discuSsed in the sections which follow.

RATIONAL NUMBER STRAND. The calculator an the increasing

emphasi/s on metrication will decimalize th rational

_____number and may well spell the end to complicated comp-

utati-lns performed with rational numbers of the form g.

Stud nts who have access to a calculator are constantly

operating with decimal names for.rational numbers. It is

co non to see students who are playing with their calculator

pe form operations of the types 74.1 x 3.2 = -13.12 and

1.1 67 = 64.. This results in exposure tos positive and

negative rational numbers prior to formal classroom

/introduction of the topic_.

The decimalization of the rational numbers means less

/ tithe devoted to fractional numbers and more time to build-

/ inGi decimal images, understanding decimal operations, and

applying decimals to problem situations. The calculator

can'be used in a variety of ways 'to accomplish-these

objectives. *Having students make their calculator dbunt

by tenths gives them a feeling for the ordering and

reltive size of decimals. Sequences of calculator

exetoises like these, can help students make generalizations

21



on how to perform paper - and -- pencil as well as mental

operations with decimals.

1250. 250. =

125. 4 25. =

12.5 4 2.5 =

1.25 4 .25 =

.125 4 .025 =

Problem-solving settings can be created to build

a feeling for positive and negative rational numbers.

Find a way to use your calculator to

show what the temperature will be

every hour if the temperature now

reads 15°C and starts to drop 4.3
0

every hour for the next 8 hours.

Applications of decimals to real world problems are

often more motivating when a calculator is used. Students

can, for example, measure the thickness of all the pages

of a book, determine the number of pages measured, and

then-use a calculator to compute the thickness of a single

page. When- students use only paper-and-pencil computations,

they seldom attempt to verify or extend their answers.

When calculators are used, it is common to observe students

measuring other books to see if there is a variance in the

thickness of pages in different books. Some use their

calculators to extend the problem by exploring how many

pages uid be needed to make a stack of paper as high as

they are tall.
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By takinp advantage of the decimalitati n of the

rational numbers, teachers should have greater opportunities

to-create problem situations in which students can apply

their understandings of the rational numbers The similar-

ities between computation with the whole.numbers and

computation with decimals should make the application of

rational numbers to problem situations easier for students.

NUMERATION STRAND. Many of the concepts taught in the

numeration strap take on new importance when students

have access to ca culators, A team of students,for

example, who wanted to use their calculators to compute

te number of kilometers that `light travels in a year,

had to cope with the limitations of their calculators to
,

d-3play the product of (about the number of

kilc)meters light travels per second) times 31,536,000

(number of seconds in a-year). These students developed

a renewed appreciation of our base ten system when they

realized they could do 2998 tEl 31536 [El 94544928 and

then annex five zeros to write the distance' as

1,454,492,800,000 kilometers.
,-,

Exposure to very large and small numbers are frequent

experiences for students using calculatOrs. In their

Fez:-3ire to handle large and small numbers, they see a need
/

fr a working understanding of such ideas as exponents
__-

ah.: scintifjc notation., There are many calculator

ativities. which support this understanding. For example,

:1t,_Idents visually get a feeling for exponents and

Ixiionential growth by entering a number greater. than one

an2, then repeatedly pushing the m key. Entering 10

ai:1 tnen repeatedly pushing the key displays the

182
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1 1,
decimal names for 10, 1, id' 16'4' Yd' Y6 , and so on.

Entering 10 and counting the times the Ixf button is

pushed gives additional meaning to wny (103)(10) =107.

Finding a way to use the calculator to multiply

367,000 x 37,420,000 prepares students for

367 x 103 x 3742 x 104.

By using their calculator, studentS gain confidence

in their ability to handle and interpret large numbers.

A recent publication stating that for every baby

Lorn in the United States, our planet will eventually

nave to provide:

210,000,000 liters of water

79,000 liters of gasoline

22,330 kilograms of meat

220,000 kilograms of steel

1,000 trees

took on a greater impact when-students multiplied these

figures. bythe estimated annual in-eLe.se 'in the population

of the United States, 3,759,500. Using.their calculators,

students realized this means an eventual claim on our

planet for:

789,495,000,000,000 liters of water

297,000,000,000 liters of gasoline

83,949,635,000 kilograms of meat

827,090,000,000ki-loqfa-Ms of steel

3,759,500,000 trees

Analyzing real data with the help of a calculator is

an excellent means of helping students acquire a firmer

rasp of how mathematics is useful in interpreting

events around them.

1 o 3

24



METRIC GEOMETRY STRAND. The use of the metric system

and the calculator should make the study of selected

topics in-geometry more interesting for students as

they apply measurement and computation ideas to finding

out about the world they live in. Decimal names for

rational numbers and the ability to compute with real

world data means students can-experimentally develop

many geu-etric concepts and relationships.

For example, students with metric tapes can measure

the circumference and diameter of tin cans and then use

their measurements to compute an approximation for pi.

With the aid of a calculator, they can easily perform

this 'activity for man d ff rent size cylinders, making

the generalization of how circumference is related to

diameter more obvious. Metric tapes, calculators, and

an assortment o containers are pieces of equipment

lOr activities to replace flat textbook drawings.

Making a gamelOut of first estimating the volume of

cardboard beXes and computing the volume is another

exampll.. Yet another example is having students

investigate how doubling the height or radius affects

the volume of a cylinder.

PRE-ALGEBRA STRAND. The calculator should have an effect

on how many pre-algebra topics are taught end learned.

Most junior high students are familiar with the

"machine "-idea of a function as seen in textbook pictures

and diagrams. Students who enter a number and then push

3 ca see that given a certain input, the

caicLliator can display only one output, and that the



output depends on the choice of-the input. Using the

calculator code a rTT 3 1=1 b, students. can enter

large-and small numbers in the calculator and quickly

generate a s6t. of (a,b) ordered input-output number

pairs 1

A variety of calculator codes, both linear and

non-linear, are possible for students to investigate.

The graphing of functions also becomes more exciting

with the use of the calculator. Students can put random

numbers in the calculator for a 3 b and see

if the ordered pairs result in points on the same graph.

These calculator _graphing experiences lead naturally to

a discussion of; the domain and range of the function.

Once students have calculator code.. experiences,

they are ready for a more traditional algebraic represen-

tation of the functions. With a little experience,

LTstudents can easily decipher a 3 7 b as 3= b

and a C:1 3 115, 7 (211 b as 3 a+ 7= b.

Traditionally first experiences with equations use

the basic 4, x, and 4. operations with whole numbers.

With the calculator, students who are asked to determine

the input number for a rTf 3 CE1 5 g .085 are forced

to use the "doing" and "undoing" ideas of.solving equations.

:yy having already exPerienced generating output numbers
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(the doing process), they are quick to realize that

.085 L.. 5 XI 3 J a (the undoing process) is the
a

calculator code for solving the equation -5. + 5 = .085.

,

Attempting to use a calculator code to solve

3 a + 7 e a = .45 can lead students to rewriting the

equation as 10c a = .45, thus giving a fresh approach

to their understanding of the prOperties of rational

numbers.

The use of calculator codes may seem

like an unorthodox and even alien approach to pre-

algebra topics at the junior high level. But for

students who are still in the process of developing

their mathematical experiences, the calculator can

make finding out about such topics as functions, graphs,

and equations an excitingiand meaningful experience.

PROBLEM SOLVING. A major purpose of junior high

mathematics is*to develop a student's problem-

solving behaviors.

Typically the student's exposure to problem

situations is a textbook word problem in which the

major .task is to determine the appropriate mathematical

operation--should I add, subtract, multiply, or divide

.with the numbers? Since textbook problems usually

appear at the end of a set of computation exercises,

they are often more like a computation exercise than

.a problem to be solved. But in real-life situations,

sucra Jas determining what per cent of the automobiles

nn
1.00
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driving past the school are violating the speed limit,

,2empatation is only one of the steps in a sequence of

problem-solving stages.,

These stages have been identified and can be

listed in student's words as:

--Getting to know the problem

--Deciding what to do

--Doing it

-- Thinking about what you have done

Jetting to know the problem- is in many cases being

abie to r:2state and recognize the problem in terms of

tie student's ownexperiences. Once the problem is

recognized, the task is to put into motion a

strategy to resolve it. For most students, this

"deciding what to do" stage is to use computation to

salve the problem. There are, however, other problem-

solving strategies that students may need to solve real

world problems. Using guesses, using models, using

graphs, using equations, using tables, using diagrams,

and using resources, are some of these other strategies.

The "doing" stage of the problem-solving is putting

:rite-; action a single strategy or combinations of strategies.

since the "doing" stage of the problem-solving. process

-;enerally involves computation, it's at this point that

the c:alculator can-make it's impact. If a student comes

the problem situation feeling mathematically insecure

cause of limited computational skills, this unnecessary

intimidation diminishes chances of solving the problem

137
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and greatly affects overall problem-solving behavior.

It is also the calculator that makes the "thinking

about what you have done" stage of problem-solving

possible for many students. With the calculator,

students are more willing to recheck and verify their

solution and at times even extend the problem to find

out more about the situation.

For example, studentsused hand-held calculators

to compare the populations of North Dakota and Rhode

.Island. Knowing that North, Dakota has an estimated

population of 642,000 and an area of 183,065 square

kilometers, some students. computed the population

density of North Dakota and found it is about 3.5

people per square kilometer. They also computed the

population density of Rhode Island and found it is

about 302 people per square kilometer. -Students got

a better understanding for what it's like to live in

North Dakota and Rhode Island when they used their

calculator and extended the problem to find that about

55,000,000 more people would have to enter North Dakota

for that state to be as densely populated as

Rhode Island.

Junior high mathematics programs should offer

students the opportunity to improve their problem-

s-_-)lving behavior. This means there should be a greater

erg)hasis on problem-solving in the junior high grades.,

The hand-held calculator will play an essential role

in this shifting emphasis.

188
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THE SENIOR HIGH LEVEL

Roles the hand-held calculator will play in the

high schools of the fixture- should reflect the varying

needs' and aspirations of the students. Students will

e considered in three categories: (1) those pursuing.

and reviewing the most fundamental principles of math-

ematics needed to be knowledgeable consumers and citizens;

j those seeking to extend their understanding of the

,juantLtative and spatial relationships needed for

ie,::.1.,cn-making; (3) those who will continue their

.study 6f mlthematics in post-secondary education.

Students currently in the first category are

enrolled in remedial mathematics classes in which

Cputational proficiency is sought, but seldom

,Attained. In the-future, the goal of proficiency

with paper-and-pencil methods can be abandoned.

:,-tudent dependence on the calculator is preferable to

the alternative, viz., reliance on an imperfect mastery

the computation facts and algorisms. The cost of

a '.calculator itself and its upkeep is a small price to

for the power gained. .Very likely the calculator

ieif will i)e no more cumbersome than a pocket watch.

mathematics curriculum for these students must, of

be drastically changed. Students must master

in using the calculator with the basic

:'perations--addition, subtraction, multiplication, and

t.-ivision. Complementing instruction in the mechanics of

16
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using the calculator is. instruction in certain recording

skills which are needed it more complex, multi-step

problems. Although these skills are prerequisites for

further study and for life itself, they should not be

prominent in the curriculum. Some students will already

have the requisite skills and otherswill .acquire them in-

just a few hours of instruction

With computation skills enhanced by the calculator,

students are free to explore mathematical activities

designed to build their problem-solving competencies.

Activites should center on mathematical understanding

as well as practical applications. A few selected

examples illustrate use of the calculator for these

students:

Project: Compare the cost of

traveling alone from Chicago

to New Orleans by car, by bus,

by train, by airplane.

Data gathering is left to the students or a team of

students. The calculator is used to add distanceS'i,

determine fuel consumption and costs, and so on.

Another example shows how the students might use

a simple, given algorism for the calculator to salve

per cent problems.

0
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30% of 45 is

45 (XI 30 [EL

The display shows 13.5

30% of 45 is 13.5

Complete these:

30% of 150 i

25% of 70 is

Another type of practic 1 application suitable for

students with_a calculator i illustrated in this example

of algorismic presentation.

To find fuel c nsumption rate,

Enter: Xilome ers traveled

Press:

Enter:

Press:

Liters
f

gasoline used

Display: Km per liter

Calculate the km liter for these:

230 km, 21 liters

315 km, 34 liters

A practical application typipal of many confronting

householders today is illustratedin this example.

IDI
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Project: Select from a mail-order

catalog 5 items you would like to

buy. Complete the order blank

including the postage and sales tax.

Another example of practical mathematics made

functional by the advent of the hand-held calculator

is the traditional better buy problem.

Two 60-watt bulbs are available.

One is rated at 600 hours and

costs 39. The other is rated

at 800 hours and costs 49.'

Which is the better buy?.

Helping the student become a wiser consumer is one of
./

the greatest services mathematics/can provide the student.

Instruction for the students in the first.category

is probably not best organiz-od in traditional full-year-

/ courses. Instead it may better be organized in short

courses or units, none eXteeding one semester duration.

A student could take several such courses during the

high school years...

Students currently in the second category, if they

,_re in mathematics, are usually in courses in general

cr consumer mathematics. Some are mispladed in the

analysis sequence; many take the minimum courses. A

relevent curriculum ..and materials is not available for

the students in many present-dayschools. A wide variety
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of materials are needed to meet the various interests
/

of students. These /might be' called mathematics units

for general education. Many of the students will

continue their education in colleges or vocational

technical schoOls. The instructional activities miyy

best be Organized in a variety of short courses, none

more than o ec-semester lon. The needs of future

mechanics /artists, plumbers, school'teachers, and

retailets are diverse but can be ac ommodated in

specialized courses.

Uses of the hand-held calculator are ex plified

in these illustrations:

'Foundations of Mathematics Short Course

Solve: 23x + 115 sa 966

The foundations students with their calculators may use

a guess- and - test approach to solve the equation.. However

as they encounter othei equations of the same form,

perhaps with non - integer' solutions, the need for more

sophisticated methods/becomes apparent. The calculator

provides the studentS with the power to explore their

hunches and to test:their Conjectures.

Geortletry Short Course

Use '1.1e distance formula to

find he length (to the

neares\t hundreth) of the

segment joining points

(3, 7.3) and (9.7, 20).

193
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. The calculator with a square root key allows the

student to 'perform all the calculations rather easily
.

and to focus attention on the geometric relationships.

Statistics Short .Course

Measure the length of the

twenty pencils in the box.

Calculate the mean and

standard deviation of the

lengths.

Materials needed: 20

pencils of assorted

lengths.:

The calculator allows students to perform experiments,

generate their own data, and operate in the real world. If

the-measures, yield awkward data, the student is undaunted;

the calculator can handle it. The student has more time

to concentrate on the statistical concepts.

Short Course in Finance

Find how many years you must

wait to have $1,000 if yoU

invest $500 under these

conditions:

a) 6%, compounded quarterly

b) 9%, compounded quarterly

c:) 12%, compounded quarterly

194
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The calculator allows the student to experience

firsthand the effect of the rate of interest on the

doubling time. The student has a tactile and visual

experience as well as an intellectual one. Graphs and

tables become summaries of the experience, not beginning

points.: Tedious calculations with logarithms are no

longer necessary.

Short CoUise in Finance

You buy a 'car for $3500

and agree to pay $150 each

month. You re charged

interest at the annual

rate of 12% on the balance '

,remaining each month. /

Prepai7e a table showing /

the balance remaining foi

each month. What is th3

total cost of the car?/

The problem above is quit 6 manageable with a'hand

held calculator and almost imPossible with penciland-
/

paper methods. Because of its practical relevande to

high school age students, the prOblem could alsoJbe

included in a course in Consumerism. Here's ano'her

simple example:

195
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Short Cours' in Consumerism

You can boy potatoes at two prices:

a). 3 k for 89 or

b) 8 g for $2.09.

Beca e it takes longer to use,

10% of the larger quantity is

to/t to spoilage. Which is

e better buy?

The use of formulas is a part of every person's life,

whether it preparing a tax form or reading an actuary's

handbook. A simple'example is given below:
I

Short Course.in Mechanics

Use the\forMulas:

Ampers = Volts/Resistance and

is = Volts x Ampers

calculate the amperage and

,the resistance for these

appliances using 110 volts.

'4-slice toaster

'Light bulb

Heating. pad

Coffee maker

Electric iron

1600 watts

60 watts

72 watts

600 watts

1200 watts

II' student using a calculator can perform all

calcul tions quickly and 'accurately. Fear of mathematics,

whexrimathematics is synonymous with computation, is

remo ed and the student is free to work on more important

thi gs. This change in focus is possible whether the

198
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course be one in mathematics itself or a mathematics -

related unit in social studies, business or science.

The third category of student, one who will continue

studying mathematics after .graduating from high school,

is better ,accommodated by the present-day mathematics

programs than students in the first two categories.

These students typically take two courses in algebra,

one in geometry, plus a fourth-year course. Although

the calculus-preparation sequence will undoubtedly

undergo considerable change in the coming years, the

remainder of this p4er will consider the effect ofiho

hand-held calculator,on existing courses.

In the first course in' algebra, students typically

study systems of linear equations in carefully controlled

settings. The equations- are written in standard form,

with two variables havinginteger coefficients. The

solutions are pairs of integers or simple rational.

numbers. The most difficult systems of equations the

student encoUnters include fraction coefficients; some

may experience very simple equations in three variables.

Although students may reach the level of generalization

in which they solve systems of equations with literal

coefficients, it is,very difficult for them to solve many

equations which they write' for themselves or which arise

in real-world situations.

The-advent of the hand-held calculator. allows instruction

to focus on some aspects of the topic which have previously

been unattainable for many students. No longer is the

awkwardness of solving and checking systems of linear

equations with rational coefficients an insurmountable

barrier. At long last students may encounterii)ractical

19'
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applications of their study. Having reached the stage

of 'generalization, they may now,' in fact, solve any

system of two equationS in two variables. No longer

need the solutions be restricted to simple integers.

Large numbers and decimals may be solutions from the

beginning. Freed from computational restrictions,

teachers and students may indeed focus on the concepts.

The principles used in solving systems of linear equations

remain the same but now the principles are functional.

Simple guessing or graphing approaches may still be used

to provide an overview to the topic but they will soon

prove to be inadequate in solving. typical problems. For

example, early in the study, the student may be asked to

solve the system:

2.7x - 1.03y = 28.418

31.4x - lly = 451.24

To find the solution (57.6, 123.4), the student must

understand the pri7ncipies of algebra and operations w' h

rational numbers, but computation hurdles are remove

This equiVale4t System is easily obtained with the

hand-held calculator; i

/

29.7x - 11.33y = 312.598

32.342x - 11.33y = 464./772
/
/

Thy division needed to solve 2.642x = 152.179 is now

e sily ac omplished in a matter of seconds. With pencil-

nd-pape methods, the division would be horrendous.

Whether the solution x = 57.6 is correct' cannot be

verifi d by. inspection. Judgment must await the ultimate

test;, /does replacement of the number pair solution in the

39

198



original equations produce true statements? The check

is no longer a trivial mental exercise, often ignored,

but becomes an important final step process. If

an error is detected, the student has time to correct

it. A common type of error, computation mistakes, is

practically eliminated..

Why do graphing problemS avoid the skills needed

to solve many practical problems? Students seldom must

make decisions regarding the scale to use but instead

they fade only simple equations such as y = 3x - 5

where the y-intercept is an integer close to zero and

the slope is at worst a simple rational number. Until

the calculator was available, an equation such as

y = 1.07x + 54.-6 was generally excluded from experiences

in graphing because of the computational difficulties it

posed. To generate number pairs for its graph would tax

even the most able student. With a hand-held calculator,however,

any algebra student can quickly generate several number

pairs and verify the linearity of their corresponding

points. Freed from computational drudgery, students

can graph any line. Other, more important skills Will

become the focus of the class. Even the graphs of

higher degree polynomials become 'accessible to algebra

:.stUdents equipped with hand-held calculators.
f

Like their linear counterparts, graphs of quadratic

/I/f nctions and solutiOns 6f quadratic equations may be

ade more like real -world examples. Unlike when working

ith linear models, lloWeVer, the student will find that

a calculator equipped witi a squa*re root function. is

eE,pecially useful. Many inexpensive calculators come

199
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equipped with the square root key; early'll moderately

priced models do. One scientific ()del wou1 t:. meet the

needs of a classroom. With hand- eld calculator:

available, teachers and students hOuld quickly move

toward the quadratic formula as jEhe method used in

solving quadratic equations. F ctoring techniques and

the completing-the--square meth q should be used only as

/)
long as needed to develop the /quadratic formula. Long

an overused and archaic meth0d, factoring quadratic

expressions should be given/little time in the algebra

classroom. ,

i

/

Although the study f logarithmic functions could
,

become an interesting uhit,with practical applications

in an algebra course, with calculators available a

different emphasis is needed than has commonly been the

case. With scientific calculators available in the class-

room, logarithms as computation aids are now outmoded.

Computation needs are better met by the caloUlator. As a

mathematical model, however, the lorarithmic function will

be quite useful to the mathematics student.

Exponential functions are made much more understandable

to the student with a calculator. Laws of exponents are

easily taught inductively. Many experiences can be made

available in a short period of time with computation done
e2on a calculator. Practical applications which were avoided

when students used tables or logarithms now are routinely
.

.
\

.

.

within their grasp. An example illustrates this poi4t.

,

/
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Find the value of a $500

investment after 10 years
3

when invested at 5-4-%
.-4

compounded quarterly.

Even the simple. hand-held calculators can easily

fin 500(1 +
..0575 40.

4

Sci ntific models can find the answer efficiently. Even.

the pesky zero-,exponent difficulty is more teachable.

In the second course in algebra computntiOn has

seldoM been a problem. Solutions have often been left

in co utatiohal form, sometimes using non-decimal

notati such as Tr, ei and expressions using radicals;

logarithms, exponents, and trigonometric symbols. Now,

if it fits our purpose, with the aid of a calculator

these expressions may easily be converted to standard

decimal notation. The distinction between the irrational

numbers and their decimal approximations could be a topic

of study; in problem solving, however, there is no loss
,

of utility when eight-digi't approximations are used.

No longer must trigohometric expressions and

applications be controlled to avoid computational

difficulties. Simple calcOlators provide more than

enough accuracy to be used with standard trigonometric

tables. Scientific models generate the trigonometric

functions of radians or degrees with the press of a button;

no tables are needed. The student with a scientific

201
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calculator could verify the accuracy of. commercial tables

and investigate further the:Series used to generate them.

By dividing the length of each-side of a triangle by, the

sine of the angle opposite it, the student with a calculator

may inductively be led to discover the Law of Sines. With-

out a calculator the computations would be too time-consuming

to make the experience worthwhile.

The Law'of Cosines becomes a more powerful and

meaningful principle to the Student when it can be

applied to actual problem solving situations. No

combination of numbers is too difficult to handle, even

on the simplelmodels.

The graphs of composite trigonometric functions

become accessibl to the student with a calculator. For

example, y =snx+ 2 cos x may be plotted, point-

by-point, and it features examined. Period, amplitude,

and frequency ma bd,studied inductively through manj

experiences made available through the calculator. I

The solving of polynomial equations beyond the!

second degred becomes feasible with iterative techniques

and a calculator. The principles long used to locate

zeros of, a polynomial become functional as the student

applies the principles to find the roots of equatiqns.

Direct or synthetic substitution may be used to evaluate

polynomials quickly so that even graphs of polynomials

with non-in',egral coefficj.ents are within the reach of

students using calculators. The effect of various-

parameters can be explored with the drudgery of compUtation

removed.
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Applications of conics would not have to be fabricated

to fit a simple mathematical equation. Actual orbits

of plan is, cross sections of headlights or roadbeds, and

pa of f-projectiles become a source of actual problems

that students can solve.

In geometry courses, teaching may now include more

inductive and empirical methods. Consider this examplel

On scratch paper, draw 10

triangles in a variety of

sizes and shapes. For

each triangle,, (1) join

the midpoints of two sides

and (2) divide the length

of this,segmentby the

16ngth of the third side.

Write a conjecture based

on\ this experience.

The empirical data may lead to a hypOthesis which is later

proved deductivchy. Another example illustrates the same

point.

Draw eight circles of different

.sizes. For each circle, (1) draw

two chords which intersect inside

the circle and (2) calculate the

product of the lengths of the two

parts of each chord. Write a

conjecture based on this experience.
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The calculator provides a valuable aid to the study

of many topics in analytic geometry. Use of rati/And

proportion is routine on a calculator and the s,,ddent

and teacher are freed to-eencentrate on the encepts.

When 'area and volume computations are ha led with a

calculator, greater attention can be gin to units of

measure and-to relationships ajnong the'figures. The

distance formula in either two- or ,iree-dimensional

spaces becomes more functional W.th the aid of even a

simple hand-held calculator.\ Applications of the

Pythogorean Theorem are routinei.y handled.

In courses where determinants are calculated, the
,

hand-held calculator will be a valuable _aid.. Probably

only whenprogrammable calculators are available would

much time be given to evaluating determinants of the

third and higher order. tntpies in matrices could better

fit real-world situationsycomputational difficulty no

longer would be the controlling factor.

Contemporary courses or units in probability and

statistics suffer. without the availability of calcultors.

Problems are often controlled or contrived to keep

computational difficulties within the grasp of students

using pencil-and-paper metL.lods. Consequently, students

have little confrontation with real-world problems. With

calculators, however, students can successfully find

means, vexiation, and cortelatons of gets of data of

revelance to theM. The-princis of the 'course ,become
4

the focal point.
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As in the mathematics coUrses, calculators should

be a common tool in many classrooms. The science teacher

76no longer need bemoa\n e lack of computational skill

in science students. With calculators available to

handle the computation, the science class is better able

to deal with the .concepts of the course. Science teachers

and mathematics teachers should be better able to ,correlate

essential aspects of their courses when computation

.concerns are lessened.

Students in business and social studies should have

free access to their own or the school's calculators.

Quantitative aspects o. 'courses should-gain veater

prominence with computation hurdles lowered.. Examples

from the 'real world may be used., bringing greater

relevance to the classroom\and increasing student

Motivation.;

-- Perhaps special mention sholhld be made of the role'

c of the calculator in testing. \Sihce the calculator will

become an integral part of instruction and an indispensable

tool, of the students, their use should be allowed during tests.

The only exception would be when the subject of the teat

is computation itself. To not allow calculators to be

used on tests in future would be as senseless as not

-allowing the use of pencil and scratch paper today."

The use of calculators on tests has implications

for the,test writer. Care must be taken to be sure that

students use the intended technicitie. Consider how a

student armed with a calmilator might solve this multiple-'

'choice item:---
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What is the solution set of

2.53x + 1.34y = 15.017

1.16x - 3.97y = 1.384

A) .11(7.2, -2.40

B) L(3.2, 5.4)3

C) 20.3))

* D) L(5.3, 1.2)1

j The student could check each of the four responses in

the two equations until the correct solution is fodnd.

So the astute studenecould correctly answei-the. question

without knowing ho407 to solve a system of lineat equations.

This slightly different, item is 'better suited .to the. class

with calculators:

What ls the value of x in the

solution set ;of

2.53x + 1.34y = 15.017

1.16X 3.97y = 1.384

TO 7.2

B) 3.1

C) -4.8

* D) 5.3

Of cburse the concept could easily be tested c4roctly

with a short-answ r item:

(,

,,What is the solution set of

2.53x + 1.34y = 15.017

1.16x - 3.97y = 1.384

20G
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With computation needs met by the calculator, tests

may be more comprehensive than previously and focus on

the'principal concepts.

SUMMARY

1 The calculator is inevitable.

a. Cost is below $10 for basic machines,

b. The per pupil cost is less than the

present textbook costs.

c. One out of five adults already hes-a--

calculator.

d. Within a few years nearly every adult

will have a calculator.

e. Every student today has a calculator-

in his future.

The caldulator will affect'the present curriculum.

a. The present curriculum is based.on pencil-

and-paper computation. A lesson that takes

.fifty,minutes with pencil and paper may

take less than ten minutes with a

calculator.

b. The existence of the calculator affects

the computation "need to know" level tor

all students. We no longer-need to

spend time to try to get all students to

divide a five -digit number by a three-digit

number fr example.
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c. The calculator., and the metric system

makes the decimal fractions more

important than the common fractions;

d. Many concepts' can be better taught

using a calculator. Examples include

estimation, mental arithmetic, large

and small numbers, and problem solving.

3. The calculator is a great equalizer. Students

who could hot learn matheMatics because they

could not compute can nows.learn when the

development is supported with a calculator.

CONCLUSIONS

ri

1. Materials

a. The existence of the calculator 'and its

implications fOr the curriculuM require

the development of new software at all

leVels.

. New course offerings that better meet

the needs .of various subsets -of the

student population are possible tecauS0

of the existence of the calculator.

For example the dilemma presented by

the usual general mathematics course

may be solved when all stOdents can

use:the calculator. :

,

cN. New materials need to beicreated'that

focus'on the development / of general

objectives. It is, not trough to determine

1
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if the calculator i5 goo or bad.

Rather we,need to find how to use it

to teach concepts such as decimals,

estimation or problem solving.

2. The teacher

a. All teachers should be encouraged to

1

experiment with the use of the calculator

in the classroom. Experience will help

the teacher make wise and proper decisions

in the future.

b. Teacher educators should be encouraged

to use calculators in pre-service classes°

for teachers.

c. Inservice courses in the use of

calculators to,teach mathematics

need to be developed. Unless the

teacher is ready, materials will not

be effective.

3. Evaluation

a. Experimentation in the design and

development of evaluation materials

using the calculator should-be included

in present 'evaluation efforts,

b. Present paper,and-penciltests need. to

`be modified to recognize changing

curriculum objectives.

20'9
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c. Evaluation inst uments need to be

developed to detlermine the

effectiveness of programs using the

calculator. '

d. Evaluation of calculator Use itself

will also require new instrumentation.

A. Parents

Any general change of the curriculum should

involve the public. As the public become

general users of the calculator and as they.

recognize that the calculator is being used

to teach the basic Objectives better,

support of the use of the calculator in

schools can be expected. If this information

is not cummunicated, one can expect

considerable resistance, to the change

the.calculator implies.

5. Research.

The calculator itself is neither good nor

bad, As with any other tool we need to

find out'when,and how it can be used

effectively. Studies designed to assess

the effectiveness of teaching using the

calculator with textbook materials designed

for pencil-and-paper skills are likely to be

of little value. On the other hand,

experimental studies with specific objectives

and with :specific software need to be

carried out at all levels. These experiments

will -give guidance, not to whether calculators

are good or bad, but to how they can and

should be used.
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/
JiANDHELD CALCULATORS AND.POTENTIAL REDESIGN \\

/ OF ;THE* SCHOOL MA HtMATICS CURRICULUM \\
/ .

I I

qb recenVyears a number of new techniques and

/ / by

H.O. Pollak
Bell/Laboratories

Murray ttill,,New Jersey

devices to help w th teaching have come along, have enjoyed

/ a brief period o, enormous and somewhat uncritical enthu-

7 siasm, and then have been added in a limited way to our

arsenal of ava 'lable pedagogy. These include, to name just
/

/ a few, progr d instruction, films, modular scheduling,

and compute assisted instruCtion. It is not entirely

unfair to ,ecall that some of-these were announced initially

by their evotees as the solutions to all pedagogic problems.

In their first wave of excitement, proponents included many

gIoriou things that _they could 4o with these new techniques,

and in/Particular how these could replace or unburden the

teac4r in one or an ther of her many functions; This human

enthusiasm is perfe

it. TUis, howeve

maticians looking

in exactly the sa e

missionary ertthu

taking a deeper

tIy-natural, and 1. do not wish to belittle

Unfd4tunate that in many cases the mathe-.

t these new pedagogic techniques. reacted

uncritical spirit, that is, with either

iasm or uncomproMisinr disdain,' rather than

look at the problem. /For example, when the

wonderful new bility to Make fiLms for matheMatical purposes

became easily vailable -- along with suitable funding --
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many mathematicians joyoi4sly jumped in. They thought: of

all sorts of beautiful phenomena they could show on film

and they had a wonderful ,time. Unfortunately, and it is

very much easier to say t is in retrospect than it would

have been to say it at the time, mathematicians did not

choose to ask the probably\more interesting question:

What are the most difficult pedagogic problems we have

in mathematics education and how can films help us over-
,

come these? If we ,hcad stopped to consIder the problem

from this angle, we might have made films on conditional

probability or curvilinear motion, or. even a brief
2-

segment of animation .to help witlr)that nasty problem of

the-volume of intersection of three mutually perpendicular

cylinders; rather than making films on area and limits.

.
The latter are perfectly fine topics, but it is not clear

that there is much marginalgainor film over a black-

board. In hindsight, wemigh,t have heavily.emphasized

three dimensional and motion problems in our films --

that's where the blackboard really can't compete.

We find ourselves at this time with the great

opportunity,opened up by another pedagogical technique,

another device to help 'us with our teaching, namely the

land-held. calculator. Once again it is perfectly- natural

to discuss all the glorious things that you might be able

to do, and all the ways in which some functions of the

teacher might be replaced. Not unnaturally, given the

213

0



previous paragraph, I should like to urge consideration

of the other side of the coin. What are some of the most

diffidult problems we have in teaching school mathematics

with which the calculator might help? To keep you from

reaching the immediate prediction that this might be the

empty set, let me give an example. I arrFtold that we

often have great problems in teaching the notion of a

function. It is difficult for the students to get a ! ,
.

.

,

clear'hold of the Idea that what matters ("in the simplest

case) is that when a number goes in,' a single number comes

out,'infact the same number every time. Wetry to get

the students to realize that any way of describing how

the number that comes out is related to the number that

goes in is perfectly fair game, and leads to the same
,.F.

function. For example, we may describe the 'unction by

a table, or by a graph, or ,as. a' tory in words, or by a

formula, or by an arrow diagram, or -various other

things that people have tried. I think that one more ,

useful device in this collection will turn out" to be' the

hand-held calculator: 114'function can also be described.

by a fixed routine which you follow on the hand-held

calculator, a determinate series of buttons to push and

things to do at the end of which the -number you want

comes out. The calculator approach may also help to

prevent the misconception that, a.function is a formula.
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This may seem like a relatively small improvement,

although I believe strongly that the physically active

nature of this-approach'will make it the best approach ta

functions for some, students. However, in a particular

piece of the problem, namely that of inverse functions,

I can see the possibility of a real improvement for every-

body. My impression is that our analytic ways of describing

inverse functions have often gotten bogged down in notation

and have been difficult for many students. After all, the

. statement g(f.(x)) = x is a little much for the student who

is still very, uneasy about f(x) itself. Reflecting the

graph across the line y = x is also difficult for those
, .

students who are struggling with variables and what, they

c mean at the same time they are fighting the f(x) notation.

The hand-held calculator provides an opportunity for the

stuaent to underStand inverse functions by actually v,

experiencing the process. The original function starts
\

,

out With a number and gives; us a second number. The ,

\

inverse function takes second number and gives back

the original You can, of course, see this immediately

the uSe cf k' and v/7 keys, of the exponential and

logarithmic keys, or the keys. for various direct and

inverbe trigonometric functions. But there are many

fancier but revealing things you can do. The inverse

t;o
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The inverse to

is

y = 8x3 36x2 + 54x 27

1
x = 7 (y

1/3
+3).

x
y = sin

1+x

arc sinx=
1 3- arc sin y

My hunch is that if students experience the transfOrma-

tion of numbers by such pairs of progtams on the hand-held

calculator and see. hew it all comes out they will get a good

undetstanding of inverse functi,ons, one that is'hard to

obtain any other,way,

Besides the areas associated with the understanding

of 'functions there are many others which immediately come to

mindin_which the hand -Yield calculator, might lead to real

pedagogic advantages. To name a few, we might now be better

able to .teach iteration methods for solving simultaneous

linear equations, latel" on, some more general.non1inear

-64uations. In the learning of probability, the hand7held

calculator might/greatly increase the variety of experiments

Which can be the source of data to be studied and used as

illustrations in practical statistics, data analytic

computa4onS might become more accessible. So might linear

2 1
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programming. This list is not meant_ to convey any lengthy

consideration of the subject.. It is simply to confirm the

notion that there are pi ')ably many mathematical topics

with real pedagogic difficulties where the hard -held

caiculator-rqielt help.

If further reflection indicates that a rich

variety of such opportunities actually exists .as I

believe it does this opens up the possibility \to

. rethink the curriculum 'in a much broader sense. I'believe

that the curriculum should be based in a fundamental Way

on two.partial orderings, one of which is.essentially%
, 1

supplied by the discipline and the other by society. The

partial orderings I have in mind are those of prerequi ites

and Of 'importance. It is in many cases true that one mathe-

matica topic really has to precede another, and the design

of the curriculum must take this into account. It is up to

the experts on the mathematical and pedagogic sides of the

house t. make clear the existence of such prerequIsities,

althoug it is' worth pointing out that these experts some-.

times c ange their minds. Par example, we had always

assumed that work with fractions must precede anywork on

probability. When we finally realized that probability

is perha)s the best available motivation for work with

fraction,, we began to experiment seriously with;the

opposite order. -This does not, however, detract from the

point L iere is among mathematical Lopics, or clusters
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of topics, a partial ordering of prerequisites. Within a

cluster, different orders may indeed be practical. The

second partial ordering, as I have indicated, is one of

importance. There are some mathematical ideas, topics,

techniques which are more nearly essential than other..'; for

the population as a whole. For example, to take a simple,

but not altogether untimely, case, T would maintain that

(probability is more important for the population at large

/than the division of doolynomials. Unfortunately; not very

long ago we' taught division of polynomials in the (11.1:1 grade'

and did not teach probability until much later if at all.
3,

Division of polynomials is probably needed for the first

time for partial fraction expansions in secrtd year caleulup

I (thatis the prerequisite side of- the argument) and not very

important in its own right; probabilit is probably needed

for the first time in the, element y school and is enormously

important for .everybody. Of course, these were probably not

common opinions when the tradi anal mathematics curriculum

became solidified. But societal needs, and-societal views,

of the mathematical)sciences, have a way of changing, and

they influence the mathematics curriculum through this

second partial ordering of importance.

If .my views on the pedagogic possibilities of

the hand -held calculator are realistic, then hand-helq

:calculators Can_have a major effeCt on both,thr partial

orderings we havo'been discussinp.,. The ability to latrid!,.
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numbers and functions, and algorithms in new ways will

loosen and even alt6r some of the prerequisites we have

always telieved. We will be able to use the ability, to

work with division of numbers and with trigonometric

, functions and with exponents and logarithms as motivation

for a deeper study of these topics rather than having to

insist that the study must precede anyjractical use of

the 'functions and techniques. Not that we will necessarily

always want to do this. However, the possibility

inverting the order of experience gives us a flexibility

to reconsider much of the curriculum. Similarly, the

hand-held calculator may allow us to take up 'a number of

topics early, topics which are of great importance to

various populations but Which we have not been able to

aPproachr-previously. These are, for example, some of the

mathematical topics which we mentioned previously and with

which we have had pedagogid difficulty in the past. To

mention just one, if sdme rudimentary ways of looking at

data are more important to everybody than factoring, then

we can with the, aid of the hand-hel_d calculator perhaps
, .

do data analysis earlier and mbre successfully, and demote

factoring to a lass prominent position

There is no obvious single way in which the

community which plans for education in the mathematical

sciences must organize itself to take advantage of the

new opportunities deriving from Lhe easy availability of

21; 9



hand-.held calculators.: Let me, however mention just one

possibility. It might be sensible to have a conference,

in the general pattern and scale of the Cambridge

conferences during the previous.decade, to reconsider

vthe schOol curriculum with this new point of view in

mind. I am not saying that the same mix of backgrounds

of the participant in the various Cambridge conferences

is necessarily optimal; in fact, we will need,a greater

proportion of people knowledgeable in the many aspects

of mathematics eduction that the first Cambridge con-

ference included. However, a month in some rel'atively

secluded spot, with day- and night-long churning and

bubbling of ideas,,is not a bad way to proceed although'

admittedly nontrivial to organize. Out of such a

conference could come a blueprint t help guide the

pattern of the evolution of education in the mathematical

sciences for the near future.
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What should be the nature of school mathematics(curricula vis-a-vis the

calculatoel and its instructional potential?

There certainly is no simple, single answer to that question. And it is

just as certain that ultimate answers to the question must come in no small

measure from research, viewed broadly in the sense that "Research is controlled

incOry" (Suydam & Weaver,1975a). Before considering particular aspects of

such research, I wish to clarify several things.

What Is a "Curriculum?"
i

I have adopted Kieslar & Shulman's (1966) characterization.that "a cur-

riculum refers to the organization and sequence of a subject matter in which

statements about that subject, methods of teaching, and the activities of the

learner are intricately interrelated to forma single entity D.190.. This

is the sense in which Romberg & DeVault (1969) used the term curriculum in

their eiposition of a model for mathematical curriculum research, As portrayed

by Figure 1:

r
Social

Context

Learner

Mathematics
Programs

Madtedatical
Experiences

limr.oh..

Tr I
-1

Figure 1. Mathematical cureiculum research model. (Romberg & DeVault, p. .96)

1 Throughout this position paper I have used the single word calculator to

mean particularly the "midi" or "hand" or "hand-held" or "pocket" electronic

calculator that is of express interest in this project.
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This interpretation is chosen deliberately because it emphasizes both the

scope and interrelatedness of factors that need to be considered in connection

with research on school mathematics; which includes research pertaining to the

use of calculators. A similar stress upon scope and relatedness of factors is

evident in DeVault & Weaver's (1970) framework for discussing major issues

(Figure 2) and principal forces (Figure 3) associated with elementary-school

mathematics, which can be extrapolated readily and validly to higher levels Of

pre-college mathematics. ---

I believe that the expression "a school mathematics .curriculum" commonly

is interpreted, even in the.Kieslar & Shulman (1966) sense, to embrace one or

more grades. However, I find it convenient--and not at all improper--to apply

the term curriculum more flexibly to include a "single entity" that is of much

shorter duration: e.g., a curriculum associated with the addition of non- \\

negative rational numbers expressed in common-fraction form; or a curriculum

that is implicit in a particular 20-minute "lesson" with second-grade pupils.

It is with this more flexible interpretation clearly in mind that I chose

t 'phrase,my overriding question as,

"What shodld be the nature of school mathematics curricula vis-a-vis the

calculator and its -instructional potential?"

This is no longer a question. Rather, it is a host of questions!

A Potential Impediment to Productive Research

"The only thing we have to fear is fear itself" (Roosevelt, 1933).

The greatest thing we have to fear today about the calculator vis-a-vis

school-mathematics curricula is 'the degree of fear that already exists about

the calculator vis-a-vis school mathematics curricula. If you will forgive a

mathematical pun: The nontrivial degree of this fear iS'in no way simply

imaginary, and can be a very real threat to productive research.

There is clear evidence of this-fear in the very nature of many of the

uses suggested for calculators in connection with school mathematics instruction
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1. Why should. we
teach mathematics
in the .eleinentary
school?

2. What mathematics
should we teach
in the elemenrary
school?

3. I low should we
organize and' se-
quence the mathe-
matieS we teach?

J.

4. How should we
organize and
implement in-
struction?

Figure Major issues (DeVault & Weaver, p. 95)

The discipline of
mathematics: its
nature and scope-

Developmental psychology
and learning theory

The mathematics
program within the
elementary school

setting

Nature and _needs of
contemporary society

and culture

Theories of eurriculuM,
teaching, instruction.,

activities and experiences,
strategies, materials,

media

Figure 3. Principal forces (DeVault & Weaver, p. 96)
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and in the caveats accompanying those Suggestions, Let me illustrate.

Consider first the following "position statement" developed by the Instruc-

tional Affairs Committee (AIC) of the National Council of Teachers of MatheMat-

N
ics (NCTM) and adopted by its Board of Directors in September 1974:

With the decrease in cost of the minicalculator, its accessi-

bility:to students at all levels is increasing rapidly. Mathemat--

ics teachers should recognize the potential contribution of this

calculator as a,valuable instructional aid. In the classroom, the

minicalculator should be used in imaginative ways to reinforce

learning and to motivate the learner as he becomes proficient in

mathematics [underlining added]. (See "NCTM and the minicalculator"

in the'List of References.)

This innocuous statement--strikingly unimaginative in contrast to its em,

phasis-upon the imaginative--admittedly "is only a first step in looking at .a

new topic m in mathematics'education." (Additional suggestions from NCTM's

IAC are to be published in the January 1976 issues of the Arithmetic Teacher

and the Mathematics Teacher.) But I find it more than a bit disturbing to gee

such a milquetoasty "position statement" welcomed by, many as gospel. Buck-

walter (1975), for instance, mentioned that "authoritative word came,,ddwn from

the National Council of Teachers of Mathematics. With remarkable foresight,

it pronounced the calculators a valuable instructional tool and predicterk

they're here to stay [p. 13] ."

More recently the President' of the NCTM (Gibb, 1975) has expressed the

following point of view:

How can the calculator be used as an instructional aid to en-

hance learning beyond what we might otherwise expect? . ... One

guide for us all . . . is that we not use the calculator until our

,students have developed a concept of number, a system of naming

numbers, and an understanding of the meaning and processes of the

basic operations--that is, until our students understand what the

calCulator is doing for them. . . creative use of minicalcula-

tors after students' mathematical understandings have been ab-

stracted . . can establish it as a valuable asset among the in-
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structional devices already in today's mathematics classrooms. /

As I scan the relevant professional and technical literature, I find this

point of view to be taking on the characteristic of a reverberation. Judd

(1975), for example, cautions that

Students must have a good background in manipulative math experi-

ences before they can understand the inputs and outputs of the cal-
,

culator. Soit behooves us all to be very careful about putting

calculators in the hands of children who do not yet possess a con-

cept of numbers and their relationship to the real world. . . .

Don't, in short, put a calculator in the hands of a student before

he can use numbers to describe actual events, or before he under-

stands the nature of the processes basic.to arithmetic. Only af-

ter the students, understand the meaning of the functions they are

performing should they be.given a magic box to carry them to com-

pletion D. 40.

Grosswirth (1975) believes that "Unless their use is carefully monitored by

teachers and parents, HHCS [hand-held calculators] can become a mathematical

.crutch on which poor or lazy students lean, to the detriment of their intellec-

tual and mathematical development [p. 99."

I sense that apprehensions'are most acute at the elementary-school level

and become progressively less acute at the middle- and secondary-school levels.

As Grosswirth (1975) has indicated, "Philosophical questions introduCed by HHCS

are of minor significance at the college level D. 90."

To many persons the calculator threatens to violate certain tenets regard-

ing school mathematics learning and instruction--tenets that are adheredto more

tenaciously than I might have expected. Suggestions for calculator uses are

made within the constraints of those tenets (allowing for a comfortable margin

of safety), and any research that might be implicit in such suggestions would

be similarly constrained,

Some other persons, howeVer, appear to be willing--possibly even anxious--

to ,suggest calculator uses that may challenge certain of our cherished tenets.
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A striking example of this is found in the recently released report (1975) of

the National Advisory Committee on MathematIcal Education' (NACOME)of the Con-
,

ference Board"of the Mathematical Sciences (CBMS). In the section of the re-

port that deals exkessly with calculators we read:

while students will, quickly discover decimals as they experi-

ment with calCulators, they will also encounter concepts and opera-

tions involving negative integers, eXpondnts, square roots, scien-

tific notation and large numbers --.allicommonly topics,-of junior

high school instruCtion., ,These ideas will then be unavoidable

topids of elementary schoOl instructiOn: For instance, students

may discover from the calculator that/the prOdudt of two negative

numbers is a positive numberand computational facility with inte-

gers (using the calculator) will precede, rather than follow,.the

careful conceptual development of these ideas [p. 41,.underlining

added]. -

/

This last sentence obviously is in marked conflict with the more commonly

held, more conservative position adopted by the NCTM and. expressed by its

President and by numerous other persons--a position characterized by Etlinger

(1974)-as "the pure- pedagogical view" in which "the calculator must not be used

to replade learning, but rather to facilitate leaping" and in which "The elec-

tronic calculator will be a learning tool in the school programs as are the

abacus . Geoboards or Cuisenaire rods [p. 44]..

I,can appreciate why some organizations and persons take-the relatively

cautious stand they do. But it would be a serious mistake if research on the

nature of school mathematics curricula vis-a-vis the calculator were restricted

to treating it simply as another (albeit powerful) instructional device, tool

or aid, and if that research failed to be influenced to some nontrivial degree

by NACOME's (1975) contention that "The challenge [of the calculator] to tradi-

ditional instructional priorities [and practices] is clear and present [p. 411."
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Calculator-influenced School MatheMatics Curricula

Figure 4 suggests that calculators may have different kinds or degrees'of

influence upon school thematics curricula.

SCHOOL MATHEMATICS CURRICULA

7

CA: Calculator-assisted curricula

CM: Calculator-modulated curricula

Cakulator-based curricula

Figure 4. Calculator-influenced school mathematics curricula

There are some things.for which use of a calculator is inappropriate, such

as curricula-associated with aspects of nonmetric geometry.

I have chosen the expression "calculator-assisted" (CA) to embrace all in-

stances in which a calculator is used in some way in connection with a curriculum.
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The intent of CA curricula, of course, is to facilitate instruction. Thit fa-
_

cilitation comes from use of the calculator itself and at times may be enhanced

by some special feature of the calculator. Consider, for instance, the work-

-sheets reproduced as pages 9-10 of this manuscript.

These are among the worksheets I used recently with two classes of third-

grade pupils as part of our work with unary operators, in which we first took

a "Guess and Test" approach to solving,examples of the forms

+a
b

and r_j
-a

b

where a and b were whole numbers of the magnitudes illustrated. The use,

of calculators clearly facilitated this work. Furthermore, the facilitation

is enhanced when using calculators with an "automatic constant" feature, in

which the operator "+a" or "-a" for a particular example needs to be entered

into the calculator via the keyboard only for the first of the guess-and-test

trials. This CA approach led,to the use of the worksheet reproduced as page

11 of this manuscript, where pupils developed an inverse-operator approach as

a more efficient way of solving examples. In effect, pupils used the follow-

ing equivalence relations involving, unary operators:

+a L
u

-a

and =a b b _224 0.

Again, the approach was CA: calculators were used to solve an example after

transforming it to an equivalent inverse-operator form; then calculators were

used to verify the solution for the example as given originally. In all of

- this work the use of calculators was not necessary; but the CA mode of instruc-

tion clearly was facilitating. Also, the calculator's "automatic constant'

featUre definitely enhances that facilitation for the guess-and-test prdcedure.
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B

C.

D

E

F

G
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*

*

*

*

*

*

*
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*

*

*

*

*

+78'3

+695
*

-549
.413

536

367

*

*

*

*

*

*

*

*

*

*

*

*

*

*

-278

-793
>

+584 1000

1000

*

*

*

*

*

*

*

*
-485

)
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12

Just in case you are curious, examples such as D +794
385 were used dur-

ing the course of instruction!2

2*These worksheets are drawn from my ongoing' third year of activity per-

taining to calculator-influenced explorations (Weaver, 1976), begun during the

1973-74 school year and continued during 1974-75 and into the current school

year (1975-76). This. present activity places a major mphasis upon unary

operators, following some previous years' work with th s approach as illus,

trated by the worksheets reproduced as pages 13 and 14 f this manuscript..

The calculator-influenced exploritions are a direct con equence o; the in-

vestigationsiisted as "References: Supplement C.
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Calculator-modulated (CM) curricula. I shall use an illustration at the

outset to explain my interpretation of CM curricula as a proper subset of CA

curricula.

There is no doubt thatsuitable types of calculators can facilitate

greatly the evaluation of polynomial fundtions such as the following cubic in

which coefficients are understood to be rational: f(n) = an3 + bn2 + cn + d.

At first sight it would seem that a calculator's key would be useful in

connection with the n3 factor of the first term. But use of this key triggers

an internal processing that involves logs, and "x logy" is undefined for

y < O. Yet it is highly likely that f(n) is to be evaluated for values of

n < 0 as well as for values of n O. What to do?

Some algebraic transformation of the function must be made so that use of

the IA is circumtted. One possibility is f(n) =,an(n2 + bn2 + cn + d,

since n2 can be evaluated in one or more ways without using a lyxl key. The

preferred transformation<vis:a-vis a calculator, however, is one involving a

nested parentheses format: f(n) = ((an + b)n + c)n + d. This format general -

izes readily to functions of higher degree--e.g., f(n) = an5.4- bn5 + 04 + dn3

+ en2 + gn + h = (((((an + b)n + c)n + d)n + e)n + g)n + h---and is especially'

effective as the basis for iterative calculator algorithms. For instance:

ee page 16 of this manuscript for one such illustration in which a repeated

/7
use of the yx key is circumvented effectively. (Although the HP-55 is pro-

.

grammable, a manually keystroked algorithm has been illustrated.)

This. is but one of a nontrivial number of instances in which it is de-

cidedly helpful, or even necessary, to modulate curricular content to conform

to calculator characteristics (features-, limitations, etc.). In these cases I

refer to CA curricula as being more particularly CM curricula.
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Title

HP-55 User Instructions
Evaluation of f(n) = an6 + bn6 + cn4 + dn3 + en2 + gn + h

= (((((an + b)n + c)n + d)n + e)n + g)n + h

16

STEP INSTRUCTIONS.
INPUT

DATA/UNITS KEYS 0UTP T
DATA/ NITS

1 Input/store coefficients a

b

c

d -

e

g
.

h

ni

..._

STO I 6
I

___-___________

. _ _.

.

-
____

..

f(ni)

___ ... .

. ..

____ _

-

STO 5

STO

2

3

.

Input/store n.
i
.

Calculate f(ni)

I STO

STO 1 2 1 I 1 __:_i

STO I 1 1
1

I
11 1I STO I 0

1 ENTERd'ENTER+ ENTER+

II 1

i RCL x

F RCL 1
.

II 4-- I x
RCL I 4

,

RCL 11 3 1 x I

RCL'{ 2 x 1
.

RCL n 1 x 1

+ IL 1,[ RCL ° .1

1 1

_____

_ _

___

For next ni, repeat
__. _ _

steps 2 & 3. .

For new 6th-degree func=

tion, return to step I.
,

.._

I_
.

I 1

I 1

II I II

1 1

I

Calculator-based (CB) curricula. There is a sense in which any instruction

.pertaining to the calculator itself is calculator-based (CB).. But I shall
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illustrate another sense in which CR curricula may be encountered.

Imagine students who have no knowledge of logarithms but who know that num-

bers such as 1, 10,100, 1000, etc. can be expressed as;integral powers of 10:

10°, 101, 102,.103, etc., respectively. Imagine, too, that these students can

use calculators having a 110x1 key and that they are confronted with the follow-

ing question (for the first time): Can a number such as 580 be expressed in

exponential form to the base 10?

It is not far-fetched to expect that these students might reason that

100 < 580 < 1000, or 102 < 580 < 103; and since 580 is about half-way between

102 and 103, 580 should be about 102.5. Use of key 10x will show that 102'5

is-approximately 316.2278 (to four decimal places), which clearly is not%bout"

580. But using key 1-01 in connection with a guess-and-test procedure, the

following sequence of increasingly more precise approximations may be gener-

ated rather quickly:

. 102.7 < 580 < 102.8

102.76 < 580 < 102.77

102.763 < 580 < 102-764

102.7634 < 580 < 102.7635

etc.

Work such as this should lay an excellent conceptual foundation for students

when ultimately they keystroke "580 to ' and see displayed 2.76343 (to,five
--p

decimal places).

The work just described clearly is calculator-based (CB). Instruction is

more than assisted or modulated by the calculator: it is dependent upon the

calculator; thus, CB.

The distinctions between CA, CM and CB curricula may be somewhat hazy:at

times, but that is not crucial. The Jistinctions are intended to emphasize

that calculators may play somewhat different roles -in relation to mathematics

curricula, and that research should not be unmindful of such differential roles.
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Prior and Ongoing Research

The very newness of calculators provides little of a research baSe upon

which to build. For instance: Annotated research lislingsfor the five cal-

endar years 1970 through 1974 (Suydam & Weaver, 1971, 1972, 1973, 1974, 1975b)

- include a total of 444 journal reports. nd 1,443 doctoral dissertations that

were judged to have relevance for mathematics educationjalthpujh these two

categories of documents are pot disjoint). Only SIX investigations:from the

five years' listings pertained to calculators--see "References: lSupplement A"

--and most of these were concerned with desk-model-rather than "pocket" or

"hand-held" calculators.3 When the Annotated listing for calendar year 1975

is compiled, more calculator investigations are bound to appear; but there

still will be no, plethora of such investigations reported.

The extent of ongoing research is very difficult to'aS'sess; this Also is

true of the nature f that research. We are given hints from the brief prog-

ress reports released by some projects (e.g., Kessner, 1975; Barrett & Keefe,

n.d., for the project announced by Hawthorne, 1973); but by and large we have

precious little information - -and none of it definitive--regarding the extent

and nature of ongoing research.

Thus, my approach to a considerati6n of needed research on calculators

in relation to school mathematics curricula has been literally from point zero.

Over time we may see that findings from some of the ongoing research give at

least partial answers to researchable' questions that I shall raise. But at

the present I.have raised such questions without being able to.build upon a

body of findings from previous investigations, as we so often are able. to do

in many areas of mathematics-education research.

"18

3 The recently released monograph (Callahan & Glennon, 1975) that is the

fourth edition of "A Guide to Current Research" pertaining to elementary school

mathematics includes reference to no investigations involving calculators.
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Some Needed Research

The National Advisory Committee on Mathematical Education (1975) has sug-
\

gested that "Despite the obvious promise of calculators for enriching mathe-

matics instruction, important questions of their optimal use must be investi-

gated by thorough research:

When and how should calculator use be introduced so that it

does not block needed student understanding and skill in arith-

metic operations and algorithms?

Will ready access to calculators facilitate or discourage

student memory of basic facts?

For which mathematical procedures is practice with step-

by-step paper and pencil calculation essential to thorough un-

derstanding and retention?

What types of calculator design -- machine logic and dis-

play -- are optimal for various school uses?

What spcial types of curricular materials are needed to

exploit the classroom impact of calculators?

How does calculator availability affect instructional em-
,

phasis, curriculum organization, and student learning styles in

higher level secondary mathematics subjecta like algebra, geom-

etry, trigonometry, and calculus? Epp. 42-43J"

Other researchable questions are implicit in the NACOME report's discussion of

calculators.

There will be some understandable overlap between the NACOME report ques-

tions (explicit and implicit) and those I now shall pose, although the two

sets of questions were developed quite independently of each other.
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I. In relation to stu ents' work with mathematical problem situ-

ations and applications for w ich numerical calculations are necessary,

what will be the effects of dela ing (or eliminating?) the introduc-.

tion, development and reinforcemen of pencil-and-paper algorithms in

favor of the introduction, developme t and reinforcement of calcula-

tor algorithms?

The improvement of students' ability to ope effectively with mathemati-

cal problem situations and applications is the ,aison d'être of school mathe-

matics Curricula. Computational facility in and of itself has no validity

whatsoever as a curricular objective. (This is equally true of facility in

algebraic and othdr symbolic manipulation-S.) Pencil-and-paper algorithms are

means to ends, not ends in themselves. Are calculator algorithms,"better"

means to the same ends?

Figure 5a (manuscript page 21) suggests an all too commonplace practice

which I shall illustrate within the context of whole-number multiplication.

Assume that students have worked with factors less than 10 and now are con-

fronted with multiplications in which one of the two factors is greater than

nine. We draw upon A and B of Figure 5a to develop C--one or more pencil-'

and-paper algorithms--and then use C in connection with D. This is an unfor-

tunate progression in that thd focus of attention is upon C--use of an algor-

ithm--rather than upon A--use of an operation and its properties (as needed).

When we move on to instances in which each factor, is greater than nine, we a-

gain draw upon A and B to develop C; then, in connection with D, the focus of

attention is upon using C--an algorithm. An unwanted conseqUOnce of all this

is that students all too often very likely look upon these two problems

What is the cost of eight 13-cent stamps?

and
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f.

What is the cost of twenty-five 13-cent stamps?

as different--rather than alike--because somewhat different algorithms commonly

would-be used in effecting the multiplications.

If a particular calculator were used to solve the two problems, however,

precisely the same calculator algorithm would be used for each problem; and

that algorithm is so simple and direct that there is virtually nothing to di-

vert students' attention from A to D directly. It is much more likely that

students would view the two.problems as being alike rather than different.

Figure 5b (manuscript page 21).suggests this desirable more direct rela-

tionship between A and D, .with in option to introduce, develop and reinforce

C to some degree at some point(s) in time with some students in connection

with some curricular content, ultimately using C in connection with D.

Taken together, Figures 5a and 5b suggest a wide range,of potential re- .

search on that which I consider to be a very crucial question -pertaining to

school mathematics curricula, a question with affective as well as cognitive

implicatimis, a question that must be related to the various componentsof

Figure 1 (page 1 of this manuscript):

In relation to stud4nts' work with mathematical problem situa-

tions and applications for which numerical calculations are neces-

sary, what will be the effects of delaying, diminishin or elimi-

nating the introduction, development and reinforcement of p ncil-

and-paper algorithms in favor of the'introduction, development

and reinforcement-of calculator algorithms?

But there is.a hidden assumption in that question that raises another questio

--one that must-be answered to some degree before making,an extensive attack

'upon question #1.
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2. How---and how readily and,how well---can students learn to

,

use calculators effectively and efficiently in connection with par-

ticular curricula?

The preceding question tacitly assumes that students will have little or

no difficulty in learning to use calculators. This may or may not be tra

_ .

depending upon what is meant by using calculators. I believe this is a non-
,

trivial point that needs more than passing .consideration.

First, recall the different languages or logic schema that are used to

enter and process data. The principl ones'may be summarized as follows:

1 - Arithmetic or "commercial" logic (ArL)

2 - Algebraic logic (AgL),

2.1 - With no operational hierarchy (AgL-No)

2 2 - With a multiplication(or div-ision)-before-addition(or

subtraction) hierarchy (AgL-M/A)

23

3 Reverse Polish notation (RPN) with an n-level operational

r\stack

Certain of these language differences are reflected in even the simplest of

calculator calculations. Refer, for instance, to equation types 1-4 of Table 1

(page 24 of this manuscript).

Given an AgL calculator (either AgL-No or Ag -M/A), the following routine

or keystroke sequence is a generalized calculator algorithm applicable to

-equation types 1-4:
a gi b Q.

Given an RPN calculator, a generalized algorithm for the same equation types

is:

b v

There is'no generalized algorithm for equation types 1-4, however, in the case

of an ArL calculator.
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TABLE 1

$pme Simple Equation Types

I. avb=m

1. a + b = m

2. a b = m

3. axb=m
4. a b = m

II. (a v # c = n III. a v (b #.c) = n

5. (a + b) + c = n 21. a+ (b + c) =n

6. (a + b) - c = n 22. a + (b - c) n

7. (a + b) c = n 23. a+ (b x-c) =n

(a + b) c = 24. a + (1) f) = n

9. - b) + c = n 25. a - -(b + c) = n

10. (a - b) c = n 26. a (1:1- c) = n

1 1 . (a - b). x c = n 27. a 7 (b x c) =n

12. (a - b) : c = n 28. a (b c) = n

13. ( a x b) + c = n 29. a x (b + c) = n

14. (a b). - c = n 30. a x (b - c) = n

15. (a x b) x c = n 31. a x (b x c) = n

16. (a x b) c n 32. a x (b c) = n

17. ( : b) + c = n 33. a : (b 4- C ) = n

18. (a : b) c = n 34. a : (b c) ri

19. (a : b) x c = n 35. a : (b C ) -n
20. (a : b) : c = n 36. a (b c) = n
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Moving to equation types 5-36 (Table 1), more than calculator language or

logic must be taken into consideration. I shall illustrate this with

625 - (19 x 24) = n

which is a specific exemplar of equation type 27 and might have been derived

a "word problem" such as this:

If I have 625 lollipops and sell 19 packs of 24 lolli-

pops per pack, how many lollipops will I have left?

Without a calculator, a student very likely

24 625
would execute a sequente of two pencil-and-paper x 19 -456

216 169
.calculations much as shown at the right in order 240

456
to solve that equation or problem.

But how would a student solve the problem with a calculator? One ob-

vious thing would-be to follow the,same two-step sequence, as it were, but to

use a calculator to compute the produtt of 19 and.24, and then to subtract

that product from 625.

Such a piecemeal approach would "work" on any calculator, but--depending

upon thq calculator--that approach may not be an efficient or preferred one.

The piecemeal approach would involve re-entering the 456 via the keyboard,

which, particularly in the case of large(r) numbers, increases the likelihood

of visual and keystroking error. On certain calculators it is possible to

avoid such re-entry of data by using particular calculator features such as

an independent memory or storage register, or an 'operational stack, etc.

The intent of using a calculator involves more than simply replacing

pencil-and-paper calculation with -easy keystrok ng. Rather, the intent is

to use a calculator algorithm that capitalizes upon any data processing

features that a given calculator may have. Pages 26-27 of this manuscript il-

lustrate such calculator algorithms for a variety of representative calculators.
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AgL-No calculator such as the Texas I

independent memory or storage register:

STEP

-7--

INSTRUCTIONS
INPUT

DATA/UNITS

1' 19

2 24

3 625

4 456

truments TI- 2500 -II which has no

E.

KEYS.

26

-OUTPUT
DATA/UNITS

L

An AgL-No calculator such as the Texas Instruments TI-2550-11 which has an

independent "accumulating" memory:.

STEP INSTRUCTIONS INPUT
DATA/UNITS

1 625

2 19

3 24

4

456

169

KEYS .-"DATA/UNITS
OUTPUT

CM I

456

169

=Li I 1
1

[
I MR I

i

--]

An AgL-No calculator such as the Rockwell '18R which has an'independent "non-

accumulating" or "overwrite" memory:

STEP INSTRUCTIONS

3

INPUT
DATA /UNITS KEYS OUTPUT

DATA/U,NITS.

,19 [ x

24 STO

FRCL r =

E i r
248

625 169
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An AgL-No calculator such as the Litrbnix,2260 which has a pair of open- and

close-parenthesis keys:

STEP INSTRUCTIONS INPUT
[ DATA/UNITS KEYS OUTPUT

DATA/UNITS

1

2

3

4

, ,

.

625

24

( -11 II . I

1.
.

456

169

_Ir
I. ) I

- I 1

=
1

I 1
,

F II I I

An AgL-M/A calculator such as the Texa Instruments SR-50 (illustrated by two

algorithms which differ in whether the product of 19 and 24 is displayed):

STEP INSTRUCTIONS

2

INPUT
DATA/UNITS

625

19

24

x

KEYS

I L. I L___11-7-1

OUTPUT
DATA/UNITS

169

STEP INSTRUCTIONSNS .
'''''N. INPUT

DATA/UNITS , .
KEYS

.

OUTPUT
DATA/UNITS

1

3

4
-;

\

'

6.2159

\ 24

'N

1 STO 1 --]
A

I I _ .....

169

...

X
I I

= I

1 1
.

.1

.

RCL' 1+/- 11

11

An RPN calcvator such as the Hewlett-Packard HP-21:

STEP

2

3

4

INSTRUCTIONS INPUT
DATA/UNIT S

625

19

24.

249

'ENTER+ \L

IENTERd

r-

KEYS OUTPUT
DATA/UNITS

LI 1 456
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No illustrative algorithm was shown for an Art., calculator on pages 26-27.

This type of calculator seems to be on the decline, and rarely--if ever--has

it been used as the base for constructing 'scientific" or "slide-rule" calcu-

lators. Furthermore, in response to an article by Stultz (1975), both Gronbach

(1975) and Weaver (1975) have seriously questioned the suitability of ArL cal-

culators for instructional use,.especially among young children.

A calculator-unique algorithm. The process of dividing

is a familiar one that may be illustrated in the form shown. b) a

q
at the right and defined more precisely as follows:

Given (a,b), an ordered pair of whole numbers such that b-# 0,

the process of dividing specifies the whole numbers a and r < b so that

a= (b x q),+ r.

Much research and discussion have been devoted to the pros and cons of
1 4

sundrypaper-and-pencil algorithMs forthis process, which is simplified

markedly byHAse of a calculator.

Pages 9-31 illustrate various calculator OgorithmS for the probess of

dividing. Eac,kialgorithm is generated around these basic steps:

1. Calculate a b = Q.

28

2. Truncate Q to whole-number W.:* [Q] = q, which is in fact the "greatest

integer" function applied to Q.

3. Calculate b x q '(or q x b).

4. Calculate a - (b x q) = r

The truncation idea is rarely encountered by puPils in their pre-algebra work.

It is a necessary idea, however, in these calculator algorithmS(pages 29-31).

Except for the last of the illustrative algorithMs-(HP-65 calculator), the

truncation of Q to q is performed "mentally"lby the. pupil-46t by the cal-
1

culator. (More later about the HP-65.)

The illustrative algorithms differ principally in the extent.to which, or

way in which, calculator "memories" are used to advantage. They also differ

in ways that are associated with differences between AgL-No, AgL-M/A, and RPN

calculators.

-Although the process, of dividing is most commonly associated with "quo-

tient and remainder' problem situations at the elementary-school level, the

fiYaces.5, has a more advanced application, for instance, in using the euclidean. _
algorithm to generate the highest common factor of two counting numbers. The

algorithm therefore is of interest in connectionwith more sophisticated as

well as less sophisticated calculators.
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STEP INSTRUCTIONS INPUT
DATA/UNITS . KEYS , OUTPUT

DATA/UNITS

1

2

3

4

5

6

TI-2500-1,I (Tex. Inst. )

a

b

q

b

a

bq

a

b

q

b

a

b

q

a
.

I I II I

Q

i bs_

4'-

1 r

,..

Truncate: EQ] = q

.

TI-2550-II (Tex. Inst. )

1 _I

II

II

I I

_II

= I

x

II

I

11

I

1--

1

,.

II 1

1 1 , I

11 I

II I

if i

li 1

I -.= I

I

7
I = 1

1

2

3.-

4

5

6

.

1

2

3

4

5_

I

.

. _

bq
r

_., ...

R

..

bq

r 1

I 11

I 11 1 I 1

Truncate: [01 = q

18R (Rockwell)

II I
= I

III II I

xli II iL.
li 1

il
I

= 11

MR

11 .1

I II ,I

ll , I:11
1 II

II 11 I

Truncate: [QJ = q

÷ I I

STO [ = 1. 1

II 1 1

RCL I . I STO II x I-

RCL

I

L
II

1 1

II
. .......
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STEP INSTRUCTIONS ; INPUT
DATA/UNITS

KEYS
OUIFPUT

DATA/UNITS

2

3

4

5

6

..,_

.

2

3

4

5

6

1

2
,

3

5

6

SR-50 Instr.)

-a

b

q

b

a

b

:

q

,

a

-

b

q

-'

I 1 1 1 _
.'

Q .

..._

bq

r
, _._

__ __

.._ _

Q'

bq

. _ __ .,

_ _______

---

Q

., ___

.

bq

r _

.(Texas

.

Truncate: [Q] = q

,

.

SR-51A Texas Instr,)

STO +
1

I .= 1 F I

I I

.x I
1

I All
I RCL n

I

I

1 .= [

1 +/- I E

r 11 1_IF

r I 1 IF

.1[._ F-- __1
1

1L il

. ,

Truncate: pi = q

-
,

.

,

.

SR-52 (Texas Instr.)

[ ,,t.. I .STO 1 1

1 STO 11, 2 7 = I

.

F 1 11 11 1

Ir 2 I = I
x il RCL

1 ii
IL +/- II sum

RCL 1 1 .1
II

II

I

1
1 11

I f II 11 1 I

I II. , I ..- i

1 ' I

TrUncate: Eg] = q

.
-

( II

A
1

I

d
(

RCL 1 .1.

STO I 0 --1[1 1

11..J

) I

_I
1_ L_ ',..

[----xii RCL ID .

..
I ) It _I

= 1

I

..

.

.1

252



31

STEP INSTRUCTIONS INPUT
DATA/UNITS KEYS OUTPUT

DATA /UNITS

2

3

4

5

HP-21 (Hewlett-Packard)

q

a

b

q

a

b

I I II II I

bq

r

_______

bq

r.

----

Truncate: [Q] = q

ENTER+ [ ENTER+ ]

I_ STO * I I

I

It

I[

I

1

I 1 t
R+ I

I

r RCL x J1

1 II , II

I

1.

2

3

5

2

3

4

5

6

HP -45 Hewlett-Packard)
I 1

1

I

I -. 11

Truncate: [Q] = q

HP -65
,..,

ENTER+ II ENTER+ I I I_

i _1
11J

R+ I
1 I I

x
1

11
LAST xl

r i I

JI il
J I

Q.

9

bq

r

11 1

I 1 I I

11ENTER+ ' I ENTER+

I I F
E

I I

I g [ LST x i
f I{ INT I I

11
1 X 1 II

lrli

IL i
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It should be noted that in the HP-65 algorithm (bottom of page 31) the

truncation of Q to q did not haVe to be effected "mentally" by the user

but was executed using a hard-wired truncate-function key.

The SR-52 does not have such a hard-wired function key. But-in connec-

tion with the SR-52 algorithm (bottom of page 30) it would be possible to

_ eliminate "mental" truncation on the part of the user by inserting appropri-

ately the following subroutine which has been adapted 'from an illustration in

the SR-52 Owner's Manual:

STEP INSTRUCTIONS

1

2

3

4

1

* n > 0

*

32

INPUT
DATA /UNITS KEYS OUTPUT

DATA/UNITS

n

.5

I (
RCL ir

li

[n]

I )
2nd fix

I EE INV 1 EE

I

[ INV. I 2nd 11 fix I

1_ lr .I[ II

[_--__ ---1-----IL ---11E-- 1

"Mental" truncation on the part of the user also could be eliminated-in

the case of any AgL calculator that does not have scientific notation by exe-

cuting the following subroutine suggested by Smith (1975):

STEP INSTRUCTIONS INPUT
DATA/UNITS KEYS .

OUTPUT
DATA/UNITS

2

3

.

*

*

n

10000000.

10000000

1 1 I

.. --

[n]
--.....

_II

x

I = I I

* Use a sufficient number

of O's to fill the dis-

play register.

r

_____.

1

[ 1 iL .1--

r--
-1

-ll I

Younger users most likely would view this simply as a trick and would not

comprehend its rationale.

. Note that for all algorithms (pag 29-31) if Q is integral, q = Q and

r'. 0; thus, the rest of the algorithm is n fact superfluous.
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An alternative algorithm. In connection with the ftocess of dividing it

is permissible to calculate r in. the following way: r = (Q - q) x b. The

algorithms illustrated on pages 34-36 utilize this alternative calculation of

r, which--bepending upon the calculator involved--may show a nonintegral dis-

play that must be rounded off "mentally" by the user to get integral r.

(It may be of interest to note in passing that not only does the HP-25

calculator have a hard-wired function', key to truncate Q to q, it also has

a hard-wired function key to calculate Q - q directly.)

Going a step further. Thus far, all illustrative algorithms are to be

manually keystroked step-by-step by the user. Programming a calculator repre-

sents astill higher level of algorithm development. The appended "Illustra-

tive Programs: II" utilize the programmable HP-65 and SR-52 calculators for

the process of dividing. The two calculator programs per se differ in ways

other than those observed earlier for the manually keystroked HP-65 and SR-52

algorithms, although the User Instructions for executing the two programs are

almost identical.

"Illustrative Programs: III" and "Illustrative Programs: IV" use a dif-

ferent mathematical context to highlight further some of the'programming dif-

ferences between the HP-65 and SR-52 calculators.4 "Illustrative Programs: IV"

in particular shows an effective use of the SR-52's unique indirect addressing

feature-in connection with data storage and retrieval.

The 'question identified at theoutset of this section,

"How---and how readily and how well - -- can students learn to use calculators

effectively and efficiently in connection with particular curricula?",

is both broad and deep, and cannot be answered at all simply: The various

illustrations used thus far barely scratch the surface of.calculatOr-features

and differences that may have a bearing on this question, and that must be re-

lated to level of curricular content and to evelsof students' cognitive and

mathematical development. Our search for answers to this, question must involve

investigations-that examine effects such as proactive and retroactive

4 This context, the .evaluation of polynomial functiOns, was used earlier

on manuscript pages 15-16 in connection with an illustrative HP-55 manually

keystroked algorithm.
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STEP
)

INSTRUCTIONS
INPUT

DATA/UNITS
-4. KEYS OUTPUT

DATA/UNITS

1

2

3

5

, .

..

1

2

3

4

1

2

3

4

TI- 2500 -II (Tex. Inst.)

a

b

q

a

b

q

a

b

q

r i I

_

r
.

.

.

r.

Truncate: [Q] = q

TI- 2550 -II (Tex. Inst.)

1 I I

I

.

. I_ I

x I- r
=

I
I 1

II I

1 1

L I I

L IL.

l- I-- JF 1_J1
1 ir I

II

Truncate:. [Q] = q

,

18 R (Rockwell))

+
11

CM IBM
IF I

11 1

I
x MR J. -- I I

-1[-^ iI I

I 1

1 I-

I

11 L
[ I IL -IL __I

Truncate: [Q] = q

I_ .1- 11- 1[ 1

1

1
LSTO 11 - L

[ 1 1 [ J I

1 x i [ RCL 11 = _1[

I IL

11 II

1

1
lE 1

2i6



35

STEP INSTRUCTIONS INPUT
DATA /UNITS 'KEYS OUTPUT

DATA/UNITS

1

2

SR-50 (Texas Instr. )

.

a

b

q

/ ' a

q

,

b

1 .1 ,:::

Truncate: [Q] = q

SR-51; (Texas Instr. )

+

STO II I . Q

3

4

1

2

3

4
4--

5

1

. 2

.,

4

5

6

.

= l x Il RCL I = r
.

1 II 1 .._________ _.

.., __ ..

1

I

__II- I I

f--- I II

Truncate:. [Q] q

__..

SR-52 (Texas Instr. )

-I- ii IF I 1

-STO 11 1
.

II I

=
1

X I RCL II 1

= rII __ _____ _______I_ _____
I I I

1-1

_JI I I

Truncate: [0] = q

I ( i JI IF
-17-11

1

1 i I I

STO I 0 I _i. F-
E_I

L x RCL I I11on 1

1
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STEP INSTRUCTIONS INPUT
DATA /UNITS KEYS

-

OUTPUT
DATA. /UNITS

1

2.

3

4

1

2

3

4

5

,

2

3

4

HP-21 (Hewlett-Packard)

a

q

a

b

q

.

a

b

rL

I

r

,\

r

N\

\

Truncate: m = q

t

HP-45 (Hewlett-Packard)

E NTERid

STO
i

i I. ,

- I RCL x
....

1HL

I I 1 'L 1

I IF 1
I IF 1L

Truncate: [C] = q

_

HP-65, Hewlett-Packard)

1
ENTER+ II 11 1

[ I i
I I I I

I LAST x

- II` x
I

I 1

.1

i 11

1 I

1 I

Min L__II-

1

ENTER+ .I

x I

11

g I LST xi E

f 1 INT 11 -

II I

[ I-11 II

1 1 JL 1

--IL _iL _1
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facil ation and interference, transfer, short- and long-term retention, etc.

It also ould be well to investigate earning within a "messing around" con-

text as we 1 as within the context of systematic instruction.

Elsewbe I have expressed the belief that students' intelligent and ef-

fective.ute of alculators will necessitate more rather than less mathematical

comprehension (We ver, 1975). Let us atsume, for instance, that a student is

aware of the folio ng generalized algorithm for a calculator such as the TI-

2550 when solving cla s III equation types (21-36) of Table 1 (page 24):

INPUT
DATA /UNITS KEYS OUTPUT

DATA/UNITS

b

c

a

Mil If ,1

.n

I = 1 CM
I

MR I =

For a particular exemplar of type such as 81 - (15 + 29) this algorithm

becomes: -
INPUT

DATA/UNITS

\
KE OUTPUT

DATA /UNITS

15

29

81

I + I

37

= CM MEI
I

1 MR = ,

But in the case of type 25 equations and exempt'

bit more efficient than the generalized algorithm use

INPUT
DATA /UNITS

81

15

29

rs, the following is a

above:

KEYS

I CM IL___m+ IF 1 L
I_ 4- iL ___IL_____1

C [ m-M___IiR JE 1

\ OUTPUT
DATA /UNITS

Furthermore, if a student is aware of the fact that a - (b + =

(a - b) - c, that student might use a much more efficient algorithm for type

25 equations and exemplars:

25
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INPUT
DATA/UNITS

81

15 I_ L_

29
I L

38

KEYS OUTPUT
DATA/UNITS

j
I 37

The preceding illustrations suggest that levels of knowledge about a cal-

culator and levels of mathematical comprehension may influence how a student

uses that calculator. We need to know much more than we do at present about

the kind and degree of student knowledge and comprehension that facilitate

more effective calculator use, that prompt students to modify calculator

algorithms (or programs) when it. would be advantageous to do so, and that en-

able students to devise or generate calculator algorithms (or programs) to

meet particular needs.

Familiarity with certain mathematical ideas likely has a facilitating in-

fluence upon students' calculator. use. But let us not overlook the likelihood

of a chicken- and -egg. question:

3. How can certain mathematical ideas (concepts, relationships,

properties, and the like) be developed effectively and advantageously

with the aid of a suitable calculator?

For several decades many members of the mathematics education community

have adhered to the dictum, "Understanding precedes drill," and the related

belief that drill in and of itself does not deVelop understanding. One of the

classics from the research literature of the past focused on this dictum.5

I fear the emergence of a newAlictum, "Understanding precedes calculator

use," and the related contention that calculator use in and of itself does not

develop mathematical understanding. I,,certainly agree with this latter conten-

tion. Although I sense the intent of the emerging new dictum, I cannot accept

it as unqualifiedly valid.

5 W. A. Brownell & C. B. Chazal, The effects of premature drill in third-

grade arithmetic. Journal of Educational Research, 1935, 29, 17-28.
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I hold very strongly to the belief that calculator can be used to dis-

tinct advantage in the development of some mathematical ideas--that calculator

use can precede aid lead to understanding. One illustration of this already

has been suggested on page 17 of this manuscript (pre-lo experiences).

Consider another illustrative possibility: "Illustr tive Programs: I",

appended. A calculator program such as this might be uses to advantage in de-:

veloping the closure property as it pertains to the set of whole numbers and

the operations of addition, subtraction, multiplication, and division.

Are there not a variety of properties,that might be developed inductively ---

through calculator use? Which ones? How?

4. What are the effects of implementing tertatn-other calculator-

inspieed curricular changes?

Some curricular changes have been explicit or implicit in the questions

posed thus far.' But there are other changes that may merit investigation.

Certain of these have been suggested in a variety of 'documents: .-an

earlierconsideration of negative integers; an earlier consideration of deci-

mal fractions (especially in relation to metrication), with.less considera-

tion of
,

tommon fractions , and when coupled with the integers, an earlier con-

sideration of the full set of rationals (decimal form emphasized); etc.

Such changes merit at least exploratory implementation and aneffects as-

sessment. But there. are several others kinds of curricular changes that I be-

lieve merit consideration even though they are identified much less frequently

--if at all.

a. I believe this to be a valid assertion: At the elementary-school

level in particular, the sequencing and pacing of arithmetic content has been

determined principally by the acquisition'of computational skill-7especially

skill with pencil-and-paper algorithms. From a mathematical point of view it

is absurd that computationaljacility_ should'play so large a role in the pro-

gressive introduction, development,cand extension of content.

In effect I am touching upcin another implication of Figures 5a and 5b

(manuscript page 21). If we are guided by Figure 5b as a model, we can rely

much more upon conceptual rather than computational considerations in se-

quencing'and pacing curricular content. Calculators can make it possible for

2u1



us to consloier seriously the implementation of promising changes in curricular
;

sequencing and pacing not only at the elementary-school level, but also at the 1

middle- and secondary-school-levels as well.

b. Certain curricular changes may be more pedagogical than mathematical

in nature. Earlier in this manuscript I illustrated within two different con-

texts a "guess-and-test" procedure. This certainly, is a much more feasible

tactic to use with a calculator than without one. Will the procedure improve

students' ability to estimate, for instance? Can the procedure be used to de-

velop systematic approaches to estimation ?:

Our consideration of calculator-inspired curricular changes and their ef-

fects should include pedagogical changes as wer(as mathematical ones.

Before leaving this question I would like -6:, hoist at least one caution

flag that takes us back to a content considerati n. As I already indicated;

it has been suggested freq.yently that calculator will necessitate less atten-

tion to rational number notation in common-fraction form. (Metrication also

may prompt such decreased attention.)

There is danger, I believe, in.unwittinglfi going too far in playing down

common fractions. Decimal-fraction notation or rationals is not applicable

within an algebraic context. If common-frac ion notation for rationals is e

cessively suppressed in'connection with ari hmetic work, will students be

handicapped in subsequent algebraic work? by should not students use cal u-

lators in connection with operations on ra ionals that are expressed in c m-

mon fraction form? (I have several calc lator programs for just that si ua-

tion!)

5. What about teacher education?

40

Consideration certainly must be given to this, especially the elementary-

and middle-school levels, Within both preservice and inservice contexts.

What background must teachers have that will enable them to use calcu-

lators effectively in their instructional work? How can this background be

attained expeditiously within preservice and inservice contexts?

2d2
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6, What about calculators in relation to computers?

I know from personal experiences with secondary-school students and teach-

ers that those who have worked with computers and computer programming are at

a distinct advantage when working with calculators and calculator programming.

Is the converse true? Will persons who have worked with calculators and

calculator programming have a "head start" for work with computers and com-

puter programming? It is reasonable to believe so, but is that in fact the

case? Is there any kind of proactive inhibition or interference'(rather than

facilitation) associated with calculator work prior to computer work?

_Possibly these questions do not pertain so much to calculator vs. com-

puter as they do to one level of computer vs. a higher one; for as Smith

(1975) has indicated:

From the standpoint that the programmable pocket calculator imple-

ments logical (Boolean) equations as well as Algebraic equations,

can make logical decisions, and will iteratively execute a pre-

programmed set of instructions, it can be correctly called a

pocket computer. It is called a calculator only because it does

not satisfy the U. S. Government's import/export trade definition

of a computer. [P. 11]

Be that as it may, "References: Supplement B" of this position paper

(pages 46-48) identify some research done on instructional uses of computers

apart from (with one exception) CAI drill and practice. These references may

suggest some research directions and approaches that should be considered in

relation to calculators.

In Conclusion

I certainly have not exhausted the researchable questions that Might be

asked regarding the role of the hand-held electronic calculator in relation to

schl mathematics curricula. I have restricted th4\questions to those that

\J con der to be of/more than mean importance, with less.. consideration for

some th \t already are being_,ratged frequently in a variet ,of sources.
\ .

Van us kinds of 'research will need to be pursued. In some instances the
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"investigations will be essentially feasibility studies; in o er instances, ex-

perimental-- although some of these would be premature at t is point in time.

Some investigations will be within a CA context; soMe, within a CM con-
,

text; and some within a CB- context -- although the lines/of demarcation may not

always be clear. But that is of little consequence/

h
Not all investigations will emphasize the sa* component(s) of the re-

search model identified as Figure 1; but all investigations should be sensitive

to relevant components of the model.

Both cognitive and affective factors shobld be considered.

Some investigations should produce use ful information in the relatively

near future; others will require a longer/period of time.

A Different Research Need

It has not been uncommon for past research pertaining to verbal problem'

solving, for 'in/stance, to include computational skill as a variable. A sig-

nificant but low positive correlation generally is found to exist. It is of

sufficient--mafgnitude, however, to prompt investigators to "partial out" the

influence of imputational skill when examining the relationship of other

factors (e.g./, reading comprehension) to verbal problem Solving ability.6

/ The use of calculators in connection',with problem solving will literally

eliminate as a source of variance the factor of computational skill involving

pencil-and-paper algorithms. A new source of variance is introduced, to be

sure; but of what significance?

Some past research on problem solving--and some other things as well- -

might profitably be redone, with the factor of computational skill.nOw being

of no research interest and not even entering into the investigation. Would

new findings differ from previous ones? in what way(s), if at all?

It is one thing to control statistically for a variable; it is another

thing to have the variable nonexistent! Let's put the calCulator to this use.

6 For instance, see M. D. Martin, Reading, comprehension, abstract verbal
reasoning, and computation as factors in arithmetic probleM solving. (Doc-

toral dissertation, University of Iowa, 1963). Dissertation Abstracts, 1964,
24, 4547-4548.
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THE CLOSURE PROPERTY

,,and OPERATIONS ON WHOLENUMBERS

For every whole number m and every whole number n:

1. Is m + n a unique whole number? If not, when not?

2. Js m - n a unique whole number? If not, when not?

3. Ismxnaunique whole number? If not, when not?

4. Is m n a unique whole number? If not, when not?

Hewlett-Packard HP-65 and Texas Instrumencs. SR-52 programs-and user
i

tions to assift students to answer these questions follow. One asp of theset

prograMs should be noted in particular.

:the HP-65 calculator has a preprogrammed

an X-register number to an integer. This iS us

tion with testing whether m : n is a whol

INT

umber.

fun 'Ion key that truncates

progyaM line 23) in connec-

-

The SR-52, however, has no such preprogrammed function. I have( written the

program to include alternative approaches to this:

a. In the user defined D- function1to calculate and test ,a1-1-

advantageous to use the preprogrammed (degrees - minutes -secD.MS

tion key. This may appear irrelevant, even strange; but that key

, me to devise a. test based upon the fact that x = xI2ndj

integer.

b. In the user, defined D'-function to calculate and test m n, a longer

subroutine was used to.truncate x > 0 to an integer (and was bypassed in

the event that-x = -0). This truncation subroutine is derived from the SR-52

Owner's Manual.
/

The truncation of x to an integer is not an end in itself, but is;a means

D.MS

I-found it

nds) func-

permitted

iff x is an

to some other end which can be accomplished more efficiently (I believe) by-

use of the D.MS key. It would be a quite different matter, however, if the

truncation of x to an integer were an end in itself (which is not accom-

plished by use of the [ I.MS] key.)

274
J. F. Weaver

52

r1
0
CL
rD
rf
ro

ao

1

rf

0

0
rD

5
m /

=

Inrt



HP-65 Program Form
-111# m within the whole-number universe10, It-

SWITCH TO W PI4GM ;+-;ESS I PROM TO ClLAli MEMORY

RI, it ,
1 crl 2

.

_

.

i

KEY
ENTRY SHO

CODE
WN COMMENTS

,7"--
.--"KEY

ENTRY
CODE

SHOWN COMMENTS REGISTERS

LBL

A

+.

RTN
LBL

._

B

s

0

x>,y

23,
11
61

24
23

.

12

..
5 1

00 .

35 24

--.-

... ..

.

RI
. .

.

R3

R4

. .

R5

R6

A7

R8

Rg

_g.

3 81
NOP

g k+
RTN

LBL.
'+-

C

RTN
. .

v.-
RL-

0
4

35_ 01
35 08
24
23

13 .

71
24

23
14

1 81 ,

.:

.

ENTERt 41
f 31

. 4

INT ,s3

g xty 3521
_CL x 44

81
RTN 24

.

.

.

..

,

.

.. ,..

.

,

LABELS

A m 47 n

B m n

C m x n
D m l' n

E

0
1

2
3
4

6
7

8
9

--.. .

FLAGS

1

2

.

.

'

,

i 1

t

i

.

.

.

.

.

'.,

.

. ..
.

,
.

. .

.

.

. I . , 2 t o 515
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HP-65 User Instructions
# n within the whole-number universe

trIll7,4. < jfw

STEP INSTRUCTIONS

To add: *m + n

2 To subtract: m --n

3 To multiply: m x n

1 To divide: m ENTER+

t A flashing or blinking display signifies

that no m # n exists, or that no unique

exists, among the whole numbers

g Iff n = m it is. not necessary to enter n

via the keyboard and this entry may be

omitted

1M11171
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TITLE m # n within the whole-number univerFEAbE
PROGRAMMER 3fw DATE

An asterisk * signifies use of the prefix key 2nd

OF 2 SR-52
12/75 Coding Form

LOC CODE KEY COMMENTS LOC CODE KEY COMMENTS LOC CODE KEY COMMENTS LABELS
000

46 *LBL 038 75 - A m + n

001 11 A 039 90 *if zro B m n

002 95 = 040
10 *E' c m x n

003 81 HLT 041 42 STO D m + n
004 46 *LBL 042 00 0 08092 E Used

005
12 B 043 01. 1 A'

006 95 = 044 53 (

007 22 INV 045
43 RCL c-

.008- 80 *if pos 046 75 - D'

609 15 E 047 93 .
085

97
010 81 HLT 048 .05- REGISTERS
011 46 *LBL 049 54 ) 00

012 13 G
050

57 *fix 01 m 4. n

013 95 = ' -051 00 0 02

014 81 HLT 052 52 EE
090

202 03
015 46 *LBL 053 22 INV 4

016 14 D 054 52 EE

017 75 - i 055
22 INV 06

07018 1 42 STO 056 57 *fix
019 , 00 0 057 95 =

095
207 08

020
01 1 058 22 INV 09

021 37 *D.MS 059 90 *if zro 10

022 95 = 060 15 E 11

023 22 INV 061 43 RCL 12

024 90 *if zro 062 00 0
100

212 13

14

--9025 15 E 063 01 1

026 43 , RCL 064 46 *LBL 15

18 _
027 00 0 'N, 065

10 , E'

17028 01 1 066 81 'HLT

029 81 HLT 105
217 18

19

-
030 46 *LBL ,--- i- , -f

FLAGS

0

031 15 E
-4-,

032 '1_55 :
070

82

1

_ . --
2

_. ,_.

3

_ 4

110
222

033 00 0 11 1-1

034 ; 95 1

,. --,..
035 81 ' HLT

1.....u....irmemartsworwsmso
036 j 46 i*LBL Alternate

TEXAS INSTRUMEINSTRUMENTS
037 19. *D' for D 1 07587 2 i i



TITLE .m-# n within the whole-number universe

SR-52
User Instructions

PAGE 2 OF 2

STEP PROCEDURE ENTER PRESS DISPLAY
7---

1

To add: m + n m +

n § A m + n

OR
_

,

2 To subtract: m -. n m

n § B , m - n t

OR

3. To multiply: m x n

n § C m x n

OR

4 To divide: in 1 n m

n § D 11 m -I, n t

t A flashing or blinking

display signifies that no

(unique) 'm # n exists

among the whole numbers

§ Iff n = m it is permissibl-

to use [jj or STO in-

stead'Of entering n via
.

,

the keyboard

c Alternative execution: 2nd D'

, 4f

//



ILLUSTRATIVE -PROGRAM": fr
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THE PROCESS OF DIVIDING

58

Given the ordered pair of whole numbers ,b), b # 0, determine whole numbers

q and r such that a = bq + r, r < b.

HP-65 and SR-52 lrograms and user instructions follow.
b) a

In each program q is calculated by first calculating

alb=Q and then truncating rational Q to integral q.

Then r is calculated as a bq.

Each program is designed to permit:

(1) a and b to be entered in either order (a, then b; or b, then a); and

(2) bq to be displayed optionally before, r, or after r, or not at all.

(Shorter programs could be written if one or both of these restrictions were not

in effect.)

If an illegal b = 0 is used as input, the display will BLINK or FLASH when

key is depressed to calculate

The programs have NOT been written to detect and reject non-whole number in-

. puts (although such could have been done).

F Weaver



HP-65 Program Form
T The Process of Dividing

SWITCH TO W PTICA1 PRE SS 1 PAW TO CLEAR MEMORY

59

P,Ric 1 ut 2

KEY
ENTRY

CODE
SHOWN COMMENTS KEY

ENTRY
CODE

SHOWN COMMENTS REGISTERS

DSP 21
83

0 OQ

RCS 84
LBL 23_
A 11
STD 1 13_01
RTN 24
LBL 23
B 12
STO 2 33 02

_UN 24
LBL 23
C 13
RCL 1 +34 01
RCL 2 34 02

81
31

INT
STO 3 33 03
RTN

s
24

LBL 23
D 14

RCLr 2 34_02
RCL 3 34 03

71
RTN i 24
LBL 23

15
RCL 1 34
D 14

51
RTN 24

20
TO ITT CURD PROGRAM INSERT MIMINI TIC CARET WOO T;WINT4 SET Al IWPFITiM

R

LABELS

A a in
B b in
C q
D bq

E r

0
1

2
3
4
5
6
7
8
9

FLAGS



Tit!

HP-65 User Instructions
The Process of Dividing

;ifIlPte .1 j.fw,,

60

Paw, ..? of

12/75
Dite

STEP! INSTRUCTIONS DATA
INPUT

/ UNITS KEYS OUTPUT
DATA/UNITS

0 Initialize for 0 decimal places RTN LBiLd
I.

1 Input a and b in any order

b bB

r-----11

2 Calculate q C

/

I. it 1

3 OPTIONAL: Display bq bqD

1
4 Calculate r rE

5 ' OPTIONAL: Display bq bq \\\D

For a new problem, return to step 1
1

* If display BLINKS or FLASHES, b is.invalid

and no (unique) quotient exists. Return to

step 2 with a new b or to step I for a

1

L__J

new problem.
1.

i 1[

22
I

i

.



TITLE The Process of Dividing
PROGRAMMER ifW

PAGE 1 OF 2

DATE 12/75
An asterisk * signifies use of the prefix key 12ra:1].

SR-52
Coding Form

LOC CODE KEY COMMENTS LOC CODE KEY COMMENTS LOC CODE KEY COMMENTS LABELS
000 12

2 46 *LBL 038 00 0 A a in
001 11 A 039 03 3 B b in
002 42 STO

040
-1 81 HLT c ,q

003 00 0 041 46 *LBL D bq

004 01 1 042 15 E
080

92 r
005

17 81 HLT 043 43 RCL A

006 46 *LBL 044 00 0 B'

007 12 B
045

57
r, ,
u 1 11 C'

008 42 57-0 046 75 - ,

009 00 0 047 46 *LBL
085

97 E'
010

22 ,UL 2 048 14 D REGISTERS

011 81 HLT 049 43 RCL 00

012 46 *LBL
050

62 00 0 01

013 13 C 051 02 2 02 -

014 43 RCL 052 65 x
09 0

202 03 q .

04
015

127 00 0 053 43 RCL

016 01 1 054 00 0 05 -
017 55 -:- 0556767 Us) 3 06

018 43 RCL k 056 95 = 07

019 00 0 057 81 HLT
095

207 08

020
132

rv,
02 2 09

021 95 = , 10

022 90 *if zro
060

172 11

023 1 18 *C' 12

024 75 10212 13

025
137 93 14

026 05 5 15

027 95 =
065

177 18

02L' 57 *fix 17

029 00 0 105
217 18

030142 52 EE 19

031 22 INV FLAGS
__

032 152 1 EE
070

182 0

3

033 22

034 57

i INV

110
222

1- *fix

035
147 46, *LBL

036 18 *CI TEXAS INSTRUMENTS
IN( ()14{,(1R AI t t)

4

037 42 STO
075

187



SR-52
User Instructions

The Process of DividingTITLE PAGE 2 OF 2

14NAL
a in b in q bq r

4IBIK

STEP PROCEDURE ENTER PRESS DISPLAY

1 Input a & b (any order) a A

b B

2 Calculate 'q C q

3 OPTIONAL: Display bq D. bq

4 Calculate r E r

5 OPTIONAL: Display bq D bq

For a new problem, return

to step 1

...,

* If display BLINKS or

FLASHES, b is invalid;

no (unique) quotient

exists. -Return to step

2 with a new b or to

step 1 fur a new problem

......._

1975 TIM InittionAntc DA" uf, .19n 70
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GENERATING DATA POINTS

FOR THE GRAPH OF THE FUNCTION

y.= ax3 + bx2.+ cx ± d

HP-65 and SR-52 programs and user instructions follow. The programs are

written so that the coefficients a, b, c, d may be entered in any o

Calculations are based upon an equivalent form of the function:

y= ((ax + b)x + c)x + d..

der.

(

64



HP-65 Program Form
Title Data Points for Graph of y = ax3 + bx2 + cx + d

SWITCH TOW PROM PRE SS f MGM TO CLEAR MEMORY

65

1 I 2.

KEY CODE
ENTRY SHOWN COMMENTS KEY

ENTRY
CODE

SHOWN COMMENTS REGISTERS

LBL
A

STO 3

LBL

ST0 2
RTN

LBL
C

23

11

33 ga3

23
12

33_02 L_

23
13

STO 1 33 01
RTN 24
LBL_ 23

14

STO 5 r 3305
RTN 24
LBL 23

15
ENTER 41
ENTER 41
ENTER 41
RCL 3 34 03

71
RCL 2 34 02
+ 61

71
RCL 1 34 01

61

71
,RCL 5 34 05
+, 61
Rfli 24

() RI ',OM) Plifg,HAM MM,Nt In ; AMP Wi .,W1 If If .,fr AI W 1.11(.1,4

Ri

R6

A7

R8

LABELS
A a in
B b in

c in
D in
E Yi

0
1

2
3
4
5
6
7
8
9

1

FLAGS



TO

HP-65 User Instructions
e

Data Points for the Graph of y = -ax3 + + cx + d

jfw

66

01, 2

12/.75

STEP1 INSTRUCTIONS
INPUT

DATA/UNITS KEYS OUTPUT
DATA/UNITS

I Input-a,b-,c,d in any order
...._

.
.

. .

.

.

...

'....-a

b

c

d

a

I

c.

A I

[ -B, r

C 1

r--D

[

Input xi; calCulate'y x.

.....

E

Repeat step 2 for each (xi,y
i
) desired

, .

,--,
,,

--4

For a new function, return to Aep 1
Ir

'..

.

.

, ..

.

.
.

. .

.

,

.. rl 8
2 0

. /

.

.

.

--. -

,

.

L

1

Ti.

IF.
[----11[1:1-1
r_.... .. _.....-11
L JL _LI

. -IL -1



y ax3 bx2, + cx + d SR-52TITLE Data Points for Graph of PAGE, i OF 2

PROGRAMMER___ifW DATE 12/75 Codin Form
An asterisk * signifies use of the prefix key 2nd .

..,

LOC :CODE! KEY |COMMENTS LOC CODE KEY !COMMENTS LOC CODE KEY COMMENTS LABELS

ilma.,l 46 *LBL 038 02 2 in
001 11 . A 039 54 ,in) b

..

002 42 , STO .

040
152

041.

65

_,4

x c in
\003 00 . 0 43 RCL d in
004 1 03 3 042 00 0

080
192 E :yi

! ------i,
c)(A 81 7.- HLTI X7- 1 043 04

,

4 , A'

'.006' 46 *LBL ' .044 ' 85 + ,

C
/O07 12 .'. B 1 045

157 43 RCL

1008 42 STO ! 046 00 0 ,

)309 00 0 047 01. 1
085

97 E'

010 02122 2 -- 048 54 REGISTERS,
---0--

H311 81 , HLT 1 1 049 65 x 00 d
. .

' 012 46 4LBL 050
162

. 43 RCL 01

L-013 13 t 051 00 0 02 b
4 .

1,014 42 STO
,

052 04 4 090
202 03 a

,

,ols ,iv 00 . 0 , -- .. 053
i

85 . 04 xl
.

01-6 01 .1 | 054 43 RCL 05

017 81- '. HLT. , 055167 00 0 ' 06
!- f" !

018 46 ' *LBL 056 00 07

019 14 D . 057

058

95

81

=
095

207 08
.---4

02 0
132' 42 STO ', .

,-4--

HLT 09
I

023. , 00 ' . 0 l
, 10

r r

022 ; 00 0 i
060

172 11

1023 : 81 HLT | 12

024 . 46 *LBL
100

212 13
.

1() ;,
1 37 la t 14

4

'

026 . 53 ( 'i

i

'15
1

'O27
53 (

065

177 16

028 : 42 STO
,

. 47
i

, .
,

029 00 0 ' ,

105
217 18

;030
04 4L 142i 19

t
-----i

i031 .165 x
..

,

FLAGS

0
_.._ ._ _ _

1

t 032 : 43 . RCL.,
-r6.-7-a

..

-i--
182:

i 033 00 0

G34 03 3
i

110
222 2

035 47; 85
3

1036 .43 RCL
075

187

TEXAS IN STRUM ENTS.
INCOIP(MAII-0

4

[037 r00 0



SR-52
User Instructions

TITLE Data Points 'for the Graph of y = ax3 + bx2 + cx + d PAGE 2 OF 2

4411!Alc

in b in c in d in

411Blir

STEP
1

PROCEDURE
---t-

_ENTER PRESS DISPLAY

1 Input a,b,c,d in any order a . A

b B
'

.

b

,
c C c

d D

\

d

Input xi; y.xi
i

x.
1

. -1

Y.

.......m

Repeat step 2 for each

(xi,yi) desired

,

For a new function, return

to step 1 .

i

I

,

i
r

/

2 0 -.7
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EVALUATION OF POLYNOMIAL FUNCTIONS

Given a particular polynomial function of the form

.

f(x) = cnxn + c
n-1

x
n-1 +...+c

2x

2 +c1 x+c
0

with rational coefficients (c 's)

may be evaluated for selected rational xi's using the attached SR-52 program,

valid for 0 < n 18, which. is based upon an equivalent form of the function:

f(x) = (((c
n
x + c

n-1
)x + + c

2
)x + c

1
)x c0.

The program was designed so that the complete store/recall of c 's would be em-

bedded within user- defined functions (without manually keystroking any register

addresses), using to advantage the SR-52's indirect-instructions feature.

and n a positive integer, that function

Also attached is a somewhat similar HP-65 program that, in view of fewer

addressable registers and no indirect-instructions provision, is limited to

the range 0 . n , 7. This maybe extended by manual keystroking, however, to

n 6.

J F Weaver
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TITLE Evaluation of Polynomial Functions PAGE OF 2

PROGRAMMER J _F Weaver DATE 12/75

SR-52
Codi Form

* signifies use of prefix
COMMENTS(LOC

l

4

I:

key .
.ff

LOC
,

CODE1 KEY LOC

038

CODE

01

KEY

1 ,

COMMENTS LOC CODE KEY COMMENTS LABELS

A Initial.
No 46 *LBL

001 11 A 1i_039_±_.
(:140]

08 8 B

002 ;47 *CMs 14 D D j 1 s In
003 ' 85 +

i!

041 42 STO D # Of C I
3

E f(Xi)1'004 01 1

'75

----i

ii

; 042 00 1 0
080

g2

7605 - 043' 00 0' At
006 ; 42 STO 044 41 GTO B

007 00 0
+

--i
, 045 89 *3' C" .

008 00 U

----4'
; 046

7047

46

88

*LBL

*2'
r D'

E', 009 01 1

010 95
4' 048 65 x REGISTERS

'011 46 ; *LBL 049 43 RCL 00 dsz
012 87 ;

*11 ---/ 050
01 1

7
01 co

0

013 81 HLT 051 08 8 02 Ci

O14 46 . *LBL ,- ' 052 85 + 03 C2

0.15 13 C ' 053 46
i'--

LBL 04 C3

016 36 , *IND
0 _i

054 89 *3' 05
ra

017 42 ' STO
; 055

36 *IND .
c-1-

06 0

018 00 0 ;- I 056 43 RCL 07 rI=
019 00 _0

--H
057 00 0

095
. 207

-5
08 C

020 65 x
1 058 00i. 0 p..

r)
09 Z

021 01 1 i 059 95 = .
10

022 44 SUM

---
,
060

581 *dsz 11

023 :L 01 1
r r

061 88 *2' 12

024 09 ; 9
o

062 81 HLT
o

102x2212 i
4 ---,-

025 95 . ,

14

,026 58 ; *dsz
1

15

027 87 *1' . 065
77 16

.028 81 HLT
0 4

,

17

029 46 *LBL 510
27 18 Xi

030

1.----
14 ; 0

031 43 ' RCL

--4'

19 # of 9.
,--- --.}.--
070

182

, FLAGS

032 01 1

-4
,

i 033 0.9 9
i i

1

I
,

' 034 56 '

1 *rtn
1

1 0

222 2

lO" 46 ' *LBL 3

1.D6 :i. 15 E

1037 i 42 STO 203 ;-72XAS INSTRUMINSTRUMENTS...H....,
4
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SR-52
Use Instructions

TITLE Evaluation of Polynomial Functions (0 < n < 18) PAGE 2 OF 2

X 4NAK
Init. In c . # of c ."

.

NBIK

STEP I PROCEDURE ENTER PRESS DISPLAY

1 Enter program

2 Initialize (calculate mode) n A n

3 Input/store coefficients

in order, including any for

c
n

c
n-1

C or

or

RUN

RUN

c
n

c
in-1

which c. = 0 C or RUN

c
2

C or RUN
2

c
1

or RUN c
1

c0 C or RUN c0

4 OPTIONAL check: Number of ; D n +1

cg's, step 3

5-- Input xi; compute f(xi) x. E f(x

Repeat 5 for each x. desired
1

6 For a new function return

to step 2

.

294

.

1975 Tem Ingtnimonis 1,..rnennpfpvt Pan Nn 1220470



HP-65 Program Form
.7, Evaluation of Polynomial Functions

MF M

73

1
of _2

---ii-F7-1 CODil COMMENTS
ENTRY SHOWN i

KEY
ENTRY

CODE
SHOWN

COMMENTS REGISTERS

LBL 1 23

C 13i
STO 1 33 01 `,,

B 12 4

R,'S : 84
STO 2 -33

4

. .

DSZ -s,

GTO

3

RTN
LBL

x

-RC_L 3

+
q

83

22

.03

24
23

71

34.03
_61
35

R1 C

R2 c

R3 Srv_2.

R4c n.,43

R5
-n-4

A6 cn-5

R3 OSZ

149 Used
number of .

C s

-r

B 12 i

!VS ;84
STO 4 , 33 04 ;

B : 12

RJS , 84 .
+ _ ,

4_51.0. 5 _+ 33 Q5 +

B 12 ;

. II'S 4
STO 6 33 06
G 12_ ,

R/S 84 '

DSZ

GTO

4

RTN

LBL .

4
x

RCL 4
+

q

DSZ

GTO

5

RTN _

LBL,

5 .

x

RCL 5

+ .

g

83

22

Q4

24

23

04

71

a4 04

.61

35

83

22

05

_24_

23

OS

71

34 05

61
35

.

.

.

STO 7

:LBL i
. 8 ÷

,
ST()

+

-9
,

..g_ .11.4- 35
RTN

LBL

33
07

23 if

1 2 4

41 1,, _

_

.

33
61 [

09

08 't

24 ,,
23

L.B:LS

A
B Used _. .

C cji s
D

E _ f(X.1).__

o
1 . .

2 .Used.
3 used
4 Used
5 Used

6 Used
7 Used

8
9 _

E

ENIERIAL
_15 i_

4

41

41

34

,.0.9 '

08 4

44

, 34 01
35

DSZ

GTO

6

RTN

LBL

6

x
RCL 6
+ .

g

DSZ'
GTO

7

RTN

LBL
7

x

RCL 7

:1- _

RTN .

83
2.2

Q8

24

23

06

71
34 06
61
35

83

22

07
24

23
07

71

34 07

_8.1 __
24

[-

ENTERt[
1-

ENTERt.

RCL [- -- 4

_ 9

T0 . 8 [p_33

CL x
RCL 1

_q
DSZ

GTO

2

RTN

LBL

,. 83

i 22

, 02
24

'423..

' 02

71

434 02

61 .

135

,

, .

4_

t,

1
4

1-
2 i.) 5 _

1

FLAGS

1

2

2

RCL 2

+
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HP-65 User Instructions
Evaluation of Polynomial Functions (0 < n < 7)

J F Weaver

74

F),1(w 2 of 2 _

12/75

STEP INSTRUCTIONS INPUT
DATA/UNITS

OUTPUTKEYS DATA/UNITS

1

2

3111put/store

Enter program

Initialize in RUN mode

cj .is in order, including any for c
n

c
n -1

c
2

c
, 1

c
0

f 1 REG
I

1
cn

1

c_k

_,
r i_ --

1

44.0

c
2

c1

c
0

C r_

which c. = 0
_ 2

l

1 Risdi

aill
[ R/S 1 1

-_,

R/S I

R/S

4 OPTIONAL check: Number of c.'s, step 3 RCL

x.5 Input x.; compute f(x.) E f(x 4)

Repeat step 5 for each xi desired

c
n-

.

c
n-8

....

6

-±

For a new function, return to step 2
I

[

For n > 6, use step 3 for c thru c Then
In n -6_ .

after executing step 5 for a particular xj
I.

continue calculation of f(x
i

) for that x.
1

using the following manual keystroking x

+

_
x

f(x )
i______

I + 11 :

i

x I
I

__.

c0
0 +
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Preface

This paper, as its title suggests, deals with the possible roles of

hand-held calCulators in the calculation curriculum in- grades K-8. It

has been written at the request of and with the support of the Electronic

hand-Held Calculator Project directed by Marilyn Suydam and Richard

Shumway of Ohio State University but it could not have been written with-

out the additional experience we gained through two NSF-funded Projects

under our-direction at theUniversity of Chicago: "Explorations into

Ways of Improving the Elementary Mathematics Learning Experience," and

"First-Year Algebra N)ia Applications DeVelopment Project."

The-main body of this paper is divided into three connected parts.

There are also three appendices giving our views on important issues re-

lated to the main body of the paper.

We wish to acknowledge the invaluable assistance of Katherine

Blackburn -in collecting some of the data we used for this paper.

The University of Chicago Max Bell and Zalman Usiskin
February, 1976
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CALCULATORS AND SCHOOL ARITIVIETIC: Some Perspectives

Part I

A Review of the Present Situation With Respect to Calculators,
Calculation, and the Elementary School Calculation Curriculum

A. The availability of calculators and some possible reactions to that
availability

In an assessment perhaps eighteen years too soon, a writer in The

Arithme"tic Teacher had this to say:

Skills in computation are no longer
essential. Calculating machines are
available to evieryone at prices which
are in keeping with their needs. The
introduction of the calculating machine
haa'increased rather than lessened the
importance of learning arithmetic. The
need for extreme skill and speed, how-
ever, fh obtaining "answers" has dis,
appeared. The demand is now for the
understanding of arithmetic, its logi-
cal structure, and its practical social
application. (Schott, 1957)

That assertion of availability of calculating machines for everyone was

certainly inaccurate in 1957, but the situation in that respect has

changed radically within just a few years. The first hand-held electronic

calculators appeared only in 1971 at prices in the hundreds of dollars.

Only.three years later the New York Times (Nash, 1974) reported that one in

ten Americans already owned calculators and projected a saturation of the

world market by 1980 with 160 million units in use with 40 million unite

sold per year thereafter (based on a four year life). The article, did

not indicate how many of these sales would be in the U.S. but projections

302



from industry sources are generally similar to those below, which are

from a 1975 survey for industry by a reliable private research organize-

tion.

Table 1: Projections of Calculator Sales in the United States

Hand-held
4 function

All other
hand-held
(millions)

Total

(millions),

Cumulative
Totals
(millions)

Average per
unit selling
price

1973 7.70 .64 8.34 8.34 $85

1974 9.65 .87 .10.52 18.86 $53

1975 11.60 1.17 12.77 31.63 $41

1976 13.60 1.45 14.75 46.38 $35

1980 15.80' 2.40 18.20 112.50* $25

*Our extrapolation, assuming sales of about 15, 16,
1977, 1978, 1979 respectively. Suydam and Shumway,

and 17 million in
1975,give less con-

servative figures.

Allowing for loss, obsolescence, etc. it seems fair,to project from these,

figures that perhaps 35 to 40 million calculators might be in use by the

end of 1976 and a conservative estimate might be 65 to 75 million by the

end of 1980.k (In 1975 there were about 70-million households in the

United States,)

Assuming such projections prove to be accurate, we can conclude that

whatever the response of schools, people outside of schools will have

nearly universal access to cheap\and easy calculation by 1980, which seems

to be the very earliest that any curriculum changes based on calculator

availability could have much effect.

It is interesting to note that the preponderance of calculators sold are
general consumer-oriented machines.
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The likelihood of nearly universal access to cheap calculators has

already generated considerable attention in the news media, with the

question of effects on schools prominent in nearly all media coverage.

So much has been said and printed by now on the supposed "issues" thus

generated and so much of it is repetitious that it would serve little

purpose to review that media coverage here beyond saying that two polar

views are given more or less equal prominence in most of the coverage to

date. They are well expressed in this excerpt from Nation's Schools and

Colleges (December L973):

Critics argue that students, espe-
cially at elementary levels, risk
becoming so dependent on calculators
that they will forget or fail to
learn in .the first place - basic com-
putational skills. Moreover, the cri-
tics say, high calculator costs often
place the devices out of reach of the
economically disadvantaged. Proponents
challenge both points. They contend
mini-calculators can be a significant
force in moving schools away from
"answer-oriented" instruction, freeing
both teachers and students for concen-
tration on more important underlying
concepts.

The issues summarized in brief by the quotation above and in more

detail in the Suydam and Shumway paper (see bibliography) 4re genuine

ones-that can presumably'be dealt with over the next few years by re-

search, curriculum development and trial, varied approaches in differgnt

places, and compromise. (Can be doesn't necessarily say will be, of

course.) But there is also plenty of scope in the issues presented by

calculators for determined and passionate argument on "Moral' grounds,

and that sort of controversy can obscure the educational and pedagogical

"e
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issues. For example, such "issues".as these have been raised in news-

paper editorials (e.g., The Chicago_ Tribune and The Wall Street Journal)

and in comment from a variety of earnest people (including many teachers):

calculators reinforce dependence on machines (technology) and hence re-

duce humanity; hard things shouldn't be made too easy; giving calculators

to students who haven't demonstrated computational skill rewards sloth

/ and ignorance; calculators in schools amounts to pampering, frills, waste

of taxpayers money, and other such code words for certain standard con-

cerns about schooling.

Statements of such concerns often resemble the more substantive

pedagogical arguments about the possible ill effects;Cif- failure to learn

computation, but the quality and intent of them is quite different. Cal-

culator use in schools could easilybecome a battleground around such

"moral" assumptions, and this is especially so with respect to use of

calculators in early schooling and by those older students unable to demon-

strate good calculation skills. This could happen regardless of the util-

ity of using calculators as aids to learning mathematics. Indeed there

appears to be developing a possibly defensive concensus among educators

that calculators must "of course" not be allowed in schools until calcu-

lation skill is proved--a concensus based on no inquiry whatever and very

likely influenced mainly by a wish to minimize controversy. There is

probably little we can do to head off such controversy around various

moral assumptions in the world at large, but it is certainly not too early

to attempt an assessment of the important' pedagogical issues and possibil-

ities and to set in motion a program of well designed investigation of

them.



While one can't predict with certainty what the long range effects

of calculators on school and society will be, it seems to us probable

that these effects will be more revolutionary than not. Many years ago

Hamming noted in an article entitled "Intellectual Implications of the

COlputer Revolution" (Hamming, 1963) that "It is a common observation

that a change of an order of magnitude in a technology.produces fundamen-

tally new effects." Viewed from several perspectives, calculators repre-

sent at least an order of magnitude change in calculating power available

to nearly everyoneaoparhaps we should anticipate fundamentally new

effects, at least in the society at large.*

There is ample precedent for significan
It

discontinuity between

school and society and it may well be that even.if there were such revo-

lutionary changes in society, they would not be reflected, or reflected

only after many years, in what goes on in schools. Mathematics education

as a profession should try to assure that this particular gap between

school and society does not deVelop by default;,that is, merely for lack

of energy and thoughtfulness in defining and investigating the possibili-

ties., In any such attempt to define possibilities for calculators in

schools, it would be foolish to ignore the early school mathematics ex-

perience of youngsters. The possible impact of calculators on the calcu-

lation component of that early experience (grades K-8) is our focus in

this paper.

*A letter in Datamation some time ago characterized the first Hewlett
Packard programmable hand-held calculator as essentially a hand-held ENLAC--
one of the first of the practical electronic computers. Hence the imminent
democratization of calculating power may fairly soon become democratization
of true computer power for anyone able to learn to use such power, a possi-
bility that educators have not even begun to,consider, and that we will not
consider here.
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B. An historical perspective on calculation skills

In 1956 (before the so-called "New Math") John Gardner characterized

the state of mathematics education as "A National,Weakness" in the follow-

ing words:

Concern over the mathematical incom-
petence of the average--and even
above-average--American has become
almost.a national preoccupation. Sci-
ence and industry cry in vain for
more and better mathematicians. Or-
dinary businesses ask only that their
employees be able to do simple arith-
metic. Neither the extravagant nor
the modest demands of society for
mathematicians--or arithmeticians
even--are being met. And the pub-
lic concern grows... (Gardner, 1956)

At about the same time college and university teachers of mathematics

were in despair at the poor mathematics preparation of entering stu-

dents. / "Why Johnny can't add" is hardly a new concern.

Tilhatever elSe may, be said of the reforms accomplished since 1956

(both at the school and university level), vast improvement with respect

to the "extravagant" 'demands of society must he acknowledged. There are

at present more than sufficient numbers of young people graduating from

high school to pursue further mathematics training or to enter into var-

ious sorts of training to pursue the vastly increased number of careers

that use mathematics. (We find it curious that this is essentially never

mentioned in the hue and cry about the supposed disasters of the. era of

the new mathematics.")

There remain the "modest" demands of society. That is, are most

people able to handle numbers and computation in ways that enable them

to',copy with the everyday (and pervasive) uses of number in society?
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Most of these uses involve measure or calou ation or interpretation of

numerical data; for the purposes'of this piper we /focus only on calcu-

lation. But even discussion of such a narrow part of the average person's

"need" for mathematics must begin by observing that there is a fundamen-

tal confusion in most such discussions between (1) ability to calculate

/I
accurately and (2) ability to use those calculations. That these are

1

different issues is indicated by'the resUlts of the 1972-73 National

Assessment of Mathematqs. For example, 92% of 17-year olds and 86% of

adults could correctly add $3.06 + $1L00 + $9.14 + $5.10; 78% and 74%

respectively could do,this subtraction problem: "If 23.1 is subtracted

from 62.1,/the result is ..."; yet only 1% and 16% respectively/correctly,

did a moderately complicated checkbook baIanting problem (NAEP RepOrts,

1975). Schools reaCt:to.charges that students can't useimatheMatics'by

increasing skill and drill work aimed at calculation, but the probability

is that Johnny can add--he just ilan't use addition.

Still it co Id be argued that ability to compute is s' necessary

even if not a ,su ficient: condition for meeting the glodest (demands of

society. Whether thing are, better or worse with esPect'to simple com-

putation ability than before the recent reform is presently '( matter of

considerable dispute.; Although the debate has now nearly reached the

point of a/fruitless 'tis argument it may be useful to review

some of the evidence, and to) do so from an historical perspective.

The expectation that all members of a society should have competence

in arithmetic is a-very recent phenomenon. Not until 1745 was arithmetic

competence required for admission to a college (Yale) in the United*States.
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(Harvard did not require the four fundamental operations until 1807.)

Only in this century have state laws required children to be in school

long enough to learn arithmetic. (Jones and Coxford, 1970)

Arithmetic texts of the 19th century reflect the "faculty psychology"

theory of the times and contain many problems we would consider today to

be very difficult (e.g.,-multiplying two six-digit numbers) or intricate

calculating cube root by hand). The 20th century has seen a rather

continuous movement away from including hard problems simply for the sake

of having hard problems. As a result, at any given time people appear

to feel that students are not as skillful as their parents. (See also

Suydam, 1,972.)

Boss \reported in 1940 that median scores in grades 3 through 8 were

lower in 1938 than 1916. She concluded

"the lower scores of 1938 do not indi-
cate lower efficiency in arithmetic,
but rather that the curriculum has been
deliberately simplified and that the
pupils are younger and less selected
than those of 1916. Not the lowering
of standards as is often claimed, but
the widening of opportunity for"contin-
ued school attendance, produces the
lower mass,average."

Beckmann in a 1965 study of 1296 students in 42 Nebraska high schools

found that

"students entering the ninth grade in
Nebraska are much more mathematically
literate today than they were 15 years
ago."

The questions used by Beckmann included both-arithmetic and geometry. The

mean score (out of 109 items) was 45.67 in 1951, 54.91 in 1965, indicating

either that the test was difficult or that competence was not particularly

high at either time.
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Roderick compared Iowa students performance on the Iowa Tests of

Basic Skills for the years 1936, 1951-55, 1965, and 1973. He reported:

The most dramatic differences observed were
in the 1936 toi1973 comparisons on thei var-
ious topics. The students in 1936 were su-
perior at both grades six and eight in every_
area tested..A

In condensediform, this study presents evidence
toward concluding that the modern mathematics
curriculum and/or its implementation is seriously
deficient and ineffective relative to most of the
long-term and still-held curricular goals identi-
fied:"

Our own assessment of the Roderick data indicates to usthat most of the

losses he identifies show up in the 1955 versus 1936 comparison, with

quite mixed results from then on. So we question the strength of his

conclusion.

Roderick's conclusions fit what seems to be prevailing public opin-

ion. But in Ontario, where the "new math" controversy has been as heated

as in the United States, a recent extensive study concluded

"In contrast to the widely publicised opinions
of critics, this study clearly indicates that
elementary school students in 1974 are just as
capable of arithmetic computation as their age
mates of 10 years ago." '(0ISE, 1975)

A carefully written article summarizing the National Assessment data

on computational skills asked:

"What do these MAEP data say about the
effect of "new' mathematics" programs?
After all, the 13-year-olds and 17-year-
olds could have been taught throughout
their school experience in new mathematics
classrooms. If the critics of the "new
mathematics" were correct, the computation-
al skills of these age groups would be very
low. In fact the data show that 13-year-olds
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can do about as well as adults on most
computational tasks, and 17-year-olds
can do better. Remember, the adult
population would not have been affected
by exposure to new mathematics programs."
(Carpenter, et. al., 1975).

We already noted that calculation skill and ability to use

mathematics are different issues. On the NAEP tests, only about one

half of the 17-year-olds and adults (aged 26-35) could solve typical

consumer problems, with the adults consistently performing; higher.

The interpreters concluded that this might be due to either increased

life experience of adults with such problems or due to decreased em-

phasis on such problems in newer curricula.

What can we conclude? Although historically, arithmetic skills have

been the foundation of the elementary school curriculum, the performance

on these skills has never been as good as some would want. PerfOrmance

on tests on computational skills has provided continual fuel to criticize

the curriculum. Whatever can be said about the present curriculum, re-

search studies show no consistent pattern of declining achievement over

the last 20 years. In any case, such concern may be misdirected, as we

have noted, because even without the advent of calculators, the ability

to use computation, not computational skills as such, is probably the

central issue.

In this historical framework, calculators create a novel situation.

For the first time, the need for computational skills is brought into

question. (Recall that the newer mathematics programs, while perhaps

spending less time on computation itself, proceeded under a belief that

increased understanding of the underlying theory would cause graater pro-
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ficiency in skills. Never was the need for skills seriously questioned.)

There is no'more fundamental tenet of the matheMatics curriculum than the

necessity for teaching arithmetic skills. The fact that calculators force'

one to question this tenet may account for the intense public interest and

for the extensive media coverage noted above. The potential for wasted,

misdirected,or plain wrongminded effort in accommodating to calculators

is so great that it clearly warrants considerable and thoughtful consid-

eration, especially in these early stages. Since any consideration must

begin with existing schoOl practices with respect to the teaching of cal-

culation, we turn to that next.
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C. The canonical calculation curriculum: numbers and their processing
in grades K-6

Since the calculator principally calculates, any assessment of its

role in the curriculum is bound to focus on how it might interact with

that part of the curriculum that deals with numbers and their processing.

Hence it seems useful to attempt an assessment of typical patterns of

schooling in those areas.

It is the impression of many of us that "the calculation curriculum"

and "the mathematics curriculum" for grades K-6 are essentially two names

for the same thing--that is, concern with calculation dominates those

years to a very large extent. Even topics like measure, geometry, and

probability frequently appear to be in books mainly to provide another

context for calculation. However that may be, calculation concerns are

at least the largest single component of the curriculum in grades K-6.

To examine that curriculum, we looked lit widely used textbook series from

major publishers, because in the great majority of classrooms such text-

books determine the pace, structure, and actual learning materials for

the students. For that purpose -e went through two textbook series year

by year and page by page and tallied the main content of eabh page into

various categories. Here we include comments mainly on the calculation'

content,- which does indeed dominate these books. The first such book is

by now an old standby and has been very widely used: Investigating School

Mathematics, Addison Wesley Pubiishing Company, 1973 edition--referred

to hereafter as AW. The second is a newer series that seems to be at-

tracting a considerable following, Mathematics Around Us, Scott Foresman

and Co., 1975 edition, hereafter referred to as SF.
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Before dealing with the calculation content of these textbooks

(summarized on page 15) a comment on the ways in which such textbooks

contribute to methods of teaching in the classrooms they dominate may

be in order. First, in spite of I'iaget, and Dewey before him, there is

little acknowledgment in the textbooks themselves that the early (say,

grades 1-3)' number experience of children might profitably be based an

work with concrete materials such as counters or colored rods. To be

sure, the books for these early years are lavishly illustrated with pic-

tures of many objects and diagrams of concrete situations (e.g., for

addition: pictures of animals in a pasture with others comng to join

them) but it seems pretty clear that looking at pictures can't qualify

as a concrete operation. Teacher manuals for both books (but especially

for SF) suggest activities with concrete materials but our overwhelming

impression from observing classrooms is that these suggestions are rarely

followed. This overweening dependence on symbol manipulation of one sort

or another as the nearly exclusive diet for early work with numbers con-

trasts with what nearly all of the best informed people in our field say

would be more appropriate. It is easy to imagine that it accounts' for

the poor intuition for and understanding of number work on the part of

many people that has characterized the, results of school mathematics edu-

cation for a very long time.

To turn now to calculation as taught in these books some generll im-

pressions from our tally of calculation content in SF and AW can,. be summed

up as follows:
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kl) It is quite uncomMon in these books for significant preparatory work

for a given topic to appear at grade levels before the main introduction

of the topic into the sequence. For example, there are essentially no

fractions treated before grade 4, and no operations even with simple. frac-

tions before grade 5. This lack of gradual buildup may be another result

of the dependence of books on symbols, since the appropriate preparatory

experiences should ver/ilkely be quite concrete in nature.

(2) The general pattern of developments in both books as revealed by

the page count is very similar although the books themselves seem quite

dissimilar. An exception is that the SF book stresses decimal work on

more pages (by a factor of 3 or so) and usually a grade level earlier.

(The SF also has a more "applied" flavor throughout as context for the

computational work.)

(3) The general pattern is introduction of number facto or new notation'

at one grade level with no prior work, then development of algorithms and

the like with increasingly complex examples at the next two grade levels,

with maintenance thereafter by review, use in story problems, etc.

As to the actual calculation content) Table 2 and Table 3 summarize

the tally of pages in two ways. The relative emphasis in each book varies

somewhat, but the mean captures very well a general impression of the se-

quence and emphasis in these books. Table 2 gives those means. Table 3

is a very much simplified version of Table 2; a check (v') indicates a

beginning on a topic, often near the end of the textbook for that year;

a plus sign (+) indicates main emphatis; a zero (0) indicates little or

no attention to the topic at that grade level; the letter (0) indicates

at most skill maintenance exercises.
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Table 2, Number of Pages per Calculation Topic Averaged
from Two Textbook Series

Grade Level.
1 1 2 3 4' 5

Addition Facts
Whole

No "carry"
Number

Isolated "carry"Addition
Arbitrary sums

104
10
0

0

80

15
28

0

26

10
26

10

10

0

12

15

10

0'

0

20

8

0

0

17

Whole Subtraction Facts
Number Single regrouping
Subtraction Arbitrary a-b (b.Ka)

88
0

0

58

27

0

28

24

14

9

7

18

7

0

22

7

0

17

Whole Multiplication Facts
Number I x 10, 100: 1000
Multipli- Single digit 2nd factor
cation Arbitrary ab

0

0

0

0

17

0

0

0

35

9

18

0

27

15

16

17

9

9

6

25

9

7

2

20

Whole Division Facts
Number Single digit divisor
Division J Arbitrary a.1- b

0

0

0

1

0

0

28

6

4

19

16
20

13
15
28

7

0

34

Meaning; equivalence
a c

r; 4. "a-

(Rational) I
a

-

Fractions
b d

a c
1:7 d

a c

1; + Ti.

0

0

0

0

0

0

0

0

0

40

0

0

0

45

28

27

13

21

23

18

22

12

Decimals as

(Finite) I

Money: add, subtract

Decimals I

Meaning of decimals
Add or Subtract
Multiplication
Division

0

0

0

0

0

0

0

0

0

0

5

0

0

0

0

6

0

4

0

0

0

9

17
11

0,

0

4

18

20

16
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Table 3 Grade Level of Introduction and Emphasis
of Computation Topics in Two Textbook Series

Grade Level,

1 2 3 4 5 6

Whole Facts
Number .

,

Easy

+, 1 Mature

+
0

0

+
+
0

m
+
V

m
m*
+

m
m
m

m
m
m

Whole
Number

I

Facts
Mature

x

0

0

1 +
0

+ m
+

m

i

Whole
I ,Facts

:number
Long Division

+
1

0

0

0

0

+
0

m
+ +

Meaning
+,

1 x

+1

0

0

0

0

.

0

0

0

0

0

0

0

0

+
0

0

0

+
+

0.

m
+
+

Money: +, -
Meaning

Finite
Decimals

1 +, -

x

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

m

+

0

m
m
!+

+

*The "m" designation, meaning "maintenance" of skills, can mean win*,
in problem sets or implicit in other operations, In that caile,*pages
devoted to the subject don't appear, and hence are tallied as "0" in
Table 2.
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The main thing that strikes us in this tally is the extent to which

new symbolic work of .a fairly complicated sort is piled on in fifth and

sixth grades. The first four years consists of fairly leisurely work

with counting and whole numbers: the meanings of the whole number oper-

ations, extensive algorithmic work with addition and subtraction, and

some with multiplication. The final two years of the K-6 school sequence

haveaheavY load of precisely those topics well known to be troublesome

to studentS: long division of whole numbers; common-denominators; divi-

sion of fractions; and virtually all work with decimals beyond addition

and subtraction. Both the amount and complexity of symbolic calculation

is very substantially escalated in these two years and it is not surprising

that this proves to be very difficult for very many students.*

This curriculum sequence may help to explain the gut reaction of so

many teachers to the use of calculators in schools: "Fine, but not until

after at least sixth grade." More is at stake in that than merely the

feeling that one Should learn to compute "by hiind" before getting a

machine to do it. Even moderate use of calculators before about fifth

grade would Upset this standard sequence radically by bringing a number

of things into the school situation before their existence is acknowledged

by the canonical curriculum. For example, calculators introduce multipli-

cation of anything by anything; division of anything by anything; division

that usually leads to decimals; decimals more generally, and not merely_

decimals for money. That is, if one accepts that the present sequence of

*According to followers of Piagit, many children in fifth and sixth grades
may still be working at least in part in a concrete operations stage. But
most of the work just referred to is heavily symbolic, and "understanding"
what is going on requires Fairly ornate formal arguments. This is espe-
cially so in the likely absence of work with concrete embodiments of the
operations.
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calculation development in schools is necessary and logical, then one

must view the calculator as disruptive.

We believe that better sequences could easily be devised and-that

the calculator could play a fruitful role in these sequences. At a min

imum, it would not be difficult to argue that the canonical curriculum

has very serious weaknesses and is overdue for reconsideration.

For example, the canonical curriculum of the primary school years is

surely quite weak. Too little is known about how young children learn

best, but even what is known is often ignored. One signal of this is the

almost universal failure to include even the simplest of concrete manipu

lations in early number work. First grade workbooks usually consist of

pdge after page of equations with single-digit addition and subtraction

'accompanied at most by pictures of corresponding groups of objects and

most children apparently do spend their mathematics learning time filling

in the blanks in those workbooks. Suitable concrete work should enable

earlier introduction of,nonnegative decimals (as an extension of place.

value) and, if so, addition and subtraction of simple decimals could pro

bably be included not much later thane the addition and subtraction of

whole numbers.

One example of curriculum materials that attempt (only) the rudimen

tary reform of including considerable concrete work without changing'the

content` N nd grade level sequence of the canonical curriculum is Developing

\NINMathematica Processes. At present it has not gained wide acceptance.

It may be that it attempts so much by way of variety of concrete work

(admirable to be sure) and demands sLch special sets of equipment that it

is seen as impractical for school use.
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A more promising approach to the early school calculation curricu-

Ium is the fairly radical departure from it implicit in the Comprehensive

School Mathematics Program (CSMP). The program includes considerable

concrete work. But more than that, decimals and fractions as well as

operations using them are included from first grade on. Purthermore, the

operations in the primary grades are not restricted to addition and sub-

traction, contrary to the practice in both the canonical curriculum and

the DMP variant. This is accomplished with concrete devices that allow

for fairly ornate algorithmic processing. (The "Papy minicomputer" is

the principal one used in CSMP, but other possibilities also exist.)

These concrete calculators do more than accomplish the calculation work.

They also embody important features of standard algorithms--for example,

"carrying" and "borrowing" in addition and subtraction of whole numbers;

power of ten shift rules for multiplication and division. To some, this

might suggest that the variants suggested by'CSMP are ideally suited to

a calculator based curriculum, with the more efficient electronic calcula-

tor replacing the likes of the concrete minicomputer. But we think this

suggestion would be unwise--unlike the concrete calculators an electronic

calculator obscures the process by which an anawer is-arrived at. But it

would be an interesting exercise to consider the calculator as a teaching

aid in the primary grades of such a curriculum, as an occasional alternate

to the concrete algorithmic processing.

In Part III we will consider in greater detail some possible sugges-

tions for the role calculators might play in the elementary school calcu-

lation curriculum.

vti



2.

Part II

Changes in Curricular Emphases Suggested by Calculators

In this part of our essay, we turn from our general considertions

of the /present situation to more specific suggestions regarding the

future.; Finally, in Part III we become even more detailed in our dis-
c

cussion of calculators and the curriculum.

A. General Comments

In this section, we suppose that a curriculum is to be planned

which postulates the availability of calculators both in and out of the

classroom. This assumption forces questions of selection and ordering

of computational skills (e.g., division of decimals) and of algorithms

(e.g,, some way of getting the correct quotient).

One easily-stated option which presents itself is that skills should

be /limited to those which are presently memorized and that all algorithms

should be described in terms of pushing buttons on the calculator. This

option has been supported by some proponents of the use of calculators

and is often found as a "straw man" set up by opponents of calculator

use in classrooms. There has not been enough time, though there might be

experiments underway, to determine what would he the result of the replace-

ment of all paper-and-pencil algorithms by calculator algorithms. We can

only comment from our own experience.

While it is true that generations of students have dine reams of,-

calculations without profiting from this experience, it,is also probably

true that, among successful students and users of mathematics, some con-
,

siderable part of their intuition may have developed as a result of this
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work. Thus we believe that to discard paper-and-pencil calculations in

their entirety would be unwise, even if these are little needed in the

everyday world.

On the other hand, the historical trend away from complex manipula-

tions seems to us to have had foresight. Drilling students on such prob-

lems as 346.254 X 18.97 would seem to have little use except as a game.

So we believe that to keep all of, the algorithms with the degree of pro-
!

ticiency which is presently expected, and thus to ignore the existence of

calculators, would also be unwise.

This leads us to the following summary view of the place of skills

and algorithms in a calculator-conscious curriculum:

1. ' "Students still must be required to have the

!fundamental addition, multiplication, and sub-

traction facts available for immediate recall.

2.' Some work is needed with paper-and-pencil alga-

rithts (though not necessarily the ones now in

common use) for each of the four fundamental

operations.

3. Younger students should have proficiency with the

simplest types of computation in each of the four

fundamental operations.

However, the rationale for having these skills must be modified. We

presently teach all arithmetic skills as if accuracy in computation is

the only goal. With a calculator present, accuracy is not a problem.

The strongest reason for having competence with simpler problems is to

have theilability to estimate the answers to harder problems. The time
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presently spent building up accuracy on quite difficult problems should

be decreased and the resulting time should be spent on estimation and

application.

4. The use of simple computations to help estimate

answers to more complicated computations must be

giVen strong emphasis.

Some have written about the uae of calculators to check paper-and-

pencil calculation. There are times when this might be an appropriate use

of calculators (e.g., for self-checking and immediate feedback) but over-

use of this device seems unwise. For suppose that a student labors over

complicated arithemtic exercises and a calculator is routinely used to

check the student's work. The student may rightfully wonder why he or

she has to learn the skill if the calculator can do the problem more

quickly and accurately.

The reverse process, however, is most appropriate especially with

respect to mental or paper-and-pencil estimation of answers either before

or after a problem has-been worked on a calculator. Detailed paper-and-

pencil calculation as a method of checking for operator or machine error

might sometimes be useful, but could easily be overdone.

We feel that these summary comments are helpful in guiding one's

thinking about the roles- calculators might play in the curriculum, but

such comments require elaboration to be useful to curriculum designers.

So we now turn to a discussion of specific skills and algorithms.
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B. Specific Comments with respect to the K-6 Curriculum

The following skills are necessary for the most rudimentary kinds

of estimation. Even were calculators-to be universal, their importance

would remain.

addition of whole numbers (including memorization of

traditional addition facts)

subtraction of whole numbers (including memorization o

traditional subtraction facts)

multiplication by 1- or 2-digit numbers (including

memorization of traditional multiplication facts)

division by 1- or 2-digit numbers

small integral powers of positive integers

multiplication and division by 10, 100 1000, etc.,

.1, .01, .001, -.etc.

The student needs to learn a paper-and-pencil algorithm for each of

these skills. We do not have enough knowledge about algorithms to deter-

mine whether the conventional algorithms are the best available.

Simultaneous with the availability and widespread Use of hand calcu-

lators has been the realization of the advantages of and legislation sup-

Obrting the conversion to the metric system. Pedagogically, the extension

of base 10 notation to decimals is now thought more natural than the

switch to fractions. Any of these developments would be sufficient to

argue for an earlier introduction of the decimal system (in short, deci-.

mals before fractions rather than after). Together they make an early

introduction of decimals essential. The young student will see decimals

on the calculator arising from even simple division problems; this may be

the mbst appropriate time to introduce all kinds of decimals.
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Thus many of the skills associated with decimals gain in importance.

have remarked earlier that estimation skills gain in importance. Spe-

cifically, the following skills need more emphasis in the curriculum, this

emphasis to be given either by an earlier introduction of the skill or by

v.reater attention to the skill once it is introduced.

rounding

estimation of answers to multi-digit problems by rounding

to one or two significant figures

addition of decimals

subtraction of decimals

multiplication of decimals with two or less significant digits

division of decimals with a divisor of two or less significant

digits

conversion of fractions to decimals

conversion of certain decimals (suggestion: decimals equivalent

to k/n, with n between 2 and 11, k any whole number.)

There are certain skills in the canonical curriculum for which it is

not clear whether the payoff has ever been worth the effort. Even if

there did not exist one electronic calculator, we might have suggested

that the teaching of these skills be delayed perhaps even as long as to

the secondary school. Certainly there is no compelling reason for the

student to learn every bit of arithmetic before the study of algebra. To be

specific, we refer to the following skills with whole numbers and decimals:

addition of long colutns of'multi-digit numbers

long division where the divisor has more than two

significant digits
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multiplication where the multipiier has more than

two significant digits

Every problem of the above types is formidable to the extent that the

accuracy of even good arithmeticians cannot be guaranteed. They are

particularly the type of problem for whiqh the calculator is a fast and

reliable aid.
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C. The Future of Fractions

Because it is clear that decimals require greater and earlier atten-

tion in order to exploit calculators, there is a body of

opinion which asserts that fractions will lose much, if not all, of their

importance. To us this opinion it; often based upon a further assumption,

namely that the total amount of time devoted to fractions and/or decimals

should remain relatively constant. We do not necessarily subscribe to

that second assumption, and so we do not believe that increasing work

with one requires a decrease of work with the other. More penetrating

analysis is needed.

Fraction notation is associated with every division problem, expresses

ratios (e.g., probabilities, scales), and is found in geometKic proportions

and many formulas. For example, the change of mass with velodity is repre-

sented by the formula

m

2/1- v.-
c

One would have to have an ample supply of negative powers in order to

write the formula without fractions.

-1
m
o

2
c
-2

)

(While the use of negative powers would be an interesting notation to fos-

ter and perhaps to study, it does not seem feasible given current practice.)

The solution to as simple and fundamental an equatie as ax b is usually

written as the fraction -a Thus it would seem to be disastrous not to give

strong attention to the meanings of fractions and, concurrently, to the

notion of equivalence and simplification of fractions.
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With respect to operations with fractions, the situation is less

clear. First, gaper -and- pencil work with fractions is not easily converted

to work on the calculator. Unless one is working with a calculator which

utilizes reverse Polish notation or multiple parentheses, the problem

s + 4. cannot be finished by pressing 2 3 + 1-7 4 on the calculator.

Even in reverse Polish notation, the answer will not appear as a fraction.

This suggests that the symbolic algorithm a/b + c/d (ad + bc)/(bd)

should be taught, With the calculator (if needed) used only to calculate

the numerator and denominator of the answer. (This suggestion.was made

by some before the advent of calculators due to the frustration students
0

have learning the normal "least-common-denominator" algorithm for addition

of fractions and the easier transfer to some work with fractions in algebra.)

In short, if operations with fractions as fractions arty imporrant,

then having a calculator does not shorten what is to be learned. The cal-

, culator only shortens the arithmetic. Since traditional work with frac-

tions has used small positive integers for the most part, the calculator

is not particularly helpful.

But are the operations important? Addition and subtraction of frac-

tions usually occur with measurements; if measurements are to he solely

in decimals (as is the case even now with money and temperature), then

time spent on these skills should be decreased. For the few places that

addition or subtraction of fractions would remain in use (the stock mar-

ket, perhaps), the skill could be learned closer to the actual application.

:Multiplication and division of fractions occur with respect to rating,

rateA, and proportions. For example, you may divide fractions if you know

1
that your car gets lb-

2
miles to the gallon on the average and you wish to
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know how much gas you have used if you have travelled 260 miles since the

last fill-up (an actual problem experienced by this author within the

last month - and the fraction is crucial when the gauge registers less

than empty!). If a model is to be 3/8 actual size and you want to know

how long certain dimensions will be in the model, then multiplication of

tractions is appropriate. It is clearly possible to do all of these cali-

culations with decimals. But 3/8 is sometimes easier to picture (what

has length 3 in the model has length 8 in the original) than .375. If

the calculations are done in decimals, will understanding of the situation

be decreased? Or does that question assume student Understanding which

is often lacking and cannot be decreased!

The above arguments indicatethree suggestions with respect to the

teaching of fractions in a calculator-available curriculum:

1. Less emphasis should be placed upon. arithmetic operations

with fractions.

2. More emphasis should be placed upon symbolic manipulations

with fractions.

3. Continued emphasis is needed on the meaning of fractions and

work with. equivalent fractions.
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D. Arithmetic Skills Introduced in Grades 7-9

The arithmetic skills normally introduced in grades 7-9 are the

following: work with percentages, calculation of square roots, the four

fundamental operations with negative numbers, and occasionally scientific

notation and/or work with negative exponents. In all cases, these skills

a're considered more difficult than those skills of the K-6 canonical cur-

riculum and judging from the content of remedial texts, .ith the exception

of work with percentages they are considered less importat.

Work with percentages remains an important skill for khe consumer to

have. Decimals make it possible for such work to be given earlier. Though

we would prefer that the "percent" key on many calculators be replaced by

a key with a noriredundant function, the presence of this key could also

motivate early introduction.

A similar early introduction would seem to he natural for negative

numbers. The common saying "You can't take 5 from.3" was always silly but

is not even applicable when calculators are available. A student who

punches in a subtraction problem in reverse order will uee negative num-

bers correctly appear. But any early introduction' will be impossible un-

less it is coupled with the variety of common life situations in which

negative numbers make it easier to operate: profit-loss in business; gain-

loss in weight, football, or stocks; ahead-behind in bowling or golf; east-

west or north-south movement; height above or below a fixed level; and so

on. The general public, despite the use of negative numbers on television

and in newspapers in situations like the above, still views negative num-

hers as artificial and lacking any meaning in the real world and for this
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reason may not support any curriculum in which all students receive early

introduction of negative numbers.

Scientific, notation has always been used to estimate very large or

vory sr:all numl:ers. On some calculators, a knowledge of scientific no-

tation is needed to interpret answers. If estimation is to be given the

strou-or role that it deserves, scientific notation as a tool in estimation

and representation of numbers will increase in importance. This would

tree n earlier introduction of addition and subtraction of positive and

ne,'.ativ integers as well as increase the already important, role given to

p(lwers ten.

Thou7h there are reasons to introduce the meanings and interpreta-

Lions of negative numbers earlier than in the, present canonical curricu-
,

lum earlier than grade 7) and work with addition and subtraction

of these numbers before grade 8, it does not seem necessary to multi-

ply or divide with negative numbers any earlier than in current practice.

',;e, make this statement cognizant of applications of these operations

(Uanges.of direction and size as examples of multiplication; rates of

loss or going back in time as applying division) but feel that there are

more important prior curricular considerations.

Calculation of decimal approximations to square roots by either the

Archimedean or "divide-and-average" algorithms is an anachronism. To

most students these algorithms are of mysterious origin (even if the teach-

er takes the time to give their mathematical justifications) and they do

ccntrite to an understanding of what_a square root is. The authors,

neither of .,:hom considers himself to be poor at computation, have never

trstied xwn witil these alp.orithms. Given calculators, the hest
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algorithm would seem to be to test potential square roots or approxima-

tions to square roots by squaring these numbers. (We also believe that

a square root key is more useful and more justified than a perCent key

on calculators, but on this point the public may have more influence than

mathematics educators.)
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E. Remediation in the Secondary School

Remedial work with arithmetic skills and algorithms characteristi-

cally takes pl'ace in "general mathematics"' and, to a lesser extent, in

two-year algebra" courses taught in grades 9 and 10. Judging from avail-

able materials, in some of these courses there is little other content

than this arithmetic, in others the arithmetic is placed in a "consumer"

context, while in still others a potpourri of mathematical topics in-

cluding computation is studied.

Here we address the question of the effect of calculators on the

need for and treatment of calculation in these courses. Again we believe

that the wisest strategy lies somewhere between the unqualified "Yes"

(use calculators for everything) and "No" (don't use calculators at all)

positions, but we are strong in our belief that on this Yes-No continuum

the most appropriate use is closer to the "Yes" end.

Students in these courses characteristically are very weak in arith-

metic skills. That is, they have not been able to assimilate many of the

paperand-pencil algorithms which they have presumably been taught in

grades K-8. As a result,,many of the patterns (and, as a consequence,

the understandings) which more proficient students see in numbers have

seldom baen seen by these students. And the applications,seem remote if

not impossible to carry out. , It does not seem to be a formidable task to

prepare materials which could help these students to explore both patterns

and applications.

Certainly, there is little reason to continue what have been ineffec-

tive'procedures. Thus we recommend that only the following topics be

covered without the presence of a calculator:
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addition of whole numbers (including memorization of

traditional addition facts)

subtraction of whole numbers (including memorization of

traditional subtraction facts)

multiplication by 1- or 2- digit whole numbers (including

memorization of traditional multiplication facts)

division by 1- or 2-digit numbers

small integral powers of positive integers

multiplication and division by 10, 100, 1000, etc.,

.1, .01, .001, etc.

work with fractions as suggested on page 28

meaning of decimals

All other arithmetic skills should be covered with a judicious balance

of paper-and-pencil estimation and calculator calculation.

Opponents of calculator use in remedial courses give arguments which

we feel are moral in nature. It is necessary to consider these arguments

but such consideration would lead us away from the specifics which charac-

terize this section. We have treated one such issue in Appendix C.

334



34

F. Summary

V::: suppose that a curriculum is to be planned which postulates the

availability of calculators both in and out of the classroom. In.the fol-

lowing table, we summarize the importance of various skills in such a cur-

riulum as compared with the treatment in the canonical curriculum.

Fundamental Operations: Addition Subtraction Multiplication Division

Whole numbers:
2 digits

'2 digits

0

0

(columns -)

0

0

0

Jecimals:
2 sig. digits +E +E +E +E

> 2 sig. digits 0 0

Fractions:
calculations

symbolic manip.

Estimation of answers:

Negative Numbers: OE OE 0 0

Conversions:
fractions to decimals:

decimals to fractions:

Percentages

Square Root Calculation

Scientific Notation

+E

0 (certain ones +)

0

+E

Code: 0 likely to remain equal in importance

+ likely to increase in importance

- 'likely to decrease in importance

E likely to appear earlier
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Part III

Notes for an Alternative Calculation Curriculum

A. Genral Comments
1

qhen one speaks of "the" mathematics curriculum,it is important to

distinguish between (a) the "canonical" curriculum, as represented by

current best-selling textbooks, (b) already existing newer curricula, such

as those represented in the DMP or CSMP materials, and (c) a hypothetical

or envisioned curriculum which exists only in someone's mind or in rough

outline form. The uses one sees for calculators vary according to wheth-

er one's frame of reference is a curriculum of type (a), (b), or (c).

Let us review some observations made earlier. In the canonical cur-

riculum, arithmetic skills have been taught as an end in themselves.

Though the ability to apply these skills in the world is a universal goal,

the materials do not reflect this goal and recent tests suggest that the

skills are learned but not the application. The absence of consumer-ori-

some
ented problems on/standardized tests for grades K-6 or even K-8 is a fur-

,

ther indication of this skill orientation.

The canonical curriculum contains almost no work in estimation or ap-

proximation, only the most rudimentary applications, and little in the

way of handling data. In classroom practice, there is virtually no con-

crete work, even in the primary grades. And as we have noted earlier, the

numbers and operations used at a particular level tend to be strictly con-

trolled, parcelled out slowly, and with little grounding at one level for

what comes next.

Now let us suppose that we insert calculators into this canonical cur-

riculum without making curricular changes. First of all, the entire testing
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framework is aftected. Exactly those answers which students spend hours,

days, and months learning how to find are those answers which the calcula-

tor computes quickly. A good teacher will devote time to explaining why

an algorithm works, but a calculator hides the algorithm, and seems to

make all that superfluous. Thus the calculator would seem to destroy cur-

rent rationales for learning arithmetic skills.

Furthermore, what the calculator does well is not reflected in the

canonical curriculum. The calculator allows for the handling of more

complicated data. It makes trial and error methods feasible in many con-

texts. The calculator displays a huge variety of real numbers not usually

encountered in the early grades. It is not until grade 7 at the earliest

that the canonical curriculum involves all of the numbers and operations

displayable on the simplest 4-function calculator. Also, exploiting the

calculator requires some knowledge of estimates, knowledge which usually

does not result from this curriculum.

It is thus our belief that the insertion of calculators into K-6

classrooms using most existing curricula is fraught with peril. There is

the potential for abandonment of those skills which are necessary even

given universal availability of; calculators (see part II), there is a com-

plete shakeup of the fundamental reasons for teaching mathematics in

theSe grades without a conspicuous alternative represented by the mater-

ials being used, and the unique features and abilities of calculators in-

troduce concepts and numbers into the classroom which are not reflected

in the materials. And in a curriculum that already has virtually no manip-

ulation of concrete objects, the calculator removes most of the manipula-

tions with numerals.
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Both the DMP and CSMP curricula seem to be more suited to the appear-

ance of calculators. Each is more attached to the real world. Each uti-

lizes concrete materials. Each does work with estimation. The CSMP cur-

riculum might be the better suited of the two, due to an earlier introduc-

tion of many types of numbers.

But, to our knowledge, neither c rriculum allows for calculators or

gives special activities utilizing uniq e aspects of calculators. (One

could not expect the designers to have fo eseen the appearance of these

devices so quickly.) In each, the calculator could be an adjunct with

fewer, but still with existing, threatening aspects.

Thus it seems that if calculators are to be used in the elementary

grades, alternative curricula must be designed with calculators in mind.

We believe that it is possible not only to make room for fruitful use of

calcUlators but also to alleviate some of the weaknesses in the canonical

curriculum. As something of a partial existence proof of this possibility,

the pages that follow include pieces of a rough outline for one such cur-

riculum alternative for the elementary grades. The main features of this

alternative are greatly enriched content in the early grades (as in CSMP),

work with concrete materials, and, of course, use of calculators.

In considering the material that follows we ask the reader to keep

in mind the fragmentary and tentative nature of the suggestions made.

With respect to content we are concerned only with number and calculation

and even in that we, are not exhaustive. With respect to sequence, the

(partial) outline is at most only suggestive. With respect to work with

concrete materials, only a small sample of the possibilities is listed.

ck more complete outline would carefully assess what is by now a rich field
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in order to specify what would best embody each idea, and perhaps also

what would mesh best with the presence of calculators.) With respect to

calculators, most of the exercises suggested have emerged from preliminary

and quite informal trials' of calculators by twenty teachers or so; they

clearly do not exhaust the possibilities. Furthermore the outline is

uneven,. with much* more detail for early work than for later work. This

is mainly in response to the widespread impression that calculators have

potential only (or at most) for work in the upper elementary grades and

beyond. That is, we outlined the early grades in more (but still far

from sufficient) detail because that is where there appears to he most

skepticism both with respect to richer content and with respect to fruit-

ful teaching uses of calculators.

Finally, the reader should know that what we regard as perhaps the

most promising teaching use of calculators is virtually omitted from the

material that follows. We refer to the possible role of calculators in

helping youngsters make sense out of numerical data. We assume that at

almost any level, problems beyond the paper-and-pencil calculation power

at that level can come from contexts that youngsters nevertheless under-

stand and find interesting. Assuming the youngsters can understand both

the data and results from processing that data, the calculator can give

them power to do the processing. In further development of any such cur-

riculum as is suggested by the material that follows, we believe these

f3ossibilities shoull be fully developed. Examples could come from every-

day experience, froM\many excellent new elementary science programs, from

USMES-type challenges, from various sorts of projects including projects

for social studies or language arts, from Nuffield-type activities, and

so on.

333



39

To sum up, the pages that follow include merely some first draft frag-

ments for what might profitably be developed into an outline for a full-

scale alternative to present practice. No one is more aware than we that

it is not yet a fully developed alternative. But we think this material

may suggest that serious efforts to find a useful place for calculators

in teaching elementary school mathematics (including the primary grades)

could be rewarding. If so, the modest objectives of this fragmentary

listing have been achieved.
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. B. Some possible activities for Phase I of a Calculation Curriculum:
Introducing the Child to Arithmetic

In the first phase of the child's experience with arithmetic, each

concept is introduced through actual manipulation of concrete objects.

Inputs to and results from the concrete manipulations are to be recorded

on paper in order to establish links among the concrete, the verbal, and

the symbolic, and also to keep track of the processing. Because the cal-

culator disguises the processing which it does, it is particularly impo.K-;

tant that the same kind of recording be used with calculator inputs and

results.

Keep in mind the general caveats mentioned in the general comments

above:

(a) Only calculation content is dealt with here; any reasonable curricu-

lum for elementary school mathematics must include much which is

not calculation.

(b) The outline is not intended to be exhaustive in any respect; we know

that some important content may be neglected; many other useful con-

crete activities exist; there are many other ways to exploit calcula-

tors to increase understanding of arithmetic.

(c) Understanding of arithmetic can probably be reinforced in many ways

by using calculators to help make sense of numerical jnformation

that comes up in school exercises or that youngsters generate or

bring in, but we list few of these possibilities.



S
o
m
e
 
S
p
i
l
l
s
 
o
r
 
C
o
n
c
e
p
t
s

(
a
)

W
h
o
l
e
 
N
u
m
b
e
r
s
 
a
s
 
C
o
u
n
t
'
s

*
C
o
u
n
t
 
b
y
 
l
'
s
,
 
s
a
y
 
t
o
 
1
2
6

*
C
o
u
n
t
 
b
y
 
1
0
'
s
,
 
s
a
y
 
t
o
 
5
0
0

*
S
t
a
r
t
 
a
t
 
n
,
 
c
o
u
n
t
 
o
n
;

c
o
u
n
t
 
b
a
c
k

S
o
m
e
 
S
a
m
p
l
e
 
C
o
n
c
r
e
t
e
 
E
m
b
o
d
i
m
e
n
t
s

S
o
m
e
 
S
a
m
p
l
e
 
C
a
l
c
u
l
a
t
o
r
 
U
s
e
s

*
r
e
c
o
r
d
i
n
g
 
o
f
 
r
e
s
u
l
t
s
 
o
f
 
a

c
o
u
n
t
i
n
g
 
p
r
o
c
e
s
s
,
 
s
a
y
 
u
p
 
t
o

1
2
6

*
R
e
a
d
 
a
 
t
w
o
-
d
i
g
i
t
 
n
u
m
e
r
a
l

*
C
o
u
n
t
 
o
u
t
 
a
 
s
e
t
 
o
f
 
n
 
o
b
j
e
c
t
s
,

n
 
r
e
a
s
o
n
a
b
l
e

(
t
j

1
,
 
N
u
m
b
e
r
s
 
a
s

.
!
e
a
s
u
r
e
s

i
*
A
t
t
a
c
h
 
v
e
r
b
a
l

c
o
u
n
t
s
 
t
o
 
m
a
n
y
 
s
e
t
s
 
o
f

o
b
j
e
c
t
s

*
C
o
u
n
t
 
o
u
t
 
s
t
i
c
k
s
,
 
b
u
n
d
l
e
 
b
y
 
1
0
'
s

C
o
u
n
t
 
b
y
 
1
0
'
s
 
w
i
t
h
 
1
0
-
b
u
n
d
l
e
s

*
E
m
b
o
d
y
 
t
w
o
-
d
i
g
i
t
 
n
u
m
b
e
r
s
 
w
i
t
h
 
s
t
i
c
k
s

a
n
d
 
b
u
n
d
l
e
s
;
 
c
o
u
n
t
 
o
n
 
(
c
o
n
t
i
n
u
e
 
b
u
n
-

d
l
i
n
g
)
 
a
n
d
 
b
a
c
k
 
(
u
n
b
u
n
d
l
e
)

*
F
o
r
m
 
n
;
 
p
r
e
d
i
c
t
 
a
n
d
 
a
c
t
 
o
u
t

(
(
(
n
 
+
 
1
0
)
+
 
1
0
)
+
.
.
.
)
;
 
(
(
n

-
 
1
0
)
-
 
.
.
.
)

*
W
i
t
h
 
r
e
v
e
r
s
i
b
l
e
 
g
r
o
c
e
r
y
 
c
o
u
n
t
e
r
,
 
c
o
u
n
t

o
n
 
a
n
d
 
b
a
c
k
 
b
y
 
l
'
s
;
 
b
y
 
1
0
'
s

*
U
s
u
a
l
 
p
l
a
y
 
a
n
d
 
p
r
e
l
i
m
i
n
a
r
y
 
w
o
r
k
 
w
i
t
h

c
o
l
o
r
e
d
 
r
o
d
s
 
(
e
.
g
.
,
 
C
u
i
s
e
n
a
i
r
e
 
r
o
d
s
)

a
u
g
m
e
n
t
e
d
 
w
i
t
h
 
c
l
e
a
r
 
a
c
e
t
a
t
e

1
 
x
 
1

c
m
 
s
q
u
a
r
e
s
 
t
o
 
r
e
p
r
e
s
e
n
t
 
0

*
M
e
a
s
u
r
e
 
l
e
n
g
t
h
s
 
w
i
t
h
 
r
o
d
S
;
 
e
x
p
r
e
s
s
 
r
e
-

s
u
l
t
s
 
w
i
t
h
 
1
0
-
r
o
d
s
 
a
n
d
 
a
t
 
m
o
s
t
 
o
n
e

o
t
h
e
r

*
r
s
e
 
m
e
t
e
r
 
s
t
i
d
%
 
t
o
 
m
e
a
s
u
r
e
;
 
r
e
c
o
r
d
 
t
o

t
o

c
m

*
S
e
t
 
c
o
n
s
t
a
n
t
 
s
o
 
t
h
a
t
 
r
e
p
e
a
t
e
d
 
b
u
t
t
o
n

p
u
s
h
i
n
g
 
c
o
u
n
t
s
 
b
y
 
1
;
 
c
h
i
l
d
 
c
o
u
n
t
s
 
v
e
r
-

b
a
l
l
y
 
i
n
 
p
a
c
e
 
w
i
t
h
 
d
i
s
p
l
a
y

*
S
i
m
i
l
a
r
l
y
,
 
c
o
u
n
t
 
b
y
 
1
0
'
s

*
D
i
s
p
l
a
y
 
n
u
m
b
e
r
,
 
t
h
e
n
 
u
s
e
 
c
o
n
s
t
a
n
t
 
t
o

c
o
u
n
t
 
o
n
 
a
n
d
 
h
a
c
k
 
b
y
 
l
'
s

*
D
i
s
p
l
a
y
 
n
;
 
u
s
e
 
c
o
n
s
t
a
n
t
 
t
o
 
c
o
u
n
t
 
o
n
 
a
n
d

b
a
c
k
 
b
y
 
1
0
'
s
;
 
a
s
k
 
f
o
r
 
p
r
e
d
i
c
t
i
o
n
 
b
e
-

f
o
r
e
 
p
r
e
s
s
i
n
g
 
b
u
t
t
o
n

*
O
n
e
 
c
h
i
l
d
 
d
i
s
p
l
a
y
s
 
n
u
m
b
e
r
 
h
e
 
c
a
n
 
r
e
a
d
;

c
h
a
l
l
e
n
g
e
s
 
p
a
r
t
n
e
r
 
t
o
 
r
e
a
d
 
i
t

*
C
h
i
l
d
r
e
n
 
c
h
a
l
l
e
n
g
e
d
 
t
o
 
d
i
s
p
l
a
y
 
b
i
g
g
e
s
t
,

s
m
a
l
l
e
s
t
 
1
-
 
o
r
 
2
-
d
i
g
i
t
 
n
u
m
b
e
r
s
:
 
d
i
s
-

p
u
t
e
s
 
s
e
t
t
l
e
d
 
w
i
t
h
 
c
o
n
c
r
e
t
e
 
e
m
b
o
d
i
-

m
e
n
t
s

*
O
n
e
 
c
h
i
l
d
 
s
a
y
s
 
a
 
n
u
m
b
e
r
;
 
p
a
r
t
n
e
r
 
d
i
s
-

p
l
a
y
s
 
i
t



S
o
m
e
 
S
k
i
l
l
s
 
o
r
 
C
o
n
c
e
p
t
s

I
S
o
m
e
 
S
a
m
p
l
e
 
C
o
n
c
r
e
t
e
 
E
m
b
o
d
i
m
e
n
t
s

(
b
)

W
h
o
l
e
 
N
u
m
b
e
r
s
 
a
s
 
M
e
a
s
u
r
e
s
 
(
c
o
n
t
i
n
u
e
d
)

*
C
h
i
l
d
r
e
n
 
w
e
i
g
h
 
t
h
e
m
s
e
l
v
e
s
 
o
n
 
b
a
t
h
r
o
o
m

s
c
a
l
e
s
 
(
k
g
)
;
 
w
e
i
g
h
 
o
t
h
e
r
 
l
a
r
g
e
 
o
b
j
e
c
t
s

(
k
g
)
 
a
n
d
 
s
m
a
l
l
 
o
b
j
e
c
t
s
 
(
g
)
;
 
r
e
c
o
r
d

r
e
s
u
l
t
s

(
c
)
 
M
e
a
n
i
n
g
s
 
o
f
 
a
d
d
i
t
i
o
n
 
o
f

*
C
o
u
n
t
i
n
g
-
-
i
.
e
.
,
 
c
o
m
b
i
n
i
n
g

*
M
e
a
s
u
r
i
n
g
-
-
i
.
e
.
,
 
j
o
i
n
i
n
g

*
W
a
t
e
r
 
a
n
d
 
s
a
n
d
 
t
a
b
l
e
 
p
l
a
y
 
w
i
t
h
 
v
o
l
u
m
e
s
-
 
-

h
o
w
 
m
a
n
y
 
o
f
 
t
h
e
s
e
 
i
n
 
t
h
i
s
?

w
h
o
l
e
 
n
u
m
b
e
r
s

(
d
)
I
 
M
e
a
n
i
n
g
s
 
o
f
 
s
u
b
t
r
a
c
t
i
o
n

*
C
o
t
l
.
n
t
s
o
r

m
e
a
s
u
r
e
s
:

t
a
k
e
-
a
w
a
y
.

c
o
m
p
a
r
i
s
o
n

*
a
l
l
o
w
 
n
e
g
a
t
i
v
e
 
a
n
s
w
e
r
s

c
l
p
s
e
l
y
 
t
i
e
d
 
t
o
 
r
e
a
l

s
i
t
u
a
t
i
o
n
s

*
C
o
m
b
i
n
i
n
g
 
s
e
t
s
 
o
f
 
o
b
j
e
c
t
s

*
U
s
u
a
l
 
w
o
r
k
 
w
i
t
h
 
"
t
r
a
i
n
s
"
 
o
f
 
r
o
d
s
;
 
s
o
m
e

o
f
 
t
h
i
s
 
w
i
t
h
 
r
o
d
s
 
o
n
 
n
u
m
b
e
r
 
l
i
n
e

*
A
d
d
 
b
y
 
c
o
u
n
t
i
n
g
 
o
n
 
w
i
t
h
 
g
r
o
c
e
r
y
 
c
o
u
n
t
e
r

*
S
i
m
p
l
e
 
t
w
o
-
d
i
g
i
t
 
a
d
d
i
t
i
o
n
 
w
i
t
h
 
s
t
i
c
k
s

a
n
d
 
b
u
n
d
l
e
s

*
"
A
d
d
"
 
u
s
i
n
g
 
v
o
l
u
m
e
s
,
 
w
e
i
g
h
t
s
,
 
e
t
c
.

*
U
s
e
 
c
o
u
n
t
e
r
s
 
a
n
d
 
r
o
d
s
 
i
n
 
b
o
t
h
 
t
a
k
e
-

a
w
a
y
 
a
n
d
 
c
o
m
p
a
r
i
s
o
n
 
s
i
t
u
a
t
i
o
n
s

*
C
o
u
n
t
 
b
a
c
k
 
w
i
t
h
 
g
r
o
c
e
r
y
 
c
o
u
n
t
e
r

*
U
n
b
u
n
d
l
e
 
s
t
i
c
k
s
 
f
o
r
 
b
o
r
r
o
w
i
n
g

*
A
c
t
 
o
u
t
 
s
o
m
e
 
m
o
n
e
y
 
p
r
o
b
l
e
m
s
;
 
c
l
a
s
s
r
o
o
m

s
t
o
r
e
 
i
s
 
p
o
s
s
i
b
l
e
;
 
a
l
s
o
 
i
n
t
e
g
e
r
s
 
v
i
a

l
o
s
s
e
s
,
 
l
e
n
d
i
n
g
,
 
e
t
c
.

S
c
o
r
e
 
:
i
a
m
p
l
e
 
C
a
l
c
u
l
a
t
o
r
 
r
s
e
s

*
G
e
t

a
 
+
 
b

r
e
s
u
l
t
s
 
f
r
o
m
 
g
a
m
e
s
,
 
d
a
t
a
,

a
 
c
l
a
s
s
r
o
o
m
 
s
t
o
r
e
,
 
o
t
h
e
r
 
p
r
o
b
l
e
m
s
 
o
f

i
n
t
e
r
e
s
t
 
t
o
 
s
t
u
d
e
n
t
s
,
 
e
t
c
;
 
o
c
c
a
s
i
o
n
a
l
l
y

u
s
e
 
d
a
t
a
 
b
e
y
o
n
d
 
t
h
a
t
 
w
h
i
c
h
 
i
s
 
e
a
s
i
l
y

a
c
t
e
d
 
o
u
t
 
c
o
n
c
r
e
t
e
l
y

*
E
x
p
l
o
r
e
 
p
a
t
t
e
r
n
s
 
s
u
c
h
 
a
s
 
"
a
d
d
i
n
g
 
1
0
,
"

"
a
d
d
i
n
g
 
2
,
"
 
"
a
d
d
i
n
g
 
9
,
"
 
t
o
 
a
r
b
i
t
r
a
r
y
 
x

*
F
i
l
l
 
i
n
 
t
a
b
l
e
 
o
f
 
b
a
s
i
c
 
r
e
s
u
l
t
s
 
w
i
t
h

c
o
m
b
i
n
e
d
 
c
o
n
c
r
e
t
e
 
a
n
d
 
c
a
l
c
u
l
a
t
o
r
 
w
o
r
k

i
*
E
x
p
l
o
r
e
 
p
a
t
t
e
r
n
s
 
l
i
k
e
 
(
a
+
b
)
-
b
,
 
(
a
+
b
)
-
a
,

a
a
,
 
e
t
c
.
;
 
e
x
p
l
a
i
n
 
t
h
e
 
a
n
s
w
e
r
s
 
i
n

t
e
r
m
s
 
o
f
 
r
e
a
l
 
s
i
t
u
a
t
i
o
n
s

*
E
x
p
l
o
r
e
 
a
 
-
 
b
 
a
n
d
 
T
i
 
-
 
a
;
 
c
o
m
p
a
r
e
 
a

b

w
i
t
h
 
b
 
-
 
a

*
E
s
t
i
m
a
t
e
 
a
n
s
w
e
r
s
 
t
o
 
l
a
r
g
e
 
p
r
o
b
l
e
m
s
:
 
v
e
r
-

i
f
y
 
w
i
t
h
 
c
a
l
c
u
l
a
t
o
r



S
o
m
e
 
S
k
i
l
l
s
 
o
r
 
C
o
n
c
e
p
t
s

1
S
o
m
e
 
S
a
m
p
l
e
 
C
o
n
c
r
e
t
e
 
E
m
b
o
d
i
m
e
n
t
s

(
e
)

M
e
a
n
i
n
g
s
 
o
f
 
m
u
l
t
i
p
l
i
c
a
t
i
o
n

*
A
r
r
a
y
s

*
R
e
p
e
a
t
e
d
 
a
d
d
i
t
i
o
n
 
u
s
i
n
g

c
o
u
n
t
s
 
a
n
d
 
m
e
a
s
u
r
e
s

*
C
o
m
b
i
n
a
t
o
r
i
a
l
 
p
r
o
b
l
e
m
s

*
C
o
u
n
t
 
b
y
 
n

(
f
)

M
e
a
n
i
n
g
s
 
o
f
 
d
i
v
i
s
i
o
n

*
a
 
'
t
h
i
n
g
s
 
o
r
 
s
o
m
e
t
h
i
n
g
 
o
f

s
i
z
e

a
s
p
l
i
t
 
e
v
e
n
l
y

b

w
a
y
s

*
H
o
w
 
m
a
n
y

b
'
s
 
i
n

a

*
O
n
e
-
b
t
h
 
o
f

a
,
v
s
 
a
÷
b

*
C
o
r
r
e
s
p
o
n
d
 
w
i
t
h
 
m
u
l
t
i
p
l
i
-

c
a
t
i
o
n

*
R
a
t
e

(
g
)

I
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
d
e
c
i
m
a
l
s

*
n

n
.
d
 
<
 
n
 
+
 
1

*
D
e
c
i
m
a
l
 
s
y
s
t
e
m
 
a
n
d
 
m
o
n
e
y
;

)
[
1
0
 
a
n
d

o
r

-
I
-
 
1
0

*
R
e
c
o
r
d
 
m
e
t
r
i
c
 
l
e
n
g
t
h
 
m
e
a
-

s
u
r
e
s
 
w
i
t
h
 
d
e
c
i
m
a
l
 
n
o
t
a
t
i
o
n
;

n
o
t
i
o
n
 
o
f
 
'
m
o
r
e
 
a
c
c
u
r
a
t
e
"

S
o
m
e
 
S
a
m
p
l
e
 
C
a
l
c
u
l
a
t
o
r
 
U
s
e
s

*
C
o
u
n
t
 
m
 
g
r
o
u
p
s
 
o
f
 
n
 
c
o
u
n
t
e
r
s

*
C
o
u
n
t

m
 
X
-
 
n
.

a
r
r
a
y
 
b
y
 
n

*
T
r
a
i
n
 
o
f
 
m
 
n
 
-
r
o
d
s
;
 
c
o
n
v
e
r
t
 
t
o
 
1
0
a
 
+
 
b

*
M
e
a
s
u
r
e
 
a
r
r
a
y
 
o
f
 
n
-
r
o
d
s
 
a
c
r
o
s
s
 
b
y
 
a
n

,
m
-
r
o
d

*
A
c
t
 
o
u
t
 
c
o
m
b
i
n
a
t
i
o
n
s

*
M
o
n
e
y
 
f
o
r
 
1
0
 
X
'
1
,
 
1
0
 
X
 
1
0
,
 
1
0
 
X
 
1
0
0
,

e
t
c
.

*
S
h
a
r
e
 
t
h
i
n
g
s
 
e
v
e
n
l
y
 
(
e
.
g
.
,
 
c
o
o
k
i
e
s
)

*
F
o
r
m
i
n
g
 
g
r
o
u
p
s
 
f
o
r
 
h
o
w
 
m
a
n
y

b
'
s

i
n

a

*
a

c
o
u
n
t
e
r
s
 
w
i
t
h

b
r
o
w
s
,
 
"
o
n
e
 
f
o
r

y
o
u
 
a
n
d
 
o
n
e
 
f
o
r
 
m
e
,
"
 
s
o
m
e
t
i
m
e
s
 
r
e
-

m
a
i
n
d
e
r
s

*
O
n
e
-
b
t
h
 
o
f

a
i
n
 
m
o
n
e
y
,
 
s
t
i
c
k
s
 
a
n
d

b
u
n
d
l
e
s

*
C
u
t
 
u
p
 
r
i
b
b
o
n
 
o
f
 
l
e
n
g
t
h

a
i
n
t
o

b
e
q
u
a
l
 
p
i
e
c
e
s
;
i
n
t
o
 
p
i
e
c
e
s
 
o
f
 
l
e
n
g
t
h

b

*
D
e
c
i
m
a
l
s
 
f
r
o
m
 
m
o
n
e
y
 
t
r
a
n
s
a
c
t
i
o
n
s
 
a
n
d

f
r
o
m
 
l
i
n
e
a
r
 
m
e
a
s
u
r
e
m
e
n
t
s

*
C
a
l
i
p
e
r
s

*
W
i
t
h
 
a
 
c
o
n
s
t
a
n
t
,
 
c
o
u
n
t
 
b
y
 
n
 
s
;

e
x
p
l
o
r
e
 
p
a
t
t
e
r
n
s

*
C
a
l
c
u
l
a
t
e
 
p
l
a
u
s
i
b
l
e
 
p
r
o
b
l
e
m
s
 
w
i
t
h

a
r
e
a
s
 
a
n
d
 
a
r
r
a
y
s
 
(
e
.
g
.
,
 
h
o
w
 
m
a
n
y

t
i
l
e
s
 
o
n
 
t
h
e
 
f
l
o
o
r
 
o
r
 
c
e
i
l
i
n
g
)

*
U
n
i
t
s
 
i
n
 
u
n
i
t
s
:

s
e
c
o
n
d
s
 
p
e
r
 
h
o
u
r
;

M
i
n
u
t
e
s
 
p
e
r
 
d
a
y
;
 
m
e
t
e
r
s
 
i
n
 
n
 
k
i
l
o
-

m
e
t
e
r
s
,
 
e
t
c
.

*
I
l
l
u
s
t
r
a
t
i
v
e
 
c
o
n
c
r
e
t
e
 
p
r
o
b
l
e
m
s
;
 
o
b
-

s
e
r
v
e
 
n
o
n
-
w
h
o
l
e
 
n
u
m
b
e
r
 
q
u
o
t
i
e
n
t
s

c
o
r
r
e
s
p
o
n
d
 
t
o
 
r
e
m
a
i
n
d
e
r
s
.

*
N
u
m
e
r
a
l
 
n
.
d
 
i
s
 
b
e
t
w
e
e
n
 
n

a
n
d
 
n
+
1
;

b
e
g
i
n
 
r
o
u
n
d
i
n
g
 
a
n
d
 
a
l
s
o
 
l
e
a
d
-
i
n

t
o
 
d
e
c
i
m
a
l
s

*
"
B
e
s
t
 
b
u
y
"
 
p
r
i
c
i
n
g

*
G
r
o
c
e
r
y
 
s
t
o
r
e
 
p
r
o
b
l
e
m
s
;
 
c
a
l
c
u
l
a
t
o
r

a
s
 
c
h
e
c
k
-
o
u
t
 
m
a
c
h
i
n
e

*
E
x
p
l
o
r
e
 
a
c
c
u
r
a
c
y
 
n
e
e
d
e
d
 
i
n
 
r
e
a
l

s
i
t
u
a
t
i
o
n
s
'



S
o
r
n
e
 
S
k
i
l
l
s
 
o
r
 
C
o
n
c
e
p
t
s

1
S
o
m
e
 
S
a
m
p
l
e
 
C
o
n
c
r
e
t
e
 
E
m
b
o
d
i
m
e
n
t
s

(
h
)

M
e
a
n
i
n
g
 
f
o
t
 
f
r
a
c
t
i
o
n
 
n
o
t
a
t
i
o
n
;
 
e
q
u
i
v
a
l
e
n
c
e
 
o
f
 
f
r
a
c
t
i
o
n
s

1

'
ba

*
P
a
r
t
s

b
o
f
 
w
h
o
l
e

*
o
f
 
a
 
s
e
t
 
o
f
 
o
b
j
e
c
t
s

*
R
a
t
i
o
s

*
M
a
r
k
 
2
4
-
c
m
 
"
u
n
i
t
"
 
o
n
 
n
u
m
b
e
r
 
l
i
n
e
 
w
i
t
h

b
1
,

1
1
.
,

1
,

*
=
 
a

b
r
o
d
 
t
r
a
i
n
s
 
(
-
 
s
,
 
'
s

s
'

2
3

'
4
 
s
'
 
6
 
s
'

1
,

1
'
s
)
;

n
o
t
e
 
m
a
n
y
 
n
a
m
e
s
 
f
o
r
 
s
o
m
e

1
2
 
s
'
 
2
4
 
S

p
o
i
n
t
s

*
R
e
p
r
i
s
e
 
c
o
n
c
r
e
t
e
 
w
o
r
k
 
f
o
r
 
a

b

*
P
a
p
e
r
f
o
l
d
l
n
g
 
o
f
 
u
n
i
t
 
s
t
r
i
p
s

1
T
1
1
,

1
1

o
f
 
-
D
 
e
t
c
.

S
o
m
e
 
S
a
m
p
l
e
 
C
a
l
c
u
l
a
t
o
r
 
U
s
e
s

*
C
h
e
c
k
 
e
q
u
i
v
a
l
e
n
c
e
 
o
f
 
f
r
a
c
t
i
o
n
s
 
b
y

d
i
v
i
s
i
o
n

*
O
r
d
e
r
 
f
r
a
c
t
i
o
n
s
 
b
y
 
d
i
v
i
s
i
o
n



45

C. Some Possible Activities for Phase 2 of the Calculation Curriculum:
Building Up Skills and COncepts

Skill-building begins before Phase 1 ends and includes the basic

addition, subtraction,. and multiplication refleies. During Phase 2 the

algorithms for the fundamental operations are established and some paper-

and-pencil competence and accuracy is expected.

The "concrete" work in this phase becomes more coded. For example,

dowels of the same approximate size can replace 10-bundles (with only a

few actual bundles left for regrouping). Work with counters can be done

on a place-value sheet. This allows for work with decimals without needing

physically smaller pieces for tenths, hundredths, etc.

The work of this phase is specified below in less detail than before,

with the examples simply meant to suggest types of uses of concrete mater-

ials and of calculators. The main objectives here are to demonstrate the

existence of fruitful work with these aids and to stimulate thought in

these directions.

3
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D. Some possible activities for Phase 3 of the Calculation Curriculum:
Applying Arithmetic Processes

This is a phase which begins before phase 2 has ended, with wasps

as early as Grade 4, and continues through the remainder of the child's

arithmetic experience. Here one takes advantage of the skills and con-

cepts built up in Phases 1 and 2 in a variety of general Ways: using the

skills to estimate answers; using the concepts to develop shortcuts and

applications of the arithmetic; using both to search for and utilize

algorithms for specific purposes in the processing and understanding of

data.

In outline we have only listed content which is not found in the

previous phases. Of course, we expect that concepts and skills from the

other two phases will be elaborated upon, as indicated in the preceding

paragraph. Also, we have not listed all the new content that might he

included in this phase.

In this phase, one relies on number patterns more than concrete em-

bodiments. This is not to imply the absence of concrete work, especially

for new concepts, but the reliance on concrete work should be diminished.

In the place of some of the concrete work should be increased work with

actual data always with attention to questions of "reasonableness" of

answers.
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Content Illustrative calculator work

(i) Percentages

(Here the calculator enables
consideration of data which
would otherwise be formid-
able.)

(m) Unary operations:
square root
"greatest integer less

than"
and other roundings

(Here the imprecision of the
calculator fits well the
student's view of square
roots as being inexact.)

(n) Powering (ab where b

is an integer, a
arbitrary)

(Here the calculator enables
one to do calculations
which could not otherwise
be considered)

(o) Scientific notation

(Some calculators will force
a need to consider this con-
tent, particularly in the
context of powering)

*If calculator has a percent key, demonstrate
its redundance--i.e., equivalence of algorithms

*"Evenness" of percentages; i.e., calculate 5%,
10%, 15%, ... of same number, note pattern;
repeat with 95%, 100%, 105%, ...

*Percentages from large samples--e.g., use
actual data to estimate the percentage of
people in the U.S. who live East of the Miss-
issippi; discuss significant digits

*Discounts on actual prices; 20% followed by
10%, etc.

*Estimation of square roots by trial and error
dquares of numbers; algorithm for getting
best possible calculator estimate

*Analysis of calculator rounding; e.g., how
does 1 4 3 on the calculator compare with 1 .

*Error compounding in multiplication or divi-
sion; e.g., compare 2.49 X 3.49 with 2 X 3

*Calculation of powers of integers; patterns
of final digits; verification of laws of
exponents by calculator

*Calculation of compound interest; e.g., con-
sider how long it takes money to double at
various rates

*Comparison of exponential growth to linear
growth

*x,x
2

, x
3

; e.g., in connection with linear, area,
volume, relationships

*Demonstrations that x
n+1

x
n

, and xn-.* 0 if

0 < x < 1; applications to probabilities of
independent events

* Motivated by need to write very large or
very small numbers on an 8-digit keyboard

*Calculator for patterns in 10m le and

10
m

10
n

*Repeated division to show negative exponents

0
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Appendix A:- Some Frequently Asked Questions about Using Calculators in
Schools and some Tentative Answers based on Informal Trials*

It cannot be too strongly emphasized that these comments are based

on quite informal trials and feedback from only about twenty teachers. Con-

sideration of any particular question may depend on feedback from only one

or two teachers. That understood, it still seems useful to try for first

approximation comments on a variety of questions. Roughly speaking, ques-

tions about learning possibilities are at thehead of the list, with ques-

dons that touch on administrative matters at the end of the list.

1. Is explicit instruction in using the calculator necessary?

Based on our trials we believe that at least from fifth grade on child-

ren learn to use a calculator very quickly (usually within an hour) with

at most a worksheilt that makes them confront various possibilities. They

tend to learn to cm the things they know something about; e.g., if they are

unfamiliar with division they ignore that key. They learn both from the

machine and each other; discoveries about shortcuts and particular quirks

are quickly shared. (Despite this, there are already advertisements--e.g. in

Learning magazine--for filmstrips on how to use a calculator!)

Certain concealed features, such as automatic constants or repeating

operation keys sometimes need to be pointed out but correct use of them

is quickly mastered once attention is drawn to them.

Some teachers who used the calculators in grades 1-4 taught several

otuients explicitly and these students taught others. But self teaching

was effective in the Page first grade and Garmony third grade groups.

*This is part of Appendix 1 to Bell, M.S., Explorations into Ways of Improving
the Elementary Mathematics Learning Experience, a report on a project supported
by NSF grant PES 74-18938. The references herein to specific teachers or grade
levels relate to anecdotal reports on classroom trials of calculators that are
included in that same appendix, but which are not included here.
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2. Do children "naturally" detect errors; that is, do they reject clearly
unreasonable answers?

On this question we have mixed reports; some explicit research would

be profitable. Tentatively we feel that older children who have good "num-

ber sense" can carry this over readily to calculator work but do not

do so automatically (see Schaeffer report). Simil arly, for younger students,

some but not all of Page's first graders were uncomfortable about wrong

answers and asked the teacher to look at them. Some upper grade students

doing worksheets with division by .1, .01, etc., claimed the calculator

was broken because it gave bigger answers--that is, they noticed what

seemed to them to be a wrong result. But many youngsters in all

grades seem accustomed to accept whatever "answer" a calculation leads

them to and this carries over to calculators. Thus, for example, many

eftildren unfamiliar with decimals ignore the decimal point altogether in

writing answers, no matter how ludicrous the result. As to how many, sig

nificent. figures to keep, nearly all children write whatever the calcula-

tor says--and often wish aloud there were more than the usual eight digits.

It seems to us that school neglect in teaching of approximation skills

and of good sense about significant figures is plainly revealed when kids

use calculators. Such things simply must be more emphasized if calculators

are used in schools, but they should be more emphasized in any case.

3. Has the calculator any potential for diagnosing gaps in understanding
of content?

think there is considerable potential for this though none of our

trials were directed to that end. For example, when using calculators

witheighth graders we learned very quickly who does and who does not un-

derstlnd what decimals mean, even for youngsters who could do certain cal-

A
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culations using decimal numbers. As another example, in a certain sixth

grade class, the problem 38-4 144 Was. answered (on a six-digit slachine)

as 3.78947 by six students, 37b947 by two, 2b-, by four, and .26688 (the

correct answer) by only two students. Those various responses give very

clear signals for follow-up. Using the same problem with about 75 eigSt1

graders gave similarly clear clues to difficulties (but far more students

did it correctly, as one would expect). Also, every problem-solving use

reveals only a minority that understand about significant figuses in

measure and calculation.

14e believe the diagnostic possibilities are considerable and further

work on them would be warranted.

4. Do children become curious about functions on the machine that arcs
unfamiliar to theme

:".s far as our trials go, this is an open question. Third graders

asked for more information about multiplication, but they already knew

about multiplication in simple cases. These same youngsters asked about

the meaning of decimals and settled (for the time being) for a simple

"whole number plus a little more" sort of answer. They did not ask

about division and ignored the division key. Similar results were found

with first graders. All the sixth graders discussed in P3 above did the

divi,ion problem demanded of them (they might have ignored division othel-

wise), but most did it wrong and no one, apparently,was moved to ask about

it. Tentatively, the obvious answer seems probable: valid discoveries

from csmpletely unguided exploration of unfamiliar keys is unlikely but

there may be considerable potential for guided exploration of partly fa-
,

Tiliar things. The unknown keys seem not to be distracting, so it at

least cay do no harm to keep further mathematical possibilities in the

A-3



environment (by way of extra machine keys) and for certain youngsters and

certain teachers some nice explorations might result. possibility

nemi6 to be balanced against extra cost. I would like if at least r

were on nearly all machines, perhaps instead of the usua\ % key.

Are children interested in the calculators and if so, does the interest
last over an extended period?

Tht,re is invariably very high initial interest. From our trials, we

nd tit high interest persists over a long time period provided students

are v-.,n interesting things to do with the machines; indeed they demand

to !lo things to do with them. Nearly every teacher in these trials com-

.,Izte,1 cn !low motivating the calculators appear to be to kids and not a

t'ew teac!lers have said that "discipline problems" virtually disappear when

',:.:%ines are used, even in quite difficult situations. The main prob-

course, is that few school mathematicg materials have really inter-

,2:;t5.11;; prc lems in them that exploit the power given youngsters by the cal-

-1;13.tors--a situation that most certainly should be remedied, and the

tlie better!

It could happen, of course, that interest in the calculators will

they become a very familiar feature of our society. But we have

r,o evidence that "familiarity breeds contempt" either in these trials

.'r indivi(Wal youngsters of our acquaintance who have now had calcula-

c:orq fin- several years.

arc children become dependent on the calculators? Does it matter?

di:3counting the possibility of overdependence as a long range

,r a n2!quit of unwise pedagogy it' is clear from our trials to date

not a significant problem. Children at first do everything

to 4
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in sight on the machine but in all our trials they rather quickly gained

good judgment about doing easy things in their head (whenever they could)

and using the machine at most for things they would otherwise have done

by pencil and paper algorithms. It is clear that many critics of the use

of calculators in schools would regard any use in place of pencil and paper

as leading to overdependence but there appear to be easy safeguards. For

example, most teachers in these trials periodically demanded paper-pencil

computation even with calculators present and the students seemed to go

along with this without resentment.

It is unclear to us how much to worry about possible increased depen-

dence on calculators. The batteries may run down" as the main argument

for no de-emphasis at all of hand calculation seems somewhat silly. More

troublesome is the fact that we know very little about how children learn

mathematical concepts, or even what they learn from the usual sequence of

experiences. That being so, it would be unwise to discount the possibili-

ty that algorithmic manipulation of numbers as such contributes to the

learning; of:important mathematical concepts./ It is easy to imagine that

t'le very intricacy of the manipulations plus the patterns and rules that

rake them work may sometimes result in important, even if unspecified,

'earnings. The existence of calculators suggests ways of inquiring into

the issues here and this is another are4 where research should be fruitful

(with, of course, appropriate safeguards). In the meantime, a conservative

t not immovable) posture toward the learning of calculation in schools

seems warranted.

'There can be no doubt of one thing: good "reflexes" with respect to

basic multiplication and addition results ("learning and tables") remain

A- 5
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very essential. '.;ith or without a calculator it is crippling not to have

reflexes. feel the same about a very sure feeling for effects of

multipli::ation and division by powers of ten--a feeling that far too many

reople now fail to acquire.

Is choice of machine configuration an important issue?

The first thing to be said is that in our trials children adapted to

1 varity of machines without difficulty and seemed to be able to switch

,,.1c2 machine to another without confusion. Thus it seems safe to say

that at least for older children, any machine that gives reliable results

could he used. But there still remain intriguing unanswered questions

that merit investigation, and this is especially true for use of calcu-

lators with children in the primary grades.

In addition to power source (rechargeable battery, ordinary battery,

auaptor) three aspects of configuration need consideration:

1) display: left to right entry or right to left entry; scientific no-

tation or not; number of digits and possible choice of that;

size and color of display; etc.

h) y',:osrd: which functions and number of functions; change sign keys;

memories; constant--automatic or keyed; repeating keys; multi-

purpose keys; etc.

type of logic: algebraic (equation) logic, arithmetic logic

as on inexpensive machines; reverse Polish notation (RPN),

a "stack" that sets it markedly apart from the similar

arithmetic loic.

T:zes,2. various aspects arc combined in a bewildering array of choices in

calculator market lace. But by now an inexpensive (under $10) consumer

4)(1
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oriented machine has emerged that is virtually identical among major dis-

tr'nutors: non-rechargeable battery with adaptor available; eight digit

display with entry from the left; the four standard operations and a

fairly versatile percent key; automatic constant which makes powers, recip-

rocals, repeated products, sums, and differences available by repeated

punching of operation keys; no multiple use keys, except possibly C/CE.

A few more dollars buys very similar models with memories, and a few

more dollars buys similar models with square roots, reciprocals, and, some-

acientific notation. Beyond that considerable variety remains the

rule.

A number of people have by now delivered themselves eill-frint of

opinions about that sort of machine should be purchased for school use.

These opinions are remarkably similar to each other: algebraic logic,

keyed or automatic constants, rechargeable batteries, and no multiple use

battons. The trouble is that this standard advice is not based on any

evidence about what may work best peddgogically. Over the long run such

issues deserve investigation. Findings from investigations can influence

design since the schools market will presumably be important enough that

calculators to given specifications can be made available.

The poasible pedagogical ramifications of various combinations of

display, keyboard, and machine logic are far from clear at present but

saa.h issues certainly exist and they may be non-trivial, especially for

11,2ulator3 used with younger children. Here are a few such issues and

questions suggested by our eighteen months of informal work with calcula-

ters"in

)
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:::irk with first ,readers suggests the possibility that the standard

eiee t:ei% ::eerie in digits from the right may lead to more number

reversal errors in writing or reading numerals than displays (e.g.,

Hewlett l'ackard--HP) that feed in from the left. (That is, for 78,

first 00007., then 00000078 on most calculators, versus 7.0000000,

then 78.1000 on some calculators.)

All ,splays obviously havt limits on the number of digits displayable,

e',ildren somehow find that dismaying. That is, even though with

ei';!t laees larger numbers can be displayed than children normally

see er es a, to ey want more. But there are obvious pedagogical possi-

bilities in the lessons to be learned from such limitations, and in

coping with them (for example, with scientific notation--see

h11,:ren are dieelayed by the penchant of calculators to give decimal

an we were there "should" be whole numbers (e.g., (1/3) X 3

calculators (IT again) cleverly avoid such

difficulties" and presumably it would be possible to program a cal-

ealiter to p,:.!r!-onl integer arithmetic correctly, or even to switch

between integerand floating point modes. But it may be that the

lee 3 ) 3 of round-off error are MD valuable in themselves to try to

ovr,:!ome the "wrongness" of the standard machine. How careful to

reapeet may be a function of the age of the child, but

1.4ain it may AOt be.

rpeet to integer versus decimal arithmetic, most divi-

di answere, but there are many real life situations

3 6'



loading to division where quotient and remainder la the appropriate

respanae, or where a remainder expressed as a fraction is easier to

interpret than a decimal. (E.g., if I divide these 13 cookies among

three children...). ttemainders can be retrieved from the decimal

anawer and doing GO may be a valuable lesson at some point, but per-

haps not for children first learning about division. Calculators

with a Q" or"(-4,R)" option switch might be useful for early grades,

first perhaps set by the teacher, later a choice to be made by the

accordine to the sort of problem at hand.

e) All the printed advice we've seen on buying school machines specifies

algebraic logic, but that may be very wrongminded advice indeed.

Firet of all, there is no indication that the equation format (e.g.,

7 ,a ) for calculation is the natural way for children to think

as opposed ro the column format suggested by RPN logic (enter the

numbers, then operate). Indeed some of our work with first graders

sua;eata the contrary. Second, with equation format either parenthe-

aes are needed (more expensive machinea increasingly have them on

tae keyboard) or intermediate results must be recorded (or stored in

memory) and re-entered, or calculations must be rearranged in fairly

ornate waya. There are useful learnings in doing these things, of

course, but they must be balanced against the simplicity and lack of

fuea of an hi': logic with automatic stacking and recall of intermediate

requite. Keeping track of what is in the stack (plus the capacity to

verify thae) alao has valuable learning potential. It seems possible

that RPN logic may be more easily transferable to thinking about com-

puter programming. In other words, the choice is not nearly BO clear-

5
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as has been suggested and there seems to us to be a rich field

for pedagogical inquiry here. (The fact that essentially all inex-

n.,>nsive machines have algebraic logic may decide the issue without

investiFation, which would be unfortunate.)

have already suggested that interesting pedagogical inquiries could

follow from having machines available with more functions than are

frediatelyfamiliar to a child. Might a third grader ask about square

root? (If so, it could be easily explained, especially with a calcu-

lator at hand.) What about base-I0 logarithms, say at a time when

inter powers of ten and their link to our numerations system. is

already well in hand? (With a calculator and hence no nonsense about

,-xtr.-;f7lation from tables, etc., the discussion might be manageable

7.71:2h ,arlier than is now the case.) Would just the fact of seeing

nars daily, even if never used or explained, make children

re rect2ptive later on to work with, for example, trigonometric

f.zn,]tions? And so on.

typical calculator, all input and intermediate data is lost

'Inless recorded by hand. Printing calculators keep track of all that,

so are prc4erred by many for school use. But keeping a written record

ray !lc valuable in itself. It may also decrease the remoteness and

wsteriousness of the answer machine. (We have long felt that keep-

i:14 a written record provides non-trivial links between concrete ex-

and abtract number processing and something like that may

i_;arry ever to calculators.) There is no doubt that children would

!:a..7,2 to Le carefully tau ht to keep such records; every teacher is
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ramilier witT' children who regularly erase all the work they do (or

it on a separate sheet to be thrown away), recording only the

iaal answer. (Indeed, we find this in the majority of children,

indicatine teat "neatness" etc. is taught as a virtue that takes pre-.

cedence over clarity and demonstration of process.)

n; when decimal answers are involved, the standard eight-digit display

often gives much more "accuracy" than is warranted. For younger

ehildren so many decimal places is often an overload of information.

ene .-n imagine pedagogical advantages to the ability to, choose how

:nanv Digits will be displayed. If one can keep shifting the

display (with automatic roundoff) for a given result (as with oeveral

of the HP calculators), then one can imagine a variety of beneficial

leernine exercises. Just the necessity to choose in advance how

,ac,!1 information to keep would have benefits.

i eeiontific notation as available on many calculators might seem at

firot glance to be too complicated a code for use with young child-

ree (this , in effect, changes every number to a pair of numbers

witli the first giving significant digits and the second a power of

eat our first reaction may be faulty and we should at least

c:;,eck on it by inveotigating when and how children can learn to use

aeeh a cicp!e with underotanding. it may be that even primary children

:an use tiat code to eome entent, and it seems very likely that many

caildren could uoe it before it is taught in the present curriculum.

e-e- it 13 teachable, it obviously opens up many new possibili-

ties for using number° in applications.
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re calculators durable enough for classroom use?

the history of classroom-aids shows pretty clearly that things that

broken are simply no longer used. Teachers haven't the time or ener-

Iv to g._.t thingsirepaired, even assuming there is money for repairs and

they know where to send them.

With calculators, there are usually some initial failures with new

7,17hinesin one batch we bought, five of 24 machines had to be exchanged

almost immediately but the failure rate in other batches was much lower.

It seems to be the case that if they operate o.k. for a few hours, they

Are good for the long run. Even so, in handling about 50 calculators we

have had to send four for repairs within the first year, even after ini-

tial exchanges. :ropping and other rough handling is infrequent -- children

,;.yen to he pretty carefuland in any case we can trace no failures directly

co such treatment. For inexpensive machines, repair costs after the usual

, year warranty may exceed the price of a new machine.

!rom our exiv2rience it seems that if a school is to furnish machines,

it should rake sure of steady use for the first few hours to weed out and

excha initial failures; monitor carefully during the warranty period

,.Isually one year), and then plan for about a 20% per year replacement (or

-).n!r rate aitqq. the warranty period. We haven't had calculators long

to how long they will last before wearing out altogether.

lnsses from theft frequent, unmageable?

qu9tion has represented one of the major harriers to thinking

school ue. ',Ile teacher flatly refused to try out our machines with

tio7ment -Those things have legs!" The first hatch of machines lent to

"
ry
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eeveral teachers quickly ended up in the school vault and only came out on

eeer t:vit part of the trials were aimed at finding out if thefts

Id 'ee unmanaieeble. Even so, on three occasions when a calculator

a bateh was lost (by theft from desks or cabinets, not in use)

egibers insisted on taking; up a collection to reimburse us, and written

feedback freel one such class made it very clear that students caught hell

.rem a teacher who donated to the collection.

s- experience in lending about fifty calculators in a wide variety

siteetfons over about a one year period is that as far as we can tell

eeee were tier y the children actually using them. Five have been

iebool3 from after-hours thefts from desk drawers on cabinets.

seer Tie been lost from loans to students and teachers from our

.,law et le sely controlled mathematics/science curriculum laboratory at

te '.::..Jvereity--w7lich has the usual library problems of keeping things in

.irculation verses the risk of loss. In other words, with few special

7ereesutions our loss rate from school use,and lab use has been about 10%

:er ea 71:. Laeely we have etched numbers on calculators and made up boxes

wIt'; eum7,erei storage cells (so it is obvious when one is missing) and we

Ave tightened up security arrangements; it is too early to tell the effect

t7h!e.

maehilles were lent when they were relatively expensive and rel-

eNively revel. with the same machines now less than $10 and with more

mere in cireelation, temptations may diminish. But our experience

eautie,is with respect to distribution of expensive special pur-

7.oee reehiee3. .`.lee, we will now routinely require that students in our

1
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teleher trainin7 classes have their own calculators rather than lending

calculators from the laboratory. the problems (to the students them-

selve.; of lees, briea.-,e, or extortion have made us think it unwise to

lasue calculators directly to children for out of school use, especially

ceildren. ''en with cheaper machines direct ownership (or rental)

"..t?0T.S oreferable to schools supplying calculators gratis.

hould calculators be12wered?

the printed advice to school buyers that ue have seen advo-

cates rechargeable ealculators, but we aren't so sure. The extra cost

ashatantial. For a batch of machines kept in the classroom it is a

nuisance ta cap them on chargers. Some rechargeable batteries are

te acquire a memory' for undercharging--that is if used before

cCargeJ, they may not then take a full charge unless allowed to run

eetely Ca.wn. if batteries do run down, a calculator can't be used

eetil reeharged, enlens extra (and expensive) battery packs are available.

Although saort life of (non-rechargeable) bat :teriee was a major nui-

sance (and axpense) with an early batch of machines we acquired, those

ue aonen lately with alkaline 9v transistor batteries last for about

eaers r;f actual use, which is good for several months for an individual

we as careful sls-s turning off the machine when not in use. On the

other haecl, a classroom set of calculators in continuous use during aever-

II class period.,3 per clay would use up the 20 hours in just a few days.

(not re- rgers) are available for battery operated calcula-

ters p,ut few classrooms are set up with enough electrical plugs to make

thlt
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ur experience is that problems in this area are a major deterrent

:tine clasrn: use of calculators. On checking back with teachers

to wl;o7, we loanel calculators we were frequently told that they and the

1,v' the , but they were out of service from worn out batteries.

(:hey were? ut back in service again only when I supplied the batteries.)

Lew classrooms have enough outlets to keep machines plugged in, and in

,t%7 C it verely restricts portability. Batteries are expensive;

-1:loulAn't buy them and schools may be unwilling to. The problem

au,! Cle most likely solution may he, again, individual

t their own calculators, and hence responsibility to keep

t P in service. .'or school owned sets, and perhaps even for school use

owne! or rented calculators one solution might be rechargeable

transistor tiatteries (if these exist at modest cost), with straight

of run down or charged batteries, and special rechargers: that

!,17:.1e 7-lanv batteries at once. A teacher would then simply keep a supply

reed batteries, and turn in run down batteries for recharging in

,n:ral ane.



'-qper.ix 3: Lessons Learned from Other Teaching and Learning Aids

The handheld calculator is different from other teaching and learn-

i::2 aids whic:1 arc used or have appeared in mathematics education. Exper-
,

ience wit other aids may or may not generalize to calculators. But we \

fcel it is helpful to examine other teaching aids for possible clues with

respect to the future of calculators.

iis particular essay was motivated by an earlier paper of Rogers

on the same topic: She lists four features which seem to separate endur-

ing teacliing aiii3 from the others:

"1. It must be inexpensive and/or durable enough for child use.

It can be controlled by the learner.

It solves problems (or does things) that the learner wants

done.

4. Its obsolescence is not contried oy. manufacturers."

e concluded that the electronic calculator has the potential, as assessed

'ainst these four criteria, to be a teaching aid of enduring value."

Blackboard

(Rogers, 1974)

Pcvers discussed the blackboard in detail, noting that it is a teaching

aid extensively used in mathematics classrooms. It is an enduring teaching

and, as she states, "it is almost unthinkable that a school would he

witbout lots of blackboards."

is ot course correct. But the blackboard example indicates to

t at. Z.:1- i 1:werbt criteria needs to be modified. In our

fr tice d lh wilich tend to be used considerable control over

tr,e.; aro u3ed remains with the teacher.
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Let us compare the blackboard and calculator. In most classrooms,

the blackboard is strictly off-limits to children unless the teacher gives

permission. Once a student has a calculator, the teacher has lost some

control, particularly since, as we have noted previously, there are not yet

--Appropriate materials which a teacher could use to guide the student.

In short, a minimum prerequisite for widespread use of calculators in

the classroom would seem to be the availability of appropriate materials

to allow the teacher a modicum of control over students' learnings. (There

is a subtle distinction here: the materials themselves might be quite

open-ended. What is important is that some structure be placed upon/the

learning environment.)

One must also note that the blackboard is a one-ti me expense usuall
ee

covered, in the cost of the original physica/-plant. Furthermore, a

blackboard cannot be placed in a closet: Tt is Constantly available. Fee')

other teaching aids have these properties.

Slide Rule

The hand-held calculator has made the slide rule obso etc. For Olio

reason, the two aids are often compared. The slide rule satisfies Rogers'

eriteria; also, its use can be controlled by the teacher either by the se-

lection of problems or by using commercial materials designed for this per-

psse. From the above arguments it then stands to reason that, with avail-

able materiels, the calculator would-become a fixture in the classroom.

Ret slide rules have never received widespread acceptance in mathema-

tics classrooms. Indeed, their use was banned in most mathematics cleec-

reome, even though in later high school and college courses many students

were using them concurrently in science courses.

3 o'
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Why have slide rules never found a place in the mathematics class-

room? MoSt importantly, because the .,dohot give exact answers or ansWers,

manysignifiCant figyres as tables. There is a societal viewof--7.

mathethatics (also held iy many mathematicians and educators) that the diff-

. ,

erenee between mathematics and the sciences is that ."mathematics is exact."

In this paper we cannot examine that in detail; but it is important to note

that 7 this view has worked' against those who advocate that estimation or

probabilistic notions be given a more prominent role in the curriculum.

Whether justified or not, paper and peucil instead o slide rule calculation

has often been requiredin schools to achieve this supposed exactness.

While calculators give more precision (and do it more ,quickly) than

Slide rules, ,there are still limits on the number of significant'figures.

Also, relaiively inexpenSive calculators do not have as manyfeatures aS their

-slide rule counterparts (Logarithms, trig. function, etc.). CalculatoTs,

sFare the "trick" Or 'instant answer" Aspect with slide rules.

In short, in the past most students below thedblIege level-ha-T.re not

used Slide rules. Hence, if the calculator is seen only as a "better, faster

1.1-ide rule," then its presence may not be felt in most school 21assrooMs.

Computer

11Clough the hand-held calculator is the grandchild of the computer

bare a substantial theoretical base, the lesser cost and greater

fty of. the calculator puts it in a different ballpark with respect

rric-'oln. Until the time that there is a terminal. in every room

13ri2 n,,trher of hones, these two relatives must be treated as



Other Mathematical Aids,

There are other aids in mathematics: the overhead projector, abacus,

geoboards, Cuisenaie rods, etc,, but these do not seem to have enough

In common with calculators to make analogies worthwhil

aids in other disciplines.

Motion Pictures

o we turn to

Once used by only a few ph'ytiCiCal, education.departments,'movies are

now a mainstay of anymajor'school athletic program. They are used to

provide examples of what to do, what not to d6,Ito go over performances,.

to help plan future strategies. As a result, the performance of teams has

improVed markedly in the past decade.

Movies-are expensive to produce and show. But this exampleshows

that, when a school feels that an aid will help performan, the.school

will go to the\expense even when it is great and requires continual ex-

penditures.

Typewriter

Typewriters and calculators have much in common. The typewriter

makes it possible to write quickly, just as the calculator makes it pos-

sible to quickly compute. Just as there are times when a typewriter is

not available when one wishes to write, so there will be Mmes when

person wants to compute and a calculator will not be avail-

A typist does not lose writing skills and we can expect that an

been taught to compute would not lose computation skills ifIt

;1,2itor were prose t. However, if a big writing job is desired, peo-



pie tend to' use typewriters or dictate for, others to type. Similarly,

we already see calculatarsin every place where.a good deal of arithmetic

needs to be done.

But 'how are typewriters used in schools? Only in a few schools are

typewriters used to motivate reading and other language skills. (The SRA

television commercial with 5th graders beaming about what typing has.done

for them comes to. mind.) Even though most homes have typewriters, 'neither

elementarY;ner high schools can require that work be typed. Rogers' first

criterion (to be inexpensive) and the size and weight of a typical type-

writer are the deterrents to greater usage.

Thus calculators and typewriters have corresponding features and we

may learn from this. But the two major' differences (size and cost) make

it unwise to generalize all experiences with typewriters to calculators.

Dictionary

'There are great similarities between dictionaries and calculators.

Both aids satisfy each of Rogers' criterlia. Both are-available in models

specif.ically designed for expert a in a' variety of fields and varying in

sophistication. Casts are similar. Families have them at home and they

are bought as gifts.

--Similarities also exist with respect to the,curriculum. Both aids

are icntifiud with one major subject area (dictionaries 'in Language Arts

or Ine,sh) but can be used elsewhere.

similarities exist with respect to the content of their discipline.

Jienary rakes almost all words in English equally accessible to its

in mlich the sarile way that, the calculator make moat real numbers



equally accessible to the mathematics student. The dictionary thecireti-
/

cally makes spelling obsolete but you cannot make use of a dictionary

unless you can spell a little; similarly, though the calculator-theoreti-

cally makes it unnecessary to learn arithmetic skills, you need to have

some of Ehese skills in order to use the calculator efficiently.

These,similarities make it reasonable to examine the use of diction-

aries in classrooms,/ Some teachers make great use Of the dictionary and

plan units around it The-dictionaty is a reference found in every ele-

mentary school, English classroom, and library. Curricula take into ac-
,

countthat dictionaries exist but the richness of language arts seems. to

dictate that curricula are not designed around the dictionary.

It is entirely possible and quite reasonable that calculators will

ultimately have the sametype of usage in mathematics classrooms. This

would imply that students will continue to learn basic mathematical skills

(just as spelling is still taught) but not all/computation will be known

by students (just as few people can spell all the words they need)-.

In summary, if one looks at and learning aids which have

much in common with calculat s and the extent to which these aids are

used to their limit in classrooms, one is forced to predict that calcula-

tors will never be used to the extent suggested by some advocates. This

'would be in spite-of the potential of the calculator to be a teaching aid

c,.-crldurin?; value,
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Appendix C: Are Calculators a Crutch?

In this section we consider a major argument against the'use of

calculators.' It is that calculators are a crutch. This argument under-.

lies'the thinking represented in quotes like the following:

"I understand the principleget them motivated-,
But I have yet to be convinced that handing them a
machine and teething them how to push the button
Is the right approach. . What do they dq when the
battery runs'out? I see a loc of low-level math

.

among college students who still don't understand
multiplication and division: You take away their
calculators and give them an exam .,in which they
have to add 20 and 50, anCthey get it wrong. And
I'm talking about business majors, the.people who
wilel soon be running my world."

(James R.,McKinney, professor of mati4Matics, California Polytechnic State
UniVersity of Pomona, as quoted in New York Times, Section IV, p. 7,. Jan. 5, 195)

-"he "crutch premise" is essentially that if you allow students to-

u ,e_acalculator for arithmetic...problems which cag be done by hand,then

the students will-be unable to do arithmetic when the calculator is absent.

It is a corollary to this premise that calculators should not be used with

young students whd "are still learning arithmetic. Another corollary to

this premise is that calculators should-not be used with older students

who have not yet learned arithmetic i.e.., calculators should not be

used in remedial classes.

We have discussed these notions before but now consider the crutch

ise its We believe that. if the premise is accepted, then the

calculators tfi11 have ro effect upon the arithmetic currieu-

that stxong a premise and we believe that it is a premise which

ace ed. However we believe that the "crutch premise

euest4 oth 3.n .ts internal validity and in the



Let us give reasons for our belief. The crutch premise, rests on

e principle that a crutch is a bad thing. But in fact, for the injured

-person a crutch may be a good thing--even a necessity. In supermarkets

and Sther,stores, calculating cash registers are necessities because of.c;

.their accuracy and speed. And these .6tote calculators came into Wide,use

at a time when the general populate was taught at least'as much about cal-

culation as it is today. For both the injured man and the supermarket,

presumably, the "crutcIC 'has become a "tool." But the capacity for

crutch (bad!) to be relabelled as a tool --(good!) extends to many situa-

tions and the value judgments may be altered simply by which label is

perceived as applicable.

It is common to cite the case of a real or theoretical 'student who

takes a calculator into an exam only to have the battery run out, after

which the student is helpless, confused, etc. We do not doubt the accur-

acy of such stories. But there are two questions to be asked: First, will

the student allow this to happen on the next test? One would expect that

a single experience of this kind would suffice and a similar thing would

not recur. Second, for bow many students in the same teat was the calcu-

lato an asset? In short, the question may be whether to, penalize the

ority in a test because of unwise decisions which are bound to be made

a few.

a comruter or business machine breaks down in the real world;.

zaticns which get rid of the idea of using the ma-

1 1c:1.y fixed, or they buy A new one. It is a neces-

or are unavailable but the increased

them :'';;;Te th;;In matt, o ttle,ne faevitn7



r

-problems. Closer to the student's world-, if an essay is required to be

typed and the student's typewriter is not usable, the sim solution

is to find another typewriter.

The "crutch" premise leads to the conclusion that calculators should

not be used in remedial

courses in high schools or junior colleges). There 'is some reason to be-.

lieve that this conclusion iS:falselnaeed, calculators may be more ap-,

arithmetic classes (such as general mathematics

propriate for these stu4J2T-ti than any other students of arithmetic.

Our,xest-ning is as' follows. In the NAEP studies,.34% of 17year-____,

olds-incorrectly answered 1/2 + 1/1; 26X incorrectly answered 1/2 X 1/4.

These are substantial percentages and they occur despite the existence of

special, courses in arithmetic for high school students in which such

skilIS are covered. In fact, it is now estimated that about 40% of

entering freshmen are not sufficiently adept at,arithmetic to enter al-

gebra These students have had 8 years of arithmetic and not had success

at it. So. we give them more, and the NAEP studies of 17-year-olds show

that the total experience is still not successful. So at present such

people are condemned never to have arithmetic to use in their lives. For

such people the calculator is not a crutch but provides the only way to

get a right answer. Furthermore, the more crucial issue is not how the

calculation is accomplished but rather knowing when and how to use arith-

mpric to solve problems or answer questions that in fact matter in the

livo of people. The ability to use calcUlation is what we should expect

!13,..e completed their study of arithmetic. And it is pre-

t%i9 of ;73%111 vo. us W that may be obscured by adamant toots-.

i,:;:ellent pencil and paper calculatoro.


