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'\ . ) ’ _ Foreword

-

The information.for this report was largely collecte¢ in May,

\

« o June, and July 1975; the Interim eport (originally intended to. be the

" Final Report) was‘prepared in August. 1975, The present paper is an
éxtenéion,?based on.the,origlnaf“Qgta and an analysié of what has

- occurred since the Interim Repprt was prepared, but without furthgé ’

. . N t AL
data- collection. - ‘ : * -
!

.Ricﬁard K. Shumway participated in the project and was responsiqu

P for developing significant portions of the Interim Report. . Becauselthe

-
“

Project Ending Date wagiéxtendéd without further funding, other pro-

" fessional cdmmitments‘gébt him from participating in the preparation of

this Final Report, and he reqﬁested that his name not-bé used in a ' /

co-author sense. Nevertheless, many sections 'of this Report are directly!/

»

| astributable to his earlier analysis® I.haYe attempted to indicate these

— ) / v/
) in the Report. I would-a%sb like to gxﬁress my appreciation for lis -’
help. T ¥
' ‘ .
; Lol . " ~ ' Marilyn N. Sﬁ;dam .

The Ohio State University'

‘.
4
b

Appreciation is also extended to others wﬁo ‘helped in the preparation of
the Interim Report: Suzanne Damarin and Paul Wozniak, doctoral students .
at The Ohio State University, for their assistance in collecting and
collating information; Louraine Wagner and Beverly Brooks, for typing

project materials and.managing certain aspects of the project; colleagues

‘at the University and personnel at NSF for their helpful suggestions --

and most of all, to all those throughout the country who so willingly RE
shared information, . oo '

~
<
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R There have been-many miaconceptiona about this pf%ject.

/ o . ;,. S L

Electronic Hand Calculatqra:

. The Implications,forfPré-Colleée'Eduéation
5. R N ) '.' ) N __\.r L . .

I. Introduction /

Explanation of therStudy

Therefore,

P

it seems appropriate ;that this report should begin by atating ‘three

things that this project was not designed to do°
- It was not designed to comgare the reactiona or beliefs of-
. ’ *e ’ b .
different groups about hand-held calculators.

- It was not designed to cbllect specific uges of calculators

-

in the classroom,

- It was not designed to be rhe precursor of a development project

(much as that may be needed).
It was designed to provide a report 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’posigiona

strongly favorable aﬁd~atrongly negative toward the uga of'éélculgtors

in elemeptary ahd aecoﬁ;;\ schools. From various a;urces, ar ahalzais

of the status of the.calculatox was to be developed.

In connection with this: \\.‘ ‘

@ .8

(1) A restricted questionnaire survey was conducted: the sampling

- N
was by design nationwide, but it was not random. Therefore,

L . the results cannot be statistically compared for the purpééé of

A Y

Hereafter, the word calculator will be used to refer to the hand-held‘
calculator,-algo termed the electronic calculator, the mini calculcutor
(not in the computer aenae), or the pocket calculator.

-~

- 1
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generalizing. The questions were désigned simply to e;icfz

the range of‘reactions, to aid in idedtifying the aﬁghmenta
~ Py . T .

being used.

>

»

(2) The literature was_aurveyéd to identify what was being said
in writind to argue for or againjt using calculators.
“’j// (3) Manufacturery and distributors ere. surveyed in an attempt to

secure information on the current and future status of sgles -

.

and_development.
" y . ' .
(4) Experiential reports’and research ngborts‘were strutintsz'to

ascertainghat has already been learned about how to use calcu-

lators and the effect of using calculators. . -

" (5) Telephoning to follow up on information, attending meetings
and, workshops (local, state, regional, and natioggl) to léarn

A

. " ., what was said by speakers and audiences,.talking with teachers,

and similar activities were also part of the process of securing
. . a N
information. ‘

(6) Position papers were requested on several topics, to provide

in-depth, thoughtful st?tementa about various aspects:related

-

to the use of calcul?tora.

. . ' . 1

Thas, the original intent of this project- was simply:

.

(1) To collect information regardiﬁg the use or non~ugse of calculators,
.

f and to form a list of the reasons' why educators and others.

- .
\ .

! pelieved that the calculator should be used in schools or why

.

|
; the calculator should be banned in schools;
F o (2) To analyze the arguments reported by those questioned and in

the literature, in order.to determine the potential impact or
7 . , ¢

lack of impact of the calculator on the curriculum; and

(3) To deJelop a critical analysis of what has and has not been -

> 7 » \ ' . ‘ h ";.
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: . '1s or 1a'notlava1lable about them, and what implications this . ' .
- 2 ‘5. N X T \ ° ] , )
, has for education ‘at the pre-college level, N S
Procedures Used in" the Studyj Further Explication : ‘ 4.

The steps tak\n\to meet thp purposea of the. atudy are- described

(1) Collect 1nformation

-
.

Information was ¢ollpéted in thyee ways: by means of question- B .
. naires; by searching the literaéore; and by attending meetings
‘ and conferences., e, - ’ ¢ .

“(a) Quéstfonnairea T o A

© Nine target audienceés were 1dent1fied calculator manu-
facturers; supply companies aelling calculators; other
marketing outlets; state supervisors of mathematics;
"school “districts using and/or studyjing the use of calcu-
lators, not using calculators, or banning the use of ,
v calcuIators, mathematics teacher educatora, decision— )
- makers in both elementary ‘and secondary "schools (1ncluding ¢
teachers, administratora, and supervisors); publishers
of elementary-and secondary=-school textbooks; and curri-
culum developers. : _ ( l

As the queationnaires to be sent to these groups were

being prepared, it became evident that these audiences ‘ o
were not all distinct in their compoaition. Therefore, '
five. queationnairea were developed, to bé sent to:

- : calculator manufacturers and distributors, state supervisors

of- mathematics, school personnel, teacher educators, and
textbogk publishers. (These questionnaires~are contained
4n Appendix B.) ' S
Certain questions or points were dopficated on two or more
questionnaires, but in general the questions asked of one
group differed from those asked another group.‘ The intent
v was to ure a range of '"pro" and "con'" answers, rather '
than to compare the responses ‘of one group with the' -
responses of another.| In. aome cases, telephone contacts ' S
were mgde to secyre basic or additional information; in
most cases, the queati ;haﬁtea were sent and return
. mail. S ’ o i
K

The’ aamplea were identified in various waya'




(b)

Literature ‘

All those identified (N =,39) were sen&ﬂa questionnaire; '

responges were received from only 7. {In an attempt to

secure further information, some were contacted by tele- .

phone. .In addition, a "blind" request for advertising
information was sent, and information on specifications .
of various calculators was collated frqm these material&.

- Marketing outlets in 20 selected. cities were identified
and a sample contacted by telephone. hqwever, 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 journails. .

- A list of all those responsible for supervising mathemaj:
tics in state departments of education was secured, and
each person was sent a questionnaire (N =.86, plus 13

* .Canadlan supervisors). Responses were received from:

© 65 persons in 33 states and seyeral provinces. )

-:School districts and peraonnel invplved in using calcu-
lators or taking a posftfon-on banning calculators wete
identified by such procedures as scanning news reports,

. Contacting state supervisors, and querying teacher .
educators, in addition to contacts made through meetings
and conferences. FEach person identified was sent a .

" questionnaire (N = 58). Responsea were received from
" 16 teachers and 16 other 8chool personnel, in’ 20 states.
. l -

- Teacher educators who were 1n a positiom to make sub- |
stantive statements abougkthe Amplications of using
‘calculators were identified primarily through published -

membership lists. "An attempt was made to‘send a ques-

. tionialire to at least one perstn in gach state, as well ’

as to.all major curriculum developers. -0f 87 question-

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

—vAll publishers of elementary— and aecondary—school mathe--

matics ‘textbooks (N = 26) were sent a questionnaire.
Reaponaea were recelved from 13% :

L]
.

LY

. Literature from the- fongwing sourCes was compiled and ¢

reviewed: . N

- Reports from calculator manufactUrers and diatributoraL

- Curriculum materials in ERIC and from other sources.
: -~

e

-

- -, 0ther reports in KRIC (e.g.,-opinion papera);/

’ ~ .
- Newspapers. '
¥

- Educational journalu ligsted in ERIC 8 Current Index to
+- Journals in Education.

.. 9 I

>

\.\_ .

4
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. Non—education journals (including pspular" and "newa" ‘
« magazines. _ : _ IR

T . oA

- Research, including journal-published reports, disser-'i.'.,
tations, and other reports‘and monographs. f e
. t 5 .
- Position papers, conference reports, and other documenta.

[ . . . '_. vy

,(e)"Meetings o '0 o ’:“f; Lo ‘11 .‘::
v~ Meetings which were attended included ones .in Mt. Clemendy'

. Michigan; Canton, Ohioy Washington, D.&., Denver, Colorado'i
and- sevéral. in Columbus, Ohio. At: these meetings there oo
was: opportunity to listen to présentations, atténd workshops,. k
discuss with teachers and other educators, -and review the i

displays of manufactux;ers.l s ? o .

(2) Collate analyze, and synthesize the information collected 2.:;

second stage of the project was the necessary prelude to.f

lelopment of this report. Questionnaire responses were.

i ted, literature reports:.were abstracted, and ‘infotmation

meetings and discusdions was culled Appendix A containps,

¥n annotated list of most of Ehe literature surveyed. (It should
be noted that not all of the articles and reports deal with
hand-held calculators: some refer to desk calculators. It wag'
felt that, in view of the limited amount~’ in. print on hantheld :

. calculators plus‘the similarity in use of the two types of :
calculators, there might be some’ information of, desk’ calculatoré
which is applicable to hand- held calculators ) :

>

K
v

‘ Appendix B contains the complete sets of rezponseefrqm ques-

tionnaires, organized by type of respondee and by question.
N

(3) Prepare réport.

L

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 l975 which was corporated‘intd .
‘ the Interim Report, plus.an. analysis of what h§x§occurred since
the Interim Rgport was prepared, but without further. data .
collection. A summary is presented of the most meaningful

information on: : -
- the availability ofﬂcalcurators, “ S RN
- the status of the case against using faleulators, . e

- the status of the case for using calCulators, . -
- what 1s going on in schools, and

.- empirical evidence. . . , - ' - S

o4

.In the summary are specific" recommendations related to the use:
of calculators. . . . .

10

. . S de
: v
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: analysis of the ‘responses to the information obtained from

. the sampling' techniques employed were designed only to identify ~ . - °
_argufnents which are being proposed for and ‘against the use of o
_calculayprs in~wgchools. No effort was made to sample repreg

i:_devoted much thought and effort to the promises and problems .
", posed by the use of calgulators-id ‘the elementary and secondary

. f '—,Append{x c: Teaching/Mathematics with the Hand-Held

,personnel early in the development of .the proposal ] r

_groug\of persons meeting in Washington, D.C.-on 31 July-l August - .
"1975. The position papers are incorporated as Appendices B
.C D, E, and F: . 2 :

. > . |
- ’ ~ —-fH- : : *
' i " o - -
. . n’ X . » .
N , M . L. W 7
v - .

[Perhaps it should be réiterated that'. there is no statisticdl - .

the questionnaires.m The samples -were not randomly selecled-

.

ly to estimate the extent to which any -group holds 'a
certain position ox_the proportion who ‘hold a position for a

certain ' reason.  That this type of survey should not be' a goal
of the project was stipulated by National Science Foundation

sentati

-

\ <
In addition to the analySis in the body of the Final Report,
several position papers were prepared by persons who have

schools of this country. The topics-yere identified By a small

. o Calculator

Al

J &

- py George Immerzeel Farl Ockenga. and

- - John Tarr ) Do .
- Appendix D: Hand'Héld Calculators and Potential . ((
' < Redesign of the. Scliool Mathematics soav
., . Curriculud . - M ¢ -
<. By H."0. Pollak ’ . ':‘ o '

“; - Appendix E: Some Suggestions f&r Needed. Reseaaéhrﬁ ) )
: on the Role of the Hand-Held Electronic . '
.*Calculator ia Relation tp School Mathematics,»

'// . 7 Curricula e .
[ ; - .. . Ve
Ly < by J. Fy, Weaver -~ M ' : ’ .
L T . LN ‘ - ) . .
¢ - Appendix F: Calculators and School Arithmetict
P Some. Perspectives S/ - ’

by Zalman Uaiskin and-Max Bell e
LI - )‘ : ’ ‘ ‘

.
'\b . * - . LY
. . - ..
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* : II. Availability of Calculators

_During 1975, .it was evident that calculators were "selling like /

hotcakes". Aa,priéea tumbled early. invthé-yeaf; calculators lost their

LY

;poaition as status symbols, and reached the point of béing consg&ered
necessities by many. The level of sales and the implicatjons of data

' grﬁjections for ‘the schools are considered 1ﬁ.this section. .
. / . . @

-
'

. ' ‘Sales : v ‘ i - " o
ye ' Co .
Calculator manufacturers {with one exception) were, to sgy the least,

‘reluctant to digclose informatign on sales. Distributors indicated

-
.

' inability to access -this iﬁfbrmation'redﬂily.‘ Thereforg, much of the

information-.on sale¢s comes from/pﬁbliahed sources: marketing j0urnals.

, 4

/? such as Discount, $tore;Newé, ﬂérchandiiing Week, and Electronics regularly
: ]

© . . -

publish both datd and projecti7ns. - ) -

- " For the Interim Report oh this ﬁroject, Shumway develdped two tables

Y N

to summarize such: information on sales; one is on sakea,estihateé.per:yeaf:

v . . ‘4 -
*

S o - W
Hand-Held Calculator Sales Per Year » -
in, thg United States : ’
L ] 25_; . .
o oo == L
: o PR
’:(nﬂ): ! '
Millicna 15 4 ‘ —
5 ‘ w8 Lo [
R .
s PRI SUN [] 1 N
10 4+ '0'4 . : \: : :
) . 5 : h |r : L]
. E, . N 1 3
‘ s4 | oA :
4 S
o NER .: T
' 1 —— .L...;. - .-.-.-'--————..—r
1913 7 1% 1§15 L9 9717
1 . L 12 .
. j . > o
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earlyrunderstood.

- "

for industry by a reliable private research organization" (p. 2) Thefr

. N RN/

~ ' data 1ndicate sales of calculators to have been 8. 34 million in 1973,

~y

lOu52 million in 1974, and 12. 77 million 1n l975 with a projection of

' 14 75 million in 1976.

nother figure is prov1ded by Electronics

L (8 January l976),»indicat ng that estimated sales aré 21 million for 1976

e

-

It is safe to say that the number of calculators being sold 18 large,
increasing each year, and neither fully tabulated nor .predictable!

The ‘secénd table developed by Shumway presents the data in terms of

o cumulative sales estimates: o B

. . Cumulative Hand—Held Calculator Sales ; ‘
in.the United States AT s

'

S0+ o PP
R ‘ S .‘50“ »
Millions | o - l

! "o+ '

32.4

za Jr— ‘

I

: n.8
10 4

L
~

e e et e cmam e — dw a wm o = = = e -t -

hmcansmmm e e wenme ~ -
po=~ -

1923 M- I8 197 1977

e
“

N »
Shumway provided sales statistics for the top five leading magazines in
1974 (included in the 1975 Information Please Almandc), to serve as a,

~ referent for the magnitude of the figures.

8.3 nillion

TV Guide - '20.1 million Family Circle
Readers' Digest 18.8 million / Woman's Day

National Geographic

. . :
- " . 1 . . . . - -
iy a s 0 : . {‘rv .
24" ) . . 2 P
. ) sy . . .
Y ) ' - | ! ’

8.8 million}

7.9 million

@

R
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Tﬂe data provided by USigk}n And Bell (1976, . 2) are slightly more w
,cohserVative; ‘Eleétronics (8 January 1976) indicatéd that "sales of"
handheld calculators have just about lévé;ed-in the U}.é;', . . The
"bélahceL9f production for all types of#calCulagqrs has again’shiftéd
. to Jaﬁan"j(p},Sﬁ?{ ‘Nevérthelegs; they ;re§;§t that 1976 should bf a T] I

"solid Ygar" for.calculators,:. - o c
,. ) . . .’ . . _ ) ‘ ,
Shumway reported that calculator sales ip over half the instances

are Being made .to housewives and students for home and school use.

However, it 1s frequently noted in marketing reports that the actual

. users of calchlatofs'(eapecial@y the'siMplef ones) are not clearly -

-~

‘ . - : v . /
determined; it is particularly unclear how many of the,instruments are

'- . .. . . .. . " B - ’a . .'/- »
actually in the hands of students. As oné visits schools-and talks with

teachers, it is clear that this numBer is iﬁgréésing. Shumway also
noted thagﬁmore and more SOphistiéated models are being purchased . \,
each yéar'(éspécially as coét has dropped and as familiarity'increaaéa).

z..s‘ -f ’ : ' P -

Prices ' , B \ ' .

There are.two-pfiée nanges w?ichrseem appropriate for school, use: -

(1)- basic four- or five-function m&chinesvwith limited memory - . \

(2) fairly sophisticated sciéngific calculators withﬁﬁhﬁ@%iﬁhs
. . ’ - - /,‘ . (2

7

. .such as xz, VX, 1/x,,x!, f/y, yx,-log, ex, hrc, sin, cos, tan,

* 8in h, degrees/radiéhs, ete. B v. o -

'

-Examples of each of these include: o o

~ '

(1) basic four- or five-function machines - §10 - $20 o
".e.g., Novus 650 , ‘ $ . 9.95 (86.99)

" . ) Sharp EL-8005 - , $19.95 (813.95).
: Texas Instruments TI-1200, _ . ©819.95.  ($13.95)

. Rockwell 10-R : . {812.66)

[

Prices in parentheses were observed in Columbus, Ohio in August 1975.
L] - '

i4
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~$50 - $100

(2) scientific calculators .
e.g., Melcor SC-635 V o 869.95 .
=+ . Hewlett-Packard HP-21 $125.00
' Casio fx-11 . $49.95.

‘Texas Instruments-SR-50A . - $99.95 ($66.95)
5 il | o ' g S
_'Electronics (8 Jqﬁuary 1976) indicated that'sales'of'fou;—fuhction,

L .
»

personal calcplator;\ére or will be:

1974 ©$265 million _ -
B s : . \

1975 $268 million .| ,
1976  $276 million = 7
1977  $301 million*' . . . . ~ .

. In his analysis of.;hé situﬁtion in August 1975, Shumway stated/that

- -

thé predicted retail‘sales”priCe within one year for-basic four- 6f

five-function machines:isﬂ$5.<-The pfédictgd retail sales price within

‘ - .
two years for scientific calculators is $25.' He noted that most manu--

 facturers would ogl} make such predictions verbally. Others, however,

o
¥

_have indicated that they believe that "rock bottom" has been reached,

‘and that prices wiil either'étabalize‘aé current (February 1976) figures

or begin-to cliﬁbslightly for basic four-function calculators; prices
for qcieﬁtific calculators may, however, continue to decline (at 1éést

to some ektent). Thig belief is based om the ﬁoint that the produccion/ |

"

marketing factors which cembined tp-dfive prices downward in 19?§'parallel

(, i " . .
the sf%uation'of,several years ago with television sets: prices now

3

. ) ; \.
have nowhere to go but up, for basic four-function calculators. Refine- -

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

hodever}wfdf instance, one combany recently placed a calculator on the -

‘. &

' marketzfor $395, approximately half the'cost of a comparable calculator

from another company.

Perhaps the most/pértinent poinﬁ for educators is that it seems that.

id .

- s -

®




P

- would appear that mbre.téachera and schools have hecome involved in

‘ - [ -

elementary and secandary

)

o ’ . . . ' Y
prféeg of cdlculators appropriate for use in

' L L S - A - . W .
schools will| not vary so.greatiy that there is redson. either to speed
or procrésti ate in purchasingvgaléhlators dpaedoqémic‘grouhds.' SR , -

e

[ B , e v . ]
- . a: W -5 - p
Current Level| of Use in’'Schools. ‘L s - . b .
r v .
Estimateg of tle extent to which calqulaua?% are now being used in ' '

hly sdbjgcéiVe.‘ The project sﬁévey,of achodl_peféopnei
suggested that ébout‘two—thirds of the schools used calhqlators in ao;e
way: cﬂis‘figuve,\hdweQEr, is biased, since manyoachoois_were identified ‘ o
jwhich,were kno fd.have béennusiﬁg cal;ulatOrs.‘_Meiriﬁg's 51925)

'survéy of, Ohio gdecondary schools suggested that about 18% of the s¢hools

responding had systematic use of calculators. | Most of fhe use occurréed

-

tests&. In the past six months (since these .data were collécted), it~

using the calculatof in some way: perhaps an estimate in the range of
. L —— ‘ \ .

25% to 50% is, the best projection that can be made..

b4

Estimates of Future Use -

'

Given the data on prices, the data on the number sold, and the

fact that in thé‘project survey_teaeher educators, .state supervisors,

)

and textbook publishers appear ta be "sold" on the desirability of the

use of calculators in schools,. school use of calculators is,}fkely to

“

jncrease. Factors which might tend to control the use are parent and

teacher reluctance to allow calculators in the clgsaroom. As teachers " s
and parenfs use calculators themselves, their reluctance is likely to

diminish. By 1977, there could be widespread use of caléulators in’ schaols;

by 1979; thig\will‘almnlt‘certainly be true.

16

4




'III._The Caseés For and Against Using Calculators\in “Schools

(R

A primary purpose of tﬁis'project was to identify the positions

which educa ors hold regarding the use of calculatofS\in elementary -~

and secondéry schools. When the responses on the questionnaires sent

to school persannel, state supervisors of‘macﬁematics, and mathematics

o

'The most [fr quently cited reascns for using’ calculators in schools

;(1)_Thé aid\in computation. They are practical, convenient, and

3

They - remove drudgery and save time on tedious

/ salculation\ They ‘are less frustrating, especia%;y‘fbr low

achievers.

hey encourage speed'and accuracy. °

(2) They facilitat understanding aﬁd'concqpt developmpﬁt.

(3) T{ey lessen th;\n;ed for “memorization, especially 8 . they

reinforce basic gscﬁa and concepté with immediate fleedback.

- ) «

hey encourage estimation, approximat;%n, and verification.

[ |

(4) They help in problem solving. Problems can be more lrealistic
. N o
ﬂnd the scope of problem solving can be enlarged.

N

(5) They motivate. They encourage curioé#ty, positive attitudes, .

’

- |
and independence. .

— v

(6) They aid in exploring, understanding, and learning algorithmic

processes. ’ . ‘ . \

-

(7) Théy encourage discovery, exploration, and creétivityf

(8) They exist. They are/@ére to stay in the ”reul'world”, 80 we.

cannot ignore them,

~
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The last reason -- the pragmatiesfact that they exiéé and that they are

"~appeafing in the hands of'inqreasing'ﬁumbers of students -- is perhaps r—

) v fy : ~
the most compelling. How they can be ‘uged to facilitate each of the.
other seven beliefs is therefore a question. that must be attacked. o

The mest frequently cited reasons for not using calculators in

‘schoois are that: .

N
N

(." -
(1) They could be used as substitutes for developing)computational

\skills:-scudents imay not be motivated to master basic facts-

and algorithms. o i N 3 - - S

-

(2) They are not available to all students. Becauseé»hey cannot

.\-

- @ . . . i -
afford a calculator, some students-are at a disadvhntage. N

.

(3) They: may give‘a'false/impression of what mathematika»is.

Matheméticégpay berequated to computation,_perform d without . ®

r

: { [ .
th;nkingl Emphasts' is on the product rather than dn the process; ~

3

structure is deemphasized. Mental laziness and too\much depen-

r

. 1
. i -
dence are encouraged; lack af understanding 1s promoted. Some

students and teacherg will misuse them.

- y i

 (4) They are faddigh. Therp is yittle planning or reseaftch.

(5) Théy lead to maintenancg und security problems. .
B T

should use calculators in place of learning basic mathematical skills.

Rather, there is a strong :

i

jalief that calculator% can help children to

‘develop and learf more mthemhticalnskll 8 and [deas than {8 possible
without the use of calculators. Much serious attention must be given

: ‘

- i8]

-
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by teachers and/;;hers to proving that this belief/ can be inplemented
: . N

‘and become fact,
. ’ 'y .
. For the Interim Report, Shumway consi'erei the responses which

1]

educators gave on the questionnaires as redsons for and against using
ealculatqu,'comments made 1in interviews a;d/discussions with various \
persons, and statenents in articles and otner published literatnrei He
then developed a section in which he expanded on the argnnents for‘and

Aagainst using calculators. Shumway's analysis is presented on the
8 y

following pages (14-23).

Arguments for Using Calqulatora ] Ty

The extreme of the point of view favoring the use of calculators
is represedted by this statement: qsb

"Hand-held calculators as -sophisticated as the so-called
'scientific calculator' should be made readily available\
to all children, for all school work, from first grade on."

In support of auch‘a pdsitiom, variations of the following arguments
may be cited:

(1) "There will no longer be any need for the usual paper-and-
pencil algorithms for the basic¢ operations. Algorithms are f’
-designed to carry aut repetitive calculatidéns efficiently,
accurately, and without thinking Clearly, the calculator
is the best calculational algorithm available today. Paper-
and-pencil algorithms might be taught for historical, cul-
tural, or pedagogical purposes; however, few children (or
adults) will choose paper-—and- pencil algorithma when calcu-
ldtors are available."

yor R -~ N -| & &~ N

(2) "Scientific calculators will not be expensive. QThe'price of
sclentific calcdlators began only a few years ago at $400; -
currently, they ayxe available for as little as $50. There 18
no reason to believe that they will not soon be available for
less than $20 (which 1is the cost of two tanks of gas for a car).
Cost will-not significantly deter the widespread use of
hand-held calculaﬁﬁrs." _ ~

Y

(3) "Most childrén will probably learn the basic addition, subtrac-
. tion, multiplication, artd division facts in order to make
estimations and to save time. Extenaive drill and practice

exercises will be unnecessary.'

/ : -
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"Decimals and sclentific notation will be introduced early
in first grade. Children will work with numbers such as

.0285714285 and 1.893456 08. The first number is that part
of a cake each of 35 children would get if it is djvided into
35 equal parts; the second 1s the number of seconds a six-—

" year-old child h@s lived. Children can and will work comfor-

(5)

(6)

tably with such numbers. Calculators will facilitate early
continuous experiences with a whole new class of numbers."

"Mathematical exercises will be more realistic. ExXercises

will no longer hgve to be chosen so that there .are integer
solutions. So~calted grubby numbers and_tedious calculations
will be dome with ease.' '

"Calculators are fun. The motivational aspects'of.the‘hand—held
calculator are exciting. Children create théir own interesting
problems. Low achievers generate new enthusiasm for mathematics

- because they finally have no fear of being unable to'perform

(7

(8)

(10)

the neéessary calculations. Children are eager to do mathematica
‘when calculators are aVailable. - .

"The addition and multiplication alébrithms for fractions can
be gelayed until algebra.

"“The calculator facilitates number gsense. Because of their
simplicity and speed, hand-held calculators will allow children . .
to explore prodducts, sums, powers, logarithms, trigonometric
functions, etc., with numbers of all sizes with a frequency

never before possible. Intuitive number sense will be much
facilitated by such extensive, continuous, and early experience
with numbers and their properties.

"Hand-held calculators make calculations easy and practical

for all children. It must be remembered that decimal notation,

Arabic numerhls, zero, paper-and-pencil algorithms, etc.,

re introduced not to teach mathematica, but to make calcula-
Ms easler. The hand-held calculator was invented for the

’

eld calculators stimulate interest in and facilitate the
teaching of mathematical concepts. Homomorphic properties of
functions, prOp%rties of logarithmic and exponential functions,
characteyistics of rational exponents, compounding continuous
interest, combi}/torica, trigonometric functions, limits, number
theory, etic., can all be learned in more interesting manners

because of\the calculational power which the calculator provides."

- p
"The calculitor can be used to-facilitate problem solving.

Open explorgtion and new problems can be offered to children
because of the facilitating calculational power which the
calculator pXovides. For example. learning to predict for what
integer valued of x will 1/x fill the calculator display screen
teaches a great, deal about, our base ten numeration system and
relative primes})'
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 412) "Hand-held calculators provide experience with the only prac-
tical algorithm which is used in society today. No business or
profession carries out extensive calculations without the use
of a calculator. Most family financial ‘calculations will soon
be done by calculator."

o

(13) "Hand-held calculators will place the emphasis on when and
what operation to use rather than on how to perform the paper-
and-pencil algorithm.correctly."

oy : ~ . .

(14) "There will be more interest in estimation. Since calculator

errors tend to be dramatic rather than minute, estimating

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

P ’ : .. * .

(15) '"The power of mathematics used by the common man will increase,
astronomically. A simple example can be used to'illustrate'

* ‘this. Suppgse ‘i1t take#s-$10;000 per year for a particular coupIe
to retire tbday.- Assuming an annual inflation rate of 5 per
cent, how much per year would be required 20 years from today?

_ The.sequence (1.05, y%,. 20, x, 10,000, =) gives the answer of

- $26,533 in 10 seconds.’ Tailor-made family financial planning i
would be much improved by such calculational power.

!

.
(16) "More time will be ayailable to teach matheratics 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 mathematics can be introduced into the curriculum.
The calculational power of the calculator allows\:m consideration
of new topics while the de- emphasis of paper—and encil algorithms
produces more time for new topics : -

A ‘ 2

Tt .
Arguments Against Using Calculators:

« The extreme of the point of view against the use of calculators
is represented by this statement: . .

"Hand-held calculators.should be banned from classroom °

usé for mathematics." , .
Arguments cited in support of this position include variations of thesne
points: 5

(1) "Hand-held calculators would destroy all motivation for learning
the basic facts. Calculators do not remove the need to know
basic facts such as 9 x 7. To raise children to run to their
calculators for every simple calculation would be folly. Such
dependence on calculators would be most unfortunate."

(2) "The use of calculators would deatroy the basic, mainstream
mathemat{&s of the ulcmonturxfﬂchool currlculum. Soclety's .
major objectlve for ¢lementary-school mathemntlcs Ls that ~
children learn the hnsif facts and be able to perform the paper-

N s
Lot P
;
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. . . . .
"and pencil algoriithms for addition, subtraction Lultiplication,
' and division. If calculators are allowed in,scé&gls, children
‘ will no longer see any need fpr basic caleulational skills.,
Eyen banning calculators: on- certain days- or only using‘them for. N
r»//iecking 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 calculators for children. The cost -
of hand-held calculators is prohibitive and their attractive—
//~\ness-ma s them disappear all too frequently." ‘
g B L .
(4) "Calculators are particularly ina;;}bgriate for slow learners. :
What possible motivation would such children generate for -t
. ledrning dn algorithm they know they can do on a caléulaltor . -
‘. -, much more qunickly-and accurately” Culculators would insure ,
) thdt, poorly motivated students would not Iearn thé basic skills."
(5) "The child's notion of the nature of mathematics would be changed S
by the use of calculators. There is a real danger that if
calculators ate-used, children will think that pushing buttons
on a black box is mathematics."

Y

(6) "The use of calculators would reduce children's ability to
_detect errors. We are all familiar with the belief that 1f a
calculation was done on-a calculator it must be right. Not only .
is such faith unjustified, but,dieCOvering errors of key-
punching a calculator is almost impossible since there 1s no
. record of what was done." T -

¢ ~ -

(7) "Paper-and-pencil algorithms are still necessgary, basic skills.
Calculators can never be everywhere. Children must still be
able to calculate on their own. :The availability of calculators
in schools ‘would remove children's need for practiéing the - :
basic skills. 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
factlity with the basic skills of arithmetic."

(8) "Batterieq;lose-their charge and wear out. Dependency on batteries
‘for computational arithmetic wéuld be foolish." :

(9) "The use of -hand-held calculators wguld discourage mathematical
. - .thinking. If children can do- any mathematical calculatior by
" - pressing a few buttons, problem solving will be done by guessing,
not mathematicgl thinking. Try this, tyy that, keep doing
things with the numbers wuntil: the answer looks right. Non-
. thinking guesqing will become rgmpant/if calculators are avallabrle

in schools." b * N ' v

(10). "Parente 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 calculaﬁogs would be,
in effect, not teaching mathematics at all. Schools would be
exhibiting extreme political ineptness to introduce calculators."

22
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' Discussion of Arguments

(.. . a v .
-It 1s probably oEVZous:that the validity of the..arguménts in some

* of the statements above ‘is questyionable ——Tdepending; to some extent,
on your own viewpoint! It should also be obvious that.not all proponents

]
.

or opponents of using calculators im schools take extreme positions such
v B : ~ T ,
as those i1dentified. The fqllowipg 95mpfomises have been suggested, for -l ~

instﬁndé:_ ' L o R ' T . T
(1) Restrict the capability of the calculator through maskiﬁé or? o
making electronic modifications to control the operations e
- *available so ‘that paper-and-pencil algorithms are stifl .
nebessary and/or so that mathematical capabilities beyond the
. cufrent- curriculum are unavailable to the student.
¥ o - . Y,
(2) Restrict the use of calculators to checking answers jonly, or . -
restrict the use to certain days of the week so that basic
facts and paper- and—pencil algorithms are still necessary.

(3) Restrict the use of calculators to the upper grades (10-12), .-
where presumably students have already learned the basic facts
and the paper -and-pencil algorithms. ’

Some reatt tq such compromises as an unworkable effort to: "have

- your cake and eat it too', while others view them as examples of- . .
\ .

democratic compromige tofaphieye'the best: solution. The compromises do

serve to focus attention on whaé_appear to be the fundamental arguments
regarding the hand-held calculator. The proponents'- argument is essen-
tially:

. "The hand-held calculator is the/tool used 1in society today
for calculatiaons. Schobls are 'burying their heads in sand'
1f calculators are not recognized and used as the calcula- -
tional tpol that they are." A )

. s . ¢
The opponents! argument 1s epséntially: : .
"The principal objectives of mathematics inatruction (dt s <
least in grades k-9) are that, qhildren learn the basié facts '
and thd paper-and-pencil ulgorlfﬁha. Such learning will not.
occur if calculator% are made available In achools."”

It would seem that a rational apﬁroach to the‘reaoiution of the problem

<3




use_of calculatordis ignoring a potentially RPWéFf“i educational device, '

,;Potential Implications of the Widespread Uge of Calculators ' " -
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L | . ‘ . - o .;,,,_' N o | ‘ . .“,
kperﬁaps over—simplified) would involve: y .

- .« -

~

. ’

(l) Determining current and future societal needs for the basic
faéts and the paper—and pencil algorithms. - . -
(a) If there are no needs for such skills, drop thg emphasis.
on them and introduce the widespfead dse of calculators., ®

(b) If there are needs for such ékills, mgye to.question 2.
-' \ . . \'

(2) Can the. calculator be used in the classroom And still]build
students needed skills (as identified in 1b)?

~

B

7

.Such a’ procedure would-éeem to satisfy the concerns™ of opponents oﬁ

[y

N »
the use of calculators. The proponents‘of the ugse of calculators would

(probably)_claim7that such an’over—simplification of the benefits of the

b4

“ .
. oa
.. i ~
LTSN . '
. -

Suppose we adopt_the position that there will be widespread'use of

thelcalculator in schools. What are gome‘of the benefits and disadvantages
.. » ) . R '& .

Appendix D), there are two. partial orderings which are oftén o

used in the designing of a mathematics curriculsm. For example,

’
-

the mathematical ‘development of the number systems/suggests
that children dught “to work with addition'ofrwhole,numbers before
’ N + * . P
they study addition ngdecimals. The nlgorithms for addition -
' Hence the order: whole numoers, then decimals, rather than

decimals followed by'wnole numbers. Such partial orderings may N

be called. content orderings.

A second partial ordering which mugt be considered inlcurriculum

development is a social value ordering) Topics in a mathematics N\

]

24 ._ .. - d._

of decimals require facility with the'addition of whole numbers. =~ \

. 08 8uc widespread use? ) - -
(1) Curriculum concerns . _ ‘o - S
, As Pollak (1976) has aptly described in his position paper (gee (h
-

.\2.

-
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curriculum are included and ordered by the topic s*worth to

.society. fFor example, the quadra;ic formqla is incIuded in,the

:-curriculum before compound interest because soclety’ views &é )

s t L4

;quadratic formula as more essential for the needs of society

- N

i‘thanwcompound interest. Mathematicaily, either topic could be
e o B ‘ -

. culator. ma'es a significant changedin either the content ordering .

"vbe called societdl drderings. e . .

introduced before thé other. Socially, the quadratic formula
< . G L .
has priority over compound'interest. ASuch partial orderings- may -

7 )

Y

If- the introductidn of a rew device such as the hand held- cal—v

: or(the soc etal mndgring, then major curriculum modification L

P9 [N Y

w0“1d-$9em appropriate.' Such changes in the partial orderinga'

¢« 1 7

are'posaib e with ,the calculator."For example, the”alggrfthm

P
; . \ o

d on.ofrdecimala[Is the same as the algorithm for add&t}on

umberai*the same buttoiid ‘are pushed for either. Thy

%

8,
) L} . o 7
longer” be ne¢easary‘or{desirable‘to,delay decimals % .

»

it may no

e ~

until fiffh grade.,

A careful] exteénsive study of the impact of “thecalculator on

the curriculum is needed: there appear to be significant changes
P o S .
whiech could (qr.odghtlto)"be made. In their position paper,

Usiskin and Bell (1976) (see Appendix F) present some initial

N ;

, suggestions on this task. “ ‘ ' R

(2)

a ) -

Computationalnakills ® A ‘ "

.
~ .

Thé p:inciple purpose of a, calculator is to make calculationa'

3

easy. , Conaequently all the, basic operations of arithmetic, Square :

A3

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

by very young childrcn. Dcciaions regurding curriculum need no

longer be made baséd on whether or not children can perform the

w
LIS

. a
. . .
29 - ) :




© 18 eaaier-to understand than_the'former computational algorithmg

\ ST
, and a reasonable question to poseu t There no longer need H@ \\ : :‘f

fear of npn—integral ﬁumbers (2 7 x 5 x 17. 6 .18’ as easy as o R

to do calc ations;.b%§ not the principal way. ™ - .

(3) Teacher education _

. actually to implement their use. The first difficulty encountered’

-21- " A .
o T . L o

calculations, but rather on whether they understand Uhe concepts B _ -

involved. It is probably true.- that the concept of aquare root -

. R e v . . - ;
. ¢ [ . ° T o

for finding sduare-roots.” It may‘or may not be deairablecto

introduce §Quare roots. much earlier in. the curriculum. The poig}g "

is that the decision neeg not be based orr the difficulty of

@

teaching paper—and—pencil algorithma for finding aqgare roots. ?aa,
- N »!‘l\a

4 . . - ", ‘.
x

Compoupd~ca1culations neéd no longer be avoided. 2 _many . __-;

¥

seconds have I. been, living?" may be a véry reasonable calculation

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

‘ -

cost per gram of Jarious candy bars is, calculationally trivipl .

I \ A 4

Ix5 xl6) Ppoblems do not need to be: artificially simplifieé
~ i

The numbers can be realfstic.

N

L e

.(

At the minimum, one would expect some de—emphasis of the paper—“’
and-pencil algorithmiﬁ_ Moat calculatione, in realityh will not _ *
be carried out by paper-and—pencil It is likely that»echools

will begin teaching paper-and-pencil algorithms as anothier way

I3

Y, ‘
. .

- .
| : %

1y - ,

b A -

. 2

It is eaay for the teacher educator to advocate wideapread Use

S

of calculators. It is another matter for the:clasaroomvteacher

B

- . .

-

is pérental opposition to calculators. The second difficulty

' 4

1g that the current curriculum ia-not‘deaigned’for calculators.

Exercises and.problemé which use the calculational power now-

available must currentlv be' developed by'the teacher. :(Some

26
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of the articles adﬁ>books\cifed in‘Appen&ix A contain helpful_.

suggestions; tﬁe position paper-by Immerzeel, Ockénga, and Tarr
¥~ L . . .

"

G
31'

5(19]6) in AppendixfC provides a variety of specific activities;

3

textbook publishers plan to have some materials available by
1977.) . v

- )

» The thirqfdifkicnlty is that most Eeaché;s'lézk the mathematical

: ' - background necessary to deal withlthe questions'and méthematiés.

which can'be generated by the use bflcalculatdra,‘.For‘example,
. - , Y L
there is a mathemgficélLfihohest explanation for thée sine function

which can ge‘givgﬁ*th first graders. Most firsf-gradévteéchérs
would be unable £§ provide sucﬁ aﬁ eXplanatidn; Many quior
high schodl teaéhérs would be unable to proﬁide’such'an expl:nation.l
And many High?séhdol}feachers wopld'havé difficulty with‘the

- LI . hyégr?dl;q siﬁe guncfioﬁ}. |

- The foﬁrth.difficult§ is that technidues for teaehing mathematics
pwéth_cqlcuiétors have”noﬁ been illﬁs;;;ted{; The effect of’cdlcu—.

a

> : T " A ) < ) ‘
lators on children's number sense and other mathematical factors

-,

1§ not known, either fhrdugh’reséarch or tradition. Eacﬁ
teacher1must breakAngw grdund in the interaction of calculators

and children learniﬁg mathematics. C o

'%yb(4) Budgets

s . '

s

o Consider a typical elementary school with two classes .at eath
grgdé level. In orde; to provide appro#imatelf one’baéic four-
'function calcula;o%»for eéch.two students, shcﬂ a school would
" need tblspend $1800_($10‘pér calculator for~180.caléulatgrs,%or
15 per class). Consider éuch‘a coét in perspéctive: $1800 ié the

+«0

c6st of 30 filmstrips or 120 minutes of 16 mm film. Given the

[ X 4

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

e SUA
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Bell.

2 |
, coufse, if_one.acduires‘scientific¢calculators; the,coét:w0uld
S , be $9000, or'the equivalent of lSé_filmstrips or 600.minutes of. -
16 mm film. ;It would‘appeap"thatfthefwidespread purchase.of o .
' calcalators may not bepa'major ;inanc al.burden_for a school which
il‘*“f : B »“. rbutinely~purchases mate;ials such .as’ trips or }ilms.
.The data on purchases of calculators suggest that many children
e o C il soon have access to a Calculator regardless of the school
action. The school's responsibility will probably be to have
- " ‘machines available jor those children who do not have access to a -b'
® o calculator. "The'cost of such a requirement could soon be féiaQ j
.tively low. ’ . ‘ i
h Summary v ‘
o ' _ ] The imp%ct of widespread use of hand-held calculators is likely to be:
) : (1) A de- emphasis on paper—and-pencil algorithms '
) (2) More significant and interesting mathematics in theicurriculum.
(B)hConsumers‘and,decisioanakers.much~better prepared to deal with
. . T .the voluminous amount of datasin communications today.
- Shumway's-point of‘view expressed above 1is echoed to some extent in . .
the position papers in Appendices c through F. Each offthe writers of
_ those pagrrs expresses additional concerns and thoughtful comments; attenJ’
| . tion is.directed particularly to the papers by Pollak and by Usiskin and .
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IV. Ways in Which_Calcula;ors-Are Now Used in Schools

. . B} -~
Calculators are being used in vari0u§ ways in classrooms'.scattered
throughout the country. .Lagt;year,_such activities were genefally'more

v . ‘

’

ektepsivefat the secondarydéchool level; this year, elementary-school

;eachers-are‘increésingiy introducfggzﬁhem for specified puﬁpqges. They

¥ o

‘ afe-recogqizing’thatVthe calculator is a part of Children's.liveé. In.

- many instaﬁces{%perhaps too many), use of the caleulator is.festricted_

to checking the result of paper-and-pencil ‘computation. As tgachers_

1 0y

) explore potential uses, and as more specific suggeétionS‘appepr in print,

additional use is- made of the calculator.
L. } - s Y N 3 ¥
Two fears\must be expressed:
ators will not be used appropriately, so .that few

7‘, positive benefits of their use are apparent.

(1) That calt

(2) That teachers wil1 indiscriminately buy materials for uyse with

B

;calculatorsv(asvin some cases they ﬁéve‘done wﬁth mec:ic.materials)r
As'immerzeel, Ockenga, and Tarr {1976) point out, to evoid "futu;e shPCKf -
immagipatiye‘softwareimust be deveiosed: fhey»alsb make recommendatiopsv
regarding use_éf calculatqrs (p. 5): |

(lj‘Primafy level; incidental use, eapecialiy-in an intereae;corner.

(2) Intermediate level: avaiiability in the school gf class sgets

o for occasional use '
N A\
\

‘ (3) Junior high level: availability of class sets for eéch'teacher

{4) Senior high.level: a calculétor fer every stgdent, available
- ‘ *
any time : .

\They go .on to provide a variety of specific.illustrations for using the

~

calculator at each of these levels, usually within the ekiafing curriculum.

o

29
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In general,'certain patterns of use .are evident:
E (1 The district or “school purchases awﬁmall number of°calculator.,
. yhich are given to teachers‘ﬁorrégploratory activities. Thig\
iS»followed by discuSSion_andrdeciaion o% whether the districfe _—
or%school should purchaae—fore (e;g., Columbus, Ohio).
(2) Remedial mathematics‘or T}tle I classes receive calculatorg.,
for use with low achieve;s)who;have not previonsly learned
computational skills gé&l (e.g., Waahington Irving High School

‘ New York; Berkeley,/éalifornia)
ya . .
(3) Calculators are placed in advanced science and mathematics classes

in secondary schools (e.gu, Lubbock, Texaa).

- L4

(4);Explorator& work on topics for ghichvcalculators seem most -

A

appropriate is in progress (e.g., under the direction of such

mathématics educators as Immerzeel, Kessner, Rudnick, Scandura,

- ' e

vﬁ? . L

- ’, -

Weaver).
(5) Pilot studies and/or research is being conducted on tﬁe effect

of use of calculators (e.g., with 10w achievers at the aecondaryf

St

level in Chicago, in such California schools as Cupertino,

Garden Grove, Los Angeles, San Diego, San Francisco, and

1]

Santa Barbara). | : | o

Among the variety of other activities, surveys of the attitudes of

|

. i
teachers toward calculators and/or uses being made of calculators have
been conducted (e.g., Philadelphia; Shawnee Miasion, Kansas; tho; Cali-
fornia); these sometimea lead fo the- development of policy statements.

The 1975 Annual Leadership Conference at the University of Michigan

. - ) N
w

focuaed‘onjthe role. of calculators, as did several groups at a September

-

£1975 meeting on aecondary school mathematics attended by educators fron'

+

-

throughout Ohio. Workshops ‘were presented at local, regional, and national

30
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mathematics meetings in 1575- and pla s %%e"underway for extending such
offerirgs during 1976 (e.g., the NCTM/Name -of-Site Meeting in Detroit .
feature§ calculator workshops) The National Council of Teachers of ; "
Mathematics is developing film materials.on calculators (with'a grant

from a calculator manufacturer).' In cooperation‘with ERIC/SMEAC, NCTM is

developing a compilation of teacher~dbggested activities for use with

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

1 J
ASY

will have 1976 issues focused on the calculator.
) Analysis‘of the published articles and books cited in Appenoix A
agéicates that many fall into one of four categories:
(1) General statements about calculators: e.g., Denman, 1974,
Higgins, l9l4. |
(2) Pros and cons: e.g., Etlinger, 1974; Fiske; 1975.

(3) Costs and features: e.g., Jesson and Kurley, 1975; Consumer

.

»

Reports.
(4) Varied uses: e.g., Engel, 1974; Judd, 1975.
The annotations in Appendix A may provide a guide to locating materials

of specific interest. . .

Usiskin and Bell (1976) (see Appendix-F) take exception to merely
incorporating calculator uses into the existing curriculum. Fof reasons
which they state, "It is thus our belief that the insertion of calculators
into K—6 classrooms using most existing curricula is fraught with peril"
(p. 36). They argue for an alternative curriculum, arid provide an asgess-
ment of how the curriculum may be restructured. 'They note that this maf
be threatening to those who view fthe present curriculum as optimally

logical and sequential: their specific suggestions (pp- 40-49) could,

however, suggest *to many elementary teachers a different way of considering

the use of calculators in schop_]x : | o . .
. \ -

31-
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e V. Empirical Evidence : \
Aty \

At the .time that the Interim Report on this project was prepared
in August 1975, attentiop was called to three points:
(1) At this'qime, there is comparatively little evidence on the
effect of the use of hadd—held calclilators in schools. Stddies

have been exploratory in nature, often(with the support of a,

\4

calculator manufacturer.
(2) That the calculator can be used to teach certain topics seems

clear: that significant achievement gains will result is not
clear. As might be expected, attitﬁdes,are reported to be

B v

a.

generally positive.
{(3) Not all of the research has focused.on significant queatﬁons

(some haa remained unpublished foruthia reason). There 1is a

’

definite need to establish priorities and attack the questions
that can and should be answexed by research.

As this Final Report is prepared in February 1976, the same .three pointa
: -

" can be relteradted. The research picture has not egsentially cha9ged

As Wéa%er (1976) has pointed out in his paper on needed research

(see Appendix E): R

. « . The very newness of calculators prbvides little of
a regearch base upon which to build. . . . The extent. of
_ongoing research i1s very difficult to assess; this also 1is
" true of the nature of that research. We are given hints

from the brief progrg@; reports released by some projects

"

. + . but by and larg¥Awe have prpfcious little information--
and none of it definitive--regarding the extent and nature
of ongoing research. (p. 18)

He goes on to express the thought that "When the annotated listing [of
research on mathematics education]:for calendar year 19]5 is compiled.
more calculator inveatigations are bound to appear; but there still will

J
be no plethora of such investigations reported" (p. 18). Very true:

32
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there has been no plethora; research eVidence remafhé scarce.(perhabs"\
the 1976 listing will contain more?). o _ : . N

T

There is so little research on the use of hand-held calculatora; in

fact, that there is some questidh'if it is worthwhile to review it. Most
. - . 1 3 ] \

. p ) . . ™
of the studies barely meet criferia for being termed "reseqrch -£
gstudy"”, "inquiry", "exploration' are th

i

f : ¢

words which investigators useéﬂn the published reports. There"are umors

"action research", '"preliminar

N s

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

calculatorsi Some of the ”hafdesth ddta

calculator manufacturers; not,sﬁrptiéi&;} ,
7] ’
. ) l ", R 1
these indicate that studentsg(a) can use the calculator witﬁwa_variétﬂ
B . sale L .

of content and (b) achieve w#ll when using the calculator. Many schools

i -
are checking data on their ﬁhn students to find out the effect of the \

& ‘

 usevof calculators with thefr students: this is a highly apgropriate.>
\\_

“too quickly —- ‘of deciding

~ o v AN

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

that this way of using calculators is effective
l .

and that way isn't -- befor“lthe range of options (that is) ‘a diveraityi .
of material desig;éd for ca@%ul&tor use) ﬁaa been devel?ped.
Ove¥ the yeafs,'aevefaﬁgdozen studies have been condu:ted with

A, e ,
deak calculators. , There hagﬁbeen some thoqght that this research might®

|
/

pfovide some useful information which would be applicable to hand—ﬁéld
calculators. Alas, the étu&ies are not all designed as well as they

should have been. On Tgblg ;? 21 of the studies with desk calculators
are summarized; note should Se made of the smpll sizes of samples, the

short lengths of, time, the limited purpoée of many of the 'studies, the

- evident confounding of variables.
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There appear to be very few potentially transferéb£e findings
from the studies with desk calculators: .o

(1) Children can learn to Ose_calculatbrs.

. o

(2) Children generally enjoy using calculators.

"
v

(3) Low,achiesers may profit'from using caleulators, but cﬁlcu— E
/ - - - v

- lator use should not’ be restricted to low achilevers.

o -~

(4) Calculators can be used fdr‘checking paper—ané-penc;l qOqu—r .
;etion. ' o

(5) Calculators may or-may not facilitate particular types| of i
achievement.‘ ’ ‘

On Table 2,8 studies on hand-helgs®alculators are summdriped. A
e fé% additional comments about each might aid in making readers %urﬁher
a&are of the limitationg oﬁ the reSearch information 6n haﬁd—he d calcu-

-

lators. - N ’ . .

Cdmmehts o Research Reports 6ﬁ Hand-held.Calculators \ .

%

The major goal of the study reported by HaLAhorne and Sullivan

(}975) 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 cgieulator (p. 29). Barrett

and qufe (1974).expanded on some of the ways the'students used the cal-
‘culator:- to check answers and in workieg with verbal proBlems, means,

probability, paljuﬂromes, functions, and m&&tiplication 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 6f the test than were the corresponding scores for

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

-

: . D J
well on the problem-solving section .of the test. Two comments of interest,.

-~

'37 | | ’
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'opposéd,to the cdntrol group.

. o o - l -34- . . B ‘
are madé\by'Hawthorn and Sullivan: ' . C

Project evaluators do not believe that calculdtors Rave any -
_great inherent ability to support and motivate mathematical

study,  though these instruments definitely have some powerful
computat{ggfl capability. (p. 31) [Oh?]

AN

(R N
Tcalculagg s have on learning mathematics if used by children

without”ary particular direction by teachers. (p. 31) [Why?]
£

Perhaps aaother study can shed somevlight‘on.what effett

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

o~

articlef

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

matics curriculum utilizing the\hand—heldﬁcafgulator". A group uging 1
. - - ! *

this curriculum was compared with a gr;pp using a commercial hand-held

calculator mathematics remediation progfam and with two groups using

. . W, )
the "normal" curriculum, one with calculatops available and one without

r .

?e reported in the article, the authors

L

calculators. - While no data

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

]

cant statistical gains in bot} the cognitive andattitudinal domdin as

> ¥

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

teaching mathematics sponsored by Berkeley schools, was reported bf"

Kelley and Lansing (1975). Two seventh-grade and two ,eighth-grade mathe-

matics classes for low achievers were 1nvoived;. Neither experimental
ndr control classes showed statistically aignificant gains on the CTBS

(the experimental group mean was 4.87 on the bctqber pretest, 4,98 on

the May posttest; the control group's respective scores: were 5,29 and

&
-

5.30). On the CTBS coﬂputation’aubtea;(’the calculator group did signi-
ficantly better, however (4.9 fog’the control group, 6.5 for the experi-
mental group). ‘Andion the NLSMA Reasoning Téat, the gain of the control
group was signifgeant ag“the .08 level (0.9 points); the calculator’

group gained 1.9 points, which was significant at the .00l level.

N = .39

\




“

| S

“

Kessner (1975) presented information on a prima%?lmathematicafprojeét‘ N
L ; 3 .

Py

designed "to research, develop, and field test activities in which kinder- .

“ .

,gartehvand first-grade children can use hand-held electronic calculators
to promote their mathémaﬁicé‘learning". Simplified célgulators ater ) v
coupled with samelike modules" to -teach the "complex aspects of counting

n

and thefOperations of addition and subtraction". Iu the project fnforma-

tion cited, no data are - reported: cistﬁ’

: Schafer, Bell, and Crown (l975)‘repoft‘on a limited "inquiry" in

which Qne group of fifth—grade pupils was glven a preteat, and then '%éf
\ﬁ Q W ‘%ql B [ L ~ .
given calculators for two (2) days, .with prSBlems to" work and encouragé—

ments to ask questions about the calculator. A weekvlater a postteat wasg -
given. Overall there'were no significant diffellncee. Thoae who "had

calculaxors, howgver, scored significantly higher on examples on which '

the calculator could be used, while there were no significant-differences
on non—calculator examples (although the 8scoge of the: calculater group

was lower than that of the non-caléulator group). One wonders whether

~ . -

the game statistical result could be replicated: the conditions were

Pl

A : : o
obviously loose. The cdhiments in Appendix A’of the Usiskin and Bell
position paper (1976) réport further explorations 'with about 20 teachers.

The work does not appear to be eystematic, however: 1t is purely explore-

tion to find out how pupils (and teachers) react.: o ' ’» - 4
Weaver (1976), on the other hand, has since 1973 been systematically ’ K -

A
exploring the use of various calculators at several grade-levels, in

' ways which connect with his (and his students') previous research on

mathematical sentences and'propertiea of operationé: Although he repofta *
some empirical data, 'the principal intent of the project to date has -

not been hypothesia formulation and testingﬁ* but informal exploration as‘e ’
necessary stage to precede controlled experimentation. This 'exploratory

\




and related number senterces. o " 0

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

calculators or to a group using paper and pencil witflout calculators,

dency for the calculator group tochave higher—sccres,on the reaaoning'

-36- ' 't_ .

[

': work wa's independent of dngbing mathematics programs, . . .", although
" this year "teachers are opting to have-pupils uge . the calculator from

time to time in connection with the ongoing mathematics programs .- ‘Among

.

the emphases of thetxploratory‘work-have been chaining@ doing and undoing,

-

) L . . N . . )
Spencer (l975).investigated the effect of using-calculatorafOn
computation skill, reasoning’ability,-andntotal arithmetic achievement,
. » : : = .

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

For eight weeks, both groups worked with computation worksheets prepared.
by the{experimenter; unfor tunately,"the abstract of the‘stud; 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 differencea favored the

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

e -

‘test was also noted.

The locations at which .this research and development work 1is heing'

conducted are diverse: Arizona, California, Illinois, Iowa, New York,
Wisconsin. In other states, other projects are going on, with no pub-

lished results as yet;l For inatance, Rudnick (Eye on Education, 1975)

is currently.directing a project in Pennsylvania with seventh gradera

to inveatigate the effects of the availability and iudse of the calculator

on achieveme?t adﬂ attitudea. Capoferi and Winowski (l975) present a

design for a\ atudy to be conducted in Michigan schools. -One- hopes\that

carefully des‘gned reaearch will be planned ‘at many other locations.




"‘Needed Research R R

In his position paper in Appendix E, Weaver diacuases some of the

‘s

research questions which should have some priority. He called attention .

s, - . B . » . . .

' to theapoint that ] ) o - : T ox

ForE 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 thescalculator vis-4-vis school
mathematics curricula. (p. 2) S e
A To many persons the calculator threatens to violate certain
. . tenets regarding school mathematics learning and instruction--
' tenets that are adhered to more tenaotiously than I. might
"have expected. Suggestions for calculator uses are made
within the constraints of those tenets . . . and any research
. . that might be implicit in such suggestions WOpld be similarly
constrained. : ‘

. Some other persons, however,.appear to be willing--posaibly
even anxious--to suggest calculator. uses that may challenge

, certain of our cherished tenets. (p. 3)

- S

Weaver distinguishes hetween three types of curriccla -- calculator-

- X 'S . .

'assisted, calculator;modulated, and calculatorébased -- and points out ™.

that "research should not be unmindful of such differentia]l roles".

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

-

he_ discusses six others for which answers should be sought. Each in

turn can lead to a series of investigations.

Summary : 4 S ' .

Pl v o

Evidence on the effectiveness of calculator use is'largely experirf
ential. A concise summary of the suggestions for research which should

be conducted to determine”the potential and problems of calculator use

,in'schacls\includes investightions related to: ° ' Q@

- when and how to. introduce calculators .

- effective crocedures,for learning basit facts, computatiopal

\ N\

~ skills, .problem solving, and various mathematical ideas
. N -

o 412 ‘ .
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O

ERIC

Aruitoxt provided by Eic:

‘effective calculator algorithms = R L R

“long-range effects of using calculator'algorithms

need for paber—and—penci;“algorithm; S .

effect of calculator use with specific content and curric a
- effect of curricula sequence/emphasis changeén.

\

relationship between work with calculatofs and computgrs

. .

optimal calculator designs . | _ S .

One very specific caution muinbe emphasized: évtempts'at restruc-

turing the curriculum; either extensively or minimdlly, must not proceed

. independently of research. The two are integral y interwoven, and one :

cannot be effective without the other.

v

changes in teacher education curricula _ '
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VI. Some Reconu/ngmat_ions R S

- !,A variety o; reconmendations has been incorporated at many points . -
| in this Report.' Many others ere‘epecified or suggegted in:each of
the position papers.‘ T;ege'are generallywstated‘at the end of’thié ' .~
section. : _ l E : .ﬁﬁigf ~  ‘. | e

Bnt_first, some recommendétions which have not been cited previously
, will be listed. These were glven by educators in response to a question
on several ‘questionnaires in the survey conducted early in this project.

; They range from the-general to those specific to the curriculum,

!

' Recormendations from Educators Surveyed

-

.

1. Experiment and plan.

" - ~

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

o
1)

to nse them, . . s S _ .
5. Use calculators nithvstudents onlp after'conaiderable thought
as to how, when, and'why. | '
vl Develop'a school—wide policy and éuidelinea. '
| d. Develop ways ‘to incorporate calculators into the existing curri-

culum and develop new curriculum ag neceaaary. | .

>

e. Plan a reasonable inservice program, evaluation, and research.
f. Use in early grades with care, if at all.
: i

2. Survey available calculator models carefully and buy good‘equipment,
: L. s - - ' T -
- commensurate with student needs. Make sure-that.all students have

access to-a'caIculator. e - L R
3. Change teaching emphases to concept development, algorLthmic proceaseg,
when to apply various operationa, and problem Bolving using real- life .

and interdisciplinery applications.
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3

Do not ignore the development of computational skill.

Think of calculators as a tool to extend mathematical understanding

Y :
)

and learning by making tfaditiona} work easier. The foéus can be on
process because~the»§roduct 1s assured. ' | o

Place more emphasis on problem~solving strategies. Use pfactiéal,
realistic, significant problems, and more applications.

Spend- less time on computational @rill, more time;on,concepta-andathe

.

meaning of operations. Use more laboratory activities where compu-

fation is involved but the emphasis is on learning mathematical con-

g.

10.

~

cepts.' Decrease the use of tedious, complicated algorithms; emphasize
algorithmic learning, including studént development of aigorithms.

De-emphasize fractions, and emphasize decimals,'introducing them

~earlier. -

Emphasize estimation and‘approximation'(including mental computation

skills), checking and feedback, exploration.énd discovery.:

s

Do more and/or ehrlier work with such ideas as place value, the

decimal system, pumber theory, number patterns, sequences, limits,
functions, itera#ion, statistics, probability, flow charting, computer
literacy, largé kumbers, ﬁegative numbers, scientific notation’, data

generation, and flormula testing.

>

Two points should be made "in connection with the above recommendatipqé:

(1) There was not comsensus on all of them, nor were they all cited

with equal [frequency. A_selection process occurred, which may

refléct thg beliefs of the author of this Report.

-

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

published materials is evident.
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Major Recommendations

' S . . . ) - /

- 1. A thorough analysis of the mathematics and other appropriate curri-
cula of eleﬁegtary and secondary schools should be cénduéted to

detérminef

-

a. how calculator use could be optimally integrated with existing

currictla (see Section IV, Immerzeel gg_gl.);

b. how curricula should be‘fevised/redeveloped to iﬁcorporate ‘ ‘

_ . ‘ .
optimal use of calculators (see Section III, Pol%ak, Usiskin

and Bell). ' ~

2. A careful plan for systematic rgsearchAshould_bé developed (see

e

.

Section V and .Weaver).

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

development of¥, curricula should be initiated. e

-4, Experiences for teachers at bqnh‘inservice and preservice levels
should be proVidéd, to Qid them in using calc?lators with students. -
S5« Information about research and development‘efforta must be communi-

cated (with speed and accuracy) to parehts and other non-educators,

as well as to educators. - .

These recommendations are based on the assumptidn, derived from

anqusia\of information secured during|the project, that calculators

‘are increasingly being accepted as an Lnstructionaiﬁtooi (by both teachers v

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

| i
|

research and development efforts.
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