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- . Foreword . S/

The information for this/;eport was largely collected in May,

R

- June, and July l975'~the I

erim Report ﬁoriginally intended to be the‘

Final Report) was prep ed in August 1975' JThe present paper is an

N s

extension, based on- ; Lthe original data and an analysis of what has ~-.
. " o

/(//: occurredfsince the Interim Report Was prepared, but without further

data collection.;//i' J_y.\ . o

‘Richard K=/Shumway participared in the project and was responsible
for‘deuelopiﬁg significant portions of the Interim Report. Because the ’

Project Ending Date was extended without further funding, other pro-v
4 - s

‘fessional\commitments ‘kept him from participating in the preparation of .

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

'

'gco-author sense. Nevertheless, many séEEIEEQ of thiq 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’ h
help.

‘ /{ ' o - ' harilyn'N. Suydam .
A .. The Ohio State University -

v

Appreciation é/:lso extended to others who helped in’ the preparation of
" ithe Interim Report: Suzanne Damarin and Paul Wozniak, doctoral students
at The Oh State University, for their assistance in collecting and ¥/

- collating information; Louraine Wagner and Beveriy Brooks, for-typing
project, materials and managing certain aspects of the project; colleagues
at the University and personnel at NSE. for & ir helpful suggestions --
and most of all, to all those throughout the untry who so willingly
shared information. ~

-

T




Electronic Hand Calculators: . ) : -

S o . .The Implications for Pre~College Education ' ' \\\ g
y | o — , R ‘ o\ -

‘I. Introduction

fj
|

7 | o o
Explanation of the Stu_z _ RN o o '

v

here have been many misconceptions about this project.

P

"Therefore,\

it seems appropriate that this report should begin by stating three

\

_ -things that this project was not . designed to do: o _ T

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

o _' different groups about hand—held calculators.
of - . v

- It was not designed to collect specific uses of calculators
- USES

&
in the classroom.

~

N

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

. o
' (much as that may be needed) ’ _ IR :

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 positions

L ,:strongly favorable and strbngly negative toward the}use of’ calculators'
U § R

’ <:in elementasy and secondary sthools. From various/sources, an analxsis

e e e e T

of the status of he calculator was to be develooed

In connectio with this

_ (l) A restritted questionnaire survey was conducted the sampling

: o was’ by d=sign pationwide but it was not random. Therefore, SR '
/ _. : . /' R
. : the results cannot be st tistically compared “for the purpoae of
o S .

Hereafter, ‘the [word calculato will be used to refer to the hand—held

calculator, aldo termed the e ectronlc calcu*ator, the mini calculcutor
(not in the computer sense),’or the pocket calculator.
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&y

generalizing. The questions. were designed simply to elicit:

tde répge of reactions, to aid in identifying the arguments
Ce -

.bting used. o - ' f
(2) The literature wa ‘

s surveyed to identify wh t‘w’s being said

n/writing to argue for or against using calculators.
] N . B

(3 anufacturers and distributors were surveyed in an attempt to

nd future status of sales

' fecure,ﬂnformation on the current a
and devel*opment .

‘ / ;
(I\ E}{
T

perient1al reports and research/geports were gqrut
N\

inized to
(7’ascertain what has a

J
A

o use calcub

1

lready\been learned about how f

,i

’ lators ‘and the effect of usfng calculators. v

A ) . \ ."«.

Coa (% Telephoning to fol ow up on idformation, attending meetings
RO . i / 1 i

: o / and workshops (local, state, 're ional and national) to learn

/ ‘what "was said by speakers and au iencej

talking Qith teachers,
: : /
f and,similar activities were-a1504 art/bf the pripess of sequring

g

i
_— ! . P
zeralvtopiés; to provide

information.

(6) Position papers were requested on s

; in«depth thoughtful statements abo/ various/aspects related
, , - N
: / to the use of calculators. , / i
VR o I s i | o ‘

) : J Thus, the original idte ¢t of this pro @ct was simply
\ : : / ér

A 4 , /| (l) To collect informa fon regarding the uBe or

;non—use of calculators
. . i : o ‘ '
| _ / ‘ and to form a list of the reasons why ducptors and others

‘.. . ; B / \ i
' /,. believed that the calculator shbuld be uséd in sc

hools or! why

. |
\/ ~ the calculator should be banned in schools, ' g'

| , . i
[ (2) To analyze the arguments reported by thqse questioned and in
”Ej* : ‘\ . o the literature, in order to determine ﬁhe potential impact or
> / - lack of impact of the calculatdr on the curriculum,.and;

, (3 To develop a critical analysis of what has and has not»been/
ol / - . :

. : N -
- f“ .; - ’ ' .
) .. 7 [ g
' . J : g ‘ . . -
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'i\doné with Ealculatérs at pre-college levels, what knowledge _ .

- "ig or is not available about‘them, and“&hat implications this

has for education at the pre-dollegé level.

”

'-Procédhres,ﬂsed in tﬁe Study: Further.Expliéation

The steps taken to meet the purboses of the study are described

in more detail in this section.

(1 Collect-informaﬁidn
i oy o _ S o
‘Information was collected in three ways: by means of question-

naires; by searching the literature; and by‘a;tending'meetings

" and conferences.
1

AN

(a) Quéstionhaires "  ,

Nine target audiences were identified: calculator manu-
facturers; supply companies selling calculators; other
marketing outleté;‘sta;e 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 eleméntary and ‘secondary schools (including

 teachers, administrators, and supervisors); publishers

 of eleméntary-and secondary-school textbooks; and curri-

" culum developers. ’

As the questionnaires to be sent to these groups/@eré
being prepared, it became evident that these audlences -~
were not all distinct in their composition.’ Therefore, o
five questionnaires‘were developed, to be 8ent to:
. caleculator manufacturers and distributors, state supervisors
g " of mathematics, school personnel, teacher educators, and '
textbook publishers. (These questionnaires are contained

" in Appendix B.)

- - Certain questions or points were duplicated on two or more

' questionnaires, but in general the guestibns.asked of one

group differed from those asked another group. The intent

' was to .secure a range of "pro'-and "con" answers, rather

hE SR : than to compare the responses of one group with the [
S responses of -another. - In some cases, telephone contacts \~

~ ~——gere made-to secure basic or additional ‘information; in
' most cases, the questionnaires were sent afﬁ“}etﬁrned*by}i"—~s~~¥~

‘mail.

The samples were identified in various wayf:

- Calculator manufacturers and distributors were determined
primarily by perusal of the-literature and astrtisements,

~




b

All those identified (N = 39) were, sent a'questionpaire{,
responses 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 from these materials. -

T Méfketing'outlets in'20 selected cities were identified

and a sample contacted by telephone. . However, the sam-
pled outlets indicated that they were unable to provide
the type of information requested. Some similar infor-

P

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

NO)

Literature

- 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 through meetings
and conferences. Each person identified was
"questionnaire (N = 58). Responses were rece ved from
16 teachers and 16 otlfer school personnel,

- Teacher educators who were in. a position té make sub-
stantivé statements about.the implications of using
dalculators were [identified primarily through published
membership lists.| ‘An attempt was made to send 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.

- All publishers of elementéry— and seéondary—sthool_mathe—,
matics textbooks (N = 26) were sent a questionnaire.

Responses were received from 13. . i

1

14

vLiLeratufé from the fblloding sburées was complled and
rewiewed: co ' '

'

"'~ Reports from calculator manufacturers and distributors.

.- Curriculum materials in ERIC and from other squrces;

Other reports in ERIC (e.g., oﬁinioﬁrp;pers).

Newspapers. - .-

Educational journals listed in FRIC'S Current Index to
Journals in Education. R —




- Non-education journals (including "popular" and ''news"
magazines. o o

. ~ Researchy inclﬁding journalépublished reports, disser-
tationst/and otber reports and monographs. -

C - Position papers, conference reports, and oéther doc

(c) Meétiﬁgs ' :
_,f ﬁéetings which weré‘atténded included ones in Mt/ lemeﬁé,
e ‘Michigan; Canton, Ohio; Washington, D.C.; Denv Colorado;
" and several in Columbus, Ohio. At these meetings ther¢
.was opportunity to listen to presentations,
discuss with teachers and other educators, d review the
displays of manufacturers. ' o
S o B R \
(2) Collate, analyze, and synthesize the informat

n colle ted.

'This second stage of the project was the n 'essafy_z4;lude to’
the develbpment of this report. "QueSCion‘aire responses were
collated, literature reports were abstra ped, and nformation
from meetings and discussions was cull ./ Appendix A contairns
an annotated list .o most .of tﬁe 1itevature survéyed. (It should
be noted that not all of the article and reportis deal with ]

o desk calchlators: It was

hand-held calculatoris: some refer
felt that, in view ¢f the limited /amount in print on hand-held \
calculators plus th similari:EéXh use of the kwo types of T

‘information ¢n desk calculators
‘d calculators+ ——

calculators, there ight be so

which is applicablejto hand—h/

‘Appéndix B contains the comﬁietevsets of“res onses from queé~
tionnaires, organized by type of respondee and by question.

’ y

(3) Prepare report. s ) _.' S -

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: - - ' ’ E
c— . L

- the availability of calculators,

- the status of the case against using calculators, -

-

. the status of the case for using calculators,. .

|

what 1is going on in schdo;s,'énd

empirical evidéncei

In the summary'ére specifid recomméngétiohs related to the use
of calculators. o | — :

eﬁd'wexkshops,

|




[Perhap

analysi

s 1t should be'reiteratéd‘that there is<gg»statistical
s of the responses to the: information obtained from

the questionnaires. The samples were not randomly selected;

the sampling techniques employed w
arguments which are being proposed

for and against the use of

calculagpfs'in schools. No effort wds made to sample repre-

. senta

ce 'ainﬂposition;qzwthe.ptoportionr
Certain reason. That this type of

Vely to estimate the extent to which any group holds a .

who-hold a position for a

‘of the project was stipula;ed’by'Natibnal Science Foundation
. personnel early in the development of the proposal.]

In addition to the ana

tysis in the body of”the.Final_REport;

several position papers were prepared by persons who have .

- devoted much thought and e
~ posed by the use of calctl
schools of this country.
group of persons meeting in

ffort to the promises and problems

1975. The position papers are incorporated as Appendices
c/D, E, and F} . X .
© - Appendi C: TeaChing~Mafﬁemétiés‘with the Hand-Held
N : Calculator : o ‘ B
by, George Immeﬁzeel;_Earl'OCkenga, and -
\ ,Johiy’ Taxr
| - Appendix D: Hand-Held Calculators and Potential

‘Redesign Of the School Mathematics
|\  Curriculum . .
—_—
\' by H. 0. Pollak
Appendix E:, Some Suggestions for Needed Research .
\ | on the Role of the Hapd-Held Electroni

| Calculator in Relation to School Mathgmatics

ere designed only to identify

survey should not be a goal

ators in the elementary and secondary
The topics were identified by a small
Washington, D.C. on 31 July-1 August

)

.Curricula [
by J. F. Wéaver - f ‘q/
. i ) i . //
‘Appendix F: Calculators and School Arithmetic/. °
' i Some Perspectives ( /’ .
by .Zalman Usiskin an@_Max Bel{/’ - ;

/

/
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1. Availability of Cal;:ulators '

During 1975, it was- evident that calculators were selling like o :‘wf
hotcakes'. As prices tumbled early in the ~year, calculacors lost their R

. position as status symbols, and reached the point of being considered

__— necessities by many The level of. sales and the implications of data’

N t

proJections fdr the schools are considered in this sbction.

‘ 3
. |
Sales

© - LS

a -

. C#lculator manufacturers (with one - exception) were, to say the least, L ,;

reldctant to disclose: information on salns Distributors indicated

7

\-"

inability to access this- ihformation readily Therefore, much of the

AN

-
—— L

"jinformation on sa%es comes from published soqrces. marketing journals

such as Discount SEore News, Merchandizing Week, and Electronics regularl

l‘ ".ipublish both dafa and projections : o ‘ o | L |-

/

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

to summarize:such information on sales; one is on < sales estimates per. year:

Hand~Held, Calculator Sales Per Year

in the United States e, B e ;i
i . \ -
) | 322‘2)'" | ©
20 4+ ) : SN ¢ ) 1)
N .o 1 . . . . . r—\-‘-' \ . _
- S ' N N
X Millicns 15 + S E -
. fq‘c-ﬁ. ) . 'or“ ; 3 )

o e o m o - - - A
e e e w W e e e e ey e e = A e m e

fow av v S om0 ok mo b w e mm T

i
'

e

Q13 - 9t W ? mu m-;

C
-
N




PR e ' e L in'the United States

P

nfor-industry by a re&iable pr1Vate research organizationV (p. 2).
: s

~data indicate salea of calculators to have been 8.34 million in 1973,
iO 57 milllon in 1974, and 12 77 million in 1975 with a projection of
14 75 million in lq76 Anocher figure is prov1ded by Electronics

R . '

(8 January 1976), 1ndicating that estimated sales ‘are 21 million for 1976

o L ;t is Safe to say that the number of calculators being sold is large,ﬂ'

increasing each/year, and neither fully tabulaLed nor’ predictable!

) n;J . The sebond table developed by Shumway presents the data in terms of

'?cumﬁlative salesoestimates: -

R

: s - »
. R ’ LY . . ot . . )
A v . # N .
4 . o .
L

Cumulative Hand-Held Calculator Sales '

- {
N , K L, \

24

v

T T

.tm)

3
o
$

e

-
\

M"lﬂﬂ. T o ~ o
o oaed R

K amgxﬁ

n.8

NS

\‘
\
Ly
l
[
t-
1
t
1
?
[}
'
]
t
|
]
!
1
)
'
]

L i
P R A % L I
P

9 e 4915 9N nq17

. I
- - . /\ “ B
.

" Shumway provided;sales atatistics for the top five leading magazines in.
©1974 (included in the 1975 Informatign Please Almanac), to uetve as a

';referent for the magnitude of*™ the figure : ~ - :
TV Guide T 20.1 million ST\EZEIIy\d;xciE 8.3 million

[+]
~W”“Fff*4”"*“%
1

. ‘Readers' Digest ~  18.8 million { Woman's Day 7.9 millionf‘
S ‘National Geographic ~ 8.8 million‘ /_ T

: ' i
o R “
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\ . { -

\ ‘The daté\provided by Msiskin andiBel1 (1976, p. 2) are slightly more
\ ) N
. "\
' conservative. ?HEct{onics (8 January 1976) indicated that "gales Qf

. handheld calculators have just : about leveled in the.U. S."'. . . The

!
balance of production for dll types of calculators has again shifted

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

-

SIS "solid year! for calculators*

Shumway repo*ted that calculator sales in over half the instances.;

are being made to housewives and students for home and school use. e

/, -

However; it is f;equently noted in marketing reports that the actual

‘users of ca/cﬁlators (especially the simpler ones) are not clearly / .

\
determine H it is particularly ‘unclear’ how many of the instruments are

" 3 I /-
actuallv in the hands of students. As.one visits schools and tal:7 with
/

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

-

- noted that more and more sophisticated models are being purchase

T
-each year (esgecially_as cost has’ dropped and as familiarity increases)

: /
T b
-Prices . - o

[y

There are two price ranges which seem appropriate for school use.

- =
P

= - (D basic four- or five—function mac ines with limited memory N
. v P .

v

(2)vfairly sophisticated scientific calculators with functions :

I

suchfas * ,'Jxl 1/x, x! \/ y s log,ée K arc, sin, cos, tan,
: : L > . /

£3

sin h,'degreeS/radians; etc.

K . . s . . ) N -
HR . Examples.of each of these include: =~ Y g/ . ‘
(1) basic four- or five-funection machines % $1 $20 *
. e.g., Novus 650~ - . B 7 78/9.95 - ($6.99)
o - Sharp EL-8005 ©819.95 7($13.95)
ST " Texas-Instruments TI-1200 $19.95  ($13.95)
c Rockwell 10-R - Y (512.66).

2 . - . A
.~:’, ) . /,
< /

s . N Lo -
e | . - ) . .
S T / : - ‘ ) / - .
o . ; . .
. . L i ¢

[ X . ‘ : M . . .
. Prices in parentheses were observed in Columbus, Ohio in August 1975.




i oL . S
s f o (2) scientific'calculators//// C S $50 ~ $100
o o e.g., Melcor SC-635 : - $69.95 .
' Hewlett-Packard HP-21 - . $8125.00 : -
Casio fx~11 - - - $49.95 o
Texas Instruments SR~ SOA ‘ $99.95 ($66.95)

.

e

lectronics‘(8 January l976§\indicated’that;sales'of foursfunction,

personal calculators afe or will be:

1074 $265 mi1116§ B | S e

1976  $276 million ~ - T T

1977 - $30l million

' v In his analysis of the situatlon in August l975 Shumway stated th

- _ . o

the oredicted retail sales priCe with1n one year for basic four- or

1975 © $268 million- L . R

. N PR . . - r“
e five-functlon machines is SS The predicted retail sales price within ’/?,/2
. “%two years for scientific calculators is $25 He noted that most//anu—f
. Sy v s \ ***,,/ - R
facturers‘would -only_make such predittions verball ] Others, however,v
_/

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

- \
and that prices Wlll either stabalize at current (February l976) figures

. or begin to climbslightly for. basic fou&-function calculators, prices - -:f

"‘for scientlfic calculators may , however, continue to decline (at least
to some.extent) This belief 1is based od the point that the production/

'marketing factors which combined to drive prices downward in. l975 parallel

lthe situation of several years ago with television sets. prices now v
have nowhere to go but up, for basic four- function calculators. Refine—'jzgs

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

. ! h\
however, for instance, one company recently placed a calcu%ptor on the

L oaE

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

B i

from another company. o 3

< ‘ - | V e

Perhapshthe most pertinentfpoint for educators is that it seems‘thst




"J;:A'",tests)r %n the/gast six months (since these data were, collectéd)

R S L \
. i .

prices of calculators appropriate for use in elementary and secondary

schools will not vary so greatly that there™ istreason either to speed

or procrasthate in purchasing calculators on economic grounds.'

Currenk Level of Use in Schools

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

. schoolslare highly subjective. .The project survey of school pe-sonnel

o

'suggestid that _about two- thirds of the schoois used calculators in some.
" way: th%s figure,vhowever, is biased, since many- schools were identified
which were known to have ‘heen using calculators. Meiring I (1975)

survey of Ohio secondary schools suggested that about ‘18% ofathe schools
respondibg had systematic use of calculators. Most of the use. occurred
©in gradea ll and 12. Thirty four per. cent report that calculatorS\were’

prohibited in some,élasses or for certain classroom attivities (notablyv .

e ~1.' ~

" o ST
would appear that mére teachers and schools have become involved dat

. e -
e s . : PS

'Falculator in- some way perhaps an estimate in the range of

-
. . -
i . - . . . . N VPP

§
timates of Future Use

25%~t'f50%§is the best projection that’ can'be madeﬂ

N
2 A

N

'?/)///fﬁ' Given{the data on prices, the dsta on the number sold and‘the ;?
L ‘ ’ o '

'fact that in the roject surve teacher educators, state supervisors,
P y

.

and textbéok.publishers appear to be "sold" on the dEsirabilit of the'

" use of calcplators in schools, school use of calculators is likely to.

increase. Eactors which might tend to control the use are\pjéent and e
i- ) x,l . :,;;- i

'teacher rel ctance to allow calculators in the classroom. vﬁé teachers

L

e

e

i ~

‘.\\-) ;z

~and parents use calculators themselves. their reluctance iz likely to

‘ diminish y 1977, there cou}d be widespread use of calcu ators in schools,

- li

s

# by 1979, th 8. will almnst"certainly be true.‘. , S . ' e, hts
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P \ o - .III. The Cases For and Against Using Calculators in Schools S

Atprimary’purpose of‘this(project'was'to_identify the positions

e
l’
I
.
|
ah
% oublished articles, for these same points .are reflected over/aﬁd over.
The most frequently,c1ted r aSOnS'for using alc Yators in schools
(1) They aid in computatio They are ~ractical, convenieﬂt, and
‘1 . /,‘. R DR A
e : S efficient. They remove drudgery and save time on tedioug
i;. i
N I calculation. They- are less frusq4ating, especially for low /'

L : / . , . X
S S o achievers. They encourage spe:?’and accuracy... - /4

|
| . o S
.‘:L_i ] . _'.(2) They facilitate udderstand ng and concept development.__' /
5§7i:l=- v .‘ | (3) They lessen the need for mJF [ization, especially as they/
, | : : - , reinforce basic'facts and c| cepts with immediate feedback
T o ) ?f _ 'Théy encourage/estimation :approximation, and verification.%
EE o . ) 7
'E ' I . \(4) They help in problem solvfhg Problems can be.more realistich‘~
3 . . and the scope of prbble solving can.be enlarged ‘ P
%j:yJ‘A§q;2b | (5) ‘They motivate. They-etcourage curiosity, positive.attitudes,/
_Jiﬁ.ﬁ ?‘nf f ’;‘*?i,and independence.A ] .'i o : R fi
// . (6) They aid in explorin , understanding: and learning algorifhmic
v’.v ) '/’ ’ |

|
)
<
-

are: here to 7x£y in the redl world",»so we
o ;" : 4 ) v’

!

ey -
o -
.
o
/
F] _‘/
I
i
J!
.

+ 'Alk
i f‘
;

. o

. ]

V/

V/

]
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A
/l; .

7he/la$t rea907 -~ the pr

S }p 7&1 g in #hé‘hands of increasing numbers of students L- is perhaps

j : ,
/most compelling. H‘w they can be used to facilitatq each of the L
ﬁ%en belléfs is/therefore a question ‘that must bé attacked
- , /
f

e ) .o . . . ",l /

uld be used as substitutes.for developingfcomputational o /

T 7 }

e /
’ skil s. Students may not be motivated to. master basic facts ’ /.

4 7// and algorithms.}i . - : o ' ) ’fiﬂlv_ : /

(2) fhev are not. available to all students. Because\they cannot ' |

l

afford ‘a calculator, some students are aé a disadvantage.

”~ ! !

(35 They may give a false impression of whht mathematics is.

\\\ / Mathematics may be equated to computation, performed without

thinking Emphasis/is on/the product rather than on the process,'

/vk "structure is deem?hasized Mental lazineas and too much depen—~

<
i

o/ " dence are/encouraged lack of understanding is promoted Some

A students and te%chers will misuse thém ?fh B
/ i voe ) e / ~ L )
(4) Theyéhre4faddi§h,d“ There is little.phanning or research. P

'
/

(5) They lead th/maintenance and. securitypproblems.,; i :‘4 l'

,The first concern —ﬁ that students will not 1e?rn basic}mathematical

1*'3

- 4 e
‘skills - 1is one' xpressef/most frequently by Favé/ts and by otheri .

membersbof”the la public,/as ‘reflected’ (and/created) by newspaper arti—

& cles.. But it builds a surawman, for few/educators believe that children 5'\

should hse cal latora in place of/iearning basic mathematiosl skills. 1

Rather, there/Ls a strong belief that calculators can help chlldren[to e
1

4developﬁand learn more mathematical skills and 1deus than 1s possiblega g N
: , |

/

% . :

without the/ use of calculators. Much serious attention mustibe//}ven T
. : \

: - ' /T P ' o - o /

ERIC ) W R - :1{3- - o

e
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educators gave

*-; N nd~p nci 1 or thins might\be t
: e uxal, or ped go lical purposes; howeve ,/fe
¥ / " dul il dose paper-and—pe cil algorit

_14_.'

[

Ey teachers and others to proving that this belief/ can be implementedi "

! _ y : ] N

<« . be
i 1 .

and become fact, o ‘ / c ‘ S A
) l [ ! v

erim Report, Shumway cons ered ﬁhejresponses which s, RS
i .

n the queskionnaires as re%sons f&r and against 0singi

: »

: For the In

N

i

calculatbrs, co iZ intererws and discussions with various g S

. I

I
|
3

ticles and ot%er mublished literdture. He

persons, and\sta ements in:

. K

a section inwwhich he éxpanded / on the argumenJ for andv - P
a culators./; Shumway's |analysis is Hresentedjon the ,

l‘ 1 H ’ i /J ’ :
(\‘14-23). / /\ o ;. o]

N
[
/

N,
.

against.usiﬁg

.folioWing page

0

.Arguments for/Usidg Calcﬁliﬁors / .
/ J

o : N J -
The extreme Jf the po&nk of view avoring the use of calcb%aior7/
o]

is representied by his/sta ement : ‘ ,1‘ i /
: A rl " S

P :
isticated as th; so-called’

"Hand-held: calduianors as sopt
s%ienti}ic,cadduldtor should be made readily available;
hood work ‘from first grade o%

~tm.all ehi dnenJ for all sch

- u:__) VB , 5 \ 1 :
In support of such g osi%ién variations\of the follobing argu eﬂk ﬁ
may- be cited ‘\ Z vl ’s b /
(1) "There will ) lon&eﬁ be ny need!. for - the u paﬁ/ %21

desiBned/ to{carfy e repetitive|calculati
acc ratély/ nd without thinkingl Cledrly,"

“1s the pes caiculational algorifhm ava
%m u:tt f]

pencil algo#ithms for the basic operatjon:%‘
2

7 ‘ﬂ‘ 1 torﬂ 7%6 aya Lfbl 4 o
/A (2) " cﬂénpific/ialdu;a ors wiil not |
B s ieqti‘fic[alc\r\lac T ‘
/ . . currently,|/they are;
L 0 reaspn be}idvf
/ 20 (wﬁic*ﬂisathe
C st{w“ll f signi'ica tly
. hand -Hel 4cflcul$ﬁors Y

‘ln

"/'(3) "Most cfiildren will. probably learn the bfs
/ tion; mul iplication,- and division fac
;- - estimatiops and‘to save Eime.
: exercise “will be unnéc sarl

B / \




bd

{

o
/
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"Decimals‘and sciéntific notation will be

introduced early\

in first grade. ,Children will work'with 1
285714285 and 1.893456, 08.

/35 .equal parts;

year-old child has lived.
.+ tably with suck numbers.
/ continuous ex7priences wilth~a.whole néw c

(ﬂ) "Mathematical exercises will be more realistic. Exercises

The first n¢
ﬁf a cake'each gf 35 children would get if it 1s divided/into
3 the second 1is the rwumber of seconds a six-~ .
-Children- can and,will work comfor-
Calculators will facilitate early
lass of numbers.

1umbers such as «

e

sclutiomns. So~called grubby numbers

will be done w1th ease.

L4

|
(6 l”CalculatorS are fqh
lqalculator fare exciting Children create
problems.v
beqause ﬁhéy finally have no fear of bein

ithe nedesdary calculations.

will no longqr have to be chosen so that ghere are integer

"The motivational a%pects of. tle hand held

“Low achievers. generate new entgusiasm for mathematics

tedious culculations

their own interesting

unable-to perform
eager. to ‘do mathematic

5\when calc lators are available.

(7)

(8

IS

: (9)

o'wnth/humbefs and their properties. R,
R , .

o
o

Children are\

. i _
"The add tion and multiplication algorlthms for fractions can
e delay d until algebra. : o { - :

VThe,calculator~facilitates number sense. ;Because of their :
ty ahd speed, hand-held calculators will allow children g
‘to expﬂ'rehproducts, sums, powers, logarithms, trigonometric ﬁfv
uncti ns, ete., with’ numbers of all sizes |with a frequency /;
everabeﬁore possible.‘ Intuitive number sense will be’'much :

f cilgtated by such extensive, continuous, and early. experience

[

: / ) . .
"ﬁand -held calculators make calculations easy and practical /

for/all children. /1t must
Atabic’ numerals,,zero, paper—anddpencil algorithms, etc., ﬂfw

. wé e introduced not to teach mathematics, but to make calcula-

.tijons easier. The hand held calculator was invented for the

s me reason.’ . . >

:.//(10)

Hand held calculators stimulate interest in and facilitate the
teaching of mathematical concepts. Homomorphic properties: of™
functions, properties of logarithmic and .exponential functions,
haracteristics of rational exponents, compounding continuous
interest, combinatorics, trié nometric functions, limits, number
theory, ‘etc., ‘can 11 be -learned in more interesting manners
because of the ca culational power which the calculator provides.

"The calculator cdan be used/ to facilitate problem solving. L/
Open exploration and new problems can be»offered to children
because of. the facilitating calculational powey which the -’
;aleulator provides.’ For/ example. learning to predict for what
t

eaches a-great deaL abofit our base ten numeration system and
relative primes.” - 7 ‘ . : N

J(/ ‘ e s
;f/; U f'/ N 'zzt)hf' N

nteger values of x will /1/x £111 the calculator display -gereen- -

be remembered that -decimal. notation, >

_ / -15- ' V;

-
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(12) "Hand-held calculators provide experience with the only prac-

- tical algorithm which is used /in society ‘today. No business or
profession carries out exten#ﬂve calculations without the uge
of a calculator. Most. famil financial calculations will soon

- be dome by calculator.” B :

B N L . . - . )

(13) "Hand-held calculators will/place the emphasis on-when and

’ " what 0peration to use rath than on how to perform the paper~
" and-pencil. algorithm corredtly."

- e (14) "There‘w1ll’he:more interdst in estimation. 'Since calculator
R R v errors” tend to, be dramati¢ rather than minute,‘estimating
v . "ballpark' answers will e useful in avoiding errors.’
o P e 5 i
b R (15) The power of mathematic used by the common man will increase
‘ o "astronomically A simple example can be used to illustrate:
) this.. Suppose it takes/ $10,000 per year for a particular couple
to retire today. Assuring an annual inflation rate of 5.per
anta. how much per yea ‘'would be required 20 years from today?
Thé sequence (l 05, y¥, 20, x;- lO ‘000, =) gives the answer of
$26,533 in 10 seconds Tailor~made family financial planning
- - would be much improvi by “such . calculational power.
- Ny .
(16) "More time will be ayailable to teach mathematics in depth
Since calgulators iqcrease the speed ' and accuracy with which
: children can do calculations, much more time will be available
;1 to learn the concepts and princioles of mathematics. v

X} L. [

/

(l7) MNew topics in mathematics can be introduced into the curricu Lum.
" ' The calculatbonal power of the calculator allows: the consideration:
of new topics while the de-emphasis of paper- and-pencil algo ithms
- produces more time for new topics. S i

1‘\’
FA

Arguments Against Using Calculators .

S The extreme of the point of. vieW'against the use of calculator
-is represented by this statement: :
"Hand—held calculators should be banned fromnclassroom
use for mathematics. : <

’}*yArguments cited in” support of this position include variations of these
: points. : . . - : : . M

///{ . ‘ (l) "Hand—held calculators would destroy all motivation foJ learning .
. the basic facts.. Calculators do not remove the need t know
basic facts such as 9 x.7. To raise thildren“%oJrun o their--
- calculators for every’ simple calculation would be fol ly.- Such

dependence on calculators would be most unfortunate.

ST “,(2}’"The uqe of calculabote would destroy the baeic, maynstream

L ; mathematics of the elementaryaechool Lurrlculum.; S ciety B
- - major objectlve, for elementary-school mathematics .that

children learn the basic facts and be able to perfgrm the paper-




and pencil algorithms for addltion, ‘'subtra tion, multipliCation,
and division. 1f calculators are-allowed in schools, children -
will no longer see any need for basic calculational skills.
Even_banning calculators on certain days or only using them for -
check1ng would seem unfair and illogical to children. Calcu-
lators must not be used for amy 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 makes them disappear all too frequently

(4) "Calculators are particularly inappropriate for slow learners.
What possible motivation would such children generate for
ledrning an algorithm they kdow they can do on a calculator

/ ' much more quickly and accurately? Calculators would insure
* /o »-that poorly motivated“students would not learn the basic skills.

o

(S) "The child's notion of the nature of mathematics would be changed
by the use of calculators. There is a real danger that if
calculators are used, children will think that pushing buttons

(6) "The use of calculators would reduce children's abilitg;to
" detect errors. We are- all familiar with the belief that.if a
calculation was done on a calculator:it must be right. Not only
. ) is such faith unjustified, but discovering errors of key-
N b : punching a calculator is almost impossible since there is no- ~ ‘
P riecord of what was done." - -

(7) "Paper-andfpencil algorithms are still necessary, basic skills._
C © . Calculators can never.be everywhere. Children must still be
able to calculate on their éwn. The: availability of calculators
-in schools would remove children's -need for practicing the
- basic skills. Homework done at home would no longer ensure

‘a calculator, Schools must ban the use of calculators to ensure g

facility with the bagic skills of arithmetic.a /
(8) "Batteries lose their charge and wear out. Dependency on batteries

for computational arithmetic would be: foolish " B - .,;/z :

Y

K

s - (9) "The use of hand-held calculators would discourage mathematical
oo thinking. If children can do any mathematical calculation by /
' pressing a few buttons, problem solving will be done by guessing,
"not mathematical thinking. Try this, try that, .keep doing
things with ‘the numbers until the. answer looks right. . Non=-/
thinking guessing will becomeé rampant ir calculators are av7ilable
in schools." . o S .

/‘ .
]

(10) "Parents are, unalterablz opposed to~the ‘use of calculators/in the
g , * gchools. The schools have falled miserably in the teaching of
- _basic skills as it is. The introduction of - calculators would. be,
~ in effect, not" teaching~mathematics at_all. Schools would be .-
exhibiting extreme political ineptness to introduce calculato;s.

-on a black box is mathematics.” I B .'.,‘ R

facility with the basic skills, since the home is likely to have ./




Discussion of Argiments

> . . Itis probably\obvious that the validity of the arguments in some
v"of the statements above is questionable - depending, to some extent,
//. ‘ _on your own viewpoint' It should also be obvious that not all proponents
I .

\ .or opponents of using calculators in schools ‘take extreme positions such.

5as-thosevidentified. " The follow1ng compromises have been suggested, for 4,
l i . | , > 5t : _

instance:

(1 Restrict the\capabiiity of the calculator through masking or ' e
making electronic modifications to control the operations T
‘available so that paper-and-pencil algorithms are still’

~ necessary and/or so that mathematical capabilities be ond the
\ " current curriculum are unavailable ‘to the student.

_ 1‘3(2) Restrict the use of calculators to checking answers- only, or
Vo Tk restrict the use to certain days of- the weak so that® basic ‘
T o {' facts and paper- and—pencil algorithms are still necessary.

\ : .
P (3) Restrict the use of calculators to the upper grades (10-12),\\\\ '
: h - ' where presumably students have already learned the basic facts C
? “ and the paper—and—pencil algorithms.~\, *.

! t \ - : :
' Some react to\such compromises as an unworkable effort to "have

v. . i

your cake and eat it too" s while others view them as examples of
\ : T
democratic compromise to achieve the best solution. The compromises do

1

serve ‘to focus attention on what appear to "be the fundamental arguments
i@
regarding the hand-held calculator. ,The’prOpopents.~argument is essen-
. C 3 R . . s : S -
tially:'g’ A v '
. "The'hand held calculator 1s the-tool used in society today
for” calculations.. Schools are 'burying their heads 1in sand’
1f calctilators are not recognized and used as ‘the calcula—
- I tional>tool that they are." e . T

- The opponents argument is essentially LT ] R , ' ’

-"The principal objectives of mathematics instruction (at
least in_grades k-9) are that children learn the basic facts
w0 and theﬂpaper-and-pencil algorithms. Such learning will not
occur 1if- calculators are made - available 1in schools."
I
« L7 ; .
It'Would,seem that a rational approach to the resolution of the.problem

3

A,
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4 -

(perhaps over—simplified) would involve: .

\v.v (1) Determining current and future societal need for the basic
‘ facts and the paper-and-pencil algorithms. Yoo w'/v
'(a) If there are no needs for such‘skills, drop the emphasis
on them and intfoduce 'the widespread use of calculayors.'

S 4

g

. - 'ueb) If tthe are needs for such skilbs, movefto’question 2.

(2) Can the calculator ‘be used in the classroom and atill build
students- needed skills (as identified in lb)? .-

Such a procedure would seem to satisf; the concerns of opponents of
the use of calculators. The proponents of the use- of calculators would
(probably) ¢laim that such an over-simplification of the benefits of the

use'of calculators is ignoring a potentially powerful educational device.

i Ca

: Potential Impiications of the Widespread Use of Calculators

oM

Suppose we adopt the position that there will be widespread use of '

the calculator in schools. What are. some. of . the benefits and disadvantages “

' os'such widespreadvuse? )

L™

(l) Curriculum concernq

As Pollak (l976) has aptly described in his position paper (see " '_‘“‘ff

Appendix D), there are twoe partial orderings which are often

used in the. designing of a mathematics curriculum For example,
. A
\\ N ‘the mathematical development of the number systems suggests.
q‘\' . .
\ v L .
o 'that children - ought to wor with addition of whole numbers before

: - they study addition of de‘imals. The algorithms for addition
) . = ! A

.of decimals require fac ’ity with the addition of whole numbersﬁ

Anumbers, then decimals, rather than
{

decimals followed by/whole numbers. Such partial orderings may
.,5;" ‘ ) . / ) . B

be called content grderings. -

5

. A second partia ordering’whichimust'beAconSidgred in curriculum
development ig’ a social value ordering. Topics in a mathematics




A

; introduced before theﬁother. Socially, the quadratic formula ;

f’culator makes a significant change in either the content ordering'.

- A careful,_extensive study of the impact of the calculator on

@)

haS‘priority over compound'interestt‘ Such partial,orderings may

'-_be called societal ordering_.

" are possible with the calculator. For example, the algorithm

curriculum aré included and ordered by the topic's worth to

society For example, the quadratic formula is included in the
curr1culum before compound interest because society views the

quadratic formula\as more essentfal for the needs.of soclety

than compound interest. Mathematically, either topic could be

.

isd

-

If'the 1ntroduction of a new deVice such as the hand- held cal~

or the societal ordering, then major curriculum modification .

,would.seem appropriate."Sudh changes in the partial orderings - _g

-

¥ - . 'x.\

for addition of decimals is Lhe same as the algorithm for addition,
of whole numbers? the same buttons are pushed for either. Thus,

it may no longer be necessary or desirable to delay decimals I
until fifth grade.

e

© N

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

R .

. ! .
~which could (or ought to) be made. In their position paper,
Usiskin and Bel¥ (1976) (see Appendix_F® present some initial

suggestions on'this task. e T

Computational skills ’__" ' /.

% -

The principle purpose of a calculator 1s to make calculations

\

easy. Consequently all the basic operations of . arithmetic, -square
&

_roots, trigonometric functlons, 1ogarithms, etc., can be computed
@

by very young childrcn. Dccisions regurding currLculum need no.

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

. . : . . Lo .
. . Y

20 e
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calculations, but rather on whether they\understandvtheiconcepts\.

. S . -
A )

'involved‘ It'isﬂprobably 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 point

s that the decision need not be based orr the difficulty of

.teaching paper—and—pencil algorithms for finding-square roots;

'

Compound calculdtions need no‘longer be avoided. "How many -

By . -

75\\‘T\\\;; seconds have I been living7" may be a very reasonable calculation :
problem for a nine—year—old (60 x 60 x 24 X 365 25.% 9). The*

cost per; gram of various candy bars is calcnlationally trivial
,and a reasonable question to pose. There no longet need be a

! . . . . . ,\« . i ‘,' e ".v.: .

B : - . fear of non—integral numbers (2.7 x 5 X l7 6 is as easy as

~ : _3 x 5 xl6).\ Problems do not need to be artificially simplified.
The numbers can be realistic. _ N e
dAt the‘minimum,#one would expect some‘da—empﬁasis of the paper- C
and—pencil algorithms. Most calculations, 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 principaliway. “ﬂf e

o

€(3) Teacher education s

It is easy for the teachek educator to advocate widespread use;,

/ N
: _ of calculators. It is another matter for the classroom teacher.»
B \, . . - ’
' actually to implement their use. The first difficulty encountered
. I
o 1s parental opposition to calculators. The second difficulty

ST is that the current curriculum is not designed for calculatora.

Exercises and problems which use the calculational Power now o ””‘"-.

@ " " available must currently.be developed by ‘the’ teacher. (Some

e : o c n o .
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o 22
’ . . . . L4 ‘[ » .glr‘b | . .
of the articles and books cited in/Appendix A contain helpful:
0' .
suggestlons, the positlon paper by Immerzeel Ockenga and Tarrv
«a "~ ! Y

(1976) in- Appendix C provides a variety of spe%iflc activities;

i - \

. textbook publishers plan to have some materials available by .

1977.) - ST o
“Thé;thifd difficulty is that most tea(r‘herslack the mathematical

“background necessary to deal with the questions and mathematics

,iwhich can be generated by the use of calculators. For example,'

o

: .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 .

igh. school teachers would be unable to provide such an explanation.

A

- And many hlgh/school teachers would have difficulty with the

hyperbolic sine function.

;The fourth difficulty is. that, -techniques for teaching mathematics~

w1th 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 traditionr- Each

~

‘teacher must break new'grpund"in the interaction. of calculators~

7and children.learning mathematics.n

¢ . ) C .

Budgets » ’ o - o ) . : )

] 4

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 $1800 ($lO per calculator for l80 calculators, or

15 per class) Consider such ‘a cost in- perspective. $l800 is the

cost  of 30 filmstrips or 120 minutes of 16 mm film. . Given the '4

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

e
A,




o . . o | ”_ .

‘course, 1f one acquires scientific calculators, the cost would
.

. l o be_$9000, or the equivalent of lSO filmstrips or 600 minytes of

L. V‘Ql . 16 mm'film. It would appear that the widespread purchase of ©

\ e

calculators may not be a major financial burden for a school which
routinely purchases materials such as filmstrips or films.

‘The data on purchases of calculators suggest that many ‘childreéen

1

o w1ll soon have access to a. calculator regardless of the school

< '

‘action. The school s responsibility will probably be to have
- . machines available for/those children who do not have access to’ a
1éﬁ B calculator. The cost of such a requirement could “goon be rela—

tively low.

e ' E L j“'_ &
‘,.Summary ‘
| 'fThe impact of widespread use of hand held calculators is likely to be:
:4 | i' B (1) A de—emphasis on paper-and- pencil algorithms.. "
/‘i _ () More significant and interestin; mathematics in the curriculum.
(5),Consumers and decision—makers much, better prepared to deal with}

the voluminous amount of data in communications today..

N : =N b

.

Shumway 's: 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 1is directed particularly to the papers by Bollak and by Usiskin and

{TBell.. . o . o : . o -

s R o | -.. . " Y .
_ - . . . 28 o ‘,8 . // ' .

e

(\5"




- ‘ - _ IV. Ways ih Which Calculators Are Now Used inZSchools

Ers

-Calculators are being'used in various ways in classrooms scattered

[

throughout the country Last year, suchjactivities were generally more

extensive at the secondary- ~school level this year, elementary—school

\\\teachers are 1ncreas1ngly introducing them for specified purposes. -They

¢

, N L :
‘are recognizing that the calcuiator is’_dpart of children's lives. 1In

7

ol

>~ many 1nstances (perhaps too - many), use of the calculator is restricted

.
to checking the result of paper- and—pencil computation. As teachers

- . . e

- . ;
explore potential uses, and as more specific suggestions appear in print;

additional use is made of the calculator%_
Two fears must'be expressed:

f._ '(l)7That'calculators will not be used appropriately; so’ that few W

- 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 m%terials)

As Immerzeel Ockenga, and Tarr (1976) point out, to avoid ”future shock"
immaginativevsoftware must be developed They also make recommendations
regarding use:of calculators (ph=5):

(1) Primary lEVel incidental use, especially’in an interest corner.

2) Intermediate level: - availability in the school of class sets

'}g. N , ' for occasional use :
(3) Junior high level: .availability offclass sets- for each teacher
(4} Senior high level‘ ‘a calculator.fOr\every,student, available -

s

~ oo T _ anytime B

They go on to provide a variety of specific illustratione for using" the'

. calculator at. each of these levels, usually within ‘the existing curriculum.
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T

In general, certain patterns 0; e'are evident'

,_is followed by d1scussion and decision on whether the district
or school should purchase more (e. g., Columbus, Ohio).

(2) Remedial mathematics or Title I classes receive calculators

*'for use with low achievers who have not pneviously learned

g -

v \ -
computational skills,well'/e g.,~Washin§ton Irving High School,
New York Berkeley, California)

-

e placed in advanced science;and mathematics classes

(3) Calculatorsuﬁ%
N ., ’_’__,.-,’“"“’.J s
- in secondary schools (e g., Lubbock Texas)

Pe a

_ . N . :
- (4) Exploratorysuork—enwtopics‘for which calculators seem most“ RN |

/ -
“a propriate is in progress (e de‘ h’*direction of such
] o SA/M

/ ’ ’
mathematics educators as Immerzeel,\gessner— Rudnick, Scandura,ﬂ

_'Weaver) A//%;f”;*”*f“”’“\

(5) Pilot .studies and/ox resg¢arch {s beinggcon’(
. . e 4 . C :

»"*”"

secondary

;of use of calculators (e. g., with low achieverséat”fhe

.l
PPy

»a-r-“’

' ,level in Chicago' in such Califnrnié schoolspas Cupertino,

Garden Grove, ~/g,sf{“mgele‘
. / B

5.

'teachers’foward/calculators and/or uses being made of calculatorsdl

T e

r- l been conducted (e g., Philadelphia, Shawnee :Mig

//;//foeuHEHdon?the role of calculators; as didzseveral groﬁps at a September
- . " RN . . L B} .-:_., T

1975 meeting on secondary school mafhematics“afte

orw
o
\ e

nded by educgtors _from

throughout Ohio. WOrkshops were presented at local /regional. ‘and national

] ) Fawl . B B ’ :
T . - . — - . -
s - . .

.‘)' v: } ) /-,
- s
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/!f . (l)”General statements about calculators,
_fﬁ uiggiqsf-1974, R ‘**~ R
.,(2) Pros and:cons:“e.g., Etlinger l974
(3) Cost
- | Reportsgw )
- ) Varied uses€ e.8es Engel l974 Judd

/f mathematlcs m
qfferings dur
/featured'

3 Mathematic &
: from ac
deVelop ng a
. calcuf;tors..
will have 197
’ // AnalysLs

'1ndicates tha

The annotations'in App

26~

ee ings in 1975 and plans are u

ing 1976 (e g., the NCTM Name~of

alculator workshops) < The Natio

<

s developlng film materials on c

culator manufacturer) In cooperat

compllatlon of teacher—suggested

nderway for extending S
-Site Meetlng in Detroi
nal Council of Teachers

a3
alculators (with a gran

ion with ERIC/SMEAC, NCTM is

activities for use withl'

Several Journals (e ey Instruc

6 issues focused on the calculat
of the published articles and b

t many fall into one of four.cat

s;andifeatures e. g., Jesson and Kurley, l975 Gonsumer

)
e

of specific interest. o t

Usiskin

R

incorporating

and Bell (l976) (see Appendix'F

calculator uses into the existing rriculum. Forﬁreﬁ

iy

“which they state,“It is thus, “our belief that

into Kfﬁ clas

(p 36) . They argue for

: ment of how t
be threatenin
logical and s

’however; sugg

the use of ca

tor and Arithmetic Teacher)

or.
ooks cited in Appendix

egories.

. :w

Fiske, l975

, L
1975 /
/ .

endir A may provide,a guide to locating materi

) take’ exception to mer

St

the insertion 'of celculators

srooms’ using most existing currycula is fraught with pe

&‘A

‘an alternative curriculum and provide an a

7

/
he curriculum may be restructured Thay note hat this

g to those ‘who view the present
equential- their spccific sugges
est to many elementary ¢ teachers

N .
led1lators in schools.'

31

curriculum aé optimally

K

tions (pp.’AO 49) could,

S different way of cons

i/

/

A

e.Bes Denman, l974,5

elly

uch
t
of

t

als .

J
sons

ril‘
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.j’ ' ‘clEar; As might be expected,‘attitudes~are reported to be

g0 B
: a—il=

o . ‘ : : L . ; |
o /S V. Empirical Evidence - o n

»

A

/ At the time that «he. Interim Report on this project ‘was prepared
/ 7 " H / .

/in August 1975 attention was called to three poinks. ) v/

-
(l) At th1s time,’ there is comparati/;ly little evidence on the

effect of the use’ of hand held calculators in schools. Studies'

/

have been exploratcry in nature, often with the support of a

>

calculator manufacturer.

(2) That the calculator can be used to teach certaing topdcs seems
K
/"\

) \:gclear: that s1gnif1cant achievement gains will result is not
TV a

/

o I

- generally positive. R “ .h N o]

B . /

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

(some has remained unpublished for this reason) There is -a

. - - w .

definite need to establish priorities and attack the questions E

.é : : that cén and should be answered by research ';_ o -

- u_,/r/
(r“/

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

1

_can be reiterated The. research picture has not’ essentially 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. 'We are given hints-

" from the brief progress reports reledsed by some projects
. . : but by and largeiwe have precious little information--
and none of it definitive--regarding the extent ‘and nature -

of ongoing research. (p. 18) .

es on to.express the thought that "When the annotated listing [of
T |

He go
,.research on mathematics education] for calendsr year 197518 compiled

more calculator investigations are bound :to -appear; but there,still will

be no plethora of such-investigations reported? (p. 18). Very true:

X 4

(.

A
“”:"'.f - R4
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- the 19/76 llSting will contain more?) R /'/ ' L

/

'”5_ here is so little research dn the useé® of hand- held calculators, in

: : / - o . H/‘ t
P - fact, that there is some questiqh if it is worthwhile to review. it. Mnst W
:":." ,‘- l s 5!7 . .
! o of the stud1es barely meet criteria for being termed research - j -

3 o I "aCtion research', preliminary study ='.inquiry R exploration" are.the
words which investigators use in the.published reports. There‘are rumors

" of many studies going on'xmost of them turn out to be explorations to

A

N find out what can be done with calculators, Some of the:”hardest" data

-~ _— come from studies conducted by calculator manufacturers, not surprisingly,

* . . \
«

these indicate that’ students (a) can use the ‘¢alculator with a variety
vof coritent and (b) achieve well when using Lthe calculator. Many schools. ‘ .
are checking data on their own students to find out the effect of~ the‘d'
. use of calculators,with ‘their students: this is a highlv 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

r . -
. ks Y

of material designed for calculator use) has been. developed ke

"Over the years, several dozen studies have been conducted with S

desk calculators. There has been some thought that this research might
provide, 59me useful information which would be applicable to hand—held
calculators. Alas, the studies are not all designed as well as they

should have been. On Table l 21 of the studies with desk calculators R

Cax

are summarized; ‘fote should be: made of the small sizes of samples, the - - '/

e T short lengths of time, the limited pUrpose of many of the Studies, the

%

evident confounding of variables. ;JL, ' g
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fThere,appear'to be verylfew potentially transferable findings

" from the studies with desk calculators:’

-

ia

(1) Children can learn to use calculatori;//,//?’

(2) Children generallyhengoy us1ng'€hlculators
N »

- (3) Low achvevers may profit from us1ng calculators, but calcu~

lator use should not be restricted to 1ow achievers

T

A, (4) Calculators can be used for checking paper-and—pencil compu~.

i S

tation. .

(5. Calculators,mayporfmay not facilitate particdlar.types’of'

»

achievement.

On Table ?L 8 studies on hand—held calculators are summarized. A
few additional comments.about each might aid in‘making¢readers further

»daware of the limitations of the research informatioh on hand:ﬁéld.calcu-
lators. ' ' '
) e . L : N ' , 7

Comments on Research Reports on‘Hand—held'Calculators

~

The major goalef the study reported by Hawthorne and Sullivan

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

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

vintent to change the program to fit the calculator’ (p. 29) , Barrett
o »
and Keefe (1974) expanded on some of the ways “the students used the cal-

S

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

probability, palindromes, functions, and multiplication with decimals.

o s

A comparison with a matched group indicated that the ‘mean. scores of
‘students using calculators were higher (p € 02) on the concepts and

computation sectione of the test than were the corresponding scores for

students not using calculators, but the two groupsbperformed'about equally
. . . e -

4

"well on the problem—-solving section of the test. Two comments of interést
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are made by Hawthorn°and Sullivan: | - _ [P
- . o < ':.ﬂ-— R ‘
Project evaluators do not believe that calculators have any
great inherent ability to support and motivate mathematical
_study, though these instruments: definitely have some powerful
¢ ~computa510nal capability. {p. 31) [OhV] ] . -

.1".

Perhaps’ 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 discussion of each of these points in the

article.

< . . E . . -
v - - - .

©

Bitter and Nelson (l975) developed a "diagnostic remediation mathe-

matics curriculum utilizing the hand-held calculator'. A group ueing
b ¢ ‘
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 orie without
. - "p . . .A
. - @
calculators While no data\were reported in the article, the authors

note that i “ oo all three calculator approaches provided for signifi-

cant statistical gains in bbth the“cognitiVe and attitudinal domain as

' opposed to the control group

L4

ECEERE

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

teaching mathematics sponsored by ‘Berkeley schools, was reported by

Kelley and Lansi;gﬁ(l975) Two seventh—grade and two eighth-grade mathe- v)

o

matics classes for low achievers were involved .Neither experimental ' Ty
[N - )

‘nor control classes showed statistically significant gains on the CTBS

(the experimental group mean was 4. 87 on the October pretest, 4, 98 on

LN
¥

. the May posttest, the control group S respective scores were 5, 29 and

5 30) On the CTES computation subtest, the calculator _group did signi—

i N

ficantly better, however (4 9 for the control group, 6.5 for the experi—

: menta1 group) And on the NLSMA Reasoning Test, the gain of the control

Cen. group was significant at the .08 level (O 9 points), the calculator
group gained 1.9 points, which was significant at the .001 level .
Q . L / T ,; _ § . .
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. . KeSSner (1975) present d information on a p%imary mathematics project
AN - o :
designed "to research devel p, and field test activities in which kinder-

cw W

garten and f1rst—grade children can use hand- held electronic calculators

A to promote their mathematics learning Si ified calculators are
Tw | : .‘\‘

L : coupl?d with: gamelike modules" to teach theA complex aSPECCS of counting

<

&

and;the
y
tion c1te

perations of addition and subtraction . In the project informa—i.

, no data are reported - :
9 i

P . E Scha re R Bell and Crown ﬁ975) report on a limited "inquiry in

which one gréhp of fifth- rade puplls ‘was given a pretest,_and then
L given calculators for two (2) days, with problems to work and ‘enc urage- . ©

~

oo ment tofask queStions about the calculator. A week later a pqsttest'was

© glven. Overali;there were no significant,differences; \Ehgii'whcbﬁad

L : \
- calculators, however, scored 51gnificantly higher oh examples on which

~

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

B 1_,.9 . on non—calculator examples (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

¥

1obviouSly loose. The comments in Appendix A of the Usiskin and Bell
. position paper (l976) report further explorations with aboutAZOfteachers,' o
- The work does'not~appear to be syStematic,'howevér; it is purely explora-

SR
8

o tion to;, find out how pupils (and teachers) react. g i

23

A'} ‘ Weaver (l976), on the éther hand, ha1 “since 1973 been systematically‘
. ‘7 N e
exploring the use of various ﬁ?lculators at several grade levels, in
ys which connect with his (and his students ) previous research on

mathematical sentences and properties of operations. Although he reports

some empirical data "the principal intent of the project to date has

2
.!j’t\ .
(A«

not. been hypothesis formulation ‘and testing," but informal exploration as a

i

necessary stage \to precede controlled experimentation This exploratory
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work was independent of ongoing mathematics programs . ./ A 'although ‘

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

f? - o ‘ time to time in connection with the ongoing mathematics programs Amonguk
~lthe emphases of theexploratory work have been chaining, doing and undoing,,
and related,number‘sentences.

Spencer (19%5) investigated the.effectzof.using calculators'on A

computation;skill .reasoning ability, and totalxarithmetic achievement,

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

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

© ) ,u : ,

Wor e1ght weeks, both groups worked with computation worksheets prepared
\
oo by the experimenter, unfortunately, the abstract of the study does not

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

o

:_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-
. b . .« . R ?

-

& s

“dency for theocalculator'group to have higher scores.on the reasoning

‘test wés also noted° o o A

The locations at which this research and development work is being

oo

\Ebnducted are’diyerse?’Arizona, California,,Illinois, Iowa, New York,

[l
R

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

lished results as yet. For instance, Rudnick (Eye on Education, 1975)1

is currently directing a project in Pennsylvania with seventh graders

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

onlachievement and attitudes. Capoferi and Winowski (1975) present a

design for afstudy to be conducted in Michigan schools. Qne hopes that

¢arefully designed research will be planned at many other locations.

. . ; : 1 . L B ..
HaE #* ' ¢ S
. LDy : . . . .
.




"Needed_ﬁesearch ’ S L . //

o In his position paper in Appendix E, Weaver discusses some of the
. o i It ' “ ) ) . R ! N .
research questions which should have some priority. He called attention o

&

to the poing that
- © " the greatest thing we have to fear today about 'the calculator
vig-a-vis school mathematics curricula. is the degree of fear
that -already exists about the calculator vis—a—vis school
mathematlcs curriculai (p. 2) ‘ o . g

To man&ﬁpersons the calculator threatens to violate certain
tenets ‘Fegarding school mathematics leatning and ingtruction---
‘tenets that. are adhered to more. tenaciously than I ight )
fhave expected. Suggestions for calculator uses are ade _
within the constraints of those tenets.. . 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. (pe 5) o -
Weaver distinguishes between three types of curricula - calculator—

assisted, calculator—modulated and calculator-based f-.andvpointsboutb
that "research should not be unmindful of such differential roles". ’

SR After c1ting the research questions 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 investigationss-i

i}

Summary i . o R | .i ' R ' N s
- Evidence on the erfectiveness;of calculator usefds largely:experi— ’
ential.. A.concise sunmary of the'suggestions for research:whichfshould
be conducted to determine the potential.and problems of calculator.use. -
"in schools includesoinvestigations‘related to: |
- when~and hov to introduce*calculators,

o - effectlve procedures for learning bdsic facts, computational

skills, .problem solving, and~uarious mathematical ideas
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éfeffective calculator algorlthms “F
A ‘ N
1  fi;; ;ong—range effects of using calculator algorithms -
i - :wij - need for paper—and pencil algorithms f'.i :‘_. T4 °
o " f‘effeut of calculator use with specific content and curricula
- - effect of curricula sequencg/emphasis changes :’
'/1if/’ - ;%' - relatizﬁship:bétween.woik with calculators and COmpﬁtefé
. - chéhges‘in :eacher edgcation Eurpicula ,ki o .
'ﬁAobtimal célculator designs 5 ffj
- One very‘specifié'céutioﬁ must_be:emphasized: attemp£s‘aﬁ?festruc_
éuring the cufriculum,zeithef extensively‘or‘minimglly, mus t %o; prpcééd
’indépendeﬁtly of reseaféh. Thé two ére integrally inferwovéﬁziand'one
f 2 canndt be'effecgiﬁe ﬁithdu;.tﬁe other. | . ‘tg" P
. . L
kA P
‘r‘."‘ -
T 43
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',in‘this Report.v ‘Many others are- specified or suggested’

v Recommendations'froé Educators Surveyed

~39--

VI. Some Recommendations o

! : :
! . . Lo
[P . : - : A !

. : . |

/

o N . .
A variety of recommendations has been incorporated at many poi7ts

@ oy

the'position‘papers,. These are~generally stated at fhe "end of this

section. o v |

Butvfirst some recommendations which have not been cited preViously
l .

‘ ' Y ]
will be listed Thése were given by educatprs in response to a questio

f J
on several questionnai;es in the survey cénducted early -in this project.

They range from the general to those specific to the-curriculum. |
, { Ve : ' _ ;

‘
/
/

J
I
.
!
l

!

: r

1. Experiment and plan. e ) : |
a. Learn to use calculators yourself first, finding'meaningful ways

to use them. "¥+‘w , - B : k
: S ‘ !

" b, Use calculators with students only after considerable'tnought

N _ .as to'how, when, and why. o ' . ;
' o l

c. Develop a school—wide policy and guidelines. i

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

culum, and develop new curriculpm as necessary.
e. Plan a reasonable inservice program,,evaluation,'and research.
£, Use in early grades with care, if at all.

2, Survey available calculator models carefully and buy good equipment,

commensurate with student'needslj'Make sure that all students.have : -

* access to a calculator. . BN . o 3

»

f 3. Change teaching emphaees,to concept development, algorithmic\processes,'

when to apply various operatiOne, and problem solving using real-life .

LA

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

B N

S;-Think of . calculators as a- tool to extend mathematical understanding

N

K and learning by mak1ng traditional work ‘easier. The focus can be on

process because. the product is assured.

£ ) . ) T ’ Ll e

T~ 6., Place more emphasis on problem—solving-strategies._-Use practical,
realistic,vsignificant problems, and more‘applicationsr

- coe o N . '

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

o -

meaning of operations. Use more.laborstory activities where compu—

tation is_ involved but the emphasis 1s on learning mathematical con—-‘ 7

: cepts. Decrease the use of tedious, complicated aigorithms, emphasize
algorithmic learning, including student development of algorithms.—
8.~De-emphasize fractions, and emphasize decimals, introducing them p

earlier.

9. Emphasize estimation and approximation.(including mental computation

~

skills), checking and feedback exploration and discovery N

lO.,Do more. and/or equier work with such ideas as place value, the s

i

éecimal system number theory, number patterns, sequences, limits,
- functions, iteratiod\ 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.

" (l) There was © not -consensus on all of them, nor were they all cited
with equal frequency A selection process occurred which may

s o reflect the beliefs of the author of this Report.

(2) The over1ap of the recommendations with statements in other

published materlals is‘eVident,
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. Major Recommendations‘

l A thorough analysis of the: mathematics and other appropriate curri-
.cula of elementary and—secondary schools should be conducted to ..

determine'

”

a. how calculator use could be optimally integrated with existing
curr1cula (see Section AN Immerzeel et al )

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

ptimal use of calculators (see Section 111, Pollak Usiskin

and Bell)
.2 A careful plan for systematic research should be developed (see L

: Section V and Weaver). _ Jood : s
< ) - . Y . .
3. Following the above steps, appropriate research related‘to, and

\

development oﬁ, curricula should be initiated : E 1 -
L R ' Experiences for teachers at hoth inservice and preservice levele
should be provided to aid them in using calculators with students..
5. Information about research and development efforts must be communi—

cated (with speed ‘and - accuracy) to parents and other non—educators,

. . . . o y
as well as to educators. ©o : '
//(V P

t

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

2

researchmand.developmgnt efforts.
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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. lO pages. _

' Eighteen students {ages 12 to 15) used four calculators for
. six months to check mathematics problems. Comparisons of pre-
~ and posttest data indicated significant increases in student
. "Interest and positive attitudes toward mathematics, while
disruptive behav1ors decreased.'u

Albrecht, Robert L. and others. The Role of Electronic Computers and
Calculators in Mathematics Instruction. In Instructional
Aids in Mathematics (edited by Emil .J. 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 hand«~held"
calculator as a distinct instructional aid. The authors state
that electronic calculators are "far more powerful problem solving
,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 minicomputér are listed. "Considera-
tion is given to the kinds of work to be done, flexibility neededV
experience of users, operating features, and price.:

Bahe, L. W. Finding Logarithms and Antilogarithms with a Simple
Calculator.  School Science and Mathématics 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 Cause Math Teachers Debate.
" - Washington Post, pp. 1, 8;.December 16, 1974.

-

Pros and cons on the use of the calculator in the classroom are.
’ discussed. N :
Barrett, Ray and Keefe, Michael. Using Hand-Held Calculators in’
Sixth Grade Classes. Albany, New York: The State Education -
Department, Bureau of Mathematics FEducation, 1974,

/

Each student in the authors®: sixth—grade classes'was assigned a
calculator for use throughout the year. Provisions for main-
tenance, security, and classroom organization were made. The
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calculators permittgdiexplbration of a variety-of-topics; word

. problems,. arithmetic means, probability‘/ﬁalindromes, functions,

- v  and deecimal multiplication wére,pafficularly successful. The
calculators motivated and strongly supported instruction on.. - .
some topics. Student interest was sustained throughout the year;
;hey‘accepted the calculator as a tool to help them become

more independent and proficient in mathematics.

‘Beakiy, George C. and Leach,'H.'w. - The Slide Rule, Electronic Hand
Calculator, and Metrification in Problem Solving (Third edition).
L - . New York: Macmillam,  1975. - : ’ '

A comparison of feve:se—Polish and algebraic Iogic is giVen, in
,addition‘t04descriptions_of the three major types of hand-held
calculators currently on”the market.

<

, Beck, Lois L. A Report on the Use of Calculators. Arithmetié Teacher
. 7: 103; February 1960 ~ ‘ :

e

Fourth-, fifth-, and sixth-grade classes‘used;Monroe,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 could be operated. by
the students; when used as a'regulir4tlassroom'todl, they -tended
to motivate and reinforce understanding and achievement in-basic
skills. .Children seemed to enjoy using the calculators, and to
L . exhibit better work habits. Place-value concepts were reinforced.

. Berg, Gary. Teaching Flow-charting Thrddgh Electronic Qalculators.
' Business Bducation Forum 24: 303 January 1970. '

_?low-chart£ng”symbols and a row*chart.describing a use of the
, calculator are«présented, in- relation to the use of calculators -
in businessée. - ' :

~ Berger, I. calculators Get Smaller; Smarter, and Cheaper. Popular
Mechanics 142: 70-75; December 1974. _ : ' oo

S .Features to look for and what models have those features are’ |

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

Betger; I. - Electromic Calculatoré: -How to Choose. the Right One.
Popular Mechanics 139 - 86-90, 192; February 1973.

»

What feaiurés to look for when purchasing an electfdhic calculator,
‘how much to spend, and cqna;defg;ion of one's particular needs
are discussed. .Both desk and hand-held calculators are considered.

- Berkowitz, S. A Rational Number Calculator. Datamation 16¢ 106;
1973. L R - .

v
i

.- A‘descriptioh_is'givenndf how a calculator might be built to. save
and display a quptient‘df.two.rationgl numbers  regardless of length.
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Betts;;Emgett A. A Preliminary Investigation of the Value of a
' Calculating Machine for Arithmetic Ingtruction. - Education 58:
'229-235; December 1937. o R

 The &fféct of practice with a calculating machine on the pupil's
- pr&Blem*solving techniques and computational skills was studied.
Thirteen pupils in the second half of sixth grade completed
the year's work in the six-week tredtment periocd. Gain scores
vfrom-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. o S L

Birtwistle, Claude. .Some FurtheieCommggté.on ElectroniC‘Calcﬁlators. :
. Mathematics Teaching. 66: 27-30; March 1974. o : T

The author comments that pocket calculators are too,easily lost,
~and their keys and displays are too small; small portable desk .

cé%gulators are recommended instead. , Several mddels are available

for:performing the four basic operations; the order . in which

keys are punched tp perform calculations varies with the different .
machines, and the .unnaturalness of some orders can cause problems *
' for some children. For low-achievers, electronic calculators

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

above-average students, however, the calculator presentg advan-

tages in. speed-and accuracy. By taking the tedium out of complex

_ computations, it can encourage thought about the answer. Calecu-

~Jator use alldﬁs complex topics to ‘be introduced at lower levels

in the?Cukéyculum._. : : '

Bitter, Gary G. and Nelson, Dennis. ‘ArizonaAMigrant Fducation Hand-Held -

Calculator Project. ~Migrant Educator 1: 1-3; 1975, =

~

Evidence is(présentéd-that\héndrheid qalculatofs'can be used
successfully in remedial mathematics programs. o S

1

Bolder, Jacqueline. Calcuiator Use:Doesn't.Add Up, Maryland NAACP Says.* .
" Washington Star, October 26, 1975. 5 . .

The Maryland state chapter of the NAACP urged the restriction of the
. use of hand calculators and computers in most state classrooms, .."

Bormann, Thomas M. Electrﬁﬁié Caléulating: Processing of Thoughts. .
Journal of Business Education #48: 302~303; April 1973.

Some characteristics of. electronic calculators which make them ¥
desirable tools for office workers are speed and accuracy, greater
capability and decreasing price, quietness and deperdability,
portability, and relative ease with which their use is learhned..

. .The basic objectives of calculator instruction in the business

= | "curriculum are rapid and accurate operation, and integratiom of

' / a working knowledge of‘the_Calculator into the problem-solving
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process. Several mathematical and business concepts must be o
undeérstood in order f:0 achieve these objectives. Guidelines for °
preparing electronic calculator instruction calls for emphasis
. on both intellectual and motor skills, and simulation of. actual
business applications. ) L
Braun, Alexander E. Eulogy'for a Slide Rule. Science Digest 79: 65-67;
February 1926. - . ‘ : T '

The ' passing of slide rules is'humorously decried

l Broussard Vernon; Fields, Albert, and Reusswig, James. A.Comprehensive )
: Mathematics Program. AV Instruction 14: - 43-44, 46 February 1969.

A program for low achievers 1in grades 7-9 from disadvantaged <
areas which- emphasized real-world applications and use of - flow"
gharts, calculators, and other materials, resulted in signiﬁicant
achievement gain. Sixty per cent of the students who' had
participated in the program continued to tdke mathematics courses,
“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 l969 o .o

“ Only 13 per cent of the ‘schools reported (in 1967 68) having
calculators in the mathematics departmént, with 2 per cent of
these ,having computer features.. Five per cent of the' schools
had computer facilities which Were used by mathematics classes.

Buchwalter, L. NOW’IC s Pocket Calculators. Mechanics Illustrated
69: 108-109- February'l973. ‘

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

¢ Buckwalter, L. lOO Ways to Use Your Pocket Calculator. Greenwich, Comnec~,
' ticut: Fawcett Pubiications, 1975. ‘ : ' Sy
. SuggeStions for particular ways to use the calculater.

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 ‘are listed. A description of their

. features is given, including a summary of the characteristics.
of 17 reptesentative enigineering calculators.

-
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' Cech Joseph Philip. The Effect the Use of Desk Calculators Has on

Cantor, Charles B. Now That the Electronic Calculator Fits in Your :
- Pocket, How Will.It F{t in Your Mdth Class? Business- Education
World 55% 29 November/December l974

"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.' Macomb Intermediate School

District, Van Dyke Schools Cooperative Project - Exploration
. of Classroom Use of the Hand Calculator in’ Grades 4-6. Mt.
. Clemens; Michigan: Macomb Intermediate School District l975
.. The.project is briefly describec, and many examples of mather
maties toplcs: appropriate for the calculator are provided

~Attitude and Achievement in Ninth-Grade General Mathematics
Classks. (Indiana University, 1970.) Dissertation Abstracts

Inte national 31A: 2784, December 1970. (See also ERIC: - ED OQlV757.)-"

Cech, Jo eph P, , The Effect of the Use of Desk Calculators on Attitude
and Achievement with Low-Achieving Ninth Graders. Mathematics
Teacher '65: 183-186; February l972 _ ”

=

‘\\\\g\\~_ Tée two main reasons for using calculators 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 l’. E "/
30-31; November 1971. . . R
Principles on which the use of educational technology is based /
are’discussed. , - ‘ . : o /

Comarow, Avery. Practical New Uses for Pocket—Money Calculators.
' Money i3:- 88- 91 October 1974,

fferent models of pocket calculators are compared‘ and some

. ways to use the calculator to solve business~oriented problems
such as compound interest and taxes are presented.

Sean
f
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Comarow, Avery. Maximizing Your Minicalculator. .Momey ‘l4: = 52-53;
‘January 1975. . - . A
,,““dghe\ﬁbtél'number of pocket ealculators 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. Méthods for. basic calculations, computation . p
of interest, and anticipating monthly paymernts.are preaented
in step-by-step formats. : ‘ o ' '

 D'AuTaire,;Emily and D'Aulaire, Ola. Put a Computer in Your Pocket. Reader's
£y . Digest - 107: -115-118; September 1975. . o

Reasons. for buying’a calculator are iﬁc;udea in this article.
Denman, Theresa. Calculators in Class. Instructor 83: 56—57{' _ X o~
Febpruary 1974. . e o ' ‘ R _

The author comments on the fact that calculaté;9“é}e fast _

: . becoming accepted as necessary household appliances. When the

o childien;iﬁ school today are adults, they will look on -~calcula~
tors aé being as necessary to everydhy-life as~te1ephonés._

' 'Dchleman;'iy’ Wwhat to Look For in an Electronic Calculator. Business
'Education Forum 27: '32—33;»M3rqh_l973. _ cr ‘

. Features to consider when buying calculators: for business or
L ' business education purposes include output type, decimal control,
N _automatic rounding, portability,-and programmability. A buyer
of calculators for educational use should know the terminology )
~pertaining to the macgiﬁé\\:s‘well as his educational objectives. - -
He should test the machine with the. types of problems he will v
be using in class. NG S i .
: . .

[

Douglas, John H. ’Computers 1l: From Numbét\c§unchers to Pocket;GenieS$Z;
* ~ Science News 108: 154—15X; Septemberbﬁ, 1975. _(Parts 2 and 3 7
" appear 1in the September 1%/‘nd”00tober 4 issues.) . . o

Computer devedlopments are disc ssed, with some mention of hand-held
calculators. - - S \ S ' Y
S - N . - ~
Durrance, Victor Rodney. The Effect 6{ the Rotary Calculator on o
 Arithmetic Achievement in Grades Six, Seven, and Eight. - (George. - .
Peabody College for Teachers, 1964.)} Dissertation Abstracts 25{f,
6307; May 1965. S ) = _ -~

\

From grades 6-8 in a single school, 35 pairs of students were-
matched according to IQ and  grade placement in arithmetic. One
_from each pair was then selected to use th calculator. Analysis
—__of data from the nine-week study indicated that in computation,
reasoning, and concepts, the calculator had no effect except -
in the area of reasoning in grade 7. ' -
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Edelman, Ron and Oleson‘ Clif. Creacive Calculatoring Eugene,'Oregon:
K Action Math Associates, 1975, . '

. Activities with the:calculator are.presented;
Ellis, June and Corum, Al. Functions of thevCalculator in the Mathe- -
matics -Laboratory for Low Achievers. 1969. ERICE ED 040 847.
46 pages. - S

An experimental and a control class were administered pre- and ~:'p
posttests to check the effects of calculator use on the achieven o
ment,,attitude, and academic motivation of 1ow .achievers. The o
use-of printing calculators did not produce a statistically ;L
significant change in mathematics achievement. More favorable =~
attitudes and weaker academic motivation were recorded for both
groups at the end ‘of the experiment.’ ,ﬁ’[

P

Engel; C. William. ,Meet Minnie_Calculator! InjFoeteringycrestivity
Through Mathematics (edited by Betty K. Lichtenberg and Andria P.
‘Troutman). Tampa:: Florida Council of Teachers of Mathematics,
- . .1974. Pp "65~77. o L ' o .

P

Appropriate éopics and activities are suggested for using the
oalculator at ‘a variety of levels. /. .
Etlinger Leonaéd The Electronic. Calculator' A New Trend in School
/Mathematiﬁs. Educational Technologx 14 . 43-45; December 1974.

A,/’ ' W
"

The existence of low—cost calculators~is not sufficient justi—

ficatiom for their use 1n mathematics’ programs. Proponents -

of éalculator use in schools generaily have one of two contrasting
¢ ' views.f The functicnal position advpcates the use of the calcu-

"+ lator /to perform computations, obv ating the need to teach
.computation. The basic tenet -of- t e pedagogical position is that .
the calculator can facilitateée. (ratﬁer than replace) learning.

~ The implications of this point - -of - view, and the potential
pedagogical value of-. the calculator. are not yet known, and many
specific questions need ‘answers., Examples of the pedagogical
. use .of calculators are describedl 51

ﬁFeder,vChris Welles. Children and Calculators. Do They Add Up? -
McCall's 102: - 34; May. 1975 S B
// - f;"' :
/Some current uses of calculators\in schools in East Greenbush
~ . New York, Virginia and Brooklyn are described
. - } . ’
Fehr, Howard F.; McMeen, George; and Sobel Max, - Using Hand—Operated
Computing Machines in Learning Arithmetic. Arithmetic Teacher
3: . 145-150; October 1956. ' a0 T ) ' i N

W

R - .
; N,
~

A controlled experiment on learning multiplication by using a
i  two-digit multiplier was.conducted‘forva?two-week:period.~‘No
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©  in experimental and control groups. However, the experimenters
felt that longer use of the devices might have produced an
effect, and therefore conducted a'halffyéarvexperiment using
‘the Monrde Educator model hand-operated calculator. Students
. using this machine made significant gains in both computation .
o : *  and reasoning. Although their gains were greater than those of
a control group, these differences were not statistically signi-. '
ficant. Both students and teachers using calculators had a s
very positive attitude foward calculator use in the mathematics

classroom.. o . ) -

I o significant difference was fognd in the performahce.bf.students

?eldzamen, A. N. and Henle, Faye. The'Calculatbr~Hathook. New York:
- Berkley Publishing Co., 1973+ - ‘ .

This book gives the 1ayman'an'introdUCtion'tonthe'poéket calcu-
lator. It includes'tips_on how to use the calculator to solve .
everyday p{QbIems-such asupse in shopping and computing taxes.'
Field, R.~’Scié§£e and the Consumer: Figﬁring PockﬁfﬁCalculatbfs.
Science Digest -77: 85-86; March 1975. v - 2

X

"

- Ways'in which thé>calculator can aid the con§umér are discussed.

Fielker, David. 'Eléctronic Calculators: .A Changing Situation.
Mathematics Teaching 65: ‘28—32; September 1973. . .. . . .o w]

Electronic calculators-are here to stay, and far-gighted schools
t ‘are beginning to be interested in them. As they become more. -
B v _ - popular, it will be difficult to justify teaching as much rote
S ‘arithmetic 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. ‘Séme advantages of the machines are the ability to
handle large numbers, their usefulness for activities such as
estimating square roots, and the possibility of using them in
the design of new algorithms. Some advice on the purchase of
calculators and a glossary of calculator-related terms is )
included in this article. = - ST o T

w1

* s e *
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Y 'd N % . . .
Findley, Robert Earl. An Evaluation of the Effectiveness of a Téxt-.i’
_book, Advanced General}Math, Used by Ninth Grade General Mathe- -
matics Classes. (Coloraéo State College, 1966.) - Dissetrtation -
Abstracts 27A: 2440-2441; February 1967. . -

The group using the traditional textbook and calculators for a - -
full year gained significantly more than the group using ' tlie -
traditional téktboo& alone or the modern ‘textbook with cakcu-
lators, but only on'larithmetic fundamentals” achievement.

I3
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P ' Fiske, Edward‘B Educators Feel that Calculators ‘Have Both Pluses .
‘ " and Minuses. The New York Times, Section IV, Ppe 73 January 5, 1975. »”

" The views of proponents" and opponents for the use of caldulators\ L
in the classroom are presented.
Free, J. R. P. S. Buyers Guide to Under $lOO Electronic Calculators.
Popular Science 202' 86-88, 150 March 1973

Several types of calculators and their distinctive features are

described.. .
‘ "_Free;/J. R.; Those Incredible New Scientific Pocket Calculators. . = = ‘
' Popular Science 204: © 124-125; April 1975. o : I /ﬁ
- - Ways in which the calculator can be used are discussed. B /

.l 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

l‘-.
Ky

La ] Frye, J. F. Versatile Pocket Calculators. vElectronicsll: 58-61;
] May 1972. = ~ '

Some of the applications for calculators are discussed

I
-

'L; Frye, J. F. .Byying and Using a Pocket Calculator. Popular Electronics -_;7 #
. 5: 62-64; May l974 oo : } T v

Some common-senSe things to look for when buying an electronic

calculator are given. Some algorithms are also presented, 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. S : : '

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

2

Gardner, Martin. The Magic- Calculator. New York Times Magazine, p.'7l,
January 18, 1976 . . -

Four tricks with a calculator are presented with how and why_ they
" work indicated.

-
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/éaslin, William Lee. A Comparison of Achievement and Attitudes of
- Students Using’ Conventional or Calculator—Based Algorithms for
Operations .on Positive Rational Numbers' in Ninth-Grade General
Mathematics. Dissertation Abstracts Internatipnal 33A: 22175
November l972 ‘ o S

: Gaslin, William L. A Comparison ‘of Achievement and Attitudes of

Students Using Conventional or Calculator—Based Algorithms for
Operations on Positive Rational Numbers in Ninth-Grade Gemneral
Mathematics.  Journal for Research/ﬁn Mathematics Education
6: 95- 108 March 1975 /,, SN .

! §

Use of units in wiich fractional jnumbers were converted to
decimals and exangples then solved on a calculator was found to .

. be a "viable al ernative" to use of conventional textbooks - ° K
(including fractions) with or without- afcalculator, for low= o
ability or lowrachievin students.'r/ﬂ/

-

ssroom. Today's Education Bhs

Gibb, E. Glenadine. Calculators in the- C

42 b4 November-December 1975. //

f
i

L
~

/

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

f /, . / /

L / : ’
Gilbert, Jack Advanced Applicafi ns. for Pocket Calculators. Blue Ridge
' Summit /i/nﬁsvlvania. Tab Qo ks,'1975 R /

, Mathematical and scientific problems and examples for all types of
~calculators are included/ ‘

v

,Gronbach Rita. Readers Dia' gue./ Arithmetic Teacher -2 659—660%

N December l975 - 7

: commenting on Stultz' artic

A letter.to the edit

Y
I3

= Grosswirth Marvin. ,Calcu ators in the Classroom.f-Da amation.95:

90-91, 95; March 1975 ) i / |

. .

The pros nd dhns for the use of hand-held calculators in the “
~ classroon are gilven. Summaries “of some experimental wo“‘_m_-ﬂﬂ-///
‘using ca culators in. the classroom are presented "and Eh

peed for more research in this area is stressed

o / . : e . ‘
Gwynne, Peter. /New York View. Calculator»Boom./ ‘New Scientlst” * "~
65 231—232 January 23, 1973. : " o
/ ‘ o -

The question of whether school children should be allowed to
- use calctilators in the classroom is saild  to be at the “oot of

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

o 61
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argue that their use for calculations can free time to explore
the basic concepts of mathematics more deeply, while opponents
insist that their use will lead to a generation of mathematical
11literates. - As more students acquire calculators, pressure

to allow their use on examinations is increasing. Several
schools routinely use calculators, and children enjoy using
them. . Thelr use offers the opportunity to do more complex
problems, -but also provides the tempatation to sell’ students
arithmetic without understanding.

ale, David S. USing Electronic Calculators.;‘Mathematics Teaching N
67: 20~-21; June 1974. o ,

Two examples of classroom use of the calculator are described,
one with a fifth~year class domputing the volumes of boxes

- which could be comstructed from a plece of metal, and one - _ L

- with a third-year class testing hypotheses concerning volumes
. of similar solids..

Hannon, Herbert. The $59.95 Electronic Wonder: = Its Implications
o for the Arithmetic Classroom., Mathematics in Michigan, pp. 3-63
November 1973. :

Hawthorne, Frank S. Hand—held Calculator: Help or Hindrance? "
,Arithmetic -‘Teacher 20: 67l—672'fDecember 1973.
Few curricular changes will be necessitated by the advent of
” the calculator. Elementary schools already emphasize an . i L
understanding of concepts and a meaningful approach to algoritthN‘
It was partly anticipation of inexpensive calculators that ) '
‘impelled curriculum designers to decide that emphasis on ;n%{
drill was unwise. While_ calculators will produce no grand .
changes in the curriculum, calculators offer many advantagesh
‘the elementary school. Students can check their work, andcff
laborious computation can be eliminated from problem solving
activities. As.with any teaching aid, they ‘can be misused

Hawthorne, Frank S. andVSullivan, John J. Using Hand-held Oalculators'
in Sixth-Grade Mathematics Lessons. New York State Mathematics
‘Teachers Journal - 25 29-31; January 1975. fl ,i;}, : ‘-

! This is a report on. the study by Barrett' and Keefe, involving
o two sixth~grade classes. A posttest at the end-of the year
" i{ndicated that the students using calculators: ‘scored higher
on tests of. %oncepts and computation than a’ non—calculator
‘group, but not as high on problem—solving tests. :

Heilman, Carl More References to Calculatoys.d Pennsylvania Council
of Teachers of Mathematics Newslettég ;13' -12~14; Spring 1975.

¢
A

Recent articles concerning electronic calculators are listed.
with brief descriptions, to call them—to the attention of .
mathematics teachers in Pennsylvania. ' »

-3

Various implications of the use of calculators are discussed.. _;ff'.
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Hoffman; Ruth I. Don't Knock the Sma11{Ca1culator —- Use It! Instructor

: Hohlfeid, Joseph Francis. Effectiveness of an Immediate FeedBacRg \
.Device for Learning Basic Multiplication Facts. (Indiana Uni~-

_the learning of the 100 basic multiplication™combinations.

A-13

e Higgins, Jon L. Mathematics Prdgrams Are Changing. Education Digest

40: 56~58; December 1974. (Reprint from NASSP Curriculum Report.)

-

. Inexpensive pocket calculators will éhange both the kinds of

;omputaﬁidﬁaljskills taughg{and the manner in which they are. - °
taught. Knowing when operations are used, checking errors, and
estimation will become thesnew fundamental skills. Programmable

calculators will soon become commonplace, and‘emphésis will be

‘placed on the unity of mathematics and the cémmon_prOCeduﬂ@s of

mathematical thought. o \

85: 149-150; August/September 1975.
; i - \

. ° - R N : ) . \ ..
Some "scattered examples' of using hand-~held calculators to‘exelore
mathematical’ ideas are presented. RN » \ .

= \

\

-vérsity, 1973.) Dissertation Abstracts International f34A:

4563; February 1974. '

3
P

The effectivhess of an electronic calculator, programmed as an . !

immediate feedback device, was compared with the effectiveness
of pencil-and-paper exercises without immediate feedback for

Twelve students in each of seven fifth-grade classes were
identified as low achievers. and 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 reterition, but not on long-term

retention (one month or three-andjone—half months retention
periods). T

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 haﬁd caléulétor aré'preéented.?*

Huf £, Darrell. How to Have Fun with Your Pocket Calculator. Poﬁularf

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.basicxproblems that the layman can

solve using a pocket calculater, Working with basic mathematics,
grocery shopping, computiné simple interest, and tax preparation -
are some of the topice included.’ a

63, -
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Jefimenko, Oleg. How to Entertain with Your Pocket Calculator.
Star City, West Virginia: Electret Scientific Co., 1975.

Mathematical diversions axe presented.
; i 'Jeséon, David and Kurley, Frank. Specifications §of'Electronic'Calcu—
- _ ' lators. Mathematics Teaching 70: 42-43; March 1975.

e
\

A basic electronic calculator for the mathematics classroom s

should have the following features; listed in order of preference:

‘(1) natural-order arithmetib,/(Zj'floating point, (3) underflow,
(4) constant key to operate’on all four operations, (5) eight-
digit display, (6) fingertip-size keys, (7)'rechargeable’batte&ies
" with alternative plug-in 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 manufactureré,'aﬁd should not hesitate to
- demand what is needed. = . ‘ "

‘Johnson, Randall Erland. The Effect of Activity Oriented Lessons on
the Achievement and Attitudes of Seventh Graae,Stqgents in
Mathematics. (University of Minnesota, 1970.) - Dissertation
Abstracts International 32A: 305; 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 po_emphasis on acgivities,for units
in number theory, geometry ‘and measurement, and rational numbers.

| Jones, C. D. Pocket Math. National Elementary Principal '53:‘ 56-57;
- January 1974. o ' . ‘

' 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. ' ' o - S

Judd, Wallace. Games, Tricks, and Puzzles for a Hand , Calculator.
Menlo Park, California:r Dymax, 1974. - ' o '

-

" 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 1s.a-section on the internal workings of a
- calculator. '

Judd, Wallace. A New Case for the Calculator. Learning 3: 41-48;
'~ March 1975. : o - . '
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

64
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occur; drill will be de»emphési&eq)in 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 s

calculators and selected games for use with calculators are ’

described. - _ ' - ¥

Kelley, J.'L.'and.Lansihg, Ira. !Iﬁterim Report on Project EQUIP.
Berkeley,'California,'July,l975. ’

This docnmeﬁt*reports on Berkeley's mini—calculatbr program Co R
- for teaching,p@thematics‘to low achievers in junior high school - /
: clagses. Data ow four experimental and four-control classes

e Tu e

-are presented. .

Keough, than. and Bprke;.Gerald W. Utilizing an Eléctronic Calcula-
tor to Facilitate Instructipn in Mathematics in the 1lth and 12th"
Grades. Final Report. July 1969. ERIC: ED 0371345¢ 60 pages.’

© - - Lo ) (, ) ) . . o . A
The group using calculators achieved significantly more on a -
standardized test than did a group not usihg'theT.

* S . : P o N ,

Kessner, Arthur. Exploring Calculators in Primary Mathematics. Berkeley,

California: Regents.of the University of California, 1975. :

A report oﬁ a study with primary grade children 1is ptesented.

‘Ladd, Norman Elmer. The Effects of Electronic Calculators on Attitude.
and Achlevement of Ninth Grade Low Achievers in Mathematicéu '
" (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 calculatorsg Significant differences
were found on both attitude and achievement tests from pre- to

_ post-treatment -for both groups, but no significant differences
in posttest mean scores were found between groupg. : '

" Lecker, Lorma., Mini-Calculators Help Students Enjoy Math. The : S
' Burlington (Vermont) Free Press, p. 19, June 20, 1972., - ' -
A ‘ o : R
A report on éﬁe positive -influence that twyo electronic |
‘calculators had on the studentsin a junior high mathematics
" program is givemy - .- o “ : Lo

Lesjack, J. J. Computation: Beat the Machine. Grade Teacher 87: .
150, 152-153; March 1970. -

\

. A game in‘which‘teams of students compete with each otﬁe}
i - using an adding machine can be used to practice and enhance
basic skills. ' ;

- . (323 . | y - o
|
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.Lewis, J. “A Further. Review of Scientific Calculators. - School Science
Review ~56:"625%628' Number 196, Marth 1975. ' '

Eighteen calculators available in Britain are analyzed

4y

. Lewis, Philip. Minicalculators Have Maxi-impact. Nations Schools
" : . 93: 60, 62 May 1974 '
The pocket calculator is not only" cheaper and more convenient
than the calculators of a ‘few years ago; it can also do more,
It may revolutionize education by saving students and teaq%;rs
- a great deal of computational time. Checking answers will* s
v become routine. Students may*even use mathematics outside of R
!  class. .When buyinhg calculators, .several optional features | . o
' ‘should be sought: built-in battery recharger battery drain Ve
.i{fidicator, display cut-off, decimal capability, numeric: diﬁplay
indicator, high impact plastic housing, and warranty. Al o
increasing number of models and extra features are avai’able.

”
»

'Lindsay, Robert L. Black Box Npmeracy. Mathematics in School. 4: 26-28;
November 1975. ‘ 1

~ The effect of ‘the use of. hand—held calculatovs on the arithmetic
curriculum is explored s

Longstaff F. R. gg al. Desk Calculators in the Mathematics class—
room. June 1968. ERIC: ED 029 498._ 11 pages.

This study wase designed to test..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, self-confidence, and attitudes toward
mathematics. Teacher enthusiasm for calculator use was unrelated
to student performance. Teacher enthusiasm was highest in
‘classes of -low-average IQ. While some’ teachers felt calculators
interfered with their daily operations, others felt that the
productivity of students. increased, especially among those pre-

e 4

. ~ viously incapable of producing. Classroom behavior problems -
‘were eased. . _ . .- - ’ v o .
Machlowitz, Eleanore. Electronic Calculators ~- Friend or Foe of Instrué-

tion? Mathematics Teacher 69: 104~106; February 1976.

[ . -

Some;suggestions for using'calculators are presented.

Maeroff, Gene I. Calculators Termed Good Tool for Pupils., New York Times,
December 24, 1975. ° ' : v S .

The NCTM'position on calculators 1is reportedl

R




Calculators or Computational Skills Kits in the eaching of
Mathematics. - (University of Minnesota, 1969. ) Dissertation

Mastbaum, Sol. A Study of the Relatilve Effectivenesghof El§ctric
Abstracts International 30A: 2422—2423 Decemb r 1969.

- 1{‘

The calculator, when used as a teaching aid with slow learners IR
in mathematics in the seventh and eiglith grades,‘did net signi-
ficantly improve- attitude, increase mathematical achievement,

or increase mon-calculatar computational skill, mastery of
mathematical concepts, or -ability to solve mathematical prob

lems.
However, the students did at least as well in all areas as th:ge
o students not using calculators. : : .

X : McCluggage, D. CalCulators: Mini—Calculators. American Home '76:V\\
T . 25-26; April 1973, ‘

Uses of hand held calculators are discussed in this article.'

McShane, Jane. Electric Calculators, Business Education .7718.06.

' (Qulnmester Course, Dade County Public Schools, Miami Florida ) \ ;'
- 1972. ERIC: .. ED 097 570. 30 pages. . : ' , . T

A course was developed to instruct business students in the use- i \
of mechanical and electronic printing calculators, and’ electronic X ‘
display calculators. Performance objectives, course content, o \

suggested activities, evaluative instruments, and resource -’ ‘ -
materials are described ‘ : - . | :

. : o § ..
,'Miller, R. Make a Giant Step Forward with the Latest dn Electronics ' RN

L Technology: The Mini-calculator. Man/Society/Tedhnology_ 33 . L
: 5-6; September 1973. \ : _ |

The potential of the use of calculators is discusseg\ : o

: Millikin,, . and Siegel D. Kit for Téaching Calculating and Computing ( l
Devices. Teaching Exceptional Children 3 17-22; Fall 1970.

A kit was designed to introduce gifted students to basi\\computer
activities. The kit included an abacus, slide rule, desk‘calcu~

. lator, . punch-card equipment, ‘and an electronic computer, ag well
. as books. A series of objectives and activitiee is outlined.

Mims, F. $20 Mini- computer Revolution.
.~ . May l974

Science Digest 75: 41~ 45,

Due.to rapidly advancing technology, especially the development 5
of silicon large-scale integration chips, the price of vestpocket -
calculators is going down, while the capability ot these devices

. continues to increase. Calculator manufacturera 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 hnglish systems of measurement. A !

;} ) ’. | .: . : : _ .(;,7
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.somewhat large calculator with pri tout capabilities is available,
and .programmable calculators. are being developed. In the future, .
calculators with large memories will be available. One pocket-
sized machine will serve as a combination computer, telephone ‘ _ )
directory, notepad, calendar,. and dictionary. . ' .

E.Mims, Fﬂ Calculators From the Abacus to the Electronic Calculator. o~
j Radio~Electronics 43: (51-54; December 1972, _ S

The development of calculating machines is tracedq : ;,’

Moss, Rosalind Using Electronic Calculators. Mathematics Teaching ,
677 20-21; June 1974. o - _ . 7

!

' Suggestions for using calculators in tbe classroom are discussed

Mullisﬂ Henry. How to Get the Most 0ut~of Your Pocket Calculator.
- New York: Collier Books,.1974. : _ e

This book describes how pocket calculators can ‘be used by the.
U average peISOn. Such things as determining gas - cqnsumption
" of one's car, ‘balancing a checkbook, shopping for best .buys,
computing interest, and'similar topics are covered -A section
on higher-priced calculators is incIuded along with sample,
problems and answers. :

North Roger. 1Using a Hand—held Electronic Calculator. Mathematics
in School 4: '22-23; March 1975.

-
co

An explanation of the features and operating, procedures for one - S
British calculator are given, with jllustrations for solving -
various types of problems. '

Offenheiser, Marilyn.‘ U. S. Homes in on Calculators. Electronich? 45
69 71; September 25, 1972, - ) . -

'!

» ‘ Challenging Japanese domination of fhe business calculator

sales, Americans are exploiting technology,not merely exporting
it.. Reduced prices for U. S.. calculators are upstaging cheap
Japanese: labop . . 4

Osborne, J. M The Pocket Calculator in School Physics. Physics FEducation
oot RS F 414 419; September 1974. K ' L T :

et ’ . v .

_ The significance of the simple} inexpensive type of calculator hs a
- tool in the classroom 1is discussed, as well as the contribution of the

o - more sophisticated type to the: school science department. f

"Parks, Terry E. Minicalculators* Opportunity or D‘lemma? Bulletin
B of the Kansas Association of Teachers of Mathematics 49:° 18-213
’ ~ . April 1975. e - . . "
: . : \ - . e
. The phenomgna which will have the most profound effect on mathe-
* matics ‘education in the 1970s are ‘the changeover to the metric
system and the rapidly increasing use of hand calculators..

~
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Ao - . .
\Eeportedly"30,to 50 per cent of all secondary students in Kansas
ity have access to calculatots, yet relatively little thas been .
wiitten about their use in schools. Research on the eflfects of
such use has produced mixed results. . The decision to ube or not
use calculators -in the classroom must depend on many. fagtors.
‘Calculators can be used functionally as an eraser or degk; or
" pedagngically” like textbooks and flashcards. Used in either way -
they will necessarily cause curricular changes; they deal in ﬂecimalsﬁ
not fractions, and handle negative numbers as easily as iositive) \
- The majof benefit of calculator use will be in the area of moti-
vation. ' ' : ~

U S

T —
~—r—_—

Pendleton, Deedee. Calculators in the Classroom. Sclence News 107: T SN
© 175, 181; March.15, 1975. . ' - . o .

Both -the manufadturers-of_electronic calculators and "progressive"
educators are anxious to see a calculator in every classroom.
Although epponents claim:that”students using them won't know

how to count when the batteries die, instructors using t;hem—say§
calculators crease students' interest and enable them‘tc ’

. golve more int resting problems.

al Functions for{Yoﬁr Pocket Calculator.
14: 64; October 1973.

Popular Electronics
By knowing a few simple chdures; one can make a simple four-
“function calculator pexforinmany functions. Positive integral
exponentials, reciprocals, and square roots are eagsily computed

by the described methods.: \\\ o ' )

N,

 Quadling, Douglas. A Nation of Button éﬁehers?' Mathematics in School
4 23; May 1975. N : ‘

, / |

The use of electronic calculators in t;:\B;itish classroom is
examined. ; Concern center on the extent of uged, with basic
questionsfabbut use on tests, falrmess to~;ﬁsag\who cannot afford:

~ them, and' the danger of them becoming a "crutch¥. .

.
N

Quinn,“Donald ﬁ. Yes'or_No?'Calculators in the Classroom.. NASSP Bullétin
' -60: 77-80; January 1976. o :
’ o

‘Reasons for ﬁsiﬁg or fot uéing calculatofs'are.discussed.

".Quinn{ Mildred Louisa. Accounting Class Failures an&ykfithmgtic o
' Deficiencies. Business Education Forum -28+—- 30~31; March 1974.

A common cause of failure in accdunting; student>inébility to'«
compute mentally, could be resolved if a calculator were availaﬁisk
to all students. - s : B ' N .

Riden, Chuck. Less Than Ten on a_Calculétof? School Science and Mhthema-
tics 75: 529-531; October 1975.

_A method to check "addition and gsubtraction in any number base less
than ten, using.a simple adding machine or a calculatqr; is given.

. “ . o .
0 : . — ’

\\ . .

\ 4 ] - .
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Roberts, Edwari;;. ~Fingertip Math.  Dallas: ‘Texas Instruments,'l974.

This book explains how to use a hand—held calculator effectively

Rogers, J. T The Calculator Book: _ Fun and Gamespwith 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 Preliminarv Look. \Elementary School Journal
+ 76% 27-31; October 1975. \

.Students in the calculator group scored signiffgantly higher on
calculater examples, while no differences were found on noncalculator
- . examples between calculator and noncalculator gWoups. '

Schilt .- Use of Calculators in Swiss Schools. Ardjthmetic Teacher 9:
' 1 9 March 1962. . : ! '

‘ —

The use of hand~cranked Cyrta calculators is dj7cribed

Schott, A, F. Adventure in Arithmetic. Educationa

Screen 34: "65-67;
1955.

'reported; the
.groups not using

_ A study with students in grades 4 through 9 1
* -~ .groups using calculators achieved higher tha
calculators

Shapiro, Donald. How To Add Functions to Simple Hand Calculators.
Popular Electronics 8: 38; September 1975

. @ Instructions'for,modifving the'calculator re provided.

- Shaw, Bob. Equipment for the Mathematics Roo . Mathematics in School
2: 30 31, November 1973.

Among other materials, eight permanently fixed but readily
< available calculators are. suggested.

e

Shea, James Francis. The Effects on Achiebement and Attitude Among
Fourth Grade Students Using Calculator Flow—Charting Instruction
vs. Conventional Instruction in Arithmetic. (New York. University,
1973 ) 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*

~ Sept b l974 r
eptember, ) ‘ "()

ot
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Psychological ,and mat ematical éonsiderations in regard to problem

solving are discusseg, with the use of the hand-held calculator one

of many ‘points. // R

~ Skoll, Pearl. Coping ith the Caiculator{w_quthridge, California:
~.._ Pearl Skoll, 1975 -7 S

e

'

| :
Smith, J. M. Scienéific'AnalVSis-on'the Pocket Calculator. New York:
. Wiley, 1975 . 5 ' :

i

Activities for g%e with calculators are presénped.

Suggestiane/i;rfmore advanced uses of the calculator are presented.

Sﬁencer,vJoAnn Nora. sting'the Hénd—held Calculatot in Inte;mediate.Gradé.
' Arithmetic Instruction. (Lehigh University, 1974.)" Dissertation”
‘Abstracts Internatiqnal 35A: 7048-7049; May 1975.

<

. The cAlculator group scored significantly better than the non-calcu-

latof group on the reasoning test in ‘grade 5 and on the computation
tes, and total test in grade 6. : -

Stocks/, Sister Tina tie. The Development ocf an Instructional System
Mhich Incorpordtes the Use of an Electric Desk Calculator as an'
: J/Aid to,Teaching the Concept of Long Division to Educable Mentally j
/ Retarded Adolescents. (Columbia.University, 1972.) Disgertation
-/ apstracts 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 positive
/' " change in attitude was.also found. ‘ :

f'fStultz, Lowell. Electronic Calculators in the Classroom. Arithmetic
: Teacher .22: " 135-138; February 1975. ' : '

‘ Several applications of_calculatoré at various elementary grade iy
-levels are suggested, with some punch/display sequences illustrated.

Thiagarajan, Sivasailam} Calculators are "In" and Cheap: Here are Fou:
" Games You Can Play Using the Least Fxpensive. Simulation/Gaming/News
2: - 10-13; .January 1975. '

The games may be apprdpriate‘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 s¥g-
nificant gains whether or not they used the calculator.

~Van_Atta,:Frank.- Calculators in the Classroom. Arithmetic Teacher 1l4:
650-651;. December 1967. ' '

Ky

Many problems éannot‘bx ddﬁévby the pupll élone, but can be handled
by the pupil-plusrcomputer combination. Two such problems involve

exponents and th Pythagorean theorem. Theé 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 logarithmﬁu ‘

71
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' Wasson, Ruth Ann. The Medium is the Message...Or, There is a
in the Medium. Journal of Business Education 48: 69-70; .

November 1972.

Experience shows ﬁhat students are accepting the us
lators because it saves them time and provides mor
experience related to business practice.

. / ; .

lWeéver, J. F. Materials for use in workshops on us. g,thé’hand~ﬁeld
. «calculator. Madison: University of Wisconsing/.1975.

Various materials preparéd by ‘the author in lude a list of books
and articles, questions to ask when purchaglng a calculator,
descriptions of various models, and item§/to use with children.

_Weaver, J. Fred. Readers' Dialogue.: Arithmetic Teacﬁer 22 658~659;
. December 1975. = S o / o '

o -A letter to the editor comménting pn/élultz' article. = -

Weavér, J. F. Calculator-influericed Ekpforationg in_Scheci”MEEE;;;;;;;:A((

Number Sentences and Sentential Traﬁgﬁozmafigﬁs\15¢lﬂg\\gfoject .
Paper 76-1. Madison: Wisconsin Research and Development Center for

Cognitive Learning, January 1976.

Explorations involving the use of mini électronic 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 encountexr no
- consequential problems with the mechanics of using simple four-
function, algebraic—logic‘calculators.inxroutine contexts, and that
pupils likely will elect not to use calculators in situatiomns where
their use 1s unnecessary or of no particular advantage. While
/ elementary-school mathematics. programs usually emphasize binary
| operations, project explorations have\ moved .increasingly toward

o

/ . content .interpretations in terms of uriary operations.

‘Addingband Calculating Mgphiﬁes. Consumer Bulletin' 55: 14—18;
- September 1972. o ; . . y

L , S 3 . . .
‘Features, prices, and things to look.for when buying are included,
~with ratings of terj electric adding machines and one electronic

-+ hand-held calculator. - _ ' L e

_‘Calculatéd Boom. Newsweek 80: 84; October 2, 1972.3 - ;/,f/yw}

-

. ~Tﬁe increasing popularity of electronic calculg;ofﬁfis reported.
o 4 A o ' . v/// . Lo ' O
‘Qted Warfare, Time 100: 953 October™ 30; 1972.

T P A

cgl&td?g is given, with the price gar'go;ed.

¥ _ . | |

" A status report on cal

el




Calculators.

\
Calculation or Computation7
. March 1975 . . fiCr

\

The role of the calculator in schools is discussed

Calculators.

TA=23

Is,Thatl

Consumer Guide‘1975 Consumer Buying Guide.

& ,

the Question? Teacher, p. 52;

" New York:

, New American Library, Signet edition, 1975. Pp. 340-343.

Ratings for various types ofrcalculatorsfare“presented.

Consumer_Reports 40:

General—purpose calculators_are

Calculators. . Times Higher Education

' 533-541; September 1975.

_analyzed,

- 23-27, November 28, 1975.

This issue contains a series of
various aspects. of calculators,

Supplement (England), No. 214, pp.

articles, by different authors, on
including background uses, and

P projections

Calculators in the Classroom. Timel‘lOS: 88; January 6,'l975.. |

_‘An overview of some initial work, with calculators in the’ class—
room is presented Successes have been reported in computational
efficiency and motivation.. Problems include fear of dependoncy,

unfiair advantage, and machine—security factors.
i

Calculators Plus’ Classrooms Equal Positive Profits.

tronics News, Februa/y 1975,
—

- The status of ~Calculators is discussed and conclusions of manu-. . .
factu/ers ;"and retallers presented. : :

JA

S
o

Consumer :Elec-

/
, Ca%culatqrs Remotivate High School Students Towards Math Educational
p»/”/ Equipment and Materials, Spring l973 - v -

Use of desk calculators with low achievers in a San Francisco
high school 1s described , S T -

Calculators S1im Down in Size and Price.

Business Week, p. 50:
B October'9 1971. ' : )

The development of cWips, reducing size. and price of calculators,
is discussed !

A Calculator to Fit the Pocket. Business Week, pp. 28—29; April 18, v E
1970. .: ' R : : e i

- - N . -

The’development of one of the first pocket—sized calculatorszis

ST

described.

~
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Effectiveness of Calculators in Teaching Children Both Yundamentals
and Concepts of Math. Educational Bquipment and Materials,

Spring 1973. = . . .

N Ry

“N
A pllot program with pupils in grades 4-6 -1s reported. N i

‘EleCCronid Brains in the Classrooms —,A#,or -7. U. S. News & World !
Report; p. 30; January 13, 1975.

Views are presented for and against the use of calculators.

, Electrogic Calculators. Consumer Buiietin'SG: 15-19; May 1973.

Various types of cgaculators are discussed.

Electronic Calculatorg. Changing Times 27: 39-41; July 27, 1973.7

Differing charatteristics of calculators are considered, with
a summary for ftwelve hand-held andheleven desk calculators.

Electronic Calculdtors. The Comﬁleﬁé Bujer's“Guide:- Best Values '75.
New York: ?ervice Communications, Guide .No.' 18, 1975. Pp. 49~-64.

P

C .

Various ca%eulaﬁors are. evaluated.

Electronic Min$~calculators. Consumer Réporf@ 38: '372-377;>June_1973.
38: 663; November 1973.
Cp .

C ) _ . o
-Basic chafécteristids, prices, and ratings for calculators are
presented. ’ S ' : -

Electronic P%dket Caiculators. Consumer's Research Magazine 57: .
7-12; Séptember 1974. 58: 19; January 1975.

'Chargéteriétics and ratings of calculators are given.

; ¢

R / - i i _
Games Calculators Play. Time 103; 563 Pune 24, 1974.

Do . Uging the calculator for games and spelling words is discussed. |

Great’Célcdlator Débate. ~Nationﬁé“Schools and Colleges 1: 12, 26; .
December 1974. . A T

' Reasons for‘using or not using the calculator ar“discuased”

How.tb Pick an Electronic Calculator. Better Homes and Gardens Slf
162; April 1973. ° - - C

‘ Some featurés to look for wh&n'buyipg’a hand-held calculator
b ‘ . - include floating decimal, negative function, clear key, ability
to do mixed calculations, and power sources :
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~ Math LgbsMatrix (I1linois State University bulletin), Spring 1976.

This.issue'is devoted to articles about using calculators.

. The Mini-Calculator Project. Eye on Education 4: 8-9; Number 1, 1975.
(Temple University College of Education.)

Aélafge~scale in&estigation of the effects of‘ﬁhe availability and
use of .the hand-held calculator upon the attitudes and mathematics
" achlevement of seventh-grade students is described.

_ Minicalculators in Schools. Arithmetic Teacher 23: 72-74; January 1976.
‘Mathematics Teacher 69:  92-94; January 1976.

- - This‘repoft from the NCTM Instructional Affairs Committee presents
nine justifications for using the hand-held calculator, with some = ¢
specific examples .of curricular applications. S .

Mihicaléulators‘Steal the Cbnsumer Show."Busiﬁess Week; pp. 29-30;
June 16, 1973. ‘ '

"The market situation is. reviewed.

New-Markets for Prdérgmmable Calcnlators; Business Week, pp. 109, 112-113;
" June 15, 1974. - ' ' - ,

The statﬁs and projections>for sales of caleculators are given.

Qow -~ There's a Personal Calculator for Every Purse and ?urpose;‘ Popular
gcience 206: 78-81, 136; February 1975. ' ‘

Types of calculators are described and discussed. -

Numbers Game: Games with Pocket Calculators. Newsweek 85: 663
‘March 17, 1975. ' - o

T Several games played on calculators.-are described. ' SR /
~g;~The'Omr6n'Expressl Mountain View, Ca%ifornia: Omron, 1972, (See
ERIC: ED 079 923.) ' e : > . /

A 7

/ !

This 30-page comic book is designed to introduce elementafy—achool//

children to electromic calculators. )

o ‘One Neat Little Way To Get Your Schools Ready for the Electronic /
T ————feaching Marvels Coming ‘at You. American School Board Journal /_

160:- 46-47; September 1973. g

I3
. ;o /

Some plans‘for pféviding electrical and commuhiéatibnloutlet;/ .

in an open-plan school are described. - - . / ~




o

'Pocketing the Profits. Dun ] lOO 89 90 September l972

Scientific Calculators. - Consumer Reports 41:. 86~87' February'l976.

S

4

Overview and Analyqiqfui Sthool Mathemat fes Lradcs K-12. Washington '
Conference Board of the te Mathemat Leul Scionccs, National Advisory
Committee on- Mathematical Education (NACOME), November 1975.

In the report, rcfcrenceq to the use of calculators are made at
many poirts, including pages 24- 25 34 40-43, 138, lél, and 145.

-Q"

Thecurrent status and future projection for the manufacture of
alculators is given. »

Quiet Show Worries Calculator Makers. Business Week, pp.'l09‘ff:;
~June 15, 1974. '

.”The slowdown.of interest in calculator saleS'is described.

Sales Boom: Prices Plummet in Pocket Calculator Biz. Purchasing,
Novembnr 19, 1974. , . -

B

o

‘This is a brief report on the status of sales_in calculators.

This update on the September l975 CR report includeS~analyses of
four calculators.

Teachers Approve of Mini Calculator Use in Classrooms._'Math's Alive,
volume IV, No. 10. Philadelphia, Pennsylvania Qffice of Curriculum
and Instruction, The School District of Philadelphia, June l975

i Reqults of a questionnaire sent to all secondarv mathematics teachers
in Philadelphia public schools are presented and discussed

Those Little Calculators. Bulletin of the Council for Basic Education,

p. 5; January 1975. , v . o

The impact of calculators is briefly discussed

!ri\ks with (nl«ululnru. Muchlno Dus~gj, Pp. 170 ff., June 13, l974

Some ways to use tdlculators are discussed

Uﬁili?ing an ‘Flectronic Calculator. A Manual for Planning and Develop-
' -ment. January 1970 ERIC: TD 038 030. 53 pages. . . _ X

V.

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
A curri lum guide is given for the inservice: teacher training -
pvogram, and suggestions for using the calculator in a mathematics

program are included. : . : .
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o

.. . What:to Lbok_Forfin an Electrenic Calculator. Christian Science Monitor,

December 10, 1974.

,Somekguidelines are given for those purchasing a calculator.

:Qhere Do You Stand? ComputationalfSkillAIS;Passe}\ Mathematics

. Teacher 67: 485-488; Oc;ober~l974.l

N

A survey of teachers, mathematicians, and laymen is reported,
with seven guestions and percentage of responses noted.

World Electronics Markets: Mbunting a Push Toward a Slow Mpdest;Recdvery.
Electronies 49:  83-106; January 8, 1976.

Projécgions on sales.of calculators are included amia much other data.

1984: &1Calchlator on Every Wrist and in Every School Desk, Too.
Nation's- Schools and Colleges, p. 13; December 1974,

What will be available for calculators 1s 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. o

-

’ ' I
! . . .




Appendix B:

.’_l. Summarized Responses from Manufacturers and Distributors

The questionnalre (pages B-2 to B-4) was sent to 39’manufacturers
and dlstributors, responses were rece1ved from only 7.» This 1nformationf
1is collated on pages B-5 to'B-11). In an attempt to secure further

: 1nformatlon, some were contacted by telephone. In addltion'a "blind"“'
‘request for advertlslng 1nformab10n was sent, and 1nformation on

K

specifications was'collated‘from these materials. Th1s 1nformation
& . o

s presented on pages B- 12 to B- -16).

Especlally ‘evident (amid the general lack of response) was the

helpfulness of the representatlves of two companies - Hewlett-Packard

" and Novus - about the role of hand-held calculators from their :

‘perspective.
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other 'special

ERIC

PAruntext providea by enic [

FEATURES (check)

functions (list)

« |floating decimal,
log (base 10)

!

Xgo ¥

i

éprogrammable?

. OSU/MNS-1

i y : . B-Z

Survey on Calculators o sample: Calculator Manufacturers
, o R _ T b ,

1. Please fill in .informaticon:on models of hand-held calculafors that you
manufacture which you consider appropriate for.use in elementary and/or
_secondary schools, and chéck the features of each: ' :

bl

Model nUmbér ' : ‘ B . R B

“Current retail cost : | . : L . ] .

Recﬁargable? v

Adapter cost
r, =, X, % _ . .

scientific notation . -

In (base e)
10% '

ex

xYy

sin

cos

tan

arcsin/cos/tan

hyperbolic sin/cos/tan

—

stacking storége

independent storage R ' 1 .

length of guarantee

predicted cost: 3 yrs.: ' " : : an

5 YIs. .
10 yrs. . 2 . s : k

3

-y
C©




y 2. Do yeu adnertise handlheld'calcnlators as being useful in doing'senool work?

a

Yes Lo o : , o

No

T emn——

i

3. Do you employ staff spec1f1cally to help edugators/schools use hand—held

calculatorsVI
- Yes
" . No

4. Do you prodmce educatlonal materials to be used with hand—held calculators?

e——

"~ - No

¢ — *

Yes . (We would apprec1afe samples of these materials.) o

5. Approximately what percentage: of your sales of hand—held calculators is
pade to elementary andfor secondary scheols? :

. 0%
1-25%
26-50%
. 51-75%
e. 76-100%

by
a0 v

6. What do you estimate to be the total sales (to date) in “the Un1ted States .
. of hand held calculators?

of all manufacturers : - of your‘COmpany

a. number, , [,
b. $ amount

7. What do you‘project for sales of‘hand—held calculators inlthe United States?

of d4ll manufacturers o of you: company
number - $ amount numberl $ amount
a. for the “ ' . '
rest of 1975 :
b. for 1976 ’
c. for 1975-77
for 1975-80
e. for 1975-85 i
50" D

Q f OSU/MNS-1 . o




N ' ‘°,'/. L o . . B=-4
N /.' ' ’ ' i
; E . v . / . . .
‘8. Approximately what percentage of sales of hand-held calculators do you :
estimate will be made to;elementary'and/nr secondary .schools? . .
’ ) ‘ 11 . : KSR ARGALS "’ SO R T T BT A BT e L e s e o XLIET W ‘1 T RTHINRLAREL .-
\s . P . Of all manufa—c—'t—u'-f;e‘r..sx* AR .r Aok wh—ékfi yé ,r,,(/:: mpdnx?.. RS AT “TJ) SRR R IR VTS RR Sl et

-
_ _ number - amquﬁt. : .number:-’ $ amount ]

a. for the - ) . o o ) o RS i
_ ‘ " rest of 1975 SR . - N ( _
[ PR, ,p—fb—.:—fgﬁ—rlg}eﬂﬂr-;;:._ Cpamtmeeteass L ST A — e T e T e T e S T T = . I e \.\' S A —]
: ' LN .

‘c. for 1975-77 ____ | - |

d. for 1975-80 L _ T
e. for/1975-85

LR b \

"9.'Whaf'types.of»conSumers‘are buying hand~held calculgtoré?

Type S Estimated 7% of market _
a. Schools (K-12Z) . e T
b. Individuals T

) for general ~ i
N home uses |
. c. Individuals - ER . ;
for wq;k-’ : . i
felated uses .
- d. Other
1 . . !
.- 10. What do you predict for the future'technology in this fieid?
v o . A . B | | | - L
g - .
J ; .
o x
81

o osu/mNs-1' " SR




~E

[ Co 5L "y . .
(s R . — % . ,
, . i f ) DR
. . B , R - PR

1. Please fill in informatlon on mpdels of hand he1d= calculators \that you
manufacture wh_ich you consider appropriate. for” use 1n elementary and/or  : S

—secondary schbals

WOITIEIINA TR AL T

PRGOS TR SO TS

Model numbér ' "
Current retail cost C|3¢.95 {2998 {7915 1119.98 99|
R T T T ot e i Mt FNN I DA
Adapter cost  lagsNuas |95 lmet fugs| ) - - b f
F, =, X, * . ‘ v e \V [l L o ’ ) s -
" R e AT | N IS
cientific notation ' R v . | L. IS
CERE % I E 7 kY .
floating decimal v’ i/‘ ] ’ ‘ ) u
Nog (base 10) .| c ' v v ; .
. —~ n . (base g) ) T v : '/“\
S [Lo* . ' v 3
=t Ty - R PN S ——
S eX ;// v |« i | |
g Y ‘ l v y t
£ i/ | - !
B fsin , v v : » .
é cos ! v v/ ' / ? > B i
tan . ! > ol \ : .

- _ T z = ] VA — r
arcsin/cds/tan o R . - !
hyperbolic sin/co_s/t’an“ ‘/ I . W .
n! ¥ ‘ x . v '

| ey r |v +-

I . . v
stacking storage . . o :

. T - _ X
independent storage v v - v -
'~ |programmable?
o | .
e .
@
N o
o _

o w L < s

e T =} ! 0 ! N i

o o

- ; -

| VPSR ; o ) . A

Q"g ‘ . . — \\
£ f T\
© W N — | _ ‘ : \

length of guarantee = l\\l;[’)- [ | L. Itg’l.; Ly, -
predicted cost: 3 yrs. - o -
s yis, NN 1 o :
10 yrs. | : 1 :
OSU/MNS-1 . 62
v . X . " ) ‘ : /I
) Gl i:';' Pl
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B-6

1 Pleasg fill in informatlcn on models ‘of hanawheld calculators that you
‘ manufacture which you consider appropriate for use in elementary and/or
_‘secondary schools, and check the features of each:

‘ "¢——~——Canon : : . —-
‘Model number lEgYy ng( LD%o |Lo€) |EEB)I |Fs [F7
Current retail cos’t 14.95 | 19.95|19.95 | 18,95 |59. 95| 7195 |164.95

“Reehargaﬁie?

~Adapter cost ] g S.o0 |5 00 ~»§,ooﬁ.5;oo /0-60 |ip.oo |10. 00

-, — X, + v v el L L e

\

v : Ly e |
Lcientific notation . - -
S ~floeting:decimal | 1 v v v v v |
“f& - [log (base 10) ; _ ' | ah | V
lln__(base e) ' ' \

hox

X 3

X o ' g : -

sin A

cos

" FEATV S (check)

tan

'd
v
e
Vv
XY - - 1 . v
P
v
v
v

arcsin/cos/tan

AT AT AYASATASAIATATAIATANY

lhyperbolic sin/cos/tan

m!

—
P Y

\

<4

AN

stacking-storage

independent storage : ‘ ' . v

\programmable?

other special
functions (list)
\\\

length of guarantee e iyt lign (1 g {1or [top (g,

predicted cost:'3”yre. '

&
:
|-
:

5 yxrs. _
- leyrﬁ{ , : :

P
T,

osumNs-i / | ‘ 83
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1.4 Pleaqe £111 in 1nformat10n on models of hand-held. calcuyators that you
manufacture which you consider appropriate for use in elementary and/or
¥econdary schools, and check the features of each: ‘

\ . - «— HewleH- ?Mka.-c(' . .
ModJl number ' : '{-‘ ES I ES) 70 45 | 55 o5
Currgnt retail cost : /?5 00| 195.00| 1 15.00| 275 . 00| 245. 00375 00 | 795,00
Rech%ggab1e7 , v o u/ v ‘v - v
Adapner cost’ B ' ' ’
- "an " - Y o e - v e
i v ?‘-‘ v — v | o | e
scientific notation v N e v - v |
‘ v : B
floating decimal o P e — o v | o
legf(baée-IO) v e v - —
- : " /
~ Hn (base e) v o v e v v
8 10% o v v v~ v “/
"/%?//ex ‘ e S v v
S R v v e o »
i3 P M
B lsin v v v V, v e v
é cos — v | v (4 v v
tan v v e s i;vﬁg v
arcsin/cés/tan I d v | A v
hyperbolic sin/cos/tan |
n ! ? v (% v v
x 2y ‘ e R B i
stacking storage v | e v v |
independent storage : v s ]
Ii »\.
~ Iprogrammable? L v 4
- g _ 1\\‘
o » =~
— X
U A
I :
o TN o A
[s e
e
oD .
@ O
Lou
w3 ‘
o W _ : : . ‘
length of guarantee - LW ] gl 1 Wi tun. | 1 ya.| (yn. |
— > — v 4 /
predicted cost: 3/vyrs. . : : '/f
5 yrs. - : 1 ;J,'
10 yrs. ., 3 A RN I

o . , , ; i |
OSU/MNS-1 \ » . -
o D ‘ . | B4 - i |




FEAWRES (check)

”~~

2

w
o
G~
w S

-

U v
[ ]
® 0
- i
H oo
g5
v o
O U4

1. P;;ease ;fﬂi‘-“fu Taformation on models of hand- held calculators that you.
mﬁi[mfacture which you consider apprOprlate for use in elementary and/or
secoug%ry schools, and check the features of each: :

< Novus

Model number eSo |8so 84T | g24R| 4510" |4s26*|Sa w'%‘-ﬁv
‘Current retail cost _ 9. ?S‘ 12.95 {37.95 %?.7! 449.95 71375 11.9% I7.?$
i{echargable'._? | o Voo - A - o
Adapter cost " ls4s |sg5 ]| 545 | 5.9 5.95
H, —, X, + e . v . v el | e — —
scientific. notation '/,./"'// B | v o
floating decimai""/.j - v L v - L- v -
iog (baee 10) | v v '
In _ (base e). v | v~
10X =
o X o v | v
Y v v
siﬁ | - v
lcos v
tan - v
afcstin/co’s\/tan v v
thyperbolic sin/cos/tan
n!
Dy | ’ vl v
stacking storage Vv | L /
independent._ sf:i)rége v’ v v
rogrammab1e5 - ' el s
-Fv“q accumuia-ﬁw, memorq, . v v '
% Keqy o v vl .
%t - e r
charge Sigwm v v '
fxc\vr'anﬁa‘ \7 aid
“‘length of guaﬁfftee . l‘g’\‘- Lyri| [ yr 1 yry Lyr| tyr |90 c{w! ?o‘d'éq
predictedwcost: 3 yrs. lo.00 | 30.00{3C 00 | 25.00| So.00 ' -
| 5 yrs. ‘ ' '
10 yrs. . !

’*‘Progvanlamégie models " are available

OSU/.MNS_I " These models also have T and Yo Keu.su




- v A ;{2 v'
1. Please fill-in information on models of. hand-held- cal"ulators that you
- manufacture which you consider appropriate for use in elementary and/or

seéﬁﬁaif?_schools, and check the features of each‘ -
- Victow , ﬁ—'t‘ Casio —— | &— Compucorp —»
Model number 228 CPX&I'C FXi | EXis ‘ 324 |34y |372%
JCurrent retail cost . | hy.o0 I‘i.ﬁ%‘?,{' §Y. 956495 - 1600.00 {600.01 | 90000
" _Rechargable? | v ; 1 I e — | @y
Adaptér cost .| ] |2.50 |2.50 . ‘ x:nc(. \]3:!. ,G\d. \ | I
by —ow s e T - e eV
v ; N ' L\V v e v | v e . T
scientific notation ' "\\‘ e il v \
floating decimal o X » e Y| e P e *a/ e -
- llog (base 10) - | - | ‘ — - ! - Nz s ‘
~ iIn_ (base e) 1‘\ L - R
E kX e N I el
B v | o I e
\ ‘é ein Pl I vl v |«
é cos _ Lo e S v Vv
\ tan . o 7 - v | v vl oo v
) "‘\arcsin/_cds/tan ‘/://' L v v
hyperbolic sin/cos/tan ) ‘
n! ‘ ' i/‘ '
XEDY ~ | e | | 4' ' o
stacking storage I e | e ‘,-":«/ | |
independent storage v ‘ o v «/’ -
‘,B programmable? | ' A i Tt
~ | %o Keey, v
2 . v v —
v — . >
zﬁ _/,’)( - .v - - ' . \
29 sexaaésimal conveynon : ; : v v \
L 3 . - .
oW |
length of g’u'éra;ytee B tgr. Ly | gqr { qr 6o mo.|6 mo.| ¢ mo,
predicted cos/t/';_ 3 yrs. W\\
, 5 yrs. \
- 10 yrs.

* ’F 0“'{"‘\@ dec:mal fm— em'ner 'ﬁxﬁc( out . D : ‘
86 S ,(
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i
i

2. Do you advertise hand—held caZcuZators as be'mg useful in dmng
school work? -~ . - A

Yes: .‘6
No‘_ .l

3. Do you employ staff spec'Lf'LcaZZy to heZp educators/schools use
hand—held caleulators? :

;o \es: 3 ‘ | o o o e TS
7_/7/7_ o . NO- 4 - ) . R . co . . )
o / ' 4. Do you produce educatwnal matemals to be used with hand-held
o "7 ecaleulators?
v.YeS: 2 , l . ; ) . | |
No: - &4 S fow produc'ing material: __ 1
. 5. Apprommately what percentage of your sales. of hand-held caZcuZators
' i8 made te. elementary and/or secondary schoon" _ y

0- 8% _A 5
o 1 - 26% __1 A
- 96 - 50%: 1 ™
x \
{

gfo response: __4

- o . . i ) . . ' . . e
T _6. What do you estimate to be the&;ftal sales (to date) in the United
States—ef—hand heZd; calewlator -

o ,’ .of all mcmuf‘actw»ers - of your company | \
: [, . e
., / _ :
. a. number e 30—35 million -~ 1 ~ No. response - 7
©15-17 million - 1 :

no responsel =5 . ' . !

- .

$530 million | -1
- ’ no response

\ - : . ! /~ . .
b. § amount. - . . $250-350 mill#on -1 /No response ~ 7 = '
r

7. n’hat do you progect for saZes of hcmd—held caZcuZators in the
United States‘7 .

of all manuf{:zcturers ; of your cOmpan_y -
number ~  § amount  number - § amount 3
a. for the rest _ ' i ' e >
of 1975 10 million $250 milliox;" No response ~ 7 -
b. for 1976 18-20 ‘million $550 milliof ! : '
e. for 1975-1977 20-23 million $390 million
d. for 1975-1980 23-25 million $600 milli;l’bn
_e. for 1975-1985 25-28 million $6A‘SO milljon
ya | /
Total by 1980 100 million $§.5-5 billion

Nor rx'elspohse - 5 : 87 P / l?
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i

} Apprommately what percentage of saZes of hand-held calculators do
f you estzmate szZ be made to eZementary and/or secondary schools?

i

,‘ . " ofall manufacturers of your company
1 o ’,~J_'. " \. -
? |- number $ amount nmumber  § amount; i
‘j . R . . ' . i .. . . ?f '3
a. for the rest (bnly 1 ' ’
of 1975 . ; 10% _ response; - No response -~ 7 )
" b. for 1976 -~ 102 ~  no dollars - '
c1 for 1975-77 - 10% " named) . o
d. fo.' 1975-80 | 12z | -
e. for 1975-85 " , , .

9. What types of écnswners are buymg hand-held caZcuZators"

Type = " = E’stzmated % of market ‘ -
i Schools (K-JZ) .- 7%, 10%, 102 ; 'qurespfnse - b .

b. Indzmduals for - ',\‘
-general home ' '

wses - 257, 30%, 60z No response - 4 |
e. Inc’wzdw.zls far . o |
" work=related . : S ‘
uses 22%, 50%, 50% B \ No response =~ 4
d. Other 1z, 10%, 15% \No response - 4
_ : N :

10." What'do you predict for the . fﬁture technology in chis field?"

- Speciallzed function units such as metric converter.
Programming. capability also. u"'

-~ Much more power 'in programmable machines for lowex prices as
technology and competition progress. More speciality models
for spec:flc requirements. These are called dedicated machines.

' - It will be changed. . / 7

~ Unlimited.. e ) »/ E

No response - 3

68
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o - Additional'Soﬁéces of Inforxmation
o //' / »
on Calculator”@vailability/and Features

N s

‘A. Blind Requests for Advertising o

Letters requesting that information concerning calculators be
" sent to the home of an individual on the project staff were mailed
to 3§ firms identifiedxas manufacturers of.hand—held-calculators.

Returnsiwere as follows: | |

3 - returned by post office

-

7 - replles indicated company does not make hand—held calculators
B 14 - sent advertisements for. hand~held calculators
15 - no response (These included_some~now known to be distri-

butors rather than manufacturers.)

Replies'ﬁere.received from;the.following companies:

_.Summit . Craig .'.f Lloyds Tekas%lnstrumentsz
Casio ' Toshiba - Sharp . - Adler

Melcor Rockuell i Monroe , | Heulett Packard
pUnitrex: . k.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 %.model? _13

(2) Were prices supplied?

yes for all models: 4. yes for soﬁe models: 1 none: 9

89
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(3) Was warranty 1nformation supplied? N
~yes for all. models. f 6 - yes for some: ! none: 7
(Warranties reported ranged from 90 days to "1 year., Some
~ companies are consistent across models; for others length

of warranty increases with price )

%) How’many models were advertised?

Number of models . 1 .~ 2 3.'-§W_ 5 6'?f7r"8 19¢7fl0.v
 Number of companies 1 20 "1 1°3 3 1 1 1
Data concerning features available on different machines were tabu-

lated‘and are summarized in Table 1.

“Notes on Advertisements (Table 1)

. Floating'declmal balmost all models cla1med to have this feature.
Sometimes a mysterious ''Yraparound" decimal is mentioned. Ome '
model (TI 2550) has a floatlng/preset option. .

Other featires: 51nce th1s is advertislng, some ambiguity exists.
Some' ads spoke of Z, ‘squaring, and other operations as "hidden
features . If the pictured model did not show a % % (resp x*) key,
these were not tallied. Similar ambiguity ex1sts W1th regard to:
‘the "constant" feature and memory.

Scientific notation figures are not necessarily accurate. (Use of
this notation was tallied only when explicitly mentioned - presuma-
blyithe 20 or so "full sc1ent1f1c 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 are included in the sale
price.. :

A




’ Table'1 / . -
MamyFfazturer nyber S .2 ‘ 3 4 5 6 7 8 9 10 11 12 13.]° ik vTot;];'
vwnber o X models 8 1 10 9 7/' 2 | 7 4 6 | 6 2 7 6 5 > 80

. Rechargackle? ; « ) - 1
Adaptep faget - S (

4, =y Tt 8 1 10.] 9 7 2 7 4 6 6 2 7 6 5 -1 80
v 2 1 s 2 { s ] o |2 s 1213 {o 1 4 | 3 33
calensific notation 0 0 | 2 4 1 0oy 0 -0 3 1 . 0 7. 0 o2 13+

STozting leotmal 7
‘oz (base 10) 0 0 1 3 | 3 0 1 1 4 2 0 5 |1 1 22
v ‘Base 2) 0 0 2 3 . 2 0 1 1-| 4 2 0 P 1 1 22
i ' 0 0 1 3 2 0 0 0 3 2 0 5 0 0 16
= 0 9 2 3 2 0 1 1 4 2 0 5 1 1 22
%Y 0 0 0 3 2 0 0 1 4 1 0 5 L 1 18
eir 0 o 2 2 2 0 1 I 4 2 0 5 1 1 21
208 1o o | 2 2 2 | o0 1 1 i) 2 o I s 11 1 21
s 0 0 2 2 2 0 1 1 4 2 0 5 1 1 P21
pa2v ela i - 0 0 2 2 1 0 1 1 3 2 0 5 1 1 ?19
Terepiolic givdaizzam o 0 0 2 0 0 0 0 1 0 0 0 0 0 i 3
"t o o | o0 2 o of o1 o } 3 1 vy 6 ] 0§ ¢ ;6
o 0 0 1 2 0. 0} 0 ‘ 1 & 3 0 R 1 i.21
anr 4 o | s :L 4 2 1 s 1. 6 | & ¢ ;o . 3 |, 47
, Vet 3 1 2] 6 7 2 3 4 4 o | 2 7 3 4 66
At 3 ol g3} 1o 3ol o o lojoa |2 27
J—— = ¥
T e 301 ; 5 4 0 4 2 1 K 1 2 15 |3 38
o vovo el o2l o 2 s b o s | 125
‘e 3 n 4 4 1 0 2 1 5 3 o 5 2 3 33
o 2 ) 2 2 0 0 0 0 5 1 0 o 1 1 "o
L 0 0 2 0 0 0 0 0. 4 2 0 5 0 0 13
Lospiz eonl. 1 0 0 0 0 0 0 o | o 1 0 0 0 0 2
1
Q }

ERIC
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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. Four functions with oneé or two other keys \often %y x2, 1/x)
3. Four functions only (witﬁ or without constant)

4. High-powered business or -tatistlcal models

5. Miscellaneous

Table 2
Types of Calculators Available from 14 Manufacturers
Marufacturer
1 2 3 41 5 7 8 9] 10 ] 11 12 { 13} 14

Type

LW
O MNO W=
OO~ O
ONO N
— O~ LW
OO N
O~ OO
SO OO
O~ ONK
OO ON>
O O WN
[N Nol  Nol
O~ OW
OO
QOO &+

"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—features array provided in Table 3.

N/
o




E

W

4

. Table 3
. : : ) Kings—{ fiock— Sin- |Commo
Qomy 1 Monroe| HP |Sharp Monrog ‘HP HP point | TI |well Bowmar {Sears |Rem. cl_air dore {Casio
Madel Number 326 65 Ipc100d 324 | 45 |35 |scao | srso | 2025R|x100 |ESR SSRB |5R1400 FX10
Jurpent Tesail o3t 1200 | 795 645 500 325 1225 170 }150 120 120 ‘|120 100 100 100 100 .
vV e vl vyl vivivIivIivYv Y b v
13 110 l10 l13 J10 {10 lio 13 18 g I8 g s 10 8
I ) o
2 2 2 2 2 2 2 2 0 0 0 0 2 2, 0.
v v iviv]iviv|v]v| Vviv]vY ¥ v | v
v viviviviviviviv]iv]v v v | v v
viliviviviviviviv]viv]v v |V
155 viv]ivi]iviv v
e* v v viviIiv viv | v v v v v v v
& vivivigiviviviviviv]ivivilig v li1-9
sin aog Ston v vilviiv v viv]ivivivivelv v | v |V
ap giv aeg- s sivivivivivivicviv |v v v v
¢ i
3in 5 zir nctar h v v ;
I viviviviviv]|viviviv v v v
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.- Appendix B:

2. Summarized Responses from State Supervisors‘of Mathematics_

The questionnaire (pages B?ié;to B-19) Wwas sent to 86 persons .

in the state departments of education and to 13 Canadian supervisors.ﬁ

%

Responses were received from 65 persons in 33 states and several : e
prov1nces. In two instances, the state supervisor sent copies -of
the questionnaire to county or local educational agencies in the

v

state, and these responses are collated ‘separately (n—29)
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Survey on Calculators v - ' Sample: Supervisors : : L

Y

1. Do you believe that hand held calculators ~~ - (check any which apoly) ‘;;_\\N
a. should ‘be available for use in every mathematics. class? —
b. should be used if some students have them? '

' _ ¢. should only be used if all students have them?

v . ' - d. should not be used in elementary schools. (K—6)9

should not be used in secondary schools (7- 12)9

[

*/ f. should be used in the clt assroom but not on tests? : -~

//;omment in relatlon to your answer:

/ .e/
,/ . : ' : il
/ ~ ]
/
; _ \ T
}//" 2._Should hand—held calculators - \ ' B :
// ’ B ‘a. be provided by ‘the school7\ ' ‘
/ . . b. be provided by the child?. T, v'? |
./ : e L don t believe they shoul be used in schools.. ;

i , 3. Estimate the use/non—use of hand-held calculators in, your ‘state:

/ . number of schools u51ng 'number,of students

number of schools bannlng number of students

number of schools studylng use " number of Students ' o P

number of rema1n1ng schools number of students‘ :

4. How do you believe that hand held calcu ators should be‘used9 (check any
which apply) e .

a. checking answers (% of thils use should be: )

, b. routinejcalculation'” (% of this use should be: )

c. concept development (% of thig use should be: )
d. open exploration - (% of thig use should be: ) A
e ¢ ' ) 1\\ . '
e. { (% of use should be: ) :

o . T ‘ (% of use shoqﬂd be: ' )

‘ g- S (% of use shoild be: )

. h. } (% of use shquld be: - )]

. ! , r
|
' ‘el /
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o | ‘ o G5 ‘ A ' :
5. Which use of hand—held.Calculators do you feel is most important-ét each

n

- of the fo}lowing'levels? S v B "\ . .

/' a. at primary-level (K-3) ‘

b. at intErmediate level | {(4-6) /_, ' ’ L T
c. at junior high levef (7-9)A. ’ ’ ' ' ' | R
d. at senior high'leve}i(lo-lé) o 'v : ‘ ) - ' _

e @ ’ .

. B 0

“T~\f;—7*—_BT—WﬁE%ﬁEEaifigétionS'do you believe Should be made in the K-12 curriculum

" if/when hand-held calculators dre/made readily available-to students at

< all times? Star :the three you believe to be modf significant.”

h
T~
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c.
d.

Ee

fe

Cm%ents in relation to answers:

.Not necessa

B-20

you believe that hand-held calculators

- should be available for use in every mathematics class? _52

should be used ’Lf some students have fhem? 22

vshould only be used if all students have them? _9.
should not be used in eZementcwy schools (K-6)7 _8
should not be used in s'econd_a.ry schoon (7-12)?.‘-__1‘_1__
should be used in the classroom but not on: 'tests? 8

!

ne answer 2

Should not use calculators in classrooms unless all students
have them.

" Could use, calculators on tests where objective is not to test

computatlonal skills.
If goal 1s computation with basic facts, calculator offers mo
advantage~\when goal.is to learn which operatiens to solve
problems, dlscover alternate solutions, check solutions, etc., -
cdlculator \then becomes very useful.
Should be available from 3rd or 4th grade up after basic S
fundamentallcalculatlons are known.

y for all students to have a calculator. Should
be avallable\llke pencil sharpener - for use as needed.
The use of hand-held calculators is both economically and

. educationally sound. The'trend ‘is for costs to be reduced even

-

further. Thei will be the greatest asset to the teacher and
student in the math classtoom. .
Children need \to develop a sense of number prlor to their. use.
The use of caltulators in elementary schools (K-6) would hinder
the mastery of\basic. computational skills.
Pupils should be alloweﬂ to use their own calculators.
Calculators should be used any time that they would help teach
a concept.
Hope to .see more and more hand calculators in use w1th
1ntelllgent supervision and ‘encouragement. {
The sophistication, of the\:alculator should be consistent with
the ability of the student (e.ge., DO need of a square root
capability for 2nd’ graders)
There is a real issue w1th regard to the equallty of educational
egportunlty where| the use of hand-held calculators is concerned.
hand-held calculators are to be used in.a classroom in a
dlStrlct, then all children in that district should have equal
opportunlty for access to them.
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No.bbjectlon to their use on tests if all students have access
to them and are capable of using them.’ Opportunlties should
be found for all students to have this experience.

Would pfefer to see the student have a desk-type calculator
with 4 tape..

In time, the hand calculator will become a common 1tem in the
classrcom, especlally in the senior 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 appropriaténess
of using hand-held | calculators has to be determined by each
learner on the“basis of his understandlng and appllcatlon of

_ computatlonal skillss

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—flngers, Napier's Bones, slide
-rule, logarlthms - 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 durlng instruction, they should be
utilized on evaluation of instruction.

Let the choice of using a calculator be determlned by the
learner.

_ Should be available on a SChOOl or departmental basis but

to put them in every classroom at this tlme is an unjusti-
fiable expense.

Calculators should be provided by the child because of mainte-
nance; dput 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 materlal/conceptual approach been used as an
introduction?

The teacher should be prepared to ‘build use of the calculator
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 ‘hahd-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 determlnatlon of
results. At no time should it interfere with a student's

* learning computational processes or mastery of algorithms.
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The mini-calculator has arrived - students have them and 1if
properly acknowledged in the classroom .can be a great aid in
understanding, motivation, and applications to problem solving.

vThEy pose real problems regarding curriculum reassessuient, We
‘cqn'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; allow more balanced programs

» all problem solving skills; and even fulfill a utilitarian
role which is. steadlly 1ncreasing.

2. Should hand-held caZcuZatore

a.
b.

Ce

be provided by thevschool? 56
be provided by the child? 28
I don't believe they shoula_be-used_in'SGhQOZs. 0

’

no answer 4

3. Estimate the use/non-use of kand—held ecalculators in your state
' (rounded totals):

a.
b. number of¢schoois banﬁing:' - 300 nuwmber of.sfudentsf 75,000 -
es number of schools studyéng use: 3,200'number of students 750,000
d. mumber of reamining schools: '20;000 mumber of studeﬁts 7,000,000
e. not known or no answer:. 40 states
4. How do you believe that hand-held caleulators should be used?
a. checking b. routine e concept d. open
answers caleulation development exploration
100% 7 1 1 1
80% - 1 e - -
75% 1 - - -
65% - 1 -
60% 2 2 - -
50% 4 -1 2 2
45% - 1 - -
40% 1 - - 2.
35% 2 - 2 . -
30% .7 i 4 3 6
25% 2 - 2 4
20% 4 6 7 3
15% 1 2 1 1
20% 7. 8 . 1 6
5% 3 - 2 3
2% 1 - - z
no % given 28 30~ 23 - 28
99
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other résponses:

| e) problém solving: _4 3 (30%)
) motmvatton 33 Goz)
©g) tests:i 17 (10%) -

~ : h) roumné calculatwns in hv,gher math 1
\ : 1) non-routine caZcuZatwns. 1 (20,4)

\ 3 o g’ algorzthm deveZopment. (20/) I r- "
: ' k) fun acﬁantzes. 1 (1/)
1) time con§wm,ng math, e.g., phystes:_1
' : m) employment skillss__1 3 (10—15/)
; '\ n) business math: 1 :
» \" o) student detemned ~1 5 (100%) o
1 p) "real life" problems. 2
6 q) math recraatwns” 1

L) numbexr theory' -2
|\ s8) statisties:_ 1 A
\' t) use in sczénce. 1 \

- u) divected dzscovery. s (15%) o , .
. v) games. 1 - g — -

N

| 5. ich use of hand—-};éla calculators do you feel is most important
o . at, each of the beZowmng levels? :
: o |
pmmary intermediate Junior h. Sentor.h. -

(K=3) - (4-6) (7-9) (10-12)

motivation ' N2 4 2 3

. checking answers : 13 26 22 10

i probléem solving : - 2 6 9.

explorations & discovery 16 20 18 19

alternate solutions - - I -

real life problems - - - 1

d - long caleculations - 1 2 -5

’ enrichment _ - 1 1 -

concept development 9 16 12 5

routine caleulations 3 10 24 27

science - - 1 / 4

operationiorder 3 2 -7 -

estmdmori y - 1 2 1

algorithm development - 1 - -

decimal mdneratwn 2 3 2 -

/ ' nunber patterns 1 2 2 1

' employablei skills - - - - 1
determined 'by student 1 1 -1 1 ]

full use 2 2 6 8

math electives - - 2 -4

reinforce basic facte 1 - - -

: propert'z,es of mmzbers - 1 1 -

of no ‘use . \ 10 5 2
no answer' . 19 16 8 7
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1

What modifications do you believe should be made in the K-12

curriculum iffwhen hand-held caleulators are.made readily avail-
- able to studémts at all times? Star the three you believe to be
. most signifiéant. . :

“W\More emphasis én pioblem solving. n=10
: B i . !

&\@mphasize dec%hals and/or earlier introduction of decimals.
=18 : - '

o Eﬂghgsiie estimation. n=11
- - ;
Loy o . -

—?Les§§time spent on computation; more time on concepts.
n=14y o
‘-,‘e‘\ r .

- More épphasis on approximation in measurement and‘étudy of
round-off error. n=4 , .

- Use of calculator for "real life" or practical, realistic
problems. n=13 - : I ‘

- Wofk_with'Sequences, lirits, maximums and minimums. n=3

- More ‘emphasis on algorithmic proéess. n=2

v

- Integration with other disciplinés_(science) and more varied

v

math courses (number theory,xsf%iistics). n=15
'lfW:‘S;reﬁgthening of fuhdamental ;kills. n=6

:.Opeﬁ éxﬁidration encour;ged. -q;5

- Fldwcﬁérting.technique.. n=3

- Don't{ﬁodify on elementary and/or secondary level. -n=6"

- Usé ﬁbf?checking. n=2
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Other Resgéaaees

-‘ 1 Do you 'beZ;éevé‘that hand—he?d calculators
~a. should be available for use in every mathernatics"qlqss? 9
b. should be uséd if some students hav‘;eﬂ-'th.em? b o
c. should only be used if all students have them? _Q_
.d. should not be used %Zn elementary ,;séhools (K-6)? _18
e. s'haz,-tldnot bé used %Zn seconda:zlvy- schools (7-12)7 _6
f. should be used in the classroom but not on tests? _1_
wo amaver L
2. Should hand-held calculators
a. be pz’ovided‘_by the school? A1
b. be provided by the child? _7_
c. I don't believe they sfiouZd be used in schools. 9

no answer 0

o 3. Estimate the use/non-use of hand-held ealeulators in your state
\ S (rounded totals):

— . a. mumber of schools using: _iS_ Mer of étud‘ents ;249_:2_5
| b. number of‘ schoole banmng _2-3 mnumber of students __ZJ_SQQ
e. number ofvéchoon studying use: _54  number offstudeﬁts 60,000
d number of'rem;t‘ining schools: _176 number of students 89,244
| e. not known or no answer _16 | |

4. How do you believe that hand-held oc culators should be used?

a. checking b. routine - ¢. concept ‘do. open
answers ealculation development . exploration
] 1005 -~ 2 1 - R W
80% . 1 1 - -
85% - - - 1.
80% 2 - - -
65% 1 - - -
50% 2 - - 2
1

30% 1 - -




ﬁfZG

d. checﬁifi> b. routine e. concept d. open
answers calculation development exploration

25% - - ‘ - : 1
20% - 1 - 1
15% - - - - 1
10% - - 2 -
5% 1 1 ! 1
3% - - - 1
7 5 7

no %'given 10
other responses:
e) math labs: _10%

5. Which use of hand-held calculators do you feel zs most tmportant

at each of the beZowzng Zevels? “
przmary znterﬁ\dzate ~ Junior h. senior h.
(X=-3) (4=6). (7-9) (10-12)
checking . .2 9 14 : 9 -
_exploration’é dzscovery 4 3 4 8
concept development 3 3 "4 5
routine calculations - 4 6 ‘11
full use ' - - - 1
math electives - - - - 3
-of no use . 8 6 2 -
no answer 10 8 5 3

"v

6+ What modifications do you believe should be made in the X-12°
curriculum if/when hand-held caZcuﬁétors are made readily avail-
able to students at all times? the three you believe to
. be most significant. f :
|
- More emphasis on problem solv1ng. n=3
" - Employing estimation. n=l / .
Less time on computation; more time on concepts. n=2
Work with sequences, series, -limits. n=l :
Integration with other disciplines and math courses. n=2
Strengthen fundamental skills.|/ n=2 ‘
Open exploration encouraged. n=2
- Use for checking. n=2 /
Don't modify. n=7 |

h
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Appendix B:

3. Summarized Responses from School Personnel

The questionnaire (pages B-28| to B}BO)‘waS'sent to 32 teachers
and 26 other school personnelg‘res onseé¢were received from 16

teachers and 16’09hers, in 20 states.

3
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Sample: school personnel

/
/

/

1. Do any pupils 1ﬂ your school(s) use hand-held calcul%tors in classes?

Survey on Calculatoté

/

Yes If yes, please answer questions 2-11.. |

No 1f no, please answer questions 12-15. f

2; Who provides,the hand-held calcelators? : o
) ____a. Pupils/parents (appreximate number: ' é
__b. School/school board ' l
Manﬁfacturer: Mode | [Use reverse
Number purchased: ' | When 7 __/ ‘ ;igz zg tEi.,

“more than oni

Are you pleasedwith this selection? Yes / No
" type purchasé

.

~ ‘ Why or why not? _ : ' /

‘How was the decision to provide hand~held calculators reached?

[

li

c. Other suppliers -- please specify:

3. In what subject areas are hand-held calculators used? (check any which aﬁply)
’ : : 1
a. Mathematics ' : . i
'b. Science

c. Business education . .

df“Other'f— please specify:

4. Are hand-held calculators used -~ (check ope)

a. only in classes?
b. only on tests?

c. both in classes and on tests?

5. Is the pqliconn the use of hand~heid calculators determined by -- (check one)

a..the individual? ’ '
the faculty as a group?

c. the principal or other admlnlstrator/supervmsor’

\\\

d. the school board? S

—— \

. 6. How many students are in your school(si\\

L | OSU/MNS-4
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7. What suggestions do you have for those who are selecting a hand-held

calculator for school use?
~ ) : '
l

8. What security measures are used to protect school—ownedfﬁand—held

'calculators7 :
H

s

{

i . |
f N B

|

\

9. What is the attitude of the majority of parents (public){in your district
about the ‘use of hand-held calculators in the schools \

. favorable : : v . \

a
b. unfavorable Why?

1

0

. controversy, but |no clear majority

— \

d. no reaction : \

———

10. How do you believe that/ hand-held calculators should be used? (check any
that apply)

___. a. checking answers (% of use should be:
b. routine calculation (% of use should be:
c. concept developmenﬁ | (% of use should be:
d. open exploration (% of use should be:
‘ (% of use should be:

(% of use should be:

of use should be:

(% of use should be:

s N N N N N N\

J 0 M 0
~
o9

- N v : :
11. Which use of hand-held calculators do you feel is most important at each
‘of the folloying levels? '

a. at primary level (K-3)

b. at intermediate level (4-6)

¢. at junior high level (7-9)
d. at ‘senior high level (10-12)

106
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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 ﬁbom? o

b. No child or teacher has expressed intereé;'in using hand-held

— . calculators in school: b \

——

c. The question has not been #aised. 4

__d. fler '-- please specify: _|

S

13. How many students aré in your school(s)?

14, What do you feel are the best reasons for not using hand-held calculators
in schools? ' ’

E

l .
15, Do you foresee any problem(s) if students useéd hand-held calculators
for doing homework (out of school)? : '

\

t

]
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i

1. Do amwy pupils in your school{s) use hand~held calculators in
classes? / ‘ _

Yes: 22’  (Answered only "questi’ohs 2-11.)

No: 10 (Answered anQ_ qzlés'ﬁ:’ém-‘“lz;l&)

2. Who provides the hand-held caleulatore?.
w ~ . o
a. Pupils/parents: _10 ' B N
b. School/school board: 11
- I - o Pleased
i - Manu facturer Model # purchased When Yes ., No
J : Texas Instruments == 1 B Spring - 1974 x
7  SR-50 2 - - -
- - 2500 30 - - .
\ ~ 2500-I1 30 - Mar¢h 1975 x|
SR-10 16 1974 - x
. 1500 1 AR -
Casioc’ M /16 J197% x
' - -, 240 - - May 1975 x
personal mini 1 '+ June 1975 x
Bomar . MX-50 30 ~  Sept. 1973  x
Corvus ' 401 _ 30 ~  Feb. 1975 x
312 30 Oct. 1974 . x
Adler 805 NAD & | | : |
' 815 NAD 198 April 1975 ‘too soon
. to tell
Sharp ELSI 8101 & 35 1974 & 1975 x
o ELSI-8; 801; / Ve .
EL 122; 8002 8 . 1972 & 1974 x e
RES = Mach-IT | \19 Noct. 1974 x
. \

Why or why not pleased? How was the decision to provide hand-

held calculators reached? | .

- TI 2500-11; replaceable /battery proved to be better than -
rechargeable battery wh?re battery could not be replaced '
without soldering; decision to use as part of NSF problem

solving vroject /
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’}.‘ f,BOMAR MX-SO‘ seems sturdy, ninimum of malfunctions, four ’ "\'f

a.-Mathemattcs. 22 o
b. Scnence. 10 |

e Buszness educatuon. -5

"B-32-

- S S
& ’ : B

- TI SR-10; not pleased because prefer TI 11 or HP 21' no infor-
mation on decision.

- CASIO 8;: ‘have ‘been trouble free to date; decision reached
by teachers and administrators.
. = CASIO; seéems 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
class -money for one.

A

calculation processes available on all machines, handled all “\
math pecessary for Grade 6; decision reached from pilot program \
by State Education Department. . _ Y

- CORVUS Mode 312 have had good service during one year' st

usey decision in relationship with a Math-Lab set up with ?’h " Y '

Title II and III funds.
< CORVUS 401; service free, serves instructional needs of a
K-9 program; decision reached . through proposed research
'project and cooperation of participating schools. - B -

'-'ADLER 805 NAD and 815 NAD; too soon for evaluation' decision
by Secondary Math Curriculum Committee made up of department
chairmen for grades 7-12. R
-~ SH ELSI 8101 has good capability and have had excellent R
v 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 keys,’ simple to operate, and well built; decision
by Title III mimigrant to math: lab school and by principal.

-~ RES Mach II; don't stand up.
\ N

e Other suppliers: Commodore, Accutron, Ardvark; HP 21, 35, 45;

Disi-matic; Rapidman 1212; Rapid Data. Syatems.

In what aubgect areas are hand-held caZcuZators used’ :

R JE

., M f

5

d. Other. 3.

B . e

sl . : . L.
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\ B 4». bAz-e' hand-held caleulators used =~

\ .

a. only.in classes? 14
'b. only on £ te? 1 |
e. both in'ctcsaka.and on tests? _10
i~; 5. Is the policy on-the use of'hand-held celculators determined by --
a. the individual? 11_ |
b. the'fbculty as a group? 8 _
‘¢. the principal or other'adninistrator/eupervisor? 2
| d. the schooZ board? .1 ) -
6. Hay ‘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 seZectzng a hand—
held caZcuZator for school use? -
- Batteries should be type- that can "easily be replaced. Heavy ‘use
was too much for non-replaceable, rechargeable batteries. ’
- = Teachers and Students prefer larger display of Monroe over Texas
* Instruments.
- Percent-key of little value, if any.
- Logic’ '5f(Texas 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-vechargeable seems best)
(b) type of batteries used
. : . (¢) 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 readrout : C
- Make clear agreements with suppliers about replacements. A
system should be set up in advance so that -when breakdowns™
<7 occur, the company w111 immediately supply a replacement.
. = Overflow indicator.,
. - Clear entry key. ‘
~ Quality, desirable case (especially for grades 3-8).
P - Functions for grade 9-12: a¥*, trig and inverse functions,
- e exponential notation, M', M, indicator for memory, parenthesis,
' - Operable on both AC and DC.-

™
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,'c. controveréy, but no clear majority: _2

10.

" Q. checktng b. routine - - c. concept d. open
.. -answers  ealeulation . ‘development . epooratwn
100% 2 1 1 2
80 ' - ) 1. o= -
64% , 1 - 1 -
502: ‘ 1 ’1 1 . -
45% -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 g UL
5% - - 1 - -
no % given 7 7 7 - 8

“de N0 reactzon.r 8
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What security measures are used to protect schooZ—owned, 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 §11 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

. backs 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. o o

- Attach to a board; if possible, pair so students sitting
opposite each other could use them. ' :

- Assign calculatq{s to individuals.

»What i8 the attitude of the magorzty of parents (publtc) in your
" district about the use of hand-held caZcuZators in the schools’

a. favorable: 9 ‘7{;. S _ 4 . . ' -

-

b. unfhvorable: 1 Why? Community. is still pfgtty traditional.

e L.

How do you beZteve that hand-held calculators should be used’




other responses:

mi

problem soszng (10%, 20A, 357, 100%)
integrated curriculum (25%)"
estimation - (100%) -

use in place of tableg (20%)
remedial work

eonsumer topics

" ecareer math

research
games (5%)

11. thch use of h&nd—held caleulators do you féeZ is most wmportant
at each of the beZowzng levels?

prtmary intermediate = Junior high senior hzgh

, . (K-3) - (4-6) (7=9) (10-12)
checking answers .5 9 6 5
routine calculations - 4 8 .9
concept development 6 7 7 7
open exploration - 9 9 6 7.
problem solving - - 3 1 2
widen experiences - -1 1 -
long calculations - - - 1
number. deveZopment 1 - - -
estimation - - 1 1
remedial work - - 1 -
research - - 1 1
full use 2 2 2 3
Zzttle or no use 3 - - -
no ans. or opznzon 2. 1. T 3. 2

3

18, Why are hand—heZd caZcuZators not used in your schooZ(s)J

a. Their

use is banned or prohzbzted. 0 By whom?

b. No child or teacher has expressed znterest in uszng hand—held
caZcuZators in sahooZ. 1

e. The question has not been raised. &

;dl.'Other.f 8 N S

3 - . N

~ There have been .some -ordered for future use. f
~ Lack of funds to provide calculators to studer
- A few will be provided for the 1975-=76 schoo: year.

- Only certain individuals have expressed the d psire to use

- them and they have been purchased by these’ indiv1duals.

~ We prefer desk models which can be locked in ‘place.
- We do not want the problems associated w1th/L
recharging units. :

~

atteries and - = /

.
hELY

1i

~




13.

14.

" 15.

_YcaZc-uZators in schools" ,

= No. Supply of calculators in an elementary school presents
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»~ Teachers have discussed the possibility but no requests have -
been made.

How many students are in your schobl;{s)?
Combined number of studénts in allhschools responding:225 350.

What. do you feeZ are the best reasons for not using hcmd—held

- P%rhaps 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 mentally. Perhaps it would make
students too dependent on a mechanical computing aid. BUT
on-balance, I:sée. the advantages £ hand-held calculators
outweighing the disadvantages. L

-~ If students fail to learn basic math when they are capable of
achieving mastery without the calchlator, use.of the latter
should be restricted. Total dependence on the calculator
should not occur. '

- We do not want the problems associated with batteries and

- recharging, units. We do use small desk calculators.

- Cost. ‘ K

~ 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 purchase.'

~ 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 afford them.. : . :

- Too costly to provide one -for each student. '

Do you fbresee any problem(s) if students used hand—held caZcu-
Zators for dm,ng homework (out - of school)?

{

" problems: initial cost, possibility of theft, difficulty of
i 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 mastery should be permitted to use calculators
both in school and at home.

The response would be dependent upon the- 1eve1° computational

skills-yes; advanced m thematics-no.

Depends on purpose of work. :

No! \ ! '

Possibility of not 1earuing the processes and it certainly
will be necessary to do! '"manual" calculating at times so it -
must be learned.. Danger of loss of school calculators if
they are taken home.

Students would posslbly‘be unaware where or why they had
mistakes.

Yes, in the area in whic¥ I teach, however, qhey might
disappear! \ ' |

- No! B \ - A \

No. I think it ﬁould fr‘e the student of long calculations

and provide them /more time to concentrate on theory. -
. Co o - Vool

<o I r -
: |
-

. J
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Appendix B:

4| Summarized Responses from Teacher Educators
) .

f

The\ﬁuestioﬁnaire (pages B-39 to B~40) was sent to 87 teacher

'educatqrsﬁ\responSes were received from 78, from.39 states.

Responses %o quéstions 1 and 2 are not ihcluded,'sincé these

1 . B .
gquestions ﬁere asked only to generate names (the school personmel
' . \

AY

’

questionnaire was sent to all those named).




- B-39 ’ B . o
' Sample: teacher educatdrs/develqperé

A

Survey on Calculators

3

1. Are you aware of schools or teachers who are bannihg the use of hand-held

f

calculators in the classroom or during tests?
' Contact Banning
Name Location person everywhere " [classes |tests
‘ /
]
; ‘ "
; / / j
. i T
. ,’ / / ! :
L L . .
. ! / [ (;’
2. Are you aware of schools or teachers who jare cnthu51ast1callz endor ing |
the use of hand-held calculators 1¢ the dlassroom? ‘ ; h .
- o T Cy
: I Contact : / / R
Name Location | “person Type of use | [ " .
. - ) B . / f ]
/ // 1‘ :‘. // i [
i w / ﬂff/ i / :
2 : g - ] ‘i !1 [
P ‘ : A oy
. ’} “’_f f '/ ‘,'!j . /; ;‘I 7 ‘3
R // '/,‘ i ‘ 4 ; /# : ro
‘ / / l i P { R
- » / - - ; AT ‘L N
3. What do you con51der the three ﬁost compelllng arguments:forlthe h of /'7”
hand-held calculators in the classroom° / o B n": ”l{ ;'
/ ‘ ‘ i ] L
I P . L / i / ‘
SRRV . R PR A RN by 1
L N i
4. What do you conslder ‘the three moét/compelllng %rguméntg for ithe banning e
of hand-held caf?ulators in the olassroomV S IR A R /‘ [ {;/
S I, i il [
: ' ; o b o [
"j S ) / | | ) 'L/// / ! E ; ! ,‘!
/ /. ! 1 [ l ’; f i i !
; ; ! v‘l <y ‘/ [ ,L L /L j 1 L
R / ;‘ 7 7 , "r / ,} R J, K T
. } ./ ‘1 i y i ! L ’
q — T ; g ,
5. As-an expert in mathematics education, what recomm ndatlo é WOuld yau giv, Co
; to elemﬁntary and secondary schools regardlng‘the se of and—held‘calcﬁ atons /
‘ today? ’ - | ‘ i
) | 7 ’]
" F / // SN ‘
i ] ‘ 77 T
A IR S s
! ;,' / / o ‘J/ T /
T T - e
L / : '
! / _ ;
j{ ] A‘
I
| | ] ]
o ‘0SU/MNS-5 116 ’ / co ’
: S
. ‘ ,(‘ !

LRIC

/

[

!

f .




B-40

) . .
6. What modifications do you beljeve 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 t& be most 51gn1f1cant.

7. Assume that i school 'system (K-lZ) has moved to w1despread use of hand-held
i calcu.ators’ hroughout the curriculum and test1ng program. React ‘to each

of the folldw1ng in. suc a framework:

[ . True ﬁalse

a. Thl mathematics curr1cu1um would need to be mod1f1ed
exﬁen51vely. . ' .

3

: f o : : l _b. quL mathematics learned in elementary schools would be
| ] : ;
| !

]
i
!

g

i

!

b

srgnlflcantly less.
/
c. Students would no longer remémber the bas1c facts.

* d Parents would strongly oppose such w1de§pread use of
hand held calculatorss .

. w._‘.’!

e.:Elementary teachers would not/HSe hand—held calculators
i during mathematics lessons.~”

if. ftudents would no longer have an’ appreclatlon for concepts
"such. as negatlve 1ntegers, fractlons, square roots, etc.

g. Fractlons will no longer be taught in the elementary school.
h. Students would 1mprove in the ability to est1mate quant1t1es.
i. Students would. improve in the ability to solve problems.

~ j. Students would lose interest in mathematlcs.

.k.iStudents would become lazier than they are. f‘ . -

T » f 1. Students would lose confidence in their ability to handle *
' i ' numbers. ' ' : ,

., m. Students would have a greater underé;anding 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 arithmgtic.‘\

~,
]

-[‘ . : ) "—." ',
| : | . 11

Q o OSUMS"S

~
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/
f

What do you conszder the three most coépellzng arguments for the
use of hand—heLi ealeculators in the classroom?

C - More attention can be given to problem solv1ng 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.

- “Flex1ble Answer Key concept.

- Resource tool which promotes student 1ndep ndence.

- Encourages 1nquisit1ve 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.

- m >

- They serve as an aid to calculation allowing more realistic
mathematical examples to be used. B

- They eliminate the need for as much time spent in rote memori-
zation of facts and skill development.

- They are here. To ban themis comparable to in51sting on

‘memorization of facts in a reference’ book.

v

.

'-nTo‘compute "partial sums, products . . ." in learning algo-

-rithms. _
- Reinforcement in basic fact drdill 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 to: educated people.

~ They allow us. to do 1 more and know more than otherwise.

T

- Motivation.
- Problem and answers not otherwise possible.
- Time, efficiency, accuracy. -

-

o

118
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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 scme. interest in mathematics and improve
attitude.

It might make the.classroom situation more realistic to some - -

students.

.
Save time. Why do all of the work by hand when a machine can
do it faster. '
In the near future many of us will be using calculators. daily
so now is the t1me to teach their use.
Convenience.

No real need to be able to perform tedious calculations,,but
should know how to perform them. .
Hand calculators enable students to explore.problems and
situations not accesgsible otherwise due to complicated or
extensive calculations needed. '

Very motivating and a very real part of our, current techno—
logical society.
They are now readily.available and cheap ' .
Some studies have indicated 1mproved learning of mathematics
and arithmetic skills. : .

More and better mathematics could be taught with use of cal-

"culators.

They permit independent investigation°of many prdblems-more,
easily.

They elimindte teaching -of calculation so that more attention

can be given to the ideas involved.

They pernit problems to. be more interesting because the arith-

metic need not 1nterfere.

v

T

Speed and accuracy - '
They make it easy to test fbrmula, e. g to get a feeling for
the variance of skewed distributions.

oo B

1
Py .

They teach the capability of calculators.
Develop a positive attitude.
Can, be used to teach flow chart1ng and related 1ogic.

They'can enable studdents to handleqlarger and more complex
problems. e o
They are widely,used in society and readily available.:-

The remedial student who is poor in arithmetic can go ahead
and experience success: 1n mathematics,

139
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Aruitoxt provided by Eic:

I view this as a functlon of—ievel~—argpment for lower grades
(e.g. develop basic addition and/or multlplicatlon facts), may
not be appropriate later. ‘

One that would cross all levels would be allowing students to
concentrate on problem rather than on skllls needed. to solve
the problem. :

XXX ’

Freb student time to concentrate more on mathematics, less on
arithmetic.

Redirect student attention to more s1gnif1cant 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 ar1thmet1c gettlng in the way.

Motlvatlonal factor.

They help--phony not to have them.

Enable one: to cons1der more kinds of problems, data, situa—
tions. '

No one has the percentage of accuracy that a calculator has.
May " aid understanding of math ideas if ised properly.

‘ Calculators will be commonly available 1n 10 years or less.

Speed and accéracy of solutions.

Good motivational dev1ce. "

Their use mlght help to shlft the eIementary curriculum from o

an almost total preoccupation with how ‘to compute to spending
more time on when and why one computes.

XXX e

XXX )

Reference. :
Opportunity to assign more complex calculatlons 1n problem

solving, etc. '
Positive affective che#ges in kids.

t

. Can solve more realistic problems.

Saves time from ardugus computation.
Student can concentrate on aspects of problem solving.

You can do more sophisticated, realistic mathematics without
‘being limited by gubstantial arithmetic. B -
Encourages estimdtion. | - .
XXX ‘

Ease of compufation,
XXX : l' ' ¢ . -

- XXX

1~

)
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Aruitoxt provided by Eic:

business and accounting. -

Checking answers. ' v -
Enrichment.
Develop interest in and encourage use of mathematics.

. Make .calculations easy. (The nly argument )

XXX ) Co
XXX

. Permits students to ocus on the content of problems rather

than' the calculations 1nvolved \
Calculators are motivating for' children.
Calculators are (will be) a paxrt 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. ' ' A

Vg

Enlarge the number and kind of problems which can be solved

-and to help students keep their mlnds focused on their problem—

solv1ng techniques:.
Aid in the development of c0ncepts.

- Aid in graphing "lnterestlng functions.

‘Experlence 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 utlllze them to teach better organlzatlon of compu—
tation. -

Part of today's world.

- Helps child's understanding. C N gi

Places emphasis on estimation.

Motivation. )

A useful skill in itself; helps .students add long sums, as in
Illustrates the\usefulness of numbers, etc. ’

f <

"In the ' 'real world" v1rtually-all arithmetic is done by cal-

culators.- '

Emphasizes problem solvlng and planning- rather than manual com-
putation.

Extends- the range of computatlons ‘which are "reasonable" in

‘given time.

i , ‘ . .
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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W |
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. f 8
~ They are availablé and can't be avoided.

. - They can be a motfivational element.

- They can.serve t? reinforce concepts.
- It is an‘efficiintuway to compute. ' : \
- They will be used throughout life. . ' .
- XXX . : . . -
i . 4 .
- Motivational for the slow and average who ., experilence frustra~
tion in computation. . ) ‘ ’
--Students will learn some of the.number facts by constant
repetition on the calculator..
- Immediate check on student paper and pengil computatdon

instead of waiting for the teacher.
;

4

- Relieves child of frustration when unable to compute accu-~
rately. - ' o .

- Allows the slow child to go on while working on these ‘skills.

- To free us from laborious computation.

- XXX / ‘ ™

- XXX . ’ '

~ When 4ppropriéte, it allows studeat .to focus on -principles (a
la Gagne) without great .,worry over computation and without
undu¢ fatigue. o '

o= XXX/

- XXX/
- Eai;'time doing simple calculations so that more material or
" “rither material can be developed.

='provider reinforcement of basic’ facts and algorithms.’

—TRAEX
/

- Gan solve problems without confusion/mistakes during computa-
ion. S ' ~

- Relief from tedious computations.

.eyimprovement_in accuracy.

-fLess time would be spent omn paper and pencil drill.

- Greater speedﬁand'adquracy in cofputation should result.

% More time and a means would be aﬁaiiable to develop greater,

f_understéndigg of concepts.

{
[

|

~ Emphasizes ¢onceptual development.

f— Technology will eliminate need to memorize basic facts.

{- Speed of processing and volume of work will demand it.
- Takes the "worry“ out'cf'aritﬁmetic. » = ¢
- XXX !

- XXX -

~

[
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. , : n
Use of realistic problems.

Emphasis on algorithms.

Freedom from computation in problem solving.r

They. eliminate\the tedium . of computation in situations in
which the problem analysis is more 1mportant than the computa—

. tion. ‘ , .

Provide immediate’ feedback.

Use-represents reality in commercial and industrial situations.

,,They are here, students have them, it is silly to say we can't

use them, . _ S N

They are a useful toolj; it is up to us to find ways to use -
them. b '
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 operatlons. :

XX : >

s

Motivation., : ’ - : et
Problem solving not 1nh1b1ted by tedicus computation.
Understandlng of use and: llmltatlons of algorithms proecess. .
As with most machines, it relieves the user of the drudgery of
work (computatlon) to concentrate on the aspects so man's ‘mind
can-be best used. “ oo

It is logical that we should use the most effective means of

"teaching whatever it is we are teachlng. ‘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 ailds for teaching, or telling a doctor
‘that the myriad of technology available is not to~be 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 mult1pllcation and long division.

Speed computation in high school classes, such as trigonometry
and analysis.

- XXX

Realistic problems w1thout tedlous computatlon.

Recognation of algorithmic procedures.
Facility of considering greater variety of materials.

183 -




Attitude. ' - SRR :
Understanding of algorithms. _ , v S ‘ 5
Problem solving capabilities. ' o

A

Student interest.

More and a wider range of problems could be undertaken in the -
senlor 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..

P

<

a

. Students can concentrate on non—computatinnal concepts.
More advanced examples can be used.
Students enJoy using them.

~They are available (kids will all have them)
Aid to problem solving ' . . _ _
- XXX ' . S ‘ : : o

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. o :
.= XXX
- XXX

Problem solving where algorithmic skills are not the learning
objective. . . _ “ oy 5
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 signiflcant problems that couldn't be dealt
with otherwise.

Training in their use.
= Increased range of problem-solving situations.
Motivation for computation practice.

124 ‘
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-~ Less tlme ‘'would be svent on paper and penc1l drill.

- Greater speed and accuracyxln computatlon should I

- More time and a means:would be available to develop grea
understandlng of concepts.

-~ Highly practlcal;,
- Leads to essentially error-free computation.
, - Av01ds much - frustratlon among.slow learmers.
- Potentlal for exploring algorlthmlc processes.
- Fast cémputation.
- Examfning simple arlthmetlc relatlonshlps.
- To get tomputatlons for solv1ng problems. of greater depth
- As part of future culfure! S~ . - -

ERIC
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What do you consider the three most compelling arguments for the

annzng of hand-held calculators in the classroom?

= 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 Jud1c1ously and not as a. reglacement for’ sklll
fdevelopment. :
- XXX

.- XXX

‘- Lack -of mastery of beeiC»facts. .

XXX -

~

I

- XXX
- XXX

v

- Error prone.

~ XXX

—m . ’ ' -

- One should be able to do common algorlthms with Sklll and
speed. . N

- XXX ‘ . ) ’ «

[ -
o

- I don't con51der any to be compelllng 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 klds Wlll no longer work.
- XXX . J
- XXX . "/'

- When used as a substitute for learning arithmetic’ processes..

;}D{X B .4 0

- XXX '

- Could become a "machine crutch!' befor® concept ma%ter& is
‘established (dehumanlzlng) !

- Unfair to classes of students from low* economic area dlstrlCFS.

- Expensive, in general, if implemented on an educationally | i
reasonable basis. , ‘

- Not everyone can buy one so it is unfair to allow anyone to |
use - them. - . |

_x}{x . ) . i

—X}Q{ .

. : I

- Students won't learn basic -facts, especially if introduced itoo
soon. - ' : ' )

- Not all students can afford omne. ’ :

o 126
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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 skills for students when not
'handllng the calculator.

. = It might cause a dependence upoen the calculator.

“= It might put undue pressure on parents to purchase calculators
for their chlldren.

[2)

~

- Overuse. If .student hasn't achieved competency in addltlon,
subtractlon, etc. without machlne, he may never do so.
- Because of cost each student won't have access to a calculator
. . i @]l 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 fad that will pass.
- Too expenslve for the beneflt derived from their use.

4

o —‘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 fall to master the basic facts.
- Students may not master the four basic algorithms. g
-~ Encourage mental laziness.
- Cost.
- Availability--the calculators d1ffer greatly. I have seen _
" some which do not even accumulate products! T -
- XXX _ : . . .

- Some students cannot afford them and in some test situations
they are placed at a disadvantage.

- XXX

- XXX

u

- 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. . ) : : 4
- 5xxx . N 2 “(
- XXX




- Children won't be able to compute accurately.
- Students will depend too much on calculators. _ .
b= XXX ' = ' .

- Some students cannot afford them nor can the schools afford to 7«;' ' _ p
supply them. . - o
- Some students with phys1cal problems will have dlfriculty. '
- It is questionable what the benef1ts W1ll be (test1ng)
- Students might ‘use them when you wish to check their computa—
_ ' tional abilities. : , : , B
e | = XXX o ’ - :
- XXX '

-

<

- They are pretty useless except in a very few courses: S , . -
- A few students might not learn to compute. = - : -
- As a d1stract1ng toy, they m1ght interfere with learnlng.

1

" - Cost. T N

- Not 1ntegrated 1nto program yet.
~ Not yet understood.

- None, except when students are being tested on the ab111ty to

calculate. . .
- XXX T
- XXX
-~ Child can' t always,have it w1th him, N
- If one can 't compute, one won 't know when it's malfunctioning.

- XXX

e—
‘

- Misused by teacher and child (prior to understanding of con- /
cepts and computations ). /

-~ More available to those‘*who can afford calculators (1nequal— /
ity). ' e

- XXX - : -

- Teachers will avoid teaching computational processes with ~
-understanding.

- Expense (and poss1bly rip~offs).

-'Psychologlcal impact of the calcuiator as a crutch.

- Children tend to not learn computations and algorithms.

Expense. C

- XXx .

Ch
|

- Price. -Some teachers feel that either all or none should have
the calculator. - ‘

- Calculator does not meet the needs of all mathematlcs in- the
classroom; for. example, computation with fractions. étudents
may forget the classroom algorithms for ‘the varlous ‘computa-
tions. :

- XXX

ERIC ”
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- Students will become dependent on them; will become lazy.
- Will not‘develop the same computational skills.
- All students may not be able to afford one.

- Student |becomes over reliant. :
- The valu€e is unknown.
.~ XXX J

- Computat onal skills will decrease (don t feel this is valid). ‘
- Knowledge of basic facts will fade (might be true). -
- XXX ) . ’

A
.

- 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. T

‘-~ ‘Rapidly changlng technology with resulting changes in algo-
rithms.

- Undue dependence of child upofi them.

- Child becomes macﬁine’dependent.
- XXX -
- . = XXX ‘ ) ) )

- Might decrease students ability to compute mentally or with
paper and penc1l although the computer could be used in such
a way as to enhance the1r computational skills.
/ . .= XXX :
' - XXX I
- Misuse by teachers who do not have adequate math backgrounds
to determine where or where not or how to use-them.
- XXX

- Meaning for operations may be lost.
- Skills may not develop properly for future needs.
- 2 Teachers may not know how to incorporate them properly dnto v
“  the curriculum.

N o - Cost.
" - XXX

- XXX
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|
|
{

«If you mean outright prohibition, I do not %ee any compellin%
reasons. . The use of calculators must be kept in perspective,

hoquer, as it can* never completely replace cons1deration of 4
operations-and manual calculations therein.

- XXX )

- XXX 7 . ' . T e

v

Mlght be m1sused by some teachers and/or children.

If not provided by a school district, it puts certain economic
.groups at a disadvantage.

Presence 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.
""?Q{X : ) -

- XXX

- May discourage learn1ng of some .primary facts.
Unfair advantage if all students are not prov1ded 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.
C = XuX ' ) N :

- -

=Txxx -

Mlght 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—emphas1s of usual computation may take place.
Children may gain false impression of what mathematics is.
‘Structure and problem—solvlng may be de-emphasized.

Cost’ to parents.

For tests designed to test computational skills, using a cal-
. culator should be d1scouraged

- XXX
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A ~
i

’Relaﬁation of memorizatlon of basic facts and essential algo—

' rithmic knowledge. : » : - -/

- XXX

<t
o
§

'Cost.

XXX

Children use as a crutch ind therefore don't learn number
facts.. .
Operate calculators with no\math understanding.

\ :

Maintenance problems related to the hardware and batteries.
Children and adults may becomé somewhat dependent for- calcula-
tiohs. ' \ Y

May make teachers uneasy. i

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 expectatlons from machines.
Equates mathematics to computation.

Replacement of algorithmic skill understanding and practice.
Xxx . o . ]
XXX

. If professional planning for effective use 1s not provided.

*oxx

XXX

The possibility that certain.skills will not be reinforced
sufficiently to be, usable.

xxX

XXX

Leads to dependence on them, i.e. basic skills will not be
learned.
Arithmetic may become a "black—box ‘mystery.

May interfere W1th learning basic facts.
May interfere with learning standard algorithms.
May 1nterfere/w1th learning much about fractions.

Be sure student does possess some skill in computation without
calculator.

"None" (with no qualifications) was the response of > persons.

/

/
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As an expert in mathematics education, what recommendations

would you give to elementary and secondary schools regarding the

use of hand-held caleulators today?*

- Spend much more time on multiplying and dividiﬁg‘byfﬁgwers 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.

- 1 think for -the time being calculators should become a part of
classroom instruction like pencils, paper and chalkboard in
the intermediate grades. However, I would not advocate their
deliberate use in the primary grades nor would I ban their,
use. T would encourage teachers to use the calculator as a

.way of introducing students to decimals, but I wéuld not sup-
port efforts to use the calculator ynless the goal of instruc-
"tion is understanding and problem svaing in the broadest
sense. '

" ‘= Learn how to use them yourself first. b=

- Develop units of work that incorpbrate them into regular class
.work., ' o o

"

- Search literature and obtain help from professional journals

(MT and AT). ~~° .
- Use for specific skills, i.e. estimation, concept development,
chetking, discovery, etc. [ o

- Encourage teachers to experiment and not wait "for the word."
- Don't buy them until you know what to do with them."

- 1 can encourage ‘use after some skill is developed in calcula-
tor without the calculator; . b

-~ 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 operationms. - ’

- 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. .l o :

- 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.
132 -
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“tionships among operations, functions; etc.
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Do not stick your head in the sand. They will®not go away.
‘Learn how to use them in an educationally sound manner.

Do not be gullible to the strong commercial pressures from the '
electfonics industry. ' -

.

Buy an algebraid)language one and use it. :

Recognjze the fact of their wide acceptance and availability

to stuients, parents, everyone: : _ .
Reviewfyour goals——are you teaching-kids whoswill be in the
real world (where hand-held calculators abourd)?

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 mnot 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-
I would encourage a school system (math department) to plan
how the use of calcuYators could be effectively accomplished,
how they fit into the objectives of)each course, and what new,

ways they could be used to motivate and stimulate creativity
‘and interest in the students. g

/

None, until more research 1s done on the effects of the cal-
culator upon mathematics teaching. o

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

LRIC

“

a happy medium.

Put them in the classrooms and watch what happens. Teachers
will find that Ss will 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; ,

1 .
Plan a ;easonablé 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.
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- 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
i” . : would hope it could be used to increase interest in problem
' solving. o M a '
-~ Introduce them in 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 &s a supplement. N '
- 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 !
'of curriculum implications of the calculator and especially of
the cheap, programmable calculator of the near future. ’

- Consideration should be~éiven to acquiring some hand—heid,cal-
culators that would be made availdble for students' use at
various gradé levels. - :

- Strongly encourage their use especially as an aid to problem
solving, i.e. removal of mundane aspects of the generation of e
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 - 4 -
underlying the mathematical operations and their assotiated '
algorithmss , o - '
- Beware of the "get-rich-quick" publishing houses.who are
' , marketing poorly conceived and hastily written printed materi-
als to be used in a calculator-based program: 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. N .

- Expect curricular consequences; some ideas.will become more

-~ . important, some less. _ K , ’
- Hand-held calculators have limitations in availability, pre-

cision, and utility. Do not ignore fundamental skills. = Lo

- Try to have available at least 30-35 (full class size) of cal-
culators and instrucét in basic operatiomns. '
- 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 classtoom activities. Let the calculators do the "busy

‘work" and children start "thinking" about mathematics.

Include their use in math, science, social studies'and.other

curricular areas. o SR

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.

o~

Prepare klds‘to use them (emphaslze decimals and estimation)
Allow use when computation is not the pr1nc1pal goal.
Encourage chlldren to learn to check work.

Study the1r benefits.
Use them if you find benefi i .

Study the ‘literature thoroughly before using the calculator in
‘class. H

At
culator.

Consult NCTM reports and research.

Request university consultant for demonstrations, ideas,
information, etc.

De%é;mlne clear objectives for using the calculator.-

Use them for calculations after,students have understood and
mastered the basic operations.

Allow children to use them to check their calculationms.

Calculators motivate children.

Neat problems.can be illustrated with the. calculator, espe-.
cially in the secondary math and science curriculum. i
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 re1nforcement,; Skills and con-
cepts should both improve.

Take advantage of them. Find ways to use them to your advan-
tage but still stress sklll at computation, number facility,
etcl

pou
)
¢t

d workshops and inservice sessions on the use of the cal-
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- Use them but only after cons1derable thought 1is given as to .
how, when and for what purpose.
_f’/’ﬁ\hpproach their. use on an ‘éxperimeéntal basis.
- If you don't ‘have a-faculty member or supervisor who can guide
their proper use, get some consultant help.

'~ Show kids how to use them, then put them aside for the most -
‘ part. K "
. = Now and then giwve:.a teSt deliberately using very large numbers
s and let students solve problems with their calculators. This
does* provide teachers with an opportunity to encourage chil—
“dren to learn when to +, -, X, * :

) .
. ) 1]
A t

.+ 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 '

1 \at a point ‘'whén one should be directing schools “to get

o involved. I think some individuals and some schools will get
started and their ekperience will-be’ useful to us all.

o i |

¢ - Use them freely; provide them for st dents who don't have them.

'* - Their use should be discouraged (banned actually) #nly during
lessons .on development of computational skill. 1

" i i

"~ Make available (by school system) in claSsroom (totbe used
when appropriate) \

t

N

- I would endorse its use prov1ded 1t 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 paper .work or
5 checking estimations prior to computations.
! - 1 would encourage teachers to setriously consider the hand cal-
| culator as a standard piece of equipment in the classroom.

- The teachers should be ‘on the alert for new applicationms of -
| mathematics suitable for hand calculators at all -grade levels:
. — More time can now be spent in teaching what operations to pgr-
form in a problem rather than being preoccupied with the cal-
culation itself (which in many cases 1is tr1v1al)

Don't overly promote or'deny; this is something (a tool) in
the real world. A
Let's learn to use it correctly but let's not assume it's the
answer:

oo
.

./
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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 common. It should be
taught. The only place where quantltatlve thinking is taught
as an objective (to be learned) is in sllde rule work.
Samples.

Given * , Student Shows
.35 x 1700 . 1/3'x 1800 = 600
73% x 9 ‘ 3/4x 8 =6

.89 x 17.6 ‘ 1x17.6 = 17.6

43 x .17 R 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 ¢alculator. Calculators are just another
tool and do not appear to affect learning significantly.

Examine curriculum to -find new opportunlties and situations-
which are not now available for study in K-12.

Use the calculator:in a positive way as a tool to extend
mathematical; learnlng by making traditional work easier. You
can solve many ‘more of the: traditional word problems using the
hand-held caleculator. N

Focus can be on process because product (computlng) is assured.

Use them, but stress knowledge of basic facts.. .
Stress .problem solving skills. : st

| -

Stress aljirlthmlc process. o

en appropriate . + . better yet use them!

I

Use tﬁen-

C- F;/stf-fxnﬁ’out what they can and cannot do so that you are

~“knowledgealile -about them. Experiment with their use in
seleCted cl sses. Develop a p051t1ve school-wide policy

use within these guldelines.

‘ ry and slower secondary students use as motiva-
tional and feedback ¢after applying personal computation)

- For better seonggry students, train in usage, then apply when
needed (set up\ prbblem and perform computations with calcula-

' tor). In any asé, they should be provided for all students
or used by nonej \

€
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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 orient .our students in their use,
pointing out their strengths and weaknesses, and giving some
problems (wiﬁh very large numbers) that .are suitable for solu-
tion on a hand-held calculator.

Have goals flrmly in mind and proceed thereto with common
_ sense. -

Stress estimatlng skills.

1f 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 1n 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, 1ssue guldellnes for cal—
culator use.

Consider 1mp11catlons of allowing students to bring calcula-
tors from home for use in math classes. :

Consider 1mp11catlons 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 1nvestmen#
in rapidly outmoded calculators.

On 211 tests (etc.) be sure the students have equal access td
calculators. (An emphasis on setting up problems for calcula—
tor use is 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. .
| 138
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-1 would suggest students.in the advanced high school science

. slide rule.

cepts and skills we want students to learn.

etc )

Provide reinforcement of bas1c facts and algorlthms

B-62

and mathematics courses be encouraged to use calculators in
much the same way they did and to some extent still use the
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 pasts

Buy calculators appropriate to the level'of the students and
with desired properties (floating decimal point, algebraic
logic, no gross errors, etc.)
Conduct careful inserv1ce programs.

I would not give advice on this topic.

Study how they'can be used to help teach the mathematical con-

Rt

Use them!! Properly!! with planning and purposes carefully’
conisidered. This requires thoughtfully developed problem

situations (e.g. £ind 77, J7Z, lim Znt+3

change as perimeters are fixed, but dimensions change, etc.) ‘ \
Have enough machines (but students can work in pairs or teams,

, problems where areas

-~

-

Ease time dorng simple calculatlons so that more material or
‘richer material can be developed. :

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 untll a

defensible program is developed. ;

For secondary teachers: Participants in conferences, locdl

planning groups and action research, to learn about or con-

tribute to calculator involved curriculum development. ' ' -

QEncourage their use generally, bug. emphasize their limitations.
Be specific in many instructional settings (e.g. use only to
verify if you calculated correctly).

Use to provide 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 develop greater undeggtanding of con-
cepts). s

- Where students, cannot afford their own,/Pégvide them as the
school would p;ovide other teaching ang/leerning tools.

- Use freely after about grade six fo;/éll sorts of checking and-

. computation.

- Also useful fo: exploring new algorithms.

- Use them in the classroom, howeVer, some skill should be B
developed in mental computation. e . : S , ./

- Use. calculator to check compuLation. 1 L

-~
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What modifieations 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
most significant.

*
*
*

More attention to estimating.

More attention to multiplying and dividlng 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 scheol currlculum

More reallstlc 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
trlgonometry tables and other tables (square root) as well.

Include problems whose solutions were rohibitive.
Encourage-development of alggrithms. _
‘Increase the number“bf’exercises of a "numerical nature."
More emphasis on - solv1ng real problems. :
Facilitate teaching of computer programming (which is really a
subtopic of above).

Eliminate teaching the slide rule.

Really haveajt thought too much about this; however, I am sure
there might heed to be 'practice exercises" just as there are
for "slide rule courses''-=or as there were. '

-4One may wish to decrease slightly practices on calculations
“*"by hand."

" .
Activities designad”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 equlvalents of fractions.

Give more emphasis to computation with decimals and less to
mixed numerals——mainly because of metrication, not electronic
calculators.

Restrict computatlon with fractions to "easy" fractionms.
(Structure needed for pre-algebra consideratlons )

‘Incorporate more ''real' world problems with "real' numbers in

the problem solving strand.

141
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Estimation and approximation needed to mentally check the
hand-held calculator's answer.

De-emphasize fractions, 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 foricomputatlon.
Kinds vof 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 the curr1cu-
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. : : : i : ‘

There should be an increased emphasis upon problem solving,
using the hand cilculator as a poss1ble tool. to ellmlnate long,
complex calculatlons.

There will have to be more emphasis upon declmal form of frac-
tions. :

"Bullt-ln 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 later--maybe.
Maybe, if calculations are speeded-up, we may be able 'to add a

- fey 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 pract1ce and more time to
problem solving and applications.

Teach some mathematlcal functions earlier such as SIN, < N,.J‘
Develop good resources of the appllcatlons (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.

P
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* More problem solving.’
- More investigation into number theory. ' ' ’
- More investigation into what might happen 1f some of the data
were changed (mlnl—mathematlcal 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?). R
—~ After my recent visit to the University of Georgia, I am con- S
vinced that transformation geometry will be ‘the next major '
push in elementary school curriculum. R

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. _
* WYe 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- emphas1ze skill- development 1n fraction
i arithmetic. .

¥

* Increased attention to estimation skills.

* More attention to problem solving, less on problems involving
messy computation.

- Provides -an alternative to developlng bas1c 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 des1gned 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 fractionsx

* Problem solving, particularly multl—step problems, will™

. probably receiwe more attention.

* Consideration should be given to using the calculator as a
-drill and practice dev1ce, particularly as a validating tech-
nique.

- De-emphasize the long division algorlthm.

- Use metric measurements more predom1nantly.

-

- Decrease drill and practice in computations. ' . R
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- More problems with real data.

- More emphasis on problem-solving strategles and algorithms.

~ Less drill on certain skills, e.g. long division.

- , - Earlier introduction of dec1mals, perhaps scientific notation

also. T ‘

- Earller 1ntroduct10n of negative numbers--nothing like "3—
can't be done."

- Sucgcessive 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 computatlonal algorithms sultable for cal- \\\\'
culators. : - N

- 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 mathematlcs, i.e. do d4ll 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 ‘ L.
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 explanatlons as to why and under what
circumstances algorithms work.’ S

- More time for applications with a broadened range. :

r ) .

* 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, 1ess 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 ' : A
computation with fractionms, part1cu1ar1y fractions related to

English system measures. ,

More emphasis on estimation and boundary problems.

" Earlier work with sequences, series and 1imits.

More emphasis on the decimal system.
Support metrication. ‘ o

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 what operations to per—v

.the process of learning. -

fom- N
Estimation.could be emphasizedvmore 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 thé 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

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 seéquence of the operations involved 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\sbmputational ‘drill.
More emphasis on un&;rstanding and knowing when to compute.
Integration of mathematics teaching/learning with other sub=-
ject areas.

* *

- An earlier focus on decimals.

Problem solving situations can use "real world" data.

Guess and test strategies Yor solving word problems will be
easier to implement. . - , S "
There will be less focus on tommon fraction.computation.
Drill in computation will be &®&asier to motivate by using the
" hand-held calculator in conjungation with pencil and paper com-
putation. . -

Laboratory situations which 1nvo ve messy data can be devel-
oped using the hand-held calculator 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 fractioms.

New emphasis on (verbal) problem solving.

+~ Reduce greatly emphasis on computation by logarithms. ‘
Reduce tabular and interpolation work with trigonometry func-
tions. .
Increase emphas1s 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 tauglit

' and calculators used after that point for motivation, simpli-

fication, and applications as appropriate.

* More attention to decimals early.

* i1Increase problem solv1ng attention. , o

Make decisions about "need to know'" levels of computation suc-
. cess. ' -
Less attention to common fractioms.

- 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, functionms, 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 conceptiializing.
Greater emphasis on estimation/approximation.
Rewriting exercises to make them more realistic.

Complete reverse in ratio of "w0rd problems'" to standard drill

exercises.

There would be greater emphasis on decimal fractions ‘and less S

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 1ong
division.

Decimals will be introduced earlier in the elementary sequence.
Perhaps introduction of metric will force this change also.
Arithmetic computation, as a’ faetor 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 1mpact on the cur-
riculum--it will be 51gn1ficant. : :

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 applicatlons 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 Wl measurement with money in the
curriculum.’ - : ‘ |

The only modification I would make is to include 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.

i

the time, especially when the instructional goal is prvblem
solving (applying principles) and not first of all drill over
computation.- $o ‘used, calculators wouldn't change much of
anything except to allow students to do more work more effi-
ciently. - i

Why state. "atgill times'? Calculators should be used some of

I don't feel thatitﬁef 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 or'¥ in the curriculum. -
Eliminate use of answer keys to check papers. :
De-emphasize computation 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 1ong division computation in grades
4-6.

More 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 decimals.

Greater emphasis placed on concepts.

Additional time 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 gkills 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.

L3

- 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 1t 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.

* * *

- T haven't really thought this through.

o

-~ Include problems of greater reality that call for chains of

computations. ,

¥




7. Assume that a séhool system (K-12) has moved to widespread use’
of hand-held calcéulators throughout the curriculum and testing.
program. React to each of the following in such a framework:.

True ? False
. 19 3 56 a. The mathematics curriculum would need to
' be modified extensively. < :
2 1 75 b. The mathematics learned in elementary
‘ schools would be significantly less.
! 2 5 71 - ‘c. Students would no longer remember the
ﬁ' , . _ basic facts.
1
Ca 18 8 52 ' 4. Parents would strongly oppose such wide~
' : spread use of hand~held calculators.
;15 6 57 e. FElementary teachers would mot use hand-
? held calculators during mathematics les-
‘ sons.
! ‘ '
0 e 1 77 f. Students would no longer have an apprecia-
PR tion for concepts such as negative inte-
gers, fractions, sqhare roots, etc.
5 5 68 g.” Fractions will no longer be taught in the
elementary school .
;53 8 17 h. Students would improve in the ability to

estimate quantities. R , i

53 .12 13 i. Students would improve in the abil* ty to
* solve probléems.

10 3 75 j. Students would lose interest in m&the—
matics.
3 8 67 k. Students would become lazier than they
- are. '
4 4 70 . 1. Students would lose confidence in their

ability to handle numbers.

43 8 27 m. Students would have a greater understand-
ing of concepts such as square root, nega-
tive integers, ffactions, etc.

.48 10 20 n. Students would gain understanding of the
: decimal system. Lo

54 14 10 o. Students would gain interest in arith- _
: metic. . ' -

Jes ‘.!‘_ 3 {}
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Survey on'Caiculators ' _ j - 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?

3

Yes

No SR

'3, If yes, how soon will they be available?

4. If yes, what level? (check any which apply) ' ) !
____ primary (K-3) o
____intermédiate (4-6)

____Junlor high (7-9)
| senlor-hlg (10—12) . - N

5. If yes, what type7\\(check any whlch apply)
____included in textbook -
____ integrated
—_— alternat1ve~ | ‘ o v ~
____ supplementary
__._ workbook

other —— please specify:

6. If yes: what functiéns/features of hand-held calculators_will be assumed?

a. at primatry level

w\\

b. at intermediate level . _

f;,at junior high level _ |

daat senior high level

O  OSU/MNS-6
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7. If you are not planning to develop materials, why 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-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 . ,
a. The mathematics curriculum would need to be modified
extensively.
b. The mafhematlcs learned in elementary school would be
~‘51gn1f1cantly less.
¢. Students: woula\no longer:rémember the basic facts.
d. Parents would strongly oppose such widespread use of
hand-held calculators. .
: e. Elementary teachers would not use hand- held calculators
during mathematics lessons. —
f-. Students would\no longer tave an appreciatlon for concepts
such as negat1ve 1ntegers,«fractlons, square roots, etc.
g. Fractiomns would no longer be taught in the elementary school.
. h. Students would improve 1n the ab111ty to estimate quantlties.
i. Students would 1mprove in the ability to solve problems.
» i Students would lose 1nterest 1n ‘mathematics.
k. Students would lose confldence in their ability to handle
: numbers. . \\
~--—=___ 1. Students would gain understan@ing’of the decimal system.
— = ; \\\ - »
O . 0osU/MNS-6 - 153 N
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!

1. #¥hat do you antieipate to be the extent (in percent of schools)
of use of hand-hela caZcuLators in schools--

o this years  .01% 501 1% 5% 5% 50%
b. in one year? W1% 0 585% 2% 10% 10% 60%
e. 1in 2 years? 1% 60% 4% 15% 15% 80%
d. 1in & years? 107 75% 25% 40% 207 90% )
e. in 10 years? 100% - 90+%  80% 80%. 70% 100%
) a. this jear? 1% 1% 10z 5% - 5% 1%
- b. in one year? 2% 5% 15% 10% 107 27
e. 1in 8 years? 10% - 10% 20% 20% 202 -~ 5%
d. 1in § years? 20% 40% . 40% 30% - 40% . 407
e. .in 10 years? 407% 80% 50% 40% 80% 60%
' 2. Do you plan ‘to develop materials for use wzth hand-held caleula-
1:01":;9
Yes: 11 - No: 2 , L
3. If yes, how soon waZ they be available? - - N

1976 April 1976 Fall 1976; 1978 1978-1979; 1980—1981 1985; ‘
1l or 2 years,,not definite.

4. If yes, what level? : -

przmary-(KL3):' 3
intermediate (4-6):.. 9
Junior high\(7-9): 10
~ sentor high ¥10-12): 5

5. If yes, whatgtypé?

- ineluded in textbook:
integrated:
alternative:

supplementary:
- workbook:
module_mini-course:
kzt '

-~ oo WL &~

o o 6 ° If yes, what funct%e%s%&ea*urES'Uf hand-held caleulators will be -
' assumed? :

a. at primary level
. = algebraic

- not decided at this point in time
- checking results
- simple, durable
- +, =5 X, ':'
- addition and subtraction
- not lcertain -at this time - . = |

/154




 B-78

b. at intermediate level

-+, - X, 3
algebraic system, cha1n and mixed calculations, stored
constant, -floating decimal point, CE (clear error)key »
algebraic .

helping to develop algorithms, checking results

algebralc logic, no memory, constant

- +s s X, ':_sr-

addition, subtraction, multiplication and division

4 basic operations plus percent

e. at junior high level

L - +s - Xy = ‘ ’ ' _ . . Y
- algebraic system, chain and mixed calculations, stored . o
constant, floating decimal point, CE (clear error) kKey, N

square root . ‘ ' s o
algebraic with memory

- being able to use ‘real numbers in problem solving

- algebraic logic, no memory, constant

- +, -, %, =, ¥, N, floating decimal

addition, .subtraction, multiplication, division, square
root, exponential (a* where a is rational number)

- as aids in performing some forms of mathematical processes
4 basic>operations, percent

d. at#eenior hzgh ZeveZ
- +, ,X,T
- algebraic system, chain and mlxed calculations, stored
constant, floating decimal point, CE (clear error), key,
trigonometric functions and a limited memory

- - algebraic with memory
- time saver, more realistlc data, good for approx1mating
roots

- +, =, X%, .7: r_ Nn A. S
- +, 1, x, +, trigonometry, l, , and one or more memory
banks
- as aids in performing some forms of math processes
- 4 basic operations, memory, scientific notation, xy,
trigonometric 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 rlght now.

[
-
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8. What modifications do you believe should be made in the K-12
curriculum if/when hand-held ealculators are made readily avail-.
able to students at all times? Star the three you believe to be ..

- the most significant. : ' '

% Farlier introduction to place value. 4
: * Farlier introduction to decimal fractioms.

* 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 approx1—
mations, integers.

—‘Greater use of mathematical properties.

* ¥ ¥

- Development sequences will change to. reflect the capac1ty to ] /
look quickly at patterns. -

~ Increased emphas1s on decimal numeratlon.

- Increased use of guess and test.

-~ None--instruction in math classes.

* Emphasis will be on the structure of algorlthms rather than on
the execution.

* Applied problems can be more realistic.

* Plow 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 dlrectlons and practice examples.

Emphasize problem—solV1ng skills. :

De-emphasize routine calculations (paper—and-pencll)
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.

* * ¥

- R Decreased emphasis on, computational skills.
-~ Increased emphasis on problem solving strategies. -
~ Increased emphasis on estimating and error checking.
—';ncreasedaemphasis on manipulating numbers.

0 | 156
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- Simply "as enrichment conicerning existing processes.-

. * Students will deal with applications (some practical).
* Students will deal with career mathematics.
* Students,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 mgdifications.
~~ More emphasis on problem solving.

~ Special exercise bookilets.
~ 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 caleulators throughout the curriculum and testing
program. - React to each of the following in such a framework:
True ?  False
2 0 11 - a. The mathematics curriculum would need to
be modified extensively.
1 0 12 . b. The.mathematics leénned in elementary
- - school would be significantly less,
' 2 0. 11 c. Students would no longer remember the -
baslc facts . _ : a
5 1 7 d.. Par nts wOuld strongly oppose such wide-
to ‘spr§§§ use of hand-held cglculators
2 0 10 e.’ Elemehtary teachers would not use hand-
held calculators during mathematics les—
sons.
0 1 12 f. Students would no longer have an apprecié¥
: tion for concepts such as negative inte-
gers, fractions, square roots, etc.
! 1 1 11 g. Fractions would no longer be taught in
the elementary school.
9 1° ° 3  h. Students would improve in the ablllty to
estimate quantltles
9 1 3 i. Students would improve in the ability to
‘ solve problems.
0 0 13 j. Students would lose interest in mathe-
matics.
1 0 12 k. Students would lose confidence in their
ability to handle numbers.
9 0 4 1. 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 Prlce Laboratory School
UnlverSLty of Northern Iowa
Cedar Falls, Iowa 50613

Yau walk into the>gfocery 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 yourlhome and the estimator arrives
with a calculator in hand. You visit your lawyer's
" office to get adV1ce on your income taxes and there is

a hand-held calculator. More and more people are u51ng
numbers to make decisions because the hand-held Falculator

. . is available. ’ ) ' -

Estimates for the nﬁmber 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 canAuse the calculator to
do their homework and tests. It is time that mathematics  —
educators recognize that the calculator is an inevitableiw

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 studylng multlpllcatlon. A lesson that
normally takes a full class period would be - reduced to a

ten-minute experlence.
o . :
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‘To avoid- the "future shock" of the calculator it is

time that every teacher begin to prepare ‘for the future.

|
Imagine the effect on learn1ng 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~

.neld 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. i

Recent years have‘provided similar situations. The
mistakes made in these situations should give educatore
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 abparent 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 calculdgtors will be
gathering dust as well. It may be that the calculator's
main advantage is that they take less storage space.




There is one very important dlfference, however, everyone
willl 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 dllemma 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 tradltlonal in

baslc.concept. This mlxture didn't come up to expectatlon.

All of 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 dlfference. The calculator
. will be a part of the lives of every student regardiess
of what we do about the curriculum. For this reason,
the calculator provides’ another opportunity to generate
2 mathematics curriculum that will meet the needs of

the future adults.

R -

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.

' mhere 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-year-olds, they soon find out how to add, subtraat,

. 11‘0
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multiply,‘ahd divide. A little experimentation by the
student is all that is all that is necesSéry._ 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 appfoach willlbe 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 basie 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 tbpics and the whole curriculum will be"
revised. Let us hope that by this time we have developed
some guidance from research and experimentation to help

make wise choices.

THE ROLE OF THE CALCULATOR IN THE PRE-COLLEGE CURRI&ULUM

Our position on the role of the calculator in the
curficulum is a functién 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.
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] 1) The Primary\Level (k<~3)  Incidental

use is recommended. One. or two cal-

. culators in the mathematlcs interest
corner would provide an opportunlty
for both Lhe 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 mathematlcs skills

Y

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
T } individual basis and to support claes-
j _ foom activities. ; »
3) The Juniot High (7-8) A classroom
i 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 curriculum. = -~~~ =~ = =~

4) The Senior -High (9-12) Every student
>should have a calculator available anytime

one is needed.

The‘followihg pages giﬁe’axamplee of the use of the
calculatoerwin. relation to the'principal content objectives

for each level.

bl
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THE PRIMARY LEVEL

e

The principélgfunction of the primary years| is to
.build,the'images and symbols for numeration and the

fundamental operationé with whole.numbers;

‘Because the fundamentals are built at this livel,
we feel that the greatest danger in using the hand-
held calculator, exists here. We would recommend one

or more calculators be inrthe[glassroom andrthét their

use be incidental to the basic program. Students would.

use the calculator to verify, extend orAexplore, but
the uselwould be in an individual or small~-group modg‘
such ws would occur as a bart of a mathematics ihteres%
center. Seldom, if eVer, would it beva total )
focus for the class. Such -use 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 lO's.j' .

Activity Card ‘ Grade 2

Enter the number of tens, push .

32 5 125 ]
45 241
96 643 [£]
43 105
Push - _ Push

Check 20 - Check 10




Activity Card Grade 3

- v

Find two numbers whose sum is 77 and whose
difference is 11.

There are many games that would be appropriate for
. secoud or third grades

Here is one that is fun.

Activity -Card Hit the Target °
Push . . }fand the
calculator to the -second player Eush'any

'.dlglt key. Push = .

Push one digit key.

The first player to dlsplay 50 1s The winner.

|
oo i
-

'\\ j : )
The calculator can be’ust for drill as/you would
flash cards. For example,

for addition, the student
enters E_L gives the answer and then 7’u’shes E[
te'verify the answer.

/

/
Sometimes the calculator can be used/ to support:
or extend a concept

For example, the tHird- ‘grade
class has been stﬁdying area.

Today th
organized intoc teams.

clasa is

Each team is me surihg the door,
or a window, or the chalkboard to determine the area.

Since the final computation to determine area is beyond
the students' skills,

it is done on the calculator. The
concept of area has been built throygh a variety of

experiences, but is culminated and éxtended by using the
calcu}ator

Perhaps after careful research,

it may be 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 celculatorAextensively at this_level
should be done cautibusly. It is very difficult te determine
the effect of a substantial curriculum change with small"
children. It often takes years pefore the final ‘results
are known. |
THE INéERMEDIATE LEVEL
~The principal objective of the intermediate grades’
is”toldevelop the manipulation of the whole numbers and
the positive rationals. ‘all students'should bevguafanteed
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 numbersi to

multlply any pair of two-digit numbers and to lelde‘

two-digit numbers into any four- dlglt number. When a
student has accompllshed this goal with pen01l 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
By . be avallable in all classrooms. They should be used to
// support the development of the objectives of the pro-
/ ' ’ gram. - Because of the calculator, theucurrent objectlves'
/ , should undergo certain modification. To better understand

" the role of the calculator, we will consider the effects o R

through examples from various strands in the currlculum

. NUMERATION STRAND. Many of the concepts taught in the

numeration strand can be supported by calculator activities..
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Actlvity Card,
nlne thousand thirty-five ‘ ,
-fifteen thousand nine -. /
thlrty -five thousand two hundred CI
two hundred thousand
seventy-two thousand three hundred/ nt o

CHECK NUMBER 331544

In this activity experiences in réadlng large numbers
are prov1ded by having one student rgad the numbers and a
second student enters the numbers rﬁ the calculator and adds.
The input is qhecked'by comparing/thé total with a check

number. S ' ,,«/”///(/

Experiences with large numbers /reﬂaiso readlly

available using the calculator. For example, after
experimentation in counting, the students estimated
24,260 grains of sand in a teaspoonf Using the cal-
culator and their estimate, they determined an estimata
for. the numbexr of grains of sand in a gallon pail. 1In
a 51mllar experlence, they found the number of tlmes
their heart beat in a minute and estlmated the number
3f heart beats since they were born. The calculator

- can contrlbute to the use and meahlng of large numbers.

There are many ways to use the calculator to support
the debelopment of numeration skills. The place value
conCepts are obvious using the machine and there is no
danger in using it in this mode.

. /" : ‘
COMPDTATION STRAND. Once the student. has developed
fhe/bas;c levels of computation Bklll, there are many '

g 163
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’ 1
ways that a calculator can be used to fac1lltate the

understandlng of computatlon algorlsms

‘For example,‘the student could be asked to use

the calculatOr to fill in the "holes" 1n\these algoriams:

\

, | ' | .
9D 891 46 54 1205
, l : )

(02 200 30 10
: 12583 616 200 165
2659 4380 160 .
B ~1610 |

\

Activities such as these can be used to 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 generallzatlon when the student uses
the calculator to multiply numbers by 10 or by 100. A
few examples with the calculator replaces many examples
with pen01l and paper.‘ \
4

The calculator increases the need for est‘mation
skills. Even thoughva calculator user quickly ilearns
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 V 42.

Each student makes an estimate and one studént checks

the estimate on the machine. \
Many games can; be played orn the calculator that

also increase the estlmatlon skill. For example,\try

this with a partner. \

165
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‘Hit the Target : \

\ » \
Target ‘

490 510
[ - - d .

Start Number 15 o - ‘ !
Operation
First player: Ente‘rs 15, puShes

Enters estimate, pushes

Hands the machine to opponent.

Second player: Uses display from opponent.
o _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,vthe need for
mental computation'increhses; The calcuiator‘éan 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 propef use of the calculator
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

17v0
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instfuqtion in use of the rational numbers'than on any other
pért of‘the curriculum. The minute students pick up a
éalcplator, they are operating with decimal fréctions. The

“only guestion 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 % 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 expe;iehces with the usual images for

fractions by responding with decimal fractions.

' For example, use your calculator to determine the

decimal fraction that is shown:

-— —
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They should”have similar experiences with the
number line. For example, use your calculator to

locate péints on the line for these fractions:

- it .- >~ - *~—o—0o—="
0. .1 .2 .3 -..4 .5 .6 .7 .8 .9 1.0

523 for (::)for
3
for 5 o Zﬁxﬁor

[

W+
ojun

wjo

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. Wheq asked who was going to drive thé“*w.
.417215 bus, they decided that they needed 18 buses.

The calculator puts a focus on interpreting the answers. _ . S

0f the time today's student spends on fractions,
about 80% is spent on fractions in the % form and only
about 20% on decimal representation. Since the students
of the future w111 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 8imple fractions, but most .computatioh will be done

with decimal fractions.

The calculator's main advantagé is in the fact that

&ou can generate answers to many examples rapidly and
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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 = .8
4 x =.08
4 x .02 =.008

“The student's intuition and understanding of the situations
when multiplying by decimals can be increased throdgh this

kind df calculator activity. = h

The machinés with floating decimal points make it
easy to identify the usual difficulties with ragged

- ‘deciméls in addition and subtraction. The student who
has 31.7 as an answer when addlng 17.2 + 1.45 better
understands the difficulty when he or she flnds the

‘answer is 18.65 on the calculator. '

A difficulty with decimals hasﬂélways been the
placement of the decimal point and the awareness of
what the digits mean. The machine can be used to focus
on these dlfflcultles. It is important to remember that ..
on the machlnes,'the student has no more dlfflculty with
operations on decimals than on whole numbers.. This

allows the teacher to put the emphasis where it belongs.

173
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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 trlangle by measuring all three -
hnghtS and all three bases and determining the area in three
ways. In the Engllsh system and when computing with fractions,
th1s is difficult if not impossible. If you take the 7
measurements in Centlmeters and compute with the machlne, the
process is easy and the generalization comes home to the
student ‘

v For a second- example, consider the ease of finding the
velume of any rectangular box if the dlmens1ons are measured
~in the metrlc system and the computatlon is done on the
machlne. A'whole new approach is poss1ble with the metric
~system and the calculator. The experlences not only can
deal with real data, but can be more eff1c1ently handled

by comblnlng 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. his is primarily
because problem—solv1ng follows a computatlon unlt. 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 asﬁto how to solve the problem

are necessary.

174
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The calculétor eliminates many. of the difficultiés
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 périod, the students
had cbmpleted an average of 27 problems and aimost»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 ofi}he problemS'thaE are available in?fext
books are.not representative of probiems in the "real"
‘world. The‘data are necessarily'értifidial 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 weré 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.

1?’{4 5 B
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A teacher brought-a bathroom scales, four small
wooden blocks, and‘a jump rope into the classroom. The
students watched couriously as the teacher p051t10ned 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 coﬁpute 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 kilogrems,,thét person Qould 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, ~
fhe 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', so the

boys wanted to try the expériment again.

One of tHe Loys thought thatjthe.experiment might
not be fair, since bigger studentsvshould be. able to pull
.more than smaller students.  This poseibility'was discussed
and it was decided that the ratio of student weight to
their pulllng strength could be used to make comparlsons
'Agaln the calculators came in handy _These ratios, expressed
as decimals rounded to the neareﬁ% hundreth, were recorded
on the bulletin board chart. ‘/Students then computed the
average of the ratios. Agalﬂ the boys lost.

/Hn
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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 skillsi
experiences in the intermediate grades. It is not o \p
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 currlculum As peeple 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.

~ JUN IOR HIGH LEVEL ) /"/ L e T m TR, Ve

Lhe RUXPOSE ofwgunlor high mathematics has not been
'agreed upon. - Some teachers have felt the purpose is to
complete tﬁe 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 mathematlcs. Neither of these views is _ f
entirely satisfactory to junior high students themselves.
_ Junior high students are active, curious-learners. They are
j '-:at the age when they are seeking a purpose and reason for
the learning of mathematics. They wantwan_anBWer to the

question, "what can I use this for?"

The hanrd-held calculator as a standard piece of

classroom eqguipment, has a role to play in giving junlor

177

18




* high ﬁéthematics a new focus independent of both elementary
and secondary school mathematics. Having calculators -
available in’ the claasroom provides all junior high students .
a means of performlng arlthmetlc computatlons This removes
arlthmetkc-p;eiiclency as a prerequisite to application and

—extnesion of mathematica’ ideas. Stpdeht access to the
calcuiator also means it is possible to provide experiences
in which studdnts can perceive mathematlcs in real and
meaningful situations. Thereforé, with the ca}culator, the

|
junior high mathematics program should foqps on making

mathematics useful for all students. To bétter understand
these effects, we will consider the role of. the calculator
. . V.
in regard to various strands of the program. ... .. el oe
. . » L %

.- THE ROLE OF COMPUTATION Perhabs the greatesu/gaﬁggquence of %

| the calCulator on the junior high mathema;iég’program is that
1t equallzes students' ability to perf£6rm Computations It :
bpcom?s obvious in the classroom/fﬁ;t with a calcul?;or, all é?
junlor high studen-s can perform computations with Speed and
accgracy. The exercises below, for example, can be computed

witﬁ a calculator in a matter of seconds.

36,725 3265 356 740296 70,706
+ 4,029 x 427 - 154,894

Tlie same exercises utilizing paper-and-pencil methods
would takg\a?_long as lO'minutes for some studerts and
an eternity for others. With a calculator, exercises‘bf
the type shown serve a very limited purpose, othel than

Cd¢bu‘atlon fHr calculator's sake.

; —

While the need to perform heavy computation with /

paper-and-pencil methods diminishes with access to a

173
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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 mx/ahSWer mean.

e

-
e

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 caléulator. Being able to sen%e-the
reasonableness of displayed cbmputations becomes desirable.
Many text book drill-and-practice cxercises can be modified
to becbme interesting estimation activities. Pairs of
students, for example, can use a calculator and a set of

division exercises to play this mental estimation game.

486

14184 % 56 | 60507 +
57426 + 102 99780 + 12

424742 + 53 378048 + 88

1. The game starts by selecting cne of
the division exercises. Each player
has 30 seconds to secretly write down

what he or she thinks the quotient is.

2. Then use the calgulator to see who came

closer to the actual answer.

20
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3. The/player whose estimate comes L

‘clpser wins the round.
/ . _ :
4. mne first player to win 10 rounds

‘ﬁs the winner.
/ |
- The 1mp%ct of the calculator on junlor high math-

ematics procrams is that all students can perform basic
computatlons on an equal footlng The effects of the
calculator/on content strands in junior high programs
‘are dlscuésed in the sections which follow.
RAWIOJAJ NUMBER STRAND. The caleulator'an the increasing
emphasn@ on metrication will decimalize thz rational
,ﬂnumbenﬁ and may well spell the end to complicated comp-
utat;%ns performed with rational ‘numbers of the form %.
Studgnts who have access to a calculator are constantly
peratlng with decimal names for .rational numbers. It is
comhon to see students who are playing with their calculator
perform operations of the types -4.1 x 3.2 ~’f13.12 and

—% 1 + 67 = 64. 9. This results in exposure to positive and

q@gatlve rational numbers prior to formal classroom

Antroductlon of the topic.

/v The decimalization of the ratlonal numbers means less
+ime devoted to fractional numbers and more time to build-
;nd decimal images, understanding de01mal operatlons, and
applyxng decimals to problem s1tuat10ns. The calculator
can' be used in a variety of ways ‘to accomplish these '
onjectlves. " Having students make their calculator dbunt
by ?en ths glves them a feeling for the ordering and
relﬁtlve size of decimals. Sequences of calculator

cxerelses llxe these, can help students make generalizations

40 | /
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on how to perform paper-and-pencil as well as mental

operations with decimals.

1250. + 250. =
125. + 25, =
12.5 ¢+ 2.5 =
1.25 + .25 =
2125 + .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°

every hour for the next 8 hours.

Applications of decimals to real world problems are
often more motiVating when a calculator is used. Students
caﬁ, for example, measure the thicknss of all the pages
of a book, determine the number of pages measured, and
Eh&n use a célculator to compute the thickness of a single
PAgE . When students use only paper-and-pencil computations,
they seidom attempt to verify or extend their answers. /
When‘aalculators are used, it is common to observe students
measuring other books to see if there is a variance in the
+hickness of pages in different books. Some use their
calculators to extend the problem by exploring how many
pages would be needed to make a stack of paper aé high as

they are tall.

o 1ol
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By taking -advantage of the decimalizatidn of the

. S -
rational numbers, teachers should have greatgr opportunities
A

LY create proﬁlcm situations in which students can apply

thelr understabdings of the rational numbers., The similar-
ities between Lomputﬁtlon 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 strand take on new importance when students
have access to calculators. A team of students, for
example, who wanted to use their calculators to compute
tho numpber of kiloneters that light travels in a year,

] sad to cope with the limitations of their calculators to
ﬁpljv the product of 299,800 (about the number of

kilometers light travcls per second) tlmes 31,536, 000

{number of secconds in a year). These students developed
a renewed appreciation of our base ten system when they
realized they could do 2998 31530 EI 94544928 and
then annex five zeros to write the distancé as
s,454,492,800,000 kilometers. "
Exposure to very large‘and small nuﬁbers are frequent
vxperiences for students'using calculatdrs. In their

desire to handle large and small numbers, they see a need

+

sr a working understanding 6f such 1deas as exponents j
anvi golentific notation.,/éggre'are many calculator
ectiVLties‘@hich support  this understanding. For example,
students visually get a feeling for exponents and
~xponential growth by entering a number greater than one
and then repeatedly pushing the Eg] key. Entering 10

k A tnen repeatedly pushing the [:l key displays the

162 o \
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L L 1 1, 1 1
deciral names for 10, 1, 150 152 T3 104 and so on.

Lntering 10 and counting the times the t:] button is
pushed gives additional meaning to why lO ) lO )=10
Finding a'way to use the calculator to multiply
367,000 x 37,420,000 prépares students for

367 x 100 x 3742 x 10' |

By using their calculator, students gain confidence

in their ability to handle and interpret large numbers.

A recent pubiication stating that for every baby
born . in the United States, our planet will eventually

nave to provide:

210,000,000 liters of water
79,000 liters of gasoline
22,330 kikggrams of meat
220,000 kilograms of steel
! : 1,000 trees

k .
toak on a greater impact when students multiplied these
tlgules by“fﬁa estimated annuai increase 'in the population
of the Unlted 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
%27,090,000,000 kitograms of steel
3,759,500,000 trees

aralyzing real data with the help of a calculator is
an excellent means of helping students acquire a firmer
srasp of how mathematics is useful in intexpreting

gvents around them.
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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 flndlng
- out about the world they live in " Decimal names for
rational numbers and the dblllty to compute with real
world data means students can experimentally develop

many gev ‘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 many diff rent size cylinders, making
the genecralization of\how c1rcumference is related to
alameter more obvious.) Metrlc tapes, calculators, and
an asscrtment of containers are pieces of equipment
for activities_to replace flat textbook drawings.
Making a game jout of first estimating the volume of
cardbcard.baﬁes and computing the volume is another
example; Yet another example is having students
investigate how doubling the height or radius affects

the volume of a cylinder.. .

ERL—ALG1BRA STRAND. The calculator should have an effect

on how many pre- algebra topics are taught and learned.

Most junior high students are familiar with the
machlne “idea of a function as seen in textbook pictures
and dlaqrams Students who enter a number and then push
éﬁl [:llsee that given a certain input, the '
saleulator can display only one output, and that the




- pairs..

cutput depends on the choice of -the input. Using the
. pr )

calculator code - a 3 l__=:1 b, students. can enter

largé‘and—small numbers in the calc@lator and quickly

generate a sét of (a,b) ordered input-output number
. .

A variety of calculator codes, both linear and

qgn—linear, are possible for students to investigate.

a [E] 3 I![ 7 [:I b
a IH[II[ 3 [EI b

The graphing of functions also becomes more eiciting
with the use of the calculator. Students can put random
numbers in the calculator for a'EEI 3 [EI b and see
if the ordered pairs result in points oh the same graph.
These calculator:graphing experiences lead naturally to

a discussion of{thé domain and range of the function.

Once students have calculator code experiences),
they are ready for a more traditionalralgebraic represen-
tation of the functions. With a little experience,
students can easily decipher a E:I 3 [:l b as % = b

and a3E—TJ7ELb as 3+ a+ 7 =b.

Traditionally first experiences with equations use
~i.e basiec +, -, x, and + operations with whole numbers.
with the calculator, students who are asked to determine
~he input numﬁer for a [;I 3 EEI 5 E;L .085 ére forced

+5 use the "doing" and "undoing" ideas of .solving equations.

by having already experienced generating output numbers




(the doing process), they are quick to realize that

.085 l-—| 5 E 3 E—J a (the unhdoing process) is the

calculator code for solving the equation % + 5 = ,085.

\Attémpting to use a calculator che'to‘solven
3 +a+ 7e a= .45 can lead students to reWriﬁing the
equation ‘as 10 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 apgfoacﬁ to pre- .
algebra topics at the junior high level. But for
students who are still in the process of developing
their mathematical experiénces, the calculator can
make finding out about such topics as functions, graphs,
and equations an exciting/and 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 appfopriate 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 computatici: exercise than
. a problem to be solved. But in real-life situations,

such as detarmining what per cent of the automobiles

A
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1g past the school are violating the speed limit,
computation is only one of the steps in a sequence of

problem-solving stages.

These stages have been identified and can be

iisted in student's words as:

--Getting to know the problem
--Deciding what to do
~--Doing it '

-~Thinking about what you have done
e u*ng to know the problem is in many cases being
aple to rostate and recognize the problem in terms of

student's own experiences. Once the problem is

t
)

recoqx*zed, the task is to put into motion a

strateqgy to resolve it. For most students, this
"deciding what to do" stage is to use computation to
solve the problem. There are, however, other problem-'
solving strategies that students may need to solve real
wor ld perlems. Using guesses, using models, using
gqraphs, using equatiormns, using tables, using diagrams,

and using resources, are some of these other strategies.

The "doing" stage of the problem-solving is putting
into action a single strategy or combinations<of strategies.
Since the "doing" stage of the problem—solving»process
enerally invelves computation, it's at this point that
rhie calculator can make it's impact. If a student comes
co tie problem situation feeling mathematically insecure

1

Lecause of limited computdtlonal skills, this unnecessary

intimidation diminishes chances of solving the problem

B2
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and greatly affects overall problem-solving behavior.
It i5 also the calculator that makes the "thinking
avout what YOu'have done" stage of problemwsolving
pussible for many students. With the calculator, q
students are more willing to recheck and verify their
solution and at times even extend the problem to find

out more about the 51tuatlon

, For example,fstudents‘used 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 compdted the population
density of North Dakota and found it is about 3.5
veople per sguare kilometer. They also computed the
population density of Rhode Island and found it is
arvout 302 people per square kilometer. Students got
a4 better understanding for what it's like to live in
orth Dakota and Rhode Island when they used their
caiculator and extended the problem to find that about

,000,000 more people would have to enter North Dakota
for that state to be as densely populated as )
Rhode Island. '

Junior high mathematics progréms should offer
students the opportunity to improve their problem-
solving behavior. This means'there should be a greater
crphasis on problem-solving in the‘junior high grades.
mne hand-held calculator will play an essential role

in this shifting emphasis.
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THE SENIOR HIGH LEVEL

Roles the hand-held calculator will play in the

high schools of the future should reflect the varying

3

-eeds and aspirations of the students. Students will

-

" 1. considered in three categories: (1) those pursuing .

and reviewing the most fundamental principles of math—
ematics needed to be knowledgeable consumers and CLtlzens;
{21 those seekling to extend their understanding of the
qu;“t;?atlv and spatial relationships needed for .

duai;Lon-makinq; (3) those who will continue their

study 6f mathematics in post-secondary education.

Students currently in the first category are
onrolled in remedial mathematics classes in which

tational proficiency is sought, but seldom

Lpu
yetained. In the future, the goal of profLCLency

with paper—-and-pencil methods can be abandoned.

Student aegendcnce on the calculator is preferable to
tne aLternatlve, viz., reliance on an imperfect mastery
.f +the computation facts and algorisms. The cost of

a calculator itself and its upkeep is a small price to

say for the power gained. Very likely the calculator
i+4nif will pe no more cumbersome than a pocket watch
~a mathematics curriculum for these students must, of
Sarse, be drastically changed. Students must master
i #k4lls in using the calculator with the basic

J:atzans~~add1tlon, subtraction, multlpllcatloq, and

“e
fa
m

[&l
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ion. Complementing instruction in the machanics of




using the calculatof\ia,1nstructlon in certain recording

skills which are needed ln more complex, multi-step
problems. - Although these S&llls are prerequ151tes for .
further study and for life ltself they should not be
prominent in the curriculum. 1Some students will already
have the requisite skills and btherskwilleacquire them in -~

just a few hours of instruction:~

With computatlon skills enhanced by the calculator,
students are free'to,explore mathematlcal activities
designed to huild»theirAproblem4solving competencies.
Activites should center on mathematical understanding
as well as practical appllcatlons. A few selected

examples illustrate use of the calcuyator for these
students: ' N ‘
Project: Compare the cost of
traveling alone from Chicago
to New Orleans by car,.by bus,

by train, and by airplane.

Data gathering is left to the students or a team of
- students. The calculator is used to add distancesy

datermine fuel consumption and costs, and so on.

Another example‘shows how the students might use

a simple, given algorism for the calculator to solwa

per cent problems.




30% of 45 is

The display shows 13.5
30% of 45 is 13.5
Compléte the;e:_'

30% of 150 i§v

25% of 70 is |

Another type of practic 1 application suitable for

students with. a calculauor i lllustrated in this example

of algorismic preseﬁtatlon.

To find fuel cbnsumption rate,

Enter: Kilometers traveled

Press: E{E'

c——

~ Enter: Liters %f gasoliﬁé used Y
Press: [:L

Display: km per|liter

Calculate the kmAliter for these:

230 km, 21 liters

315 km, 34 liters

|

A practical appllcatloﬁ typlcal of many confronting -
householders today is lllustrated in this example.

|
E

H
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project: Select from a mail-order
catalog 5 items you would like to
Luy. Compicte thie order blank

including the postage and sales tax.

nnutﬂer example of practical mathematlcs made
functlona* by the advent of the hand-held calculato"

is the tradltlonal better buy problem.

Two 60-watt bulbs are avalIéble.

One is rated at 600 hours and
costs 39¢. The other is rated
at 800 hours and costs 49¢.
thich is the better buy° ?

ilelping the student become a wxser consumer is onea of

the greatest services mathematlcs/Can prov;de the student.

Instruction for the students in the first. category

i3 prouably not best organx&eé in traditional full- yeap

" sourses. Instead it may better be organized in short

sourses or units, none exceeding one semester duration.

A student could take sewveral such courses during the

(&)
)

.igh school years. o o

Students cusrenssy in the second category, if they
WG An ﬂatnematlcs, are usually in courses in general
~r consumer mathematics. Some a"e.mlsplaced in the
analysis sequencg; many take the minimum courses. A
relevent curriculun and materials is not available for

+he students in many p resent-day schools. A wide variety




of materials are neeqed 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 vocatlona11
technical schools. Thé instructional activities may’
best be organized in a variety of short courses, none
more than jn Qsemester long The needs of future
mechanics, artists, plumbers,'school teachers, and
Vﬁretaile#s are diverse but can .be ac/ommodated in

lspec:.al;x, ed courses,

Uses of the hand-held- ealculator are ex Qlified
in these illustrations: ‘

' Foundatiohs of Mathematics>3hort Course

“Solve: 23x + 115 = 966
‘The foundations students with their calculators may use
a -guess-and-test approach to solve the equation, . HOWever

™

as they encounter other. equations of the same form,
. perhaps with non-integer' solutions, the need for more
sophisticated methods, becomes apparent. The calculator
provides the students w1th the power to explore their

hunches and to test thelr conjectures.

Geoqétry Short Course
Use 'the distance formula to
N find the length (to thae
4,nearest hundreth) of the
segment\joining points
(3, 7.3) and (9.7, 20). o

193




The calculator with a square root key allows the
student to perform all the calculations rather ea51ly

and to focus attention on the geometric relationships.

Statistics.short.Course

.-Measﬁre the length of the
. twenty pencils in the box.
Calculate the mean and
standard deviation of the = -~ . R

lengths.

Materials needed: 20 . | L
penoils of assorted

/
i

- S ;; lenéths.5

4

The calculator allows students to perform experiments,
generate their own data, and operate in the real world. 1If
the measures‘yleld awkward data, the student 1S'undapnted;
the calculator can handle it. The student has more time

to concentrate on the statlstlcal concepts. . ; _ ‘

Short Course in Finance

Find how manhy years you must
wait to have $1,000 if you
invest $500 under these

[ v

conditions:

a) 6%, compounded quarterly

b) 9%,'compounded quarterly

c) 12s%, compounded quarterly

/
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_‘The oalculator allows the Etudeﬂt to experience
firsthand the effect of the rate of interest on the
| doubllng time, The student has a tactile and visual -~
experlence as well as an lnﬁellectual one. Graphs and
~ tables begome summarles.of the experience, not beginning
points.’ Tedious calculations with logarithms are no
longer necessary. | ' -
| - Short COﬁfse in Pinance
/ . ~ You buy a ‘car for $3500
and agree to pay $150 each
month.‘ You are charged
interest -at the annual '/

rate of 12% on the balance
/

/

‘remaining éach month.
Prepaqe a table showmng
~ the balance remalnlng for
' each month. What is th/
| total cost of the car?

The problem abova is quité manageable with a 'hand-.
held calculator and almost iméossxble with- penoilLand-
_ paper methods.- Because of its practical relevanJe to
" high school age students, the problem could also be
included in a course in Consumerism. Here's another

simpie‘example: !

“ i

- 197 n ) - // , /,
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Short Coursg in Consumerism
\\\ . v
You can by potatoes at two prices:

a) 3 kg’ for 89¢ or

b) 8 Kg for $2.09“

Becaube it takes ronger to use,
10% /of the larger quantlty is '
1951 to spoilage. Whlch is

e better buy? - ‘

The use Of formulas lS a part of every person's llfe,
whether 1t
handbook .

e preparlng a tax form on reading an actuary 8
A simple - example is given below.

: \
\

B // ’ Short Course in Mechangcs
; , L
’ Use the\formulas g

' Ampérs = Volts/Re51stance and
L Wzkts ‘Volts x Ampersi
/the resistance for these

calculate the amperage and

/’applianqes using 110 volts.
/- 4-slice toadter 1600 ‘watts

/' ‘Light bulb 60 watts
/J/: Heating pad . - 72 watts
/y/j Coffee maker 600 watts.
7 Electric iron 1200 watts

1
i

,Tv " student u51ng a calculator can perform all
calcul ations quickly and ‘accurately. Fear of mathematlcs,
.whenimathematlcs is synonymous with computatlon, is

- rémoxed and the student is free to work on more important
v;thlﬁés. This ohange in focus is p0551b1e whether the

/ - ‘
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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 willlcontinue;

: ﬂstudylng mathematics after- graduating from hlgh school, -

is better accommodated by the present-day mathematics
programs than students ln the first. two categorles.
These students typically take two courses in algebra,

one in geometry, plus a fourth-year course. Although

. the calculus-preparation sequence w111 undoubtedly
undergo considerable .change in the coming years, the
remainder of this paper will consider the effect of the

hand-held calculator on existing courses.

‘In the first course in’ algebra, students typiocally
study systems of llnear equations in carefully controlled
settlngs. ‘The equatlons,are written in standard form
‘with two variables having 1nteger.coeff1c1ents. The
solutions are pairs of integers or simple rational- |
numbers. The most dlfflcult systems of equatlons the
student encounters lnclude fraction coefficients; some
' may experience very simple equatlons in three variables,

Although students may reach the level of generalizatlon
in which they solve systems of equatlons with literal
coeff1c19nts, it is.very dlfflcult for them to solve many
equations which they write for themselves or which arlse

1n real-world situatlons.

The- advent of the hand-held calculator. allows instructlon
to focus on some aspects of the topic which have pfeviously
been unattainable for many students. No longer ls the .
awkwardness of solving and checklng systems of linear ;
equatlons with rational coefflclents an 1nsurmoUntable
barrier. At long last students may encounter ﬁractlcal

% , ,38 |




applications of-their-study._ Having reacheg‘tne stage

'of generalizatiOn; they may now,“in fact, solve~an§ A

| system of two eéuations in two variebles. No longer.

. need the solutions be testrinted to simple integers.
Large numbers and deC1mals may be solutlons from theA
beginning. Freed from computational restrictionms,
teachers and studentsxmay indeed focus on the concepts.
jneygginCiples 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 probiems._ For
'example, early in the study, the student may be asked to

solve the system*

28.418

2.7x - 1.03y

'31.4x% - 1lly 451.24

To find the solution (57.6, 123.4), the student must
understand the pn7ncip1es of algebra and operations with
- rational numbers but'computation hurdles are remee .

This equLValent system is easily obtained with the |

. hand-held calculator: N : /
: ; ; 29.7x - 11.33y = 312.598 . '-,_ ’4
%,‘.n:;:j{f ' ;// 32.342}(._ 11.33y = 464./772 ;/

- /o , , ' : -/
- ; Th//division needed to solve  2.642x = 152.1792 is now

easily ac¢omplished in a matter of seconds. Wﬁth pencil-

methods, the division would be hor?%ndous.

nd—pape” :
Whether/the solution x = 57.6 is'correiy cannot be
the ultimate

verifigd by inspection. Judgment must awajt




Joriginal equations produce true statements? The check
‘f/ie no longer a trivial mental exercise, often ignored,
but becomes an 1mportant final step zn %he process. If
‘an error is detected, the student has time to correct
it. A common type of error, computatlon mlstakes, is

practlcally ellmlnated..

why do graphing problems avoid the skllls naeded
to solve many practical problems? Students seldom must
make decisions regarding the scale to use but instead
they face 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 numher.‘ Until -
the calculator was available, an equation such as
y = 1.07x + 54.6 was generally excluded from experienCes
in graphlng because of the computatlonal dlfflcu]tles 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

t;students equ1pped with hand held calculators.

I ,
/! Like their linear dounterparts, graphs of quadratlc
[ [E

%nctlons and solutlens of quadratic eguations may be
o ade more like real—world examples. Unlike when worklng
- i with llnear models, noweﬁer, the student will find that
/ a calculator equlpped w1€b a square root function is

especially useful Many 1nexpensive calculators come

1995




equipped with the square root_kéy;,‘early~a11,moderately

priced,mpdeis do. One scientific podel woulC5méet'thef
‘needs 6fla’classroom. With hand-Held calculatoiz
available, teachers and students 5hould quickly move ;
toward the quadratic formula as Ahe method used in
solving quadratlc equations. Egitqung techniques and

the completlng the-square meth/d should be used only as

long as needed to develop ‘the quadratlc-formula. Long A
" an overused and archaic meth¢d factoring quad atic

expressions should be glven/llttle time in the! algebra

classroom. ;
/'//

Although the study éf 1ogar1thm1c functions could'
become an interesting uhlt with practical appllcatlons v
in an algebra course, with calculators available a : !
different emphasis is needed than has commonly been the R
cagse. With scientific calculators available in the class-
room, 1o§arithms as computation aids are nowxoutqued.
Computation needs are bettef mef by'thé calqﬁlator.' 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 induétively. Many experiences can be made

available in a short perlod of time with computatlon done
on a calculator. Practical applications wh;ch were avoﬁéed
when studénts used tables or logarlthms now are’ routlnely

within their grasp. An example illustrates this poxﬁt.

«ul . /
/ bn.' -
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Find the value of.a‘$500
investment after lO years
when 1nvested at SE%

compounded quarterly.

\; Even the simple hand-held calculators can’ easxly
| fln\d D s00(L 4+ 2057540

4

SCthtlflC models can find the answeér eff1c1ently Even.

the pesky zero—exponent d1ff1culty is more teachable

In the second course in algebra computntlon ‘has
.seldom been a problem. Solutions have often been left:
in co utational form, sometimes using non-decimal
notati such as TT, e,; and exoressions using radicals, .
logarlthms, exponents, and tr1gonometr1c symbols Now,
if it fltS our purpose, with the aid 'of a Calculator
these expresslons may eas1ly be converted to standard
decimal notation. The d1st;nctlon between the irrational -
numbers and their decimal approximations could be a topic
of study, in problem solv1ng, however, there is no loss

of utility when eight- d1g7t approxlmatlons are used.

-

No longer must tr1gohometr1c express1ons and
appllcatlons be controlled to .avoid computatlonal
difficulties. Simple calchlators provide more than
_enough accuracy to be used,w1th standard/trlgonometric
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 verifyrthe accuracy of commercial tables
and investigate further the §eries used to generate them.

By dividing the length of each’' side of a trlangle by, the
sine of the angle opposxte it, the student with a calculator
may 1nduct1vely be led to discover the Law of Sines. With-

, out‘a calculator the computations would be too time—consumingf

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 solv1ng gituations. No
comblnatlon of numbers is too dlfflcult to handle, even

on the s1mple models

The graphs of composite trigonometric functicnsl
become accessible to the student with a calculator. For:
example, y =‘s'n‘x‘+ 2 cos x may be plotted,'point—
by-point, and its features examined. Period, amplitude,
and frequency ma beﬁstudied inductively through man&

. exberiences made available through the calculator. ;

{
!

The sclving.of pclynomial‘equations beyond theJ,
" second degreé becomes feasible with iterative techniques
i_and a calculator. ' The pr1nc1ples long used to locate

zeros of a polynomial become functional as the student
applies the principles to find the roots of equatlons
Dlrect or synthetic substltutlon may be used to evaluate
polynomlals quCkly so that even graphs of polynomlals
V/W1th non- 1n'°gral coefflc;ents ‘are within the reach of
students using calculators. The effect of various
parameters .can be explored with the drudgery of computatloﬁ

removed.

| 202

43




Applications of conics would not have to be fabricated
to fit a simple mathematical equation. Actual orbits ‘

oftiiigeﬁs, cross sections of headlights or roadbeds, and

.. pat -of;projectiles beccme a source of actual problems

that students can solve. : ' o - S

-In geometry courses, teaching may now 1nclude more
inductive and empirical methods. Consider this example1
‘On scratch paper, draw 10
triangles in a variety of
Ssiées and shapes. For
each triangle,,(l) joln
the midpoints’of two sides
and (2) divide the length
of this, segment by the
léngth of the third side. -
Write a conjécture based_

| . . |
on; this experience. }

| o A
The empirical ‘data may lead to a hypothe51s which is later
proved deductlvehy Another example Allustrates the aame 5{

p01nt.

Draw'eigﬁt~oircles of different
.sizes. For eachbcircle, (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 thls experience.

W
e

b
\
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The calculatcr prOVides a vaanble aid to the study
of many topics in analytic geometry. Use of ratio d
proportion is routine on a calculater and the s;&aent‘

and teacher are freed to cencentrate on the dﬁcepts.

~When ‘area and volume computations are handled with a.

,calculator, greater attention can be gryen to units of

measure and “to relationships among thg’figures. /The —
distance formula in eithér two- or ;Kree—dimensional
spaces becomes rniore functional w: th the aid of even a
simple hand-held calculator.\ Agplications of the
Pythogorean Theorem are routinely handled.

“In courses where determihants are calculated, thej

hand-held calculator will be a valuable_aid Probably |

only when programmable calculators are available would
much time be given to evaluatyng determinants of the
third and higher order. Entyies in matrices could better
fit real-world Situations,/cOmputational difficulty no

longer would be the controlling factor.

Contemporary courses or units in probability and

statistics suffer_without the availability of calculators.

Problems are often controlled or contrived to keep

computational difficulties within the grasp of students
using pencil-and-paper metgods. Consequently, students
have little confrontation with real-world problems. With
calculators, however, students can successfully find
means, variation, and correlat%ons of sbts of data of
revelance to them. The" prlnClp1bB of the course become

the focal point,

204
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AS in the mathematics courses, calculators. should
be a. common tool in many classrooms. The science teacher

noilonger need bemoah e lack of computational skill

,in science stﬁdents. With- calculators available to

_to deal with the concepts of the course. SCience teachers

. and mathematics teachers should be better able to, correlate

L
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‘+ of the calculator in testing. ssince the calculator will

. allowing the use of pencil and scratch paper today,” ‘ - -

" choice item

.concerns are lessened.

essential aspects of their courses when computation.

TiEEUdents in‘business and social studies should have"
free access to their own orﬁtneischool's calculators.
Quantitative asoects 6é the ‘courses should-gain greater
prominence with computation hurdles lowered Examples

handle the computation the science class is better able Lo
from the real world may be used, bringing greater 1

relevance to the classroomiand increaeing student < ~
b . -
A -

motlvation. ' o \ - . Co RN

PR . - .
el b . .

w”~Perhaps special mention Shoﬁld be made of\tﬂgirole.

become an 1ntegral part of instnpction and an- 1ndispensable

tool of the students, their use: should be allqyed during tests.

The only exception would .be when the subject of the test

A3

is computation itself. To not allow calculators. to be

used”on tests in future would be as senseless' as not

. The use of calculators on tests has implications

for thé . test writer. Care must be taken to be sure that’

~students use the intended techniqué. Consider how a

‘student armed with a calculator might solve this multiple—'




Ve

\\ = . . {'*‘;)
- What is the solution set of o . -.K ‘ )
\ 2.53x + 1.34y = 15.017 |
o O
l.16x - 3.97y = 1.384 . |
a {(7.2, -2.4)} !
B §(3.2,5.4)}3 |
o {(-4.8, 203} //
' * D) f(5.3, 1.2)} o o
. ' : C /
,‘yhe student could check each of the four respenses in
//the two eqqations until the correct solution is found.
So the astute student’ could correctly answefzthe-question‘
without knowing how to solve a system of linear equations.
This sl;ghtly different item is ‘better suited. to the class
‘'with calculators:
what is the value of x in the ' L

"solution set rof

- 2.53x + 1.34y = 15.017"

| 7 L.lex - 3.97y = 1.384 © . o
. . SR S s
. . {.A) 7.2 o .
. B 3.1 . | e .
c) -4.8 |
* D) 5.3

A

. Of course the(:;ncept could eaSLly be tested dlrectly

w1th a short-answ r 1tem.
] ; o ,fWhat is the solutlon set of

/ 2.53x + 1,34y = 15.017
1.16x < 3. 97y = 1.384
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With computatlon needs met by the calculator, tests . "
may be more comprehensive than preVlously and focus on o :
the\prlnc1pal concepts. , . N
\ - : » C ’ o

/ o “i
SUMMARY

+-1ls The calculator is inevitable. 7 S ‘
- a. Cost is below $10 for basic machines, -
N\ b. . The per pupil cost is. less than the 1

present textbook costs. A . - _
L "c. One out of five adults already has*a‘“”‘“’ T
: calculator. B '
"r'”~ ? d.}.Wlthln a few years nearly every adult
. ‘ w11l have a calculator. ; o
‘e.' Every student today has ‘a calculator 4 4
"in his future. S o L

2. The caldulator will affect’the present'ourriculum, ‘ .
- " a. The present curriculum is based‘on pencil- 471\\{
and-paper computation. A lesson that takes
"fifty minutes w1th pencil and paper may
" také less than ten mlnutes with a
calculator. '
b. The existence of the calculator affects.
the computation "need to know" level for : .

R ' all students. We no longer need to ' -

spend time to try to get all students to’
:d1v1de a flve—dlglt number by a three-digit .
number for example. C I . .

o

\
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\ o ' The calculator .and the metrlc system
makes the declmal frectlons mdre
important than the common fractlonsg

d. Many concepts’ can be better taught ,'
‘using -a calculator. Examples include
.- ) estimation, mental erlthmetxc, large
/ and small numbers, ‘and problem solving.
3. &he calculator is a great eqUallzer. Students
who could not learn mathematlcs because thev
eould not.compute can nowslearn.when the
development is supported with a calculator.
P - _
CONCLUSIONS ' a )

1. Materials , _
' The existence of the calculator 'and its

a.
N “implications for the)curriculum’require ~.
~the development of new software at all ]
7 levels. ) ” A , h ' a 5
-~ b. New course offerlngs that better meet
S 4 ~ the needs of various subsets- of the

student_populatlon are possible becauée
of the existence of the calculator.

" .. For example the dilemma présented by
the usual generaltmathematlcs course -

%’

may be’ solved when all students can

{

\‘A use -the calculator.‘A( /
.\ New materials need to be jcreated 'that .

= S focus ‘'on the development of general
énough to determine

I
[ . i

objectives. It is not

‘3

49 c ;




/ | N if the calculator is good or bad.
' | ‘Rathler we .need to find how to use it .

j | to teach concepts such /as decimals,

, | '~ estimation, -or probiemvsolvingf
2. The teacher , '
/'a. ~All teachers should be encouraged to
. ‘experiment with the use of the calculator“
. in the classroom. ' Experierice will help
| the teacher make Wise and'proper“decisions
! in the future.. o o |
\F; Teacher educators should be encouraged
I to use calculators 1n pre service classes '’

for teachers..

c. Ineerv1ce courses in the use of
; calculators to.teach mathematics
’ _ need to be developed. Unless the
. : . _ ? - teacher “is ready, materlals will not
" pe effectlve. '
3. Evaluatlon

| a.n Experlmentatlon 1n the deSLgn and
. development of evaluatlon materlals
! - using the calculator should-be included -
‘ “in present evaluatlon efforts. . |
o ' S b. 'Prosont paporrand poncll tests need to "ﬁ
. b modlflod to recognize changing ' o

curriculum objectives:




.
| ‘ .
c. ~Evaluat10n inst uments need to be - \.
developed to de ermine the ’
veffectlvencss of\programs using the

calculator.‘

d. Evaluation of calculator use itself

will also require new instrumentation.
i .

4. Parents - , .
- Any general change of the curriculum should
o involve- the public. As the public become
\\\ ' f - "general users of the calculator and as they .
' ' recognize that the calculator is belng used
to teach the basic objectives better,
\ S . support of the use of the calculator in
\\ l‘ 4 schools can be expected If this 1nformation
is not cummunicated, one can expect
'con51derable resistance to. the change / .
» the-calculator implies. ' ’
5. Research )
-The calculator itself is, nelther good nor -

bad. .As with any other tool we need to

' find out'when_ and how it can be used -
o . effectively Studies designed to assess
the effectiveness of teachlng usxng*the.
calculator with textbook materials de81gned
£or - penCLl and-paper skills are likely to be,;
of llttle value. On the other hand,
‘experlmental studles with SpelelC objectlves
and with: SpelelC software need to be
‘.carrled out' at all levels. These experlments;
will glve gu1dance, not to whether calculators
are good or bad, but to how they can and
should be used. ' '
.20 - o .

-~ 51




Aruitoxt provided by Eic:




/ / B H : AN

~ OF . THE' SCHOOL MAJHEMATICS CURRICULUM N co
/by - N

H./o. Pollak ' ' ‘\\\
BellfLaboratories \
MurrayjHill,»New Jersey o \\

Lol : ;o
/ // ) . Y N - ’ \
/ / : ' : , \

In receny?years a number of new techniques and

/// //HA%D HELD CALCULATORS/ AND POTENTIAL REDESIGN

. devices to help with teaching have come along, have enJoyed

enormous and'somewhat uncritical enthui‘

a brief period o]
slasm, 'and then/have been'added_in a limited way to our

'arsenal of avaplable pedagogy . These include, to name;just\

a few, progr:'ed instruction, films, modular scheduling,

fassisted instruction. It is not entirely

et

“and compute
unfair to fecall that some of- these were announced initially

:"fby'their evotees as the solutions to all pedagogic problems

In theiz/first wave of ex01tement proponents included many
gloriou things thatvthey could do with these new techniques,
and 1n;particular how/ these could replace or unburden the
‘teachér in one or an ther of her many functions. This human

enthusiasm is perfe_*ly natural and I do not Wiqh ‘to belilttle

itu' It: lS, howeve s unfortunate that in many cases the mathe—'
maticians looking t these new pedagogic techniquesureacted

in exactly the sa e'uncritical-spirit that 1s, with either
missionary enthu iasm or uncompromi in disdain, rather than
V. taking a deeper look at the’ problem. /Eor example, when‘the
wonderiul new gbllity to make f1lmg for mathematical purposes: e

became easily vailabie ~=-.along with sultable funding --

2iz .




'many mathemat1c1ans Joyodsly Jumped 1n. They thOught-of

all sorts of beautlful pqenomena they could’ show on film

‘and they had & wonderful tlme. Unfortunately,_and it is:
very much easier to say t 1s in retrospect than it would
have been to say it at theit1me,-mathemat1c1ans,did not

choose to ask the probably\more interesting'question-
\

What are the most d1ff1cult pedagogic problems we have

in mathematlcs education and how can films help us over-
A,
i . K 'come these? If we had stopped to consader the problem

- from this angle, we mlgnt have made fllms on cond1tional

\ -

'probablllty or curv1llnear motion or.even a brief

e

b d )

segment‘of an1mat10n to help with>that nasty problem of ) o
the~volume of" 1ntersection of‘three mutually perpendicularﬂ
cylinders;’rather than maklng fllms on area and limits.

. The latter are perfectly fine topics, but 1t is not clear

- that there is much marginalagalnﬁtor film over a black-
board.: In hlndsight -we“;ught hare heavily. emphaslzed

'three dlmensional and motion problems in our film° -

that's where the blackboard really can't compete.4

Ll

| We find ourselves at this time wilth the great \K
opportunityLOpened up by another pedagoglcal technique, A . \§
another device to help ‘us with our teaching, namely the
hand-held:caldulator. Once again it.is perfectlyfnatural

“to discuss all the glorious_thlngs that you mlght be able
toc do, and all the ways in which some functions of the

teacher might be replaced. Not unnaturally, given the

- 1




- far

prev1ous paragraph I should like to urge consideration
of the other s1de of the coin.’ What are some of the most
dlfflcult problems we have in teach1ng school mathematics
with which the calculator might help? To keep you from
reaching the'lmmediate prediction that this might.berthe
empty set let me give an example. I am told that we
often have great problems in teachlng 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) 1is that when a number goes in,’ a‘slngle»number/comes

~

out,'in»fact the same number every time. We try to get

"the students to realize that any way of describing how

the number that comes out is related to the number that

——

goes 1in is perfectly fair game, . and leads to'the{same'

function. For example, we may describe.the.funotion by

a table, or by a graph, or‘as'a\ tory in words, or byra

formula, or by an arrow diagram, or .various other

" things that people have tried. I thlnk:that\one more |,

useful device in this collection will turn out“to,be'the
hand-held calculator: A+ function can also be described -

by a fixed routine which you follow on the hand-held

- caloulator, 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 misconcepilon thal a funcltion ls a Tormula.

N




v inverse functions have'often/gotten bogged down in notation

" graph across. the line y = X 1is also difficult for those .

N

vand have been difficult for many students. After all the -

. mean at the same time they are fighting the f(x) notation.

although I believe strongly that the physically active

is still very uneasy about f( x) itself' Reflecting the

o *
LY - L

o
This may seem like a relatively small improvement,

nature of this approach will make it the best approach.to
functions for someistudents. Ho%ever, 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

oy .i

statement g(f(x))'t x 1s a little much for the student whow_

students who are struggling with variables and what theﬁ

The hand ~held calculator prov1des an opportunity for the
stuaent to understand inverse function by actually
experiencing the process.ﬁ The origlnal function starts
out with a number and give us a second number The

oy

inverse function takep the second number ‘and glves back

the origlnal -You can of course, see this immediately .

-the use of x2 and /X keys, of the exponential and

logarithmic keys,.or the keys. for various direct and
inver*e trigonometric functions. But there are'many ' ' ’ &

fancier but revealing things you can do. The inverse

T




-

e arc sin y -

" able to -teach iterat}on methqu for solving simultaneous

~ eguations. In the

B

ks

Ly = 8x3»- 36x2 + 5Ux - 27

is - ' | " \
x = 3 (v/3+3).

The inversejto '

X

1+x

y = sin

is

X = : ;
1+ arc sin y

My hunch is that if students experﬂeﬁce the transforma-
“ion of numbérs by‘such pairs_of'programs on the hand-held - -
calculator'and see - how it all domés out they will get a éood

understanding of inverse funét;gns,'one that is'hard to

obtain anyaothér«way, o o ‘ "

- Besides the areas associated with the understdnding’

RN
-

of functlons there are many others which immediately come: to

mind in_which the hand-held calculator might lead to real

pedagogic adv@ntages.‘ To name a few, we might now be bettér

s

linear équations, ;f, later on, some more general nonlinear

Aléarning of probabillty, the hand-held

calculator might/greatly iﬁérease'the variety of experiments

which can bé the source of data to be studied and used as

illustratioan’ In practical statistics, data analytic

computat}ohs might become more accessible. vSocmight linear - .

- v
7
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programming.. ?his list is not meant;to.convey any lengthy

consideration of the subject. It is simply to confirm the

notion that there are pr 5ably many mathematical topics
N : . Y

with real pedagogic difficulties where the hand—held

)

calculiator- maghx help.

\

If further reflectlon 1ndlcates +oaﬁ a rich

N \

varlety of such opportunltles actually exists —¥4as I

believe it does -- this opens up  the poss1b111ty\¢o

_ 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;essentiallyV
supplied by the dlscipline and the other by soclety. The

partial orderings I have in mind are Those of prerequi ites

and of importance - It 1is Ln many cas es true that one mathe-’

matical topiC-really hasAto precede another, and the design

of ‘the jcurriculum must take this into account. . It 1s up[to

the exp rts‘on the mathematical'and pedagogic sides of the

house t‘ make Flear the ex1stence of such prerequi ities

“althoug 1t is worth polnflng out that these expertn some- .

times change thelr minds.‘ For example, we had alwaysv
assumed |thal work with fractions must precede any. work on

probabillity. When we. finally reallized that probability

is perhaps the best available motivation for work with
fraction‘, we began.to experiment seriously wlth-.the
opposite \order. -This does not, howevwr, detract from the

point: there Ls among mathemglical Loples, or clusters

e 0217




~of topics, a partial ordering of prerequieites. Within a.
bcluster, different orders may indeed be preqtical} The
second partial ordering, as I have indicated, is one of K
importanee.' There are somekmathematical ideas, topics,je‘
'techniques which are more nearly eesential thanfothersxfof
the population\as a Whale; _Fer‘example; to take a eimple;'
but not altogether uhtimeiy, case, T would maintain ﬁhéé
probability is more 1lmportant for the pOpulatioh'&t'large

"’than the diVlblon of. polynomial Unfortunate,y not verx

] long ago we taught dlvigion of po]ynomiaiu in the th grade

ot
|

”/ and dld not teach probabi]ity until muoh 1ater if at all.

~

Division of polynomialo is probably needed for fhe first
;1me,for_part1al fraction expangions in. epuﬁd year calcuiu‘
(that's the prerequisite sidé of- the argument) and'noﬁ very

important in its own right probabllit' 1s probably needed

-

for the first tlme in the element ry qchool and l° enormoquy‘
important for,everybody. -Of cours e, these_were probgbly nel
eomen'opiniéns when the traditiOnal matheﬁatics_cur?iculum
became solidifiled.- But.seeietal needs, and:sogietel viewsz
of the m&themétical)sciences, have a way'of changihg, and
they influence.the'mathematics currioulum‘throqgh thiq
second Sartial,ordering e% 1mportaﬁce. ‘ ) e
If my views'on the pedagoglc possibilitids uf

the hand he ld calculator are reali"tic then hand-helr

alculafor" can.. have 8 m&jor offeci on bofh the payfiﬂl

L&

:ozderlngk we: have been dL,cubs?nﬂ ' Thv abllity to hmnd';

: 2\i 8

t i
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# ‘numbers and functions and algorithms in new ways will
loosen and even alter' some of the prerequlsites we have
always %elieved . We will be able to use the ablllty to

work w1th div131on of numbers and with trlgonometric

RIS -

;. : R functions and w1th exponents and logarithms as motivatlon‘

. for a° deeper study of thebe topics rather than having to |
insist that the study must precede any practlcal use of

.~ the functions and technigues. Not that we w1ll necessarily
always want to do this,v llowever, the po,slbility of l

inyertiné the ordervof~experiences'gives us a flexibility

L .'to reconsider mueh of the curriculum. Similarly, the

-hand-held calculatorfmay allow us to take up a number.of'

topics early, topics which are of great 1mportance to

.various populatione put which we have not been able to

'approach prev1ously These are;, for example, some of the

mathematicwl topics which we mentioned previously and with

which we have had pedagogic 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 w1th the aid of the hand held calculator perhaps

do data analy31s earller and more successfully, and demote

factorlng to a less prominent positioni ‘ ' | _ - %
| There 1s no obvious single way in which the |

community which plans,for education in the mathematiCal

“scilences must organi?e itself to take advantage of the

new opportunities derlving from the easy availability of

’
-

©
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N
hand-held calculators. - Let_meﬁhcwever mention justecne
_poseibility. It might 5e sensible tofheve a conference,
in the'general'pattern and scale of the Cambridge |
conferences-during the- preVJOus decade to'reccnsider
the school currlculum w1th thls new point of view in |
mind. I am not saylng that the same mix of beckgrounds
of the part1c¥pant%=1n the various Cambridge conferences
is necessarily optimal; in~féct,'we will need. a greater
proportion of pecple“knowledgeable in'fhe many aspects
of mathematics education that the first Canbridge con-
ference included ; However, a month in some relatively
-secluded spot, with day- and night- long churnlng and
bubbling of ideas,,is not a bad way to proceed although:-

edmittedly nontrivial to ‘organize. Out of such a

conference could come a blueprint to help guide the

_pattern of the evolution of education in the mathematicalr

sciences for the near future.

"
.
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What should be the nature of school mathemat1cs(§urr1cu1a vis-a-vis the

ca1cu1ator1 and its 1nstruct1ona1 potentlal7 v

~ There certafn]y is no samp1e, sing]e answer to that questioh.' And it is
h just;as certain that thimatevanswers'to the qeestion must eome,in no sma]]
measure from research, viewed broad]y.in the sehse“that "Research'is contfo]}ed
inquiry"- (Suydam & weaver;‘1975a) Before cons1der1ng part1cu1ar aspects of

such research, I w1sh to c]ar1fy several things.

o

| What Is a “CUrr1cu1um7“‘~; o S o .".-i
I have adopted Kieslar & Shu]man S (1966) haracter1zat1on that Ma cur- : L
riculum refers to the organxzat1on and sequence of a subJect matter in which -
statements about that subJect methods of teach1ng, and the act1v1t1es of the - ~
learherhare intricately interrelated to form,a single entity [p.lQQ]."' This
is the sense in which Romberg & DeVault (1969) used the.term'curricu]um in
their exposition of a model tor mathematical curriculum researeh,:as portrayed

hy Figure 1:

Mauthematics .
. Progriuns ™~ S R 1
Social ) - - '
Context : l

r
!

i

i , .

] ; :

| i ’ . i

| —— ) : . Mathematieal " - —

: r L‘-‘“,"“-r . ‘]"-"’ : Lixperiences (—L 1 m"‘“'ﬁr J
! .

1

{

1

i

-

-

) Instruction : I
e L -

Figure 1. Mathematical curriculum research mode1.(Romberg & DeVault, p. 96)

'}1 Throughout this position paper 1 have used the single word Ca1cu1atdr~to C
mean part1ce]ar1y‘the "mini" or "hand” or "hand-held" ok "bocket" electronic

¥
calculator that is of express interest in this project.
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‘This interpretation is chosen deﬁiberateTy because it emphasizes both the -

,}scope and 1nterre1atedness of factors that need to be cons1dered in connect1on

with research on schoo] mathemat1cs, wh1ch 1nc1udes research perta1n1ng to the

~use of ca]cu]ators. A similar stress-upon scope and_re]atedness of factors is

evident in DeVault & NeaVer's (1970) framework for éiScussing major issues

'(ngure 2) and pr1nc1pa1 forces (Figure 3) associated with e?ementaryQSchOOT

mathemat1cs wh1ch can be extrapolated read11y and va11d1y to h1gher 1eve1s bf

[

Pre—co11ege mathematwcs. f:;"

\:I believe that the expression "a school maghematics,curriculum” comm0n1y3=»
is interpreted, even in the Kieslar & Shulman (1966). sense, to eMbrace one or

more grades However, I find it conven1ent--and not at all 1mproper--to app]y
the term curr1cu1um more f1ex1b1y to 1nc1ude a s1ng1e ent1ty" that is of much

shorter durat1on: e.g., a curriculum assoc1ated w1th the addition of non- \\\

negative rational numbers expressed in common-fraction form; or a curriculum .
. , _ . RN

that is dmplicit in a particular 20-minute "lesson" with second-grade pupils. \\’

-
4

It is wfth this more f1eXib1e interpretation clearly in mind that I chose )

to’ phrase my overr1d1ng quest1on as,
“What shou1d be the nature of schoo] mathemat1cs curr1cu1a vis ~a-vis the
calculator and its .instructional potent1a1?"

This is no-ionger a question. Rather, it is avhosi of questions!v

:A Potential Impediment to Productive Research

14

"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- v1s

A - school ‘mathematics curr1cu1a is ‘the degree of fear that a1ready exists about

‘the calculator v1s a-vis schoo1 mathematics curr1cu1a If you will forg1ve a

mathematical pun: The nontrivia] degree of this fear is:in no way simply
1mag1nary, and can be a very real threat to product1ve research .
There is c]ear evidence of th1s fear in the very nature of many of the

uses suggested for calculators in connect1on with school mathematics 1nstruct1on
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1. Why should we
teach mathematics
in the clementary
school? .

2. What mathematics
should we reach
in the clemenwry -
schuol?

?

-

3. How should we
orginize and: se-
quence the mathe-
matics we teach?

4. How should we
organize and
implement in-
struction?

Figure,z,‘—Major issues (DeVault & Weaver, p. 95)

-
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The discipline of
mathemativs: its
nature and scope

Dcvclopmcntal psychology
and learning »tiicory

Nature and needs of
- coutemporary society

and culture

-

The mathematics

program within the

clementary school
serting
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“T'heories of curriculum,

teaching, instruction;
activitics and expericnces,
strategics, materials,
media

'Figufe 3. Principal forces (DeVault & Weaver, p. 96)
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and in the caveats accompany1ng those suggest1ohse Let me f]]ustrate

Consider first the fo11OW1ng "position statement" deve]oped by the Instruc-
tional Affairs Comm1ttee (AIC),of the Nat1ohe] Counc11 of Teachers of Mathemat-
ics. (NCTM) and'adopteq\ by its Board of Directors in Séptember 1974:

.k'With the dee;ease in cost of the minicalculator, its accessi—v
bility.to students at all levels is increasing rapidly. MathematJ
ics teachers should recognlze the potential contribution of this
calculator &s a.valuable lnstructlonal aid. In the classroom the
minicalculator should be used in imaginative ways to reinforce
learning and to motivate the learner gg_he_becemes proficieht in

mathematics [underlining added]. (See "NCTM and the minicalculator"

in the’ L1st of References ) - : ‘ fA

. This 1nnocuous statement--str1king]y un1mag1nat1ve in contrastto 1ts en=
phas1s»upon the imaginative--admittedly "is only a f1rst step in 1ook1ng at a

- new topic [7] in mathematics:edUcation,”_ (Additional suggestions from NCTM's

IAC are.to be published in the January 1976 issues of the Arithmetic Teacher

and the Mathematies Teacher. ) 'But I find it more than a bit disturbing to see
such a milquetoasty "position statement" welcomed by many as gospel. Buck-
walter (1975), for instance, mentioned that "authdritativevword came: down from
the National Council of Teachers of Mathematics. With remarkable foresight,”
e ‘ : ST N . i
it pronounced the calculators a valuable instructional tool and pred1ctedw'“y
~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 namlng
. numbers, and an understandlng of the meanlng and processes of the
baSLC operatlons——that is, until our students understand what the
calculator is doing for them. . . . Ctreative use of minicalcula-
tors after students’ mathematlcel_understandings have been ab-

stracted . . . can establish it as a valuable asset ameng the in-




v structional devices alneady_iu today's mathematics classrooms. /

As 1 scan_the're]eVant.professional and technical literature, I find this

»

'point of viéw to be.taking on the characterist{t'of a reverberation.‘ Judd

(1975), for exdmp]e, cautions that

Students must Have a good‘background in manlpulatlve math experi-
ences before they can understand the inputs and outputs of the cal-
culator. So-it 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 relatlonshlp to the real world.

Don't, in short, put a.calculator in the hands of a student before
he can use»uumbers,to describe actual events, 6r before he uudePF
stands the natire of the processes basic - to arithmetﬁc.' Only af-
ter the students.understand the meaning of the fuuctions they are

performlng should they be-given a maglc box to carry them to com- ¥ ,

pletion [b 48]

Grosswirth (l975) be]ieves‘that "Unless their use is carefully monitored by

r

teachers and}parents;'HHCS [handfheld ca]culétqr{] can become a-mathematical

.crutch on which poor or lazy students lean, to theldetr1ment of their intellec-

tual and mathematical development [p. 95]."
‘1 sense that apprehensions are most acute at the elementary-school level
and\become progressively less acute at the middle- and seeendary-school levels.

As Grosswirth (1975) has indicated "Ph1]osoph1ca] questions introduced by HHCS

ere of minor s1gn1f1cance at ‘the co]lege 1eve] [b 9Q]

To many persons the ca]culator threatens to violate certain tehets;regard-

”ing school mathematics learning and instruction--tenets that are adheredto more

tenaciously than I might have expected, Suggestions for'ca]cu]atdr uses are
mede within the constraints of those tenets (a]]owing for a comfortab]e margin
of safety), and any research that might be implicit in such suggestions wou]d
be s1m11ar1y constra1ned |

Some other persons, howeVer, appear to be w1]]1ng--poss1b]y even anxious--

tolsuggest calculator uses that may cha]]enge certain of our cherished tenets.

e T
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A str1k1ng EXample of this is found in the recently released report (1975) of

the National Adv1sory Comm1ttee on Mathemat1ca1 Education (NACOME) of the Con-

ference Board’ ofathe Mathematical Sc1ences (CBMS). In the sectron of the re-

port that deals exbress]y With'calculators we read:

whlle students w1ll qulckly discover declmals as they experl—
ment with calculators, they will also encounter concepts and opera-
tions 1nvolv1ng negatlve-lntegers, exponents, square roots, scien~
tific notation and large numbers -- all commonly top1cs .of junior
hlgh school 1nstructlon These 'ideas w1ll then be- unavoidable
topics of elementary school 1nstruct1qn For instance, students
may discover from the calculator that the product of two negatlve

numbers is a positive number and cogputatlonal facility w1th 1nte-

gers (using the calculator) will precede, rather than follow the

careful concgptual development of these ideas DJ a1, . under11n1ng
added] ' - -

This last sentence obviously is in marked conflict with the more commonly

held, more conservative position adopted by the NCTM and expressed by 1ts
_President and by numerous other persons--a position characterized by Etlinger

(1974)-a

“the pure- pedagpg1ca1 view" in which I’1‘.he calculator must not be used

to replace 1earn1ng, but rather to facilitate 1eapn1ng"‘and in whieh "The e]ec-

tron1c calculator will be a 1earn1ng tool in the school programs as are the

abacus . Geoboards or Cuisenaire rods [p. 44].“

[ .can appreciate why some organizations and persons take*the'relatively

cautious stand they do. But 1t would be a ser1ous m1stake if research on the

nature of school mathemat1cs curricula vis- a-vis the ca]cu]ator were restricted

to treating 1t simply as another (albeit powerful) instructional device, tool

-

or aid, and if that research failed to be influenced to some nontrivial'deoree'

by NACOME's (1975) contention that “The challenge [of the calculator] to tradi-

. ,d1't1'o;,na1 instructional priorities [and practices] is clear-and present [p. 4I]."




" Calculator-influenced School Mathematics Curricula
Figure 4 suggests that calculators may have differént kinds or degrees of
~influence upon,SchooT thematics curricula. = | |

|
!

I

;) ~SCHGOL MATHEMATICS CURRICULA

A

CA: Ca1cu1ator—aSéistedhcurricu1a ] K

L CM: Ca]cu]ator—modu]ated curricula

-

CB: ~ Calculator-based curricula -

Figure 4. Calculator-influenced school mathematics curricula

There are some things for which use of a caicu]ator is inappropriate, such
. as curricu]a"associatedﬁwith aspects of nonmetric geometry.
I have chosen the expression ";q]tu]atOr—aésisted" (CA) to embrace all in-

stances in which a calculator is used in some way in connection with a curr1cu]um.
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The 1ntent of CA curr1cu1a, of course, is to facilitate 1nstruction fhfs fa?t ‘ ~

cilitation comes from use of the calculator 1tse1f and at t1mes may be enhanced '

. ’ - ’ R
,c' B . ) - i

- sheets reproduced as pages 9-10 of this manuscript.
These are among the_worksheEts I used recently with two classes of third- .
fgrade pupils as part of our work with unary operators, in which we first took

, : . LU
a "Guess and Test" approach to solving examples of the forms

A.*“"-’-;f _ D —+—a—-) b

and [] =2 b

B by some special feature of the calcu1ator. Cons1der; for 1nstance, the work- |

where a and b were whole numbers of the magnitudes illustrated. The use.
of calculators c1ear1yAfacilitated this work. Furthermore, the facilitation

which the operator "+a" or "-a" for a part1cu1ar example needS to be entered
into the calculator via the keyboard on]y for the f1rst 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 deve]oped an inverse- operator approach as
a more eff1c1ent way of solving examples. In effect pup11s used the follow-

1ng equivalence re1at1ons involving unary operators

1
" is enhanced. when using calculators with an “automatic constant" feature, in -, ‘
<o D-—j—-a—bbwb—i)m

‘ |

and [J] —25b « b —25 [].

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 necessarx;'but the CA mode of 1nstruc-

tion c]earTy was”facilitating. Also, the calculator's "automatic constant“

-~

feature definitely enhances that facilitation for the guess-and-test procedure.

50
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o - : o | + '
Just in case you are curious, examples such as []__,_125_. 385 were used dur-

—

ing the course of instruction!?

2 ‘These worksheets are drawn firom my ongoing third year of activity per-
taining to calculator-influenced eprorations'(weaver, 1976), begun during the
1973-74 school year and continued during 1974-75 and into the curren% school
year (1975-76). This.present activity places a major ‘mphasis upon unary
ogeratbrs, following some previous years' work with this approach as 1]]U;i‘j-” /.
trated by the worksheets repkbduced as pages 13 and !4 bf this manuscript.. )
The‘qa]cu1ator-inf1uénced'exp]orétions are a direct consequence o. the in- "
vestigations'listed as "Réferences; 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 avpropeh subset of CA-

curricu]a; o ,’ |
There is no doubt'thet.sUitab]e typeé of calculators cah faci]itatekr
greatly the evaluation of po1ynomia1‘tunétions such as the fo]]dwfng cubtc in
‘which coeffieients arehhnderstood to be rational: f(n) = an3 + bn2 +en + d.
At first sight it would seem that a'ca]c’u]atoh'AS‘ key would be useful 1in
connection with the n3 f&ctoh of the first term. But use of this key triggers
'£;;f an 1nterna1 processing that involves logs, and "x‘]ogy":A is undefined for

'y <IO. Yet 1t is h1gh]y likely that f(n) is to be evaluated for va]ues of
n < O as well as for va]ues of n > 0. What to do?
- Some a]gebra1c~transformat1on of the function must be made se that use of
the DZﬂ is c1rcumv%nted Ope possibility is f(n) =.an(n? ) + bn? + cn + d;
since n? can be eva'tu\ated in one or more ways w1thout us1ng a - key. The
preferred transformat1éh\v1s -a- vis a calculator, however, is one 1nvo]v1ng a

nested parentheses format: f(n) = ((an + b)n + c)n +d. Th1s format general-

izes readily to funct1ons of h1gher degree--e.g., f(n) = an® + bn> + cn® + dn3.
+ en? + gn +hs= (((((an + b)n + ¢c)n + d)n +e)n + g)n + h---and is espec1a11y'
effect1ve as the basis for iterative ca]cu]ator a]gor1thms For 1nstance

- ee page 16 of this manuscript for one such illustration in which a repeated
use of the III key is circumvented effectively. (Although the HP-55 is pro-

*

grammab]e a manua]]y keystroked a]gorithm 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 ca]eulatoh characteristics (features, limitations, etc.). In these cases I.

refer to CA curricula as being more particularly CM curricula.
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Evaluation of f(n)

HP-55 User Instruetiens

' fMe = an® + bnS + cn* +dn3 + en? + gn + h
: = (((((an + b)n + c)n + d)n +ejn + gln + h
'r_}iJ;{npge/sterereoefficients a | sto I 6 | IR ]an ~7/dé |
R b s JLos Jp L )
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o | PR
i _,M,,,For new 6th-degree func- [ - ] Il | [ _J- -
tlon return to step 1. f_f ][47 ][ | AJ[Af 1» o
N I | I RN |

Galculator-based (CB) curricula.

.peftejning to the calculator itself is calculator-based (CB)..

There is a sense:in which any instruction -

- 233

But I shall



o 7
illustrate another sense in which CB curricula ﬁay be encountered.

Imagine students who have no know]edge gf!]ogarithmé but who know that num-

bers such as 1, 10,’100, 1000, etc. can be_expressed‘as;integraiﬂpowers¢of 10:
109, 10!, IO?,_iO3, etc., respectively. Imagine, too, that these students can
use calculators having a key and that they are confronted with the follow-
ing question (for thevfirst time): Can a number such as 580 be exphesséd in
exponential form to the base 10? | | | . |

| 3t -
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 10%, 580 should be about 102-5. Use of key [T0X] will show that 102-5

is ‘approximately 316.2278 (tp four ‘decimal places), which clearly is not "about"

- 580. But using key [10%] in connection with a guess-and-test procedure, the

decimal places).

following séquence,of increasingly more precise apprgximations may be gener-
ated rather quickly: ' |
102.7 < 580 < 102.8
102,76 < 580 <:102;77
10é.76$ < 580 < 102.76H

102.7634 < 580 < 102'"763'5

etc. o ' ¥
Work such as this should lay an excellent conceptud]ﬁfoundation for students

-

when uifimate]y they keystroke "580 [Tog]" and see displayed 2.763437(£0,fiye

-

~.

The work just described clearly is calculator-based (CB). Insfructidn is

- more than assisted or modulated bj‘the calculator: it is dependent qpon the

calculator; thus, CB.

The distinctions béfween CA, CM.;ﬁd’CB cdrricu]a may be somewhat hazyfat
timés, but that is not crucial. The Jdistinctions are intended to emphasizé
that calculators may p]ay somewhat different roles -in relation to mathematics

curricula, and‘that research should not be unmindful of such differentia]vroies."
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PriorvandZOngoing Research
The very newness of calculators provides little ef a‘research base upon |
which to build. For instance: Annqtated research 1istingsforfthe'ffve cal-
endar years 1970 througn 1974 (Suydam &‘Weafer, 1971, 1972, 1973, 1974;/1975b)
= include a total of 444 Journal reports and-1, 443 doctora] dissertations that
were judged to have relevance for mathematics education, (a1th9ugh these two
categor1es of documents are not d15301nt) 0n1y SIX 1nvest1gat1ons from the *\\;
five years' 11st1ngs pertained to ca]cu1ators--see "References ‘Supplement A" | x\\
--and most of these were concerned W1th desk model - rather than "pocket"'or
'”hand hetld" ca1cu1ators3 When the annotated listing for calendar year 1975.
is comp11ed more ca]cu]ator 1nvest1gat1ons are bound to appear, but there .
still will be no, plethora of such 1nvest1gat1ons reported. . T~
The extent of ongoing research is veryvd1ff1cu1t to assess; this also is’
true of the nature of that research. We are given hints frem:thembrieprrog-
reSs.reports re]eased by some projects (e.g., Kessner, 1975; Barrett & Keefe,
n.d., for the project announced by Hawthorne,,1973) but by and 1arge we have
precious 1itt1e informatien--and'none of it definft1ve—-regard1ng the extent |
and nature of ongping research.
Thus, my approach to a consideration of needed research on calculators
in re1ation to school mathematics curricula has been 1itera11y from point zero.
Over time we may see that findings from some of the ongo1ng research g1ve at
Jeast partial answers to researchable quest1ons that 1 sha]l ra1se But at
" the present I.have raised such_quest1ons without being able to bu11d upon a
body of findings from previous investigations, as we so often are able. to do

in many areas of mathematics -education research.

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 fnvo]ving'ca1cu1ators.
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Some Needed Research

5

\\\ The Nat1ona1 Adv1sory Comm1ttee on Mathematical Education (1975) has sug-

gested that “Desp1te the. obvious prom1se of ca]cu]ators for enr1ch1ng mathe- |

- matics 1nstruct10n, 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 algorithqg?

- 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 optlmal for various school uses°

What spec1al types of curricular materlals are needed to

> -exp101t the classroom 1mpact of calculators°

‘'How does calculator avallablllty affect 1nstructlonal em-
phasis, curriculum organlzatlon, and student learnlng styles in -
higher level secondary mathematics subjects, like algebra, geom—

‘etry, trigonometry, and calculus? [pp. 42-43]"

Other\}esearEhab]e questions are implicit in the NACOME report's discussion of

calculators.
There wil]l be some understandable overlap between the NACOME report ques-
: N
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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1. In fe]ation to students' work with mathematical problem situ-

atfons'and app]ications for which hUmerica1»c&lcu]ationsvare heééssary,
what wi]l be the effects of delaying (oﬁ,eliminating?) fhe introduc-- |
tioﬁ, Qevélopment and }einfbrcemen of bencii—and—paper a1gOrithms in
favor of the introduction; devé]obme t and reinforcement of ca1cu1a?

tor algorithms?

The improvement of students' abi]ityitO‘ ope effective]y_With_mathemati;

cal prob]em'si%uations and'dpp1ications-is the kaison d'étre of school mathe-
- b

matics curricula. Computational faci]ity:ﬂlandgj_itse1f has no validity

whatsoever as a curricular objective. (This is equally true‘of féci]ity in

algebraic and other symbolic manjpulations.) Pencil-and-paper algorithms are -

means to ends, not ends in thémse]ves. Are calculator a1gorithms:“bettef“
meané to the samé ehdg?

Figure Sa (manuscript page 21) suggests an all too comﬁonp]ace practice |
which I sha]j illustrate within the context of who]eTnumber mu1tiplication..
| Assume that students have worked wftb factofs less than 10 ahd‘now are con-
'fronted}with’mu]tip1ications in which one of the two factors is gfeater than
hfhe, We draw upon A and B ovaidure 5a to develop C--one or more penci1;‘
and-baéérva]gorithms--and then use C in connection with D. This is.an unfor-

'tunate progression in that the-focus of atfention is upon C--use of an algor-

1thm;frather than upon A--use ofyan operation and its properf}es (as needed). -

When we move on to ihstances in which each factor. is greater %han nine, we a-

gain draw upon A and B to develop C; then, in'connectiOn wﬁthﬂp{ thé foéus of

attentioﬁ is upon using C--an a]gorithﬁ. An unwanted canquébce'of all this
is that spudents all too often very likely look upo;Athése tQ@‘prob]ems

What is the cost of eight .13-7cent stamps? p

and

242
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What is the cost of.' twenty- five/1‘3. cent stamps? - : 1

as d1fferent--rather than alike--because somewhat different a 1gor1thm common]y
would-be -used in effect1ng the mu1t1p11cat1ons

If a particu}ar calculator were used to solve tne two problems, however,

orecisely the same ca]cu]ator aTgorithm would be used for each problem; and’! - '
‘that a]gor1thm is so s1mp1e and direct that there is v1rtua11y nothing to d1— |
vert students' attention fnom A-to D directly. It is much more 11ke1y that
students would view the gno.probléms as boingtgllgg_rather than'djfferent.
. Figure 5b (nanuscript'page 21) suggests this desirable more direct rela-
tionship between A and D,.with‘an option to intnoduce,“deve1op and reinforce

C to some degree at some point(s) in time with some students in connection

ot

with some curricular content, ultimate]y using C in connection with D.

Taken togetber, Figures, 5a and 5b suggest a w1de range of potentinl re- .
search on that which I cons1der to be a .very cruc1a1 quest1on -pertaining to
school mathemat1cs curr1cu1a, a quest1on with affective as well as cognifive

| implications, a question that must be related to the various components -of
Figuro 1 (page 1 of this manuscript):
o In nelation to studénté’ work with mathematicoT problem s%tua- |
' tions and app]icétions for which numerical éa]cu{Stions are neces-

sary, whap will be theveffects'of‘deTaying, diminish;nbg\or e]imié

nating fhé introduction, development and. reinforcement of pencil- | " |

and-paper algorithms in fovor of the “introduction, development

and reinforcement -of calculator a]gorithﬁs?

i

But there is a hidden assumption in that question thafnraises another questio

--one that must-be ansWéred to some degree before makingjan extensine attack

‘upon question #1.




2. How---and how read11y an//how we]]---can students learn to
use ca]cu1ators effect1ve1y and eff1c1ent]y in connection with par—

‘tlcu1ar,curr1cu1a?

‘The prece@ing question iatit1y assumes that students will have little or
no diffjculty~in'1earning'to.u5e calculators. This may or may»not7be'tr0 -
depending upon what is meanf by géjgg_ca1éb1eters. I be]ieve thﬁs is a n:;f\\\
trivial point that‘needs m;}e than pasgingicongideration. '

First, recall the different languages or logic schema that[ére used to
enter and erogess data. The prinhiph] enes’may be summarized as follows: |

1 l Arithmetic or "commercia]" logic (ArL)
i 2 - A]gebrawc logic (AglL),
2.1 - With no operat1ona] h1erarchy (AgL- No)

‘2 2 - w1th a mu]t4p11cat1on(or d1v1s1on) before add1t1on(or
subtract10n) hierarchy (AgL-M/A)

33 Reverse Polish notation (RPN) with an n-level ogerationa]
r\»StaCk - =TT . . . T

Certain‘ofvthese 1énguage differences are reflected %n even thetéfmpiest of
calcu]ator“cafpufa?ibns. Refer, for»instance,to eduation types 1-4 of Table 1
(page 24 of this manuscript). ' B :_ - “N—»\ .

| Given an AglL calculator (e{ther_Agtho or‘AQL-M/A), the fo]lowing routine
or keystroke sequence is a geﬁera]ized calculator algorithm abp]icab]eito
‘equatibn types 1-4: '

a [v] b [5].

Given an RPN.calcu]ator, a generalized algorithm for the same equation types

2 [ERTERY) b (3.

is:

There is no qenera1ized'algorithm for equatioh types 1-4, however, in the case

of an ArL calculator.

23
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TABLE 1

Some Simple Equation Types

11. (avb)#c=n  III. av(b#c)=n




0

| \ o « 25
‘fMoviﬁg to equation types 5-36 (Table' 1), more than ca]culator 1anguage or

Togic must be taken into consideration, I shall 111ustrate this with
625 - (19 x 24) =

which is a spec1f1c exemplar of equat1on type 27 and might have been derived

%rom 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?

‘w1thout'a_ca1cu1qtor, a student very likely -

24 625

would execute a sequente of two pencil-and-paper - % 19 -456

. : , 216 169
.calculations much as shown at the right in order 240

f . “'l N ) . ’ . Es—s—
~ to solve that equation or problem. ~ '

But how would a[‘student solve the problem with a calculator? One ob-
vious thing would -be to fo]]owvthe .same twe -step sequence,vas it were but to
use a ca]cu]ator to compute the product of 19 and- 24, and then tc*subtract

" that product from 625

Such-a p1ecemea1 anproacﬁ would "work" on any ea]cu1ator, But--depending :
‘updn the caicu]ator--that approach may not be an efficient er pfeferred one.
The p1ecemea1 approach would involve re- enter1ng the 456 via the keyboard,
-wh1ch part1cu1ar1y in the case of 1arge(r) ndﬁbers, increases the 11kelihood
of visual and keystrok1ng error. On certain caieuletdrs it is possible to
avqjd such re-entry of data by uefng particular calculator features such'as
“an independeht memory or storage register, or an bperatjona1'staek{ etc.

The intent of using a calculator involves: more than Simp]y replacing

pehti]—andfpaper calculation withv-easy keystroking. Rather, the-intent is

to use a calculator a]gorithm that ;apita112es Upon ény data pfocessing

features that a given‘ca]cu]afor may have. Pages 26-27 of this‘ménuscript il-

lustrate such calculator algorithms for a variety of repreéentative calculators.
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- ihdependent memory or storage register:

H
i

An_AgL-No calculator such as the Texas In truments TI-2500-11 which has no 4

26
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An AgL- No calculator such as the Texas Instruments TI-2550-11 which has an

- independent "accumulating" memory:

An AgL -No ca]cu]ator such as the Rockwe11
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24

STEP INSTRUCTIONS .~
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" accumulating” or "overwrite" memory:
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- An AgL-No calculator suvch as _the Litrbnix:..2260 which has a pair of opéen- and

c]dsé-parenthesis keys:

STEP INS;I'RUCT I(SNS

1 \\x...,..‘ ‘
. ,
; 3.

4

I

ces L - QL C LI )
U T | N N |
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“An AgL-M/A calculator such as the Texas Instruments SR-50 (i11lustrated by two
a]gorithm/{s,«which differ in whether the product of 19 and 24 is disp]ay_ed')' :

3
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~ Given (a,b), an ordered pair of who]e numbers such that b'# 0,

28

No illustrative algorithm was shown for an ArL,ca1cu1ator 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-

Vlators Furthermore, .in response to an article by Stu]tz (1975), both Gronbach

(1975) and Weaver (1975)-have seriously questioned the suitability of ArL cal-
culators for inStructiona] use,.especially among young children. '

Aﬁca1cu1ator-uniqge‘a]gorithn. The process of dividing o q
is a familiar one that may be illustrated in the form shown. - b a
at the right and defined more precisely as follows: - -Dxq

r

the process of dividing specifies the whole numbers q and r < b- so that
a=(bxgq)+r. fe | S
Much research and d1scuss1on have been devoted to the pros -and cons of
sundry . paper -and-pencil a]gor1thms for- this process, wh1ch is simplified
markedly by use of a calculator.
-~ Pages é9 31 illustrate various calculator a1gor1thms for the process of

i

d1v1d1ng %ach a]gorithm is generated around these basic steps:
1. Ca]cuﬁate a:b=0Q. ‘ﬁ _ ? _ ; 1
2. Truncate Q to whole-number q: -Hﬂ = q; @hich js in fact the “"greatest L

integer" function applied to Q. ¢ . y

Calculate b x g ‘(or q x b).' . W
Calculate a - (b x q) = P . : -
The truncat1on 1dea is rarely encountered by pup1]s in their pre- a]gebra work. |

It is a necessary ‘idea, however, in these ca1cu1ator a]gor1thms (pages 29- 31) Ka'
" Except for the last of the illustrative a]gor1thms (HP 65 calculator), the

truncation of Q to q 1is performed "menta11y" by the pup11--not by the ca]-

culator. (More later about the HP-65.) }

The illustrative algorithms differ principally in the extent to which, or
way .in which, ca1cu1ator "memories" are used to advantage " They also differ

-in ways that are assocjated with differences between AgL-No, AgL-M/A, and RPN
!ca1cu]ators

~\ﬁTthough the process of d1v1d1ng is most common]y associated w1th "quo-
tient and remainder" prob]em situations at the elementary- -school level, the
p\oces\_has a more advanced application, for ‘instance, in using the euc]idean _

~algorithm to generate the highest common factor of two counting numbers. The

algorithm therefore is of interest in connection with more sophisticated as

- well as less sophisticated calculators.
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It should be noted that in the HP-65 algorithm (bottom of page 31) the.
truncation of - Q to gq did not have to be effected "menta]]y" by the user
but was executed us1ng a hard-wired truncate-function key.

[AY

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 possib]é to
. eliminate "menta]"_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 DA'T’,‘\’;BL'T; . KEYS DA(')TLEBLFJI.ITTS
1 x n [ Weree 0 - 10 1 |
2 A [ ) ][ 2nd -|[ fix 1Lo 3

| w e 0 )

4 | | v [ oend JLorix [ ]

x| n>0 | I B I |
‘ B O ]E 1

[#3)
m
m

R

"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 subrqutine suggested by Smith (1975):

STEP INSTRUCTIONS | pafaromis | - o revs bA()TL;xT/E:ITé

B S I | R B D |

2 * 10000000--- I x || N [ RiE j

3 * . | 10000000--- [ = ] 0 m
* | Use a sufficient number [ , ‘H E; Jsj

of 0's to fill the dis- [ H i 1 |

play register. . | i I | l —

Younger users most likely would view this simply as a trick and would not
~_comprehend 1ts rationale.

29-31) if Q is integral, q = Q and
in fact superfluous.

Note that for all algorithms (pag
r = 0; thus, the rest of the algorithm is




‘ An alternative algorithm. In connection with the process of dividing it
is permissible to calculate r in. the fo]]ow1ng way r=(Q-gq) xb. The
a]gor1thms illustrated on pages 34- 36 utilize th1s alternative calculation of

r, wh1ch—-depend1ng upon the calcu1ator 1nvo1ved—-may show a non1ntegra1 dis-
play that must be rounded of f "mentdally" by the user to get. 1ntegra1 r.

(It may be of interest to note 1n passing that not on]y does the HP-25
calculator have a hard-wired funct1on‘key to truncate Q to° q, it also has .
a hard-wired function key to ca]cu]ate Q- q directly.)

‘ Going a step further. . Thus far, atll 111ustrat1ve a]gor1thms are to be
manua]]y keystroked step-by-step by the user. Programming a ca]quator repre-

sents astill higher level of algorithm development. The appended "I1lustra-
‘tive Programs: II" utilize the programmable HP-65 and SR-52 calculators for
the process of d1v1d1ng The two calculator programs per se differ jn ways
’ other than those observed earlier for the manually keystroked HP-65 and SR-52
algorithms, although the User Instruct1ons for executing the two programs are
almost 1dent1ca1

"I11ustrative PrOgrahs 111" and "IT]ustrat1Ve 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. "Illustrative Programs IV”
in particular shows an effect1ve use of the SR- 52's unique indirect address1ng
feature-in connection with data storage and retrieval.

" The ‘question identified at the outset of this section,

""How---and how readily and how well---can students learn to use‘ca1cu1ator§
effectively and eff1cient]y in connection with particular curricula?",

- is both broad and deep, and cannet‘be'answered at all simply. The various
illustrations used thUs far barely scratch the surface of.ca]cu]atdrgTeatures
and differences that may have a bearing on this'question. and that must be re-
lated to level of curricular content and to levelsof students' cognitive and
mathematical development. Our search for answers to thiezquestioh must involve
investigations -that examine effectéesuchvas proactive and retroactive

* This context, the evaluation of polynomial functions, was used earlier
on manuscript pages 15-16 in connection with an illustrative HP- 55 manua]]y
keystroked algorithm.
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2

‘atjon and interference, transfer, short- and long-tekm retention, etc.

It also'would be well to investigate learning within a "messing around" con-

text as well as within the context of systematic 1nstruct1on

Elsewhere I Have expressed the belief that students' 1nte]]1gent and ef-
fective. use of \calculators will necessitate mare rather -than less mathematical

- camprehension (weagii, 1975). Let us a$sume, for instance, that a student is

aware of the following.generalized algorithm for a ca]cu]ator such as the TI-
2550 when so1v1ng CWSss\III equation types (21- 36) of Table 1 (page 24):

INPUT © | KEYS OUTPUT
DATA/UNITS _ DATA/UNITS

S AN
e =N e L ]
O N | N [ —

SUSUSVIRI U EE—

w

For a part1cu1ar exemp]ar of type 25 such as 81 - (15 + 29) this algorithm
becomes:

et 1 e | oumeur
DATA/UNITS : KEYK : DATA/UNITS - |
AR I | N | NN [

e el eI )
T T NT‘J 7|

But in the case of type 25 equations and'exemp rs, the following is a
bit more efficient than the generallzed ‘algorithm usey above:

>

\\
\

e e e e ,F - o - ) .
o s o |
o1 N N R

i
S |
IS W [ | o s

Furthermore, if a student is aware of the fact that a - (b + c) =

(a - b) - £, that student ‘might use a much ‘more eff1c1ent a]gor1thm For type
25 equat1ons and exemplars: o R \\
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INPUT KEYS - ' ouTPUT | = |
:DAFA/UNIT‘%* : DATA/UNITS S
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TN | | e B |
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o

The preceding illustrations suggést 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 mdreAthen wevdo at present about

the kind ahd”degree of student knowledge and‘comprehension that facilitate
more effect{ve ca]cu]atoh use, ,thét prompt - students to modify calculator
- algorithms (oh phograms) when it. would be advantégeous to do so, and that en-~
,ab1e students to dev1se or generate calculator a]gor1thms (or programs) to

5

meet’ part1cu1ar needs. . %

R Familiarity with certain mathematical ideas Tikely has a-faciTitat%nghin- '
fluence upon students' calculator: use. But let us not overlook the 1ikelihood
of a chicken-and-eqg. question: ‘ - o

3. How can certain mathematical ideas (concepts, relationships,
propert1es, and the 1ike) be deve]oped effect1ve1y and advantageously
with the aid of a suitable calculator?

For severa1 decades many members of the mathematics education commun1ty
have adhered to thefd1ctum, "Understanding precedes drill," and the re]ated
belief that drill in and of itself does not develop understanding. One of the
c]ass1cs from the research literature of the past focused on this dictum.5

I fear the emergence of a new dictum, "Understand1ng precedes calculator - 7
use,” and the related contention that ca]cu]ator use in and of itself does not- |
develop mathematical understandﬁng I.certainly agree with this latter conten-

" tion. Although I sense the intent of the emerg1ng new dictum, I cannot accept
it as unqua]1f1ed1y“va11d. \ ‘

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 hoﬁd very strongly to the belief that calculatory can be used to dis-
tinct advantage in the deve1opment of some mathematical|ideas--that ca1cu1ator
use can precede and lead to understand1ng One illustration of this a]ready
has been .suggested on page‘17 of this manuscript (pre-lo experiences).
Consider another illustrative possibility: "Illustrative Programs: I",
appended. A calculator program such as this might be USe@ to advantage in de-
veloping the closure property as it pertains to the set of whole numbers and

the operations, of add1t1on, subtract1on, mu1t1p11cat1on, and d1v1s1on

Are there not a var1ety of propert1es\that m1ght be deve]oped 1nduct1ve1y T

through calculator use? Which ones? * How?

-

4, What are the effects of implementing certain other calculator-
: 1nsp1red 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. e

Certain of these have been suggested in a Varietyvof'documents:.'an
earlier, consideration of negative integers; an earlier consideration of deci-

~mal fractions (especially in relation to metrication), witb dess considera-

tion of ‘common fractions , and when coupled with the 1ntegers, an earlier con-
sideraticn of the full set of rationals (decimal form emphasized), etc.

Such changes merit at least exploratory implementation and an- effects as-
sessment. But there are several othe?s kinds of curricular changes that I be-
Tieve merit consideration even though they are 1dent1f1ed much less frequently
--if at all.

a. I believe this to be a valid assertion: At the e1ementary -school
level in part1cu1ar the sequencing and pacing of arithmetic content has been
determined pr1nc1pa11y by the acqu1s1t1on ‘of computational sk111~—espec1a11y
skill with pencil-and-paper algorithms. From a mathematical point of view it

is absurd that- computational: facility should'play so 1arge a role in the pro-
gress1ve introduction, deve1opment, and extension of content. C _
In effect T am touching upon 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 qonceptué1' kather than computational considerations in se-

quencing “and pacing curricular content. Calculators can make it possible for

Qul




"us to consjger seriously the implementation of promising changes in curricular

¥

i
i
t

sequencing and pacing not only at the elementary-school level, but also at the
middle- and secondary-school-levels as well. - _ - A : \

b, Certain curricular changes may be more pedagogical than mathematical
in nature. Earlier in this manuscript I f]]ustrated within two different con-
texts a "quess-and-test" procedure. This certainly.is a much more feasible
tactic to,usé with a calculator than without one. Will the'proceduré improve

" students' abiTity to estimate, for instance? Can the -procedure be used to de-

velop systematic approaches to estimation? \ A
~ Qur consideration of calculator-inspired cUrricu]ar changes and their ef-
fects should include pedagogical changes as weT]\aS'mathematical ones.

Before leaving this question I would like t% hoist at least one caUtiqn
flag that takes us back to a content consideratitn. As 1 already 1ndicated;
it has been éugéested freqvent1y that cé]cu]ato? will pecessitate less atten-
tion to rational number notation in common-fraction form. (Metrication also
may prompt such decreased attention.) _ .

There is danger, I be]ievé, in,unwittjngt& going too far in p]aying'dowd

common fractions. Decimal-fraction notation for rationals is not applicable
within an a]erraic context. [If common-fraction notation for rationals is e
cessively suhpréssed in'connection with arithmetic work, will students be
handicapped in subsequent algebraic work? Mhy should not students use calgu-
lators in connection with operations on rationals that are expressed in com-
mon fraction form? (I have several calc 1ator~programs for just that siftua-
tion!) '

4

; /
) f
v

5.. What about teacher education?

‘73‘

/

Consideration certainly must be given to this, especially aé the elementary- -

and middle-school levels, within both preservice and inservice contexts. )
What background must teachers have that will enable them to use_ca]cu-(

lators effectively in their-instructional work? How can this background be

attained expeditiously within preservice and inservice contexts?




6. What about ea]cu]atorsvin reﬁation to computers?

I know fromepersona] 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? ;w111 persons who have worked with calculators and
‘calculator programming have a "head start" for work with computers and com-
puter programming? lIt is reasponable 'to believe so, but is that in fact the
case? Is there any kind of proactive inhibition or interference"(rather than
faci]itation) 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'ﬁpcket calculator imple-
* ments logical (Boolean) equations as well as Algebraic equations;
can make:logical decisions, and will iteratively execute 4 pre-
programmed set of instruetions; it can be correctly called a
pocket computer. It is called a calculafor only because it.does

not satisfy the U. S: Government‘s»import/exbort trade definition
~ of a computer. [p. 14]

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 tuat should be considered in
! relation to calculators.

N\ |
Al \ .
'QU\\\' v In Conc]us1on
a . \\
_\\ \1 I certa1n1y have not exhausted the researchable quest1ons that m1ght be

| asked regarding the role of the hand-held electronic calculator in relation to
xx, schbel mathematics 9urr1cu1a I have restricted. tﬁ\\quest1ons to those that
A I consider to be of’more than mean importance, with less, cons1derat10n for
Some tﬁh; already are be1ng//a7sed frequent]y in a var1e£§ .0 sources

/

Var:hus kinds of Tesearch w11] need to be pursued In Tdme instances the

SN - 2 v 3




-always be clear. But that is of little consequence /

42

“investigations will be essent1a11y feasibility studies; in ofher instances, ex-

perimenta]--a]though some of these would be premature at't s point in time.

Some investigations will be within a CA context, soﬁe within a CM con-
text; and some w1th1n a CB- context--a] though the 11nes”of demarcation may not

Not all 1nvest1gat1ons w111 emphasize the samé component(s) of the re-
search model identified as Figure 1; but all 1ny¢§that1ons should be sensitive
to re]evant components 'of the model. ,7-

Both cogn1t1ve and affective factors should be considered.

~Some 1nvest1gat1ons should produce use ul information in the re]ative]y‘

-

near future; others will require a longer /period of time. ' ' B,
/ : o T ,,ﬂ;,ﬂ(,,»«/’”
o : ‘ T
’/l { /___}ﬂar:'\"

/ .. A Different Research Need
|

It has not/ been uncommon for past research perta1n1ng to verbal prob]em

so]v1ng, for -instance, to include computational skill as a var1ab1e A sig-
nificant but 1ow positive correlation generally 1is found to exist. It is of
SUffTCTent—~magn1tude, ‘however, to prompt investigators to "partial out" the
influence of fomputat1ona1 skill when examining the re]at1onsh1p of other
factors (e.g., reading comprehens1on) to verbal -problem soTv1ng ability. 6

/ The use -of calculators: in’ connect1on\w1th prob]em so]v1ng will Titerally
e]Nm1nate as a source of variance the factor of computational skill 1nv01v1ng
pencil-and- -paper algorithms. A new source of var1ance is introduced, to be
sure; but of what s1gn1f1cance7

Some past research on problem solving--and some other things as well--
might profitably be redone, with the factor of computational ski]j.non being
of no research interest and not even entering into the investigation.' Woulq.
new'findings differ from previous ones? 1in what way(s), if at all?

- It is one thing to control statistica]Ty for a variable; it is another
thing to have the variable nonexistent! Let's put the.ca]cu]ator'to this use.’

b For instance, see M. D. Mart1n, Read1ng, comprehens1on, abstract verbal
reasoning, and computation as factors in arithmetic problenm solving. (Doc-
toral dissertation, Un1vers]ty of Iowa, 1963). Dissertation Abstracts, 1964,

24, 4547-4548, - | )
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ILLUSTRATIVE PROGRAMS: I




=~ THE CLOSURE PROPERTY
rdnd(OPERATTONS ON NHOLE&NUMBERS

l

For every whole number m and every whole nujberfn;

i. Is m.+ n a unique whole number? If not, when nof?
2. IJsm-na unfdue whole number? If not, when not? - S
3. Ismxn a unique whole number? If not, when not?

4. Is m:n a unique whole number? If not, when not?

Hew]étt Packard HP-65 and Texas Instrumencs SR- 52 programs -and user 'f{'ucJ
t1ons to ass1§t students to answer these qyest1ons follow. One asp

ofrthesq
1

b

prognams shou]d be noted in particular.

The HP-65 calculator has a preprogrammed m functon key that truncates

an X- reg1ster number to an integer. Th1s i$ us program 1line 23) in connec-

-
) .

tion wi® test1ng whether m : n is a who] /umber.' N \

The SR-52, however, has no such preprogrammed funct1on I hav /wnitten the

program to include a]ternat1ve approaches to this:

‘ a. In the user def1ned D- funct1on/to calculate and test m-& AT found 1t
advantageous to use the preprogrammed m (degrees-minutes-secpnds) func-
tion key. This may appear 1rre1evant even strange; but that key perm1tted
. me to devise a test ‘based upon the fact that x = x[2nd] [D.MS] iff x dis an
integer. l ' -
b. In the user defined D'-function to calculate and test m : n, a longer
snbroutineIWas used to truncate x > 0 to an integer (and was bypassed in

the event that;x = ﬂ)ﬁ This truncation subroutine is derived from the SR-52

Owner s Manual. /

/ C e

The truncation of x to an 1nteger is not an end in 1tse1f but is/a means
to some other end which ‘can be accomplished more efficiently (I believe): by~
use of the key. It would be a quite different matter, however, if the
truncation of x to an integer were an end in itse]f‘(which is not accom-

9774

plished by use of the [D.MS] key.)

J. F. Weaver
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HP 65 Program Form | 53
fe m#on w1th1n~§hgwwhole -number universe ”.? | | P 1o 20

SWATCH TO W PHGM m[ss f PRGM  TO CLEAR MEMORY

KEY | CODE | _ “1[~KEv | copbE :
e | CODE COMMENTS MoKy | CopE COMMENTS REGISTERS

[ Jz3. | — R,

g

A o | » |
CLRIN |24 K . L ‘ {|R2

LBL t23
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HP-65 User Instructlons | 54

RN
Lew, SM# 0 w1th1n the who1e number universe P 2 ol 2
CPragmner JTW ' o L oo Date ,1“2/.75,,
. ‘ ’ INPUT OUTPUT
STEP _ INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1+ To add: 'm + n , » ' m  ||ENTER4||

A O] e

2 To subtract: —_— ' o m [ENTER*”

| |
ns |l A 1l men )

]

]

|

’\QLN ns || B ][' m-n
. B -

13 ; To multiply: mxn o om | ENTERA|[ ] |
o o s L] met
N R N ]
14 .E To divide: m : g '_ ) ' m [ENTER+|| _ |
| n S D ][ | mint
+ (-‘_“,) '
SR -
iv+ A flashing or blinking display signifies | ,[ ‘ Il .] 7 “,///
that no m#n exists, or that no unique 1 rgﬁ ]f ] I
m # n exists, among the whole numbeﬁs | _ E[ ][ 1
| |
7§ Iff n = m it is not necessary to enter n T | |
T via the keyboard and this ehtry may be [_ kv][ . J
‘ _

i omitted S I yll VI

oy . 1 | )

IR -
|
]
| (|
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TITLE_M # n_ within the whole-number umve%E 1 oF 2 SR-52 %@
PROGRAMMER ___ JTw 12/75 COdiﬂg Form
An astemsk * signifies use of the preﬁx key |2nd]

| LOC |CODE| KEY COMMENTS LOC [CODE K_EY COMMENTS|| LOC CODE| KEY |COMMENTS LABELS
000 46 1% BL 10381 75 | - ’ A Mm+n
001] 11 | A 039 | 90 |*if zro B m-n
002] 95 | = %% D10 (e " cmxn
1003] 81 | HLT 041 | 42 | sTO | Dm+n
004 | 46 |*LBL o400 |0 o /| e used
05 112 |8 ‘ 043 [ 01 | 1 A
006195 | = | 044 | 53 | ( B \
007 ' 22 | 1NV 045 143 | ReL - c
008| 80 |*if pos 046 | 75 | - D
009 | 15 | E » 047 |93 | . ] 07 | &
190 181 | HLT 048 | 051 5 | N ‘ | ReaisTERS
01146 [*LBL 049 | 54 | ) | T | 00 "
012 113 | ¢ - %0 157 |xfix |
013195 | =~ | 051,00 |0 ‘
014 {81 | HLT . 052 |52 | EE %02
015 T46 xLBL 053 |22 | INV '
1016 |14 | D " 054 |52 | EE
017 |75 | - VW% T T
018 |42 | STO 056 |57 |xfix
01900 10 057 |95 | = %07
0 tor |1 1058 |22 | INV. |
021 137 *D.MS & 059 | 90 *if zro
022 195 = %0 115 | E
023 122 INv | 061 (43 IRCL - |
024 90 *ifzro 1062 |00 |0 %2 -
% 15 E 1063 |01 |1
026 (43  RCL . 064 |46 MLBL i
027 100 0 ~_ 9% 110 . E! . |
028 01 1 1066 /81 [HLT |
029 81 HLT ) 1%
930 tag wLBL - T
% + : o e T S NEE—_———
031 .15 |E | i S SNSRI N N SN N
032 |55 ‘ S, 1
033 100 D \ '
—~ ) t o 110 T
! 034 (95 = | ) ]
035 181 | HLT ' T I
*LBL _[Alternatey N Il TEXAS INSTRUMENTS
D! for D 073 277
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' . e o o
- SR-592 -
. User Instructions "\

\
\A

i _
! TiTLe_M # n within the whole-number universe | : PAGE_2 OF_ 2 |

[®A% [ [eBx= | — 7
+ T —x - + . . '
STEP PROCEDURE ENTER PRESS DISPLAY, ¢
1 1 Toadd: m+n ) m : + ) Y
. n 8§ A m+n .
. _ _ !
OR -
R _ A
2 To subtract: m -.n m -
n § B m-n t
‘r/ L~
OR ’
3. 1 To multiply: mxn = m ' x b
n 8§ C mx n
OR ,
4 To divide: m & n | .m | f~
. : - v | ‘ n 8 ;lD 1 : m+ n T
+ A flashing or blinking
: — . f
display signifies that no L ' -
(unique) - m # n  exists ’
among the whole numbers
15 Iff n=m it is permissible B T ‘ /
L to use {RCE or STOy in-
- —r
i stead’6f entering n via \
the keyboard
"¢ Alternative execution: 2nd D!

Lt L
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THE PROCESS OF DIVIDING

'Given the ordered pair of whole numbers (a,b), b # 0, determine whole numbers

q and r such that a=bg+r, r <b.

HP-65 and SR-52 Jrograms and user instructions follow. -
' o , : b) a
In each program g is calculated by first calculating -bg
a +b=0 and then truncating rational Q to integral gq. :
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) bg 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 ndt

in effect.)

If an illegal b = 0 1is used as input, the display will BLINK or FLASH when

key [C] is depressed to calculate q.

The programs have NOT been written to detect and reject non-whole number in-

. puts (a1th@ugh such could have been done).

J F Weaver

S0
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HP 65 Program Form - 59
T The Process of Dividing . . Page L of 2

SWITCH TO W Vﬂ(..M PRESS {  PRGM 10 CLE.AR MEMORY

KEY | CODE KEY | CODE -
ENTRY | SHOWN" - COMMENTS ENTRY | SHOWN . COMMENTS REGISTERS |

DSP |21, \ - JR1. a

53 NSRS SRRV S, _ e ]

o . . . Y | U

0 100 | ] B R W e e e A
RIS 18 | SR | R ) . JiR2 b
| LBL (23 | - ' '
01,3301 . . S | : _ ’ JIRs g .
RTN 248 - -

"B 12 : L ' R4
| ST02} 3302 ) |
|_RIN | 24

b — 4o

!
—

S
chwauz L. | )
-..?ST_N, | 71 , ~ ‘ ;
RN T | |
- LBL 23 LABELS

e
-+

E 115 A a in-|
[ RCL 1 34 Q1 B b in:
DR EUE lc g
- § D bq
‘| RTN i 24 E r.
! . 0
i k) 1
L 2
o i i 3
[ : . ' 4
o 5
U S _.__V.L R SO - USRS DU i o] 6
; ‘ 7
i 8
; ? 9
. ] s
+ *‘ ”'1‘
- I FLAGS ¢

e onlh
ROl

1O RECORD PROGRAM INSERT MAGNE TIC CARD WITH SWITGH SET AT W PRGM




HP-65 User Instructions 6

1w The Process of Dividing S b 2 o2
o S 7
Programmer __Jfw L _ . e e Date .,-}.:{.,7,54, —
STEP{ ) INSTRUCTIONS S DAT’%%’J,TS KEYS DSTL,’\T,‘:,%T,TS
: : :
0 ' Initialize for O decimal places L el wys |
1 Input a and b in any order _ a L all ] a -

N | | B
| S |\ |
iCah:Lu]ate q o : [ c i J‘K‘# Q. o

2

| ]
3 OPTIONAL: Display bg ./ [ o[ ]| ¢bg
| [N |
4 | Calculate r | | e g e

CN

0 1 ‘
5 ‘OéTIONAL:‘ Display bg | | | T o [ ] bq \

. - L L]

For a new problem, return to step 1 | ]

I

| 1]

. * If display BLINKS or FLASHES, b is.invalid [ i |

l and no (unique) quotient exists. Return to : [ j[ J

* step 2 with a new b or to step 1 for a L____H:___J

E new probl‘em. ) ' [ ]

]

]

L it B
g 252 C




TITLE_ The Process of Dividing -

SR-52

PAGE_ 1 _oF 2 :
PROGRAMMER __JTW DATE____12/75 COdiﬂg Form
° An asterisk * signifies use of the prefix key : -
LOC |[CODE} KEY |COMMENTS} LOC |[CODE| KEY |COMMENTS LOC [CODE| KEY |COMMENTS LABELS
00012| 46 | *LBL 03800 |0 A a in
001]11 | A 039] 03 | 3 B b in
. 002 | 42 | STO 040, 81 | HLT c g
003/ 00 | 0 041| 46 |*LBL | D bg
00401 | 1 042| 15 | E %62 E. v
009,181 | HLT 043| 43 | RCL A
006 | 46 | *LBL 044| 00 | 0 B
007 |12 | B "7l 011 1 c
Jo08 |42 | <m0 046| 75 | - | D
00900 | 0 047 | 46 |*LBL %07 E
*2l02 | 2 048] 14 | D REGISTERS
01181 | HLT 049| 43 | RCL 00
012 | 46 | *LBL %62 00.| 0 o1
013113 | ¢ 051 | 02 | 02 - p
014 | 43 | RCL 052| 65 | x %9502 > 3 g
0%,,000 | 0 1 053| 43 | RCL 04
016 |01 | 1 054 | 00 05
017 {55 | = 05971 03 06
018 | 43 | RCL 056 | 95 | = 07
019 | 00 057 81 | HLT 09507 08
02032, 02 09
021 1 95 =L ; 10 .
022 | 90 |*if zro %072 "
023 |18 | *C' 12
024 75 | - %2 13
a7, 93 L 14
1026105 | 5 18
027 1 95 | = 6% °
02¢ |57 | *fix | 17
029 00 | 0 | 1 10 By
030142} 52 EE WL ________ o 19
031122 | -INV . FLAGS |
032 152 | EE el oA ]
INV H T 1 I
*fix o %72:) e
*LBL H 3
o 5 Texas InsTRumMENTs |C




SR-52 :
User Instructions @

TTLE The Process of Dividingv | PAGE 2 OF 2
| |ewAx [T [eBx
a in b in q bq
, /
STEP PROCEDURE EI’\’ITER PRESS DISPLAY
1 Input a & b (any order) ‘ a A ‘_ i a
b B b
2 Calcu1a£e~'q cl ‘ C q ok
3 | OPTIONAL: Display bg ' . D. bq
4 | Calculate r - | ' E ' ro
5 | OPTIONAL: Display bg . D 1. bq
For a new problem, return
to sﬁép 1
* I display BLINKS or
FLASHES, b s invalid;
- no (unique) quotient
!
exists. -Return to step '
\
! 2withanew b or to. ‘ \
i _. ’ - )
step 1 for a new problem \
P\‘
\
l \
{ \
i \
i i
& _ 354 |

Daw Un 19920470




ILLUSTRATIVE P‘ROGRAMS oo I11
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64

GENERATING DATA POINTS
 FOR THE GRAPH OF THE FUNCTION

y = ax3 + bx%2'+ cx +d

HP-65 and SR-52 programs and user instructions follow. The programs are

o written sd that the coefficients a, b, c, d may be entered in any o%der.
_ . . . " |

‘Calculations are based upon an équ?va]ent form of the function:

y = {(ax + b)x + ¢)x +d..

J F Weaver




re_Data Points for Graph of y = ax3 + bx? + cx + d

| H’P-65» Program Form

O RECORU PROGHAM INSERT MAGNLE TI0 ¢ ARD WITH SWITZ HSET AT W PROM

Page_ S1 I
SWITCH TO W PRGM PRESS': { PR_GM -TO CLEAR MEMCRY B ‘/ ——
KEY E . . ,
ENTRY | SHoWN COMMENTS ner | SODE COMMENTS _° || REGISTERS
| LBL | 23 B IRy e
A 11 A :
STO3 | 3303 | ' ,
 RTN - | 24 |- ! I|R2 b
[ LBL | 23 |
B 112 - B HE ]
LST02 | 3302 | ‘ J|Ra &
RTN 24 | ) | ] B
LBL 23 1. I | D N 1.
L 13 Ra
| STO1 | 3301 . A
[ RTN | 24 | | ” .
- pLBL ) 23 - _M Rs d
D14 ] , :
[ ST05 | 3305 |
| RTN- | 24 \ Re -
 LBL 123
E__ 115 < - ]
-|ENTERt | 41 |~ “ | \ . 1|R7
ENTERY | 41
{ENTER+ | 41 '
|.RCL3 . 340 Rs
R SR Y & '
[ RCL2 | 3402 | i
|+ L6l Rg -
x 71 o
[ RCL1 | 3401 [
(+ 161 | LABELS
x 171 / A -2 1in
RCL5 | 3405 N g b in
SR ! ¢ ¢ in-
. __leqi.,-. i 24 . , | D fj 1n
B r : ; \ E 'Y
- o .
1
| e 2
| , 3
‘\ ‘ 4
\ 5
i ' 7
| 1 8
! 9
» FLAGS
B !
) ‘
. 2 ,
| .
i Ao ]
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HP 65 User Instructlons - s

~.

Title: “Data Points for the Graph of y = ax3 + bx2 +ex+d . p”‘ 2 g2
V"Pu Wamier _Jfw . o ,'l; e e ,[Lm - 12/75
~ ‘ - 0 Neur | OUTPUT
__|sTEP ~ INSTRUCTIONS , DATA/UNITS ~ KEYS DATA/UNITS
.| 1 Input-a,b,c,d in any order | Na
c
“d
2 i Input X5 calculate 'yi‘ ya X
i .
- Repeat step 2 for each (x‘i,yi) desired
T’ . . e A
‘ For a new functwn, return to S{ep 1
.._;. N
L .,(//
.
5 * |
‘ ; |
Y it
! Qoﬁ/i




. - o L - | | o
TiTLe _Data Points for Graph of Y aXPAG+E .bxl +O'fo 2 d SR‘52 A &J%fp
PROGRAMMER ___ifw DATE 12775 Coding Form

\
|
!
- An asterisk * signifies use of the prefix key [2nd].

IToxt Provided by ERI

Loc ‘copel KEY [commenTs] Loc [cope| kev commenTs] Loc [cope] kev [comments|  LaBELs
. 46  *LBL “Tossl02 | 2 ! A a in
001 11 A - Tosgrsat ) B b in
002 42 . STO @ .65 | « ¢ ¢ in
003 00 o o443 ReL- e o d in
004 03 3 1042{00 | O ; %2 E Yy
3781 HLT I A
006" 46 *LBL 1044185 | + B
07 12 8 o _Ta3 T ReL c
- 008 "42 | sTO - 046 | 00 | 0 | D
09 00 0 - loar|oi | 1 o, 2
00 02 2 048 | 54 | ) - REGISTERS.
011 81 HLT | ||049|65 | x ‘ 0 d
012 46 *LBL | 1921 43 | RCL B o ¢
013 -13 ¢ ios100 [0 | 2 b
/1014 42 STO . 1082 04 | 4 %02 B a
%%, 00 0 - 105385 | + ' : " 04 X
06 01 1 1054 {43 | RCL | 05
017 81 HLT %6100 | 0 ° | 05
018 46 *BL - 056/00 O ‘ Cllor
019 14 D 057les | = T o1 08
- %,42 sTO . osglsl | AT | | 09
021 00 0 | B . 10
022 °00 | O | 1%, ., L
—023 81 HLT | L | 12
024 46 | *LBL | o S 1% 13 ~
1?5137;15 7E L L | ,-’: L V "o
026 53 . (o, o . , A
027 .53 . (. I r |
028 42 STO ; - N ' 77
029 00 0 o~ BB 3 % 18
%04 - 4 ; B 19
031.65 | x . RERE ' | , ~_FLAGS
032 43 | RCL . T I R AR A 0
o0 T L e e e e
REESCRE | | "% | i
i %035147285 '\*' ' _ , o - 3,
{ i0361f43 RCL 94 TEXAS INSTRUMENTS N
|
\
|

‘E IKTC)O 0 075187 : - Ly INCORPORATED




- SR-52

o]
\ .
- User Instructions %;
. ; \ = a3 2 .
TiTLe Data Points for the Graph of y = ax® + bx® + cx + d PAGE 2  of 2
| A= | B

ta in bin | ¢ in d in: Yi :
L

z
g STEP ‘ PROCEDURE .ENTER PRESS DISPLAY

e :

? 1 . Input a,b,c,d in any order a A \ " a
i 11 ]
z T \
| b B \‘\ ‘b
T c c \ ¢
S -
; ! d D | d
| 2 Input Xi3 calculate Y; X3 E Y4
|
; Repeat step 2 for each !
1 ’ ' .
: _ (Xi’yi) desired
§ | For a new function, return
1 to step 1

i

L

[
L ;
| {
L !
g !
{

N = ~—d
250 TS
5 Texas tnstrumants incnrnoraterd ~

Padt No. 1220478 .
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EVALUATION OF POLYNOMIAt FUNCTIONS

4

Given a particular polynomial function of the form

. _ n on-1 7

f(x) = Cn% toCc_qX oo CXT HepX Tt g
with rational coefficients (cj's) and n a positive integer, that function
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:

fix) = (((c.x + Cn—l)x + .. -+ cz)x + cl)x ¥ cq-

n
The prbgram was designed so that the complete store/recall of cj‘s would be em-
bedded within uééy—defined functions (without manually keystroking any register

addresses), using to advantage the SR-52's indirect-instructions feature.

Also attached is a somewhat similar HP-65 program that, in view of fewer
addressable registers and no indirect-instructions provision, is limited tb
the range ¢ < n <« 7. This may.be extended by manual keystroking, however, to

n 6.

J F Weaver f _ f




‘ TiTLe _Evaluation of Polynomial Functions

. SR-52

PAGE_1___oF 2
— [ ]
PROGRAMMER U F Weaver ___  pate__ 12/75 Ceding Form
* s1gn1f1es use of preﬁx key [Pnd] B L . ' :
LOC CODE KEY COMMENEII LOC |CODE KEY COMMENTS| LOC CO(_DE KEY [|COMMENTS LABELS ,"‘
EERET (038101 1 A Initial,
001 11 A 103908 | 8 B "
1002 ;47 *CMs ™o C ci's In
003 85  + 1041 42 | STO D # of cy's
1004 01 1 1042100 | 0O 080 g2 E f(x;)
w75 . T0e3| 00 | 0 A
?'006 42 STO 1044’ 41 | GTO B
— 4
007 0 0o B SEREE c
"008" oo 0 1046 | 46 | *LBL |- D
»—-————» »-7734»7—»7»———‘-——‘*‘—‘——‘—-—‘-————41 - - . 085 : T
009 01 1 1047 | 88 | *2 107 E
I°‘° 95 = j 048 1 65 | x REGISTERS
] 011 46 - *LBL 1049143 | RCL 00 dsz
) .
o2 g7 A1 L "1 e
013 81 . HLT 1051 08 | 8 02 ¢
1014 46 *LBL . 052 8 | + %02 03 Co
¢ 105346 | LBL 04 Cg
016 36 *IND . 1054 {89 | *3' - 05 o
017 42 | STO 955 T35 [*InD 05 &
018 00 : 0 1056 143 | RCL | 07 o
o an ” - B 1 095 c
019 00 0 1057 |00 - 207 | 08 <
fo%0 T - 1+ o
- 65 x 1058 1 00 - 09 =
021 01 1 105995 | = ’ 0
1022 44 SUM %0 158 | *dsz i
= . + T
023 01 . 1 061 | 88 | *2' e
024 09 . 9 1062 | 81 | HLT T B 13
1025 R ! o ] i
; 95 | = i i 14
026 58  *dsz i | 15
1027 87 © *1! 2% ! 16
; i o e ; :
028 81 . HLT L 1
029 46 *LBL o "7 18 X4
030 T
4 0 " 18 # of cq
031 43 '“RCL L FLAGS
032 01 1 B L 0
11033 09 - 9 | | i 1
034 56 : *rtn | "2 2
05 46 *LBL | 3 ,
+ S A +- ?
1036 /15 | E , o ey TZXAS INSTRUMENTS 4 /
2 0751'87 d J d INCORPORATE D i




| s

' SR-52 .
User Instructions@ 1

'ﬁTLE Evaluaticn of Polynomial Functions (0 < n < 18) PAGE_2 _OF 2

X ewAx . [eBx

Init. Inc.'sj#ofc.'s f(x,)

J J T

f
» STEP PROCEDURE - ENTER PRESS DISPLAY
i 1 Enter program ‘
i 2 | Initialize (calculate mode) n A n
év 3 i Input/store coefficients Ch C or RUN .’
| i in order, including any for Cho1 C or RUN Ch_1
. whichc, =0 c or | RUN
C ¢, c or | RUN c,
7 ¢ ¢ | or | RN
- , 1 | r ! cq
é ; . _ <y C or RUN - <o
4 | OPTIONAL check: Number of D n +1

C5 S, step 3
Input x;; compute f(xi)

Repeat 5 for each X desired

~—

For a new function return

“to step 2

P

e g

S

SEES Toxas instrimante incnenarisd

Part Nn 1220470




HP-65'Program Form Y

v,  Evaluation of Polynomial Functions : o P, b Lol 2
SW T O N A PRESS 1 PRGAM T (i Ar MEML B
ey | E "
ENTHY ‘s%%%vu COMMENTS Ermy | SOWN COMMENTS REGISTERS
eC ‘ez loszede3 . . Rt
¢ 1 ] 6T0 | 22 ]
| .ST0.1,33 01 3 03 ik ]
8 T2 RTN | 24 o {|R2 €pop
. R/S . 84 LBL 23 B o
| ST0 2 .-33.02 3403 . L
| B_ .12 1o 71 J|Rs €40 |
RS 84 L Rt 3] 34 03 | I
| STO 3 33 031 ST | B S W -3 G O | |
B ' ‘ | 35 V R4 Cn_s
RIS, 84_ . , o .1 bszo 183
| STO 4 : 33 04 1l GTO 22 NI
'8 (12 | 4 04 » Rs €, 4
RS 84, RTN | 24
| 5705 .33 05 LBL .} 23
B 12 ; 4 Q4 Re c,.¢
R/ .84 x 71
| STO 6 33 06 | RCL 4| 34 04
612 Y 61 {{R7  %n-6
R/S 84 1 q 35
(sTQ 7 .33 07 | DSz |83 | o
LBL .23 6ro |22 Rg DSZ
12 5 05
.,' RS ) RIN | 24. , L
STQ .33 . LBL |23 Ry Used
o+ .61 5 05 numbey of
9. . .09 T" x 71 ' €y S
g R .35 08 | RCL 5| 34 05 @i -
| RTN . 1L+ el {l A ]
LBL Lz3 i o |35 B Used T
E |15 i .. DSZ 83 C cjy's In]
iﬂIERi 41 . . _ - _J|.GT0 22 D
| ENTERt 41 . 116 06 e fxq) ]
ENTER+ 41 ' T RTN 24 0
[RCL _34 L LBL |23 1 o
9 iQQ,N‘_'L_,,_,, 6 06 2 Used. |
. ST0 8 .33 08 | 71 3 Used
cLx 4| RCL 6 | 34 Q6 a Used |
RCL 1 :34 01 ; +. 61 5 \Used
g 35 L q_ 35 6 Used
DSz .83 DSZ- |83 7 Used
(670 22 | GT0 |22 . 8
2 o2 | 7 o7 9 .
RTN 24, : [ RTN - | 24
| LBL ;23 o LBL |23 ' FLAGS
2 02 1.7 107 ‘ , 1
| x ‘_771 % : X 71 N :
RCL 2 ;34 02 “RCL 7] 34 07 , p) ~
) el . o Ly 161 ' ]
9 135 . 2 2 |le. [es

10O RECORD PROGHAM INSERT MAGNIL TIC CARD WITH SWITCH SET AT W/PRGM




/ | HP-65 User Instructions | 74

r4- ._Evaluation of Polynomial Functions (0 <n <7) 7 L b2 o 2 ‘

P{(UJ.’:}?’;TYY? ‘J.f_ﬂ_e_a_v_et . . L e .-v . Date m,]Z.z,{?E__v_v
j | .
D I I TWE A, X
/STEP! '  INSTRUCTIONS / " DA{??HJWS KEYS Df%ﬂﬁ#ﬁTs
1 ‘ Enter program : [ AA]I ]
2 ? In1t1a11ze in RUN mode Lf J[;5§641
3  Input/store cj s lg_order, including any for c, [ c I ] o
IR e A — _
S»y/hlch_ c; =0 S . c L R/S ]L 1 c

! Repeat step 5 for each x; desired

For a new funct1on, return to step 2

__l_& U

;
i
frrmm e

For n > 6, use step 3 for c thru C

Then

B h-6"
after executing step 5 for a particu]ar x1

|
T
a

cont1nue calculation of f(x ) for that X;

using the f0110w1ng manual keystroking
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CALCULATORS AND SCHOOL ARITHMETIC: Some Perspectives -

by

Zalman Usiskin and Max Bell

The University of Chicago

February, 1976




Preface “

This paper, as its title suggests, deals with the possible roles of

hand-held calt¢ulators in the calculation curriculum in- grades K-8. It

s

"has been written at the request of and with the support of the Electronic
‘Hand-Held Calcqlétor Project direéted by Marilyn Suydam and Ricﬁard
Shumway of Ohio State University but it could not have been written with;,
out the additional experience we galned through two NSFffunded Projects
under our direction at the ‘University of Chicago: ”Explorgtions into
Ways of improving the Llementary Mathematics Learning Experience,' and
“First-Year Algebra Jia Applications Development Project."

The main body of this paper 1is diVided into three connectéd parts.
There are also three appendices giving 6ur views on importanh issues re-
lated to the main body of ﬁhe paper.v ‘

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




| ' ' Calculators and School Arithmetic: Some Perspectives
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I. A Review of the Present Situation with respect to Calculatora,
Calculation, and the Elementary School Calculation Curriculum.

A. The availability of calculators and some possible reactionsz
to the availability T
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C. The canonical calculation curriculum: numbers and thetr
processing in grades K-6
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CALCULATORS AND SCHOOL ARITIMETIC: Some Perspectives

Part 1

A Review of the Present $Situation With Respect to Calculators,
Calculation, and the Elementary School CaICUlation Curriculum

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
avallable to ev@ryone at prices which
are in keeping with their needs. The
introduction of the calculating machine
has” increased rather than lessened the
importance of learning arithmetic. The
need for extreme skill and speed, how—
ever, {n obtaining "anawers" has dis~
appeared. The demand 1s now for the

+ understanding of arithmetic, its logi-
cal structure, and its practical social
application. = (Schott, 1957)

That assertion of availability of cal%ulating machines fbr’eVetyone was

certainly inaccurate in 1957, but the situation in that respect has

changed radically within just a few years.

<

calculators appeared only in 1971 at prices in the hundreds of dollars.

Only. three years later the New York Times (Nash, 1974) réported that one in
ten Americans already ownad Falculatora and projected a saturation of the

world market by 1980 with léO million units in use with 40 million units

not indicate how many of these sales would be in the U.S, but projections

. - /'
- ‘sold per year thereafter (based on a four year life). The article did

14

=

‘The first hahd—held electronic




- *Qur extrapolation, assuming sales gf about 15, 16, and 17 ﬁillion in -

“end of 1976 and a conservative estimate might be 65 to 75 million by the

from industry sources are generally similar to those below, which are

from a 1975 survey for industry by a reliable private research organiza-

tion. \

1 \
Table 1: Projections of Calculator Sales in the United Statés

Hénd-held4 All other Total 'Cumulative  Average per
4 function hand~held Totals v unit selling
fmillions) (millions) (millions) » (millions) " price

1973 7.70 .64 8.3 - 8.3 . 885

1974 9.65 .87 -10.52 18.86 L $53

1975 - 1160 1.17 12,77 31.63 Lo§41

1976 13.60 S 14.75  46.38 s

1980 o 15.80 2.40 18.20 ¢  112.50% $25

1977, 1978, 1979 respectively. Suydam and Shumway, 1975, give less con~ \
servative figures. .

\ R o~

- )

Allowing for loss,”obsolescence,‘etc. it seems falr -to project from these.

’

figures that perhaps 35 to 40 million calculators miéht be in use by the

end of 1980.® (In 1975 there were about 70—m1ilion households in the ‘ \

United States.) a ‘ -
Assuming such projections prove to be accurate, we can conclude that
whatever the response of schools, people ogfside 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

avallability could have much effect.

-

@It is interesting to note that the preponderance of calculators sold are
general consumer-orlented machines.-

> 5
i

"

303 o




The likelihood of nearly universal accesé to cheap calculators has
already generated considerable attention in the news media, with the
question of effects_oh schools prominent in ;éarly all media coverage.
So much has been said and printed by now on the supposed "igsues' thus
generated and so much of it 1s repetitious that it would serve little
purpose to review that media coverage here beyond saying that two polar
'Qiewé are given mgré or leés equal prominence in most of the coverage to

¢
date. They are well expressed in this excerpt from Nation's Schools and

Colleges (Décember 1973):

Critics argue that students, espe-
clally 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 1ssues summarized in brief by :ﬁe quététion above and in more
detail in the Suydam and Shumway paper (seé bibliography) aré genuinév
ones~that can presumabl&"be dealt with over the next few years by re-
search, curriculum development and trihi, vgfied approachés in different
places, and compromise.\ (Can be doesnit.neceséafily sayvéill be, of
course.) But thefe is also plenty_éf scope in the iéau%é presentednby
- calculators gof determined and passionate argument oﬁ ﬁaoralh grounds,

and that sort of controversy can obscure the educatiovplgand pedagogical

1

.




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 teéchers)'
calculators reinforce dependence on machines (technology) and hence re-
duce humanity; hard things shouldn't be madevtoo easy; giQing calculators
to students who haven't demonstrated computational skill rewards sloth

and ignorance; calculators in schools amounts to pampering, frills, waste
ot takpayers money, and other such code words for certain standard con-
cerns about schooling.

Statements of such concerns often resemble the more eubstantive
pedagogical arguments about the'possible 111 effecte;o falilure to learn
computation, but the quality and intent of them is quite differént. Cal-
culator use in schools could easily become a battleground around such

"moral" assumptions, and this is especially so with respect to use of
calculators in early schooling and by those older studentg unable to demon~-
strate good calculation gkills. This could Heppen regardless of the util-~
ity of using calculatore as aids to learning mathematics. Indeed thete
appears to be developing a possibly defensive concensns among educators

that calculators must "of course" not be allowed in schools until calcu-

w VRS
1

lation skill is proved--a concensus based on no inquiry whatever and verf
likely influenced meinly by a Qish 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 1is certainly not too eerly

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.




-that these effects will be more revolutionary than not. Many years ago

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

Hamming noted in an article entitled "Intellectual Implications of the

Cotputer Revolution" (Hamming, 1963) thst "It is a commoﬁ observation
that a change of an order of magnitude in a technolcgy.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 everyone;so‘garhaps we should anticipate fuhdamentally new
effects, at least in the society at large.* : T

There is ample precedent for significank discontinuity betwees :

schooi and society and it may well be that even .if there were such revo-
lutionary changes in;scciety, they would not be reflected, or reflected
cniy after many years, in whatﬂgoes on in schools. Mathematics education
as a profession should try to sssure thatAthis particular gap between
school and society does not develop by default; that is, merely for lack
of energ} and thoughtfulness in defining and investigsting the possibili-
ties;: In any such attempt to‘define possibilities for caiculators in
schools, it would be foolish to ignore ‘the early school msthematics ex-
perience of youngsters. The possible impact of calculators on the calcu- ) .
lation component of thst early experience (grades K~8) is our focus in L -irﬁy

this paser. o ' <

*A letter in Datamation some -time ago characterized the first Hewlett

Packard programmable hand~held calculator as essentially a hand-held ENIAC--

one of the first of the practical electronic computers. llence the imminent
democratization of calculating pover 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 rnot
consider here. :




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 NatiodalgWeakness” in the follow-

f
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
‘mathématicians--or arithmeticians -
even~-are being met. And the pub- M
lic concern grows... (Gardner, 1956) N
' . ) \
At about the same time college and ufilversity teachers of mathematics
wetewin'despair at the poor mathematics preparation of entering stu-
b 1
/o

dents. Why Johany can't add" is hardly a new concern.

Whatever else méy,be said of the reforms accomplished since 1956
i :

(both at the school and university level), vast improvement with respect

to the "extravagant' ‘demands of society must be 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 mathématics, (We_fiﬁd it curious that thiaﬁis_éssentially never
mentioned in the hue'and cryhaboutlthe supposedAdisasters of the era of -

"the new mathematics.") t \

'There remain the "modest” demands of society. That 18, are most

b
.

peaple able to handle numbers and computation in ways that enable them

[y

to copy with the everyday (and pervasive) usdes of number in society?

~N
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Most of these uses involve measure or calou{ition or interpretation of
numerical data; for the purposes of this péper we focus only on calcu-

, o :
lation. But even discussion of such a‘narrow part of the average person's

"need" for mathematics must begin py ogsetving tnatbthere is avfundamen—
tal confusion in most such discuasions b?t@een {i) ability to calculate
accurately and (2) ability to use those %alculations. That these are ; R
different issues 1is indicated by the reqults of the 1972-73 National |
Asgesgment of Matnematids. For example, 92% of 17-year olds and B6% of | A
adulta could correctly add $3.06 + $10 00 + $9 14 + $5.10; 782 and 74%
respectively could do.this subtraction prob1Em; "If 23.1 1s subtracted
from 62. l the re8ulc is .,.”, yet only 17 and 16% respectively/correctly
did: a moderately complicated checkbook balan ing problem (NAE; Reports,
1975). Schools react/to charges thPt students can't use/ mathematica by

n.increaaing skill and drill ‘work aimed at calculation, but th prohability
/ / [

is that Johnny can/add——he Just 7an t use addition. / o ‘ /
: / ! ‘
Stiil it copld be argued tﬁat ability to compute is a necesaary /
even if nat a éu%iicient condition for meeting the odest demands of ,

society."Whethet things are better or worse with eepect to simple com-
{ i
putation ability than before the recent reform‘is presently d matter of

i

considerable dispute., Although the debate has now nearly reached the

‘ point of e/fruitless 'tig - taint argument it may be useful to review

gsome of the evidence, and tq‘do so from an historical perapective.

The eXpectﬁtion that ail members of a soclety should have compatence

i

in arithmetic ia a-very recent phenomenon. Not*until 1745 was arithmetic

competence required for admiasion to a college (Yale) in the United Statea.




A

******* L

(Harvard did not require the four fundamental operations until 1807.)

30nly in this century have state laws required children to be in school

iong enough to learn arithmetic. (Jones and Coxford >l970)

| 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 8ix~-digit numbers) or intricate
(e.g.% calculating cube ‘root by hand)y The 20th century has seen a rather
continuoua movement away from including hard problems simply for the sake
of havihg hard problems. As a resulc,‘at any given time people appear
to feel that students are not as skillful as their parents. (See also
Suydam, 197 o)

Boss geported in 1940 that median scores in grades 3 through 8 ‘were

lower in 1938 than 1916. She conecluded
i "the lower scores of 1938 do not indi-
i cate lower efficiency in arithmetic,
but rather that the curriculum has been
deliberately simplified and that the
: puplls are younger and less selected
' than those of 1916. Not thé lowering
. of standards as 18 often claimed, but
i the widening of opportunity for” contin-
‘ued school attendance, produces the

‘lower mass average. R

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. . o o

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 193&L 1951-55, 1965, and 1973. He reported:

"The most dramatic differences observed were |
- in the 1936 to /1973 comparisons on the var- }

ious topics. The students in 1936 were su-

perior at both grades six and eight in every.

area tested..f

In condensed; form, this study presents evidence
toward concluding that the modern mathematics
curriculum gnd/or its implementation is gseriously
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 us -that 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»atrength of his
conclusion.
Roderick's conclusions fic what seems to be prevailing public 6pin-
ion, But in Ontarid, where the ”dew math“”cdncroversy has been as heated
as in the Unlted States, a recent extensive study concluded

> . "In contrast to the widely publiciZzed 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.'" (OISE, 1975)

A carefully written article summarizing the National Assessment data
: ’ l

.

on computational skills asked:

"What do these NAEP 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 1l3-year-olds

o S 3.0
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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 l7-year-olds and adults (aged 26~35) could solve typical
consumer problems, with the adults consistently perf;rming‘higher.
The iﬁterpreters concluded that thisvmight be due to efther increased
life experience of adults with such prohlems or due to decreaéed em-
phagié on such problems in newer curricula. |
What can we conclude? Although historically, arithmetic skills have

been the foundation of the elemenfary school curriculum, the performancé
on these skills has never been as good as. some would want. Performance
on testsg on éomputational skills has provideﬂacontinual fuel to critiéiz?
the curriculum. Whatever can be said about the present cu;riculum, re- -
search studies show no consistent patt;rﬁbof deglinihg achievement over
the last 20 years. In any case, suchlconcern méy be misdirected, as we
have noted, because even without the a&&en; of calculators, thL aﬁility

to use computation, not4computational skills as such, is probably the

central issue.

In this historical framework, calculators create a novel siltuation.
For the first time, the need for computationqi skills 1s brought into
question. (Recall that the newer mathgmatics programs, while perhaps

spending less time on computation itself, proceeded under a belief that

increased understanding of the underlying theory would cause greater pro-
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ficiency in skills. Never was the need for sk;lls eériously questioned.)
There is no more fundamental tenet of the mathehatics curriculum than the
necessity for teaching arithmetic skills. The fgct that calculators force'
one to question this tenet may account for the intense public interest and;
for the extensive media coverage noted above. The-potentigl for wasted,
misdirected, or plain wrongminded eﬁfort in éccommddating to calculators

is 8o 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 thelr processing
in grades K-0

Since the calculator principally calculates, any assessment of its
role in the curriculum is bound to focus on how it might interact.;ith
that part of the curriculﬁm that deals with numbers and their processing.
ﬁence it seems useful to attempt an assessment of typical p#tterns of
gchooling in those areas. g

| 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 toplcs like measure, geometry, and
probability frequently appear to bg in boéks mainly to provide another
contekt for calculation. However that may be, caiculation goncerns are
at least therlargest single comﬁonent of the curriculum in grades K-6.
To examine that curriculum, we lodked aAt widely used textbook)sefiéé from
majqr publiskers, because in the great majority oﬁ claasfégms suéh tekt~ .

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 each page into
various categories. Here we include comments mainly on the calculation’
content, which does indeed dominate these books. The firat such book is

by now an old standby and has been very widely used: Investiggtiqg,Scﬁool

Mathematics, Addison Wesley Publishing Company, 1973 edition--referred

.to hereafter as AW. The second 1s a newer serizs that seems to be at-

t:acting:a'considerable follewing, Mathematics’Around Us, Scott Foresman

and Co., 1975 edition, hereafter refecrred to as SF,




\ Before deaiing with the calculation content of these textbooks
(summarized on page 15) a comment on the wavs in which such textbooks
contribute to methods of teaching in the classrooms they dominate may
be in order. First, in spite of Piaget, and Deweyibefore him} there is
lictle acknowledgment in the textbooks themsgelves that the early (say
grades 1-3¥ number experience of children might profitably be based on

-

— work with concrete materials such as counters or colored rods, To be

sure, the books fo; these early years are lavishly illustrated with pilc-

tureg of many objects and diagrams of concrete situations (e.g., for

addition: pictures of animals in a pasture with others asming to Jein

them) but it seems pretty clear that looking at pictures can't gqualify

as a concrete operation. Teacher'manuals for both books (but especially
for SF) suggest activities with'concrete materials but our overwhelming

impression frog obaerving classrooms is that these suggestions are rarely
ﬁollowed. This overweaning’dependence on symbol manipulation of one sort
or another as the nearly exclusiQe diet for early work with numbers con-
trasts with whatlnéarly all of the best_inéormed people in our field say

5 would be more appropriate. It 1s 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 general im-

" pressicns from our tally of caléulation content in SF and AW can. be summed

up as follows:




\i) it is quite uncommon‘in these books for significant preparatory work
for a giVeﬁ topic to aﬁpear at grade lavelslbefore the main introduction
of zhe topic into the seqﬁence.ALEor examplé; there are essentially‘no
fractions treated before gr#de 4, and no operations even with éimple~frac4
tions bhefore grade 5. This 1aék of gradual buildup may be another result
of the dependence of books on symbols, since the appropriate preparatory
experiences ghould veryiiikely.be quite concrete in nature.

(2) The general pattern of developments in both books as revealed by

the page count 1s very similar although the books themselves seem quite

disgimilar. An exceptioh 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.) : . B

(3) The general patéerh is introduction of number facts or new notation
at one grade level wiﬁp no prior work, then develeopment of algorithms and

the like with increasingly complex examples at the next two grade levels,

with maintenance thereafter by review, use 1in story problaems, etc.

As to the actual calculation content, Table 2 and Tgble 3 summarize
the tally of pages in two ways. . The felative emphasis ;n each book varies
somewhat, but ;he mean céptures very well a general impfgssion of the se-
quénce and emphasis in these books. Table 2 gives.thoseﬂﬁeans. Tablé 3
is a very much simplifiéd Qersioﬁ of Table 2; a check (v’) indicates a
beginning on a topic, often near the end of the textgbok for that year;

a plus sign (+) indicates main emphasis; a zero (0)»1ndica§es little or

|
no attentioq to the topic at that grade level; the letter (m) indicates

at most skill maintenance exercises. 3 \
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Table 2 Number of Pages per Calculation Topic Averaged

" from Two Textbook Series

Grade Level.

1 12 |3 415 (6
Whol | Addition Facts 104 | 80 [ 26 | 10 | 10 8
X ber No "carry" 1015 {10)] o} o o.
Nusber | Isolated "carry" 0| 28 |26 | 12| o o
on | Arbitrary sums 0 0|10 15] 20 | 17
whole ‘ Subtraction Facts 88 | 58 | 28 9 7 7
Number Single regrouping 04 27 24 7 4] 0
Subtraction I Arbitrary a-b (ba) 0 0 [ 14 | 18 22 | 17-
Whole l Multiplication Facts 0 17 | 351 27 9 9
Number l x 10, 100, 1000 0 0 9 15 9 7
Multipli- Single digit 2nd factor 0 0 118 | 16 6 2
cation | Arbitrary a*b 0 0 04 17 | 25 20
'I T R
Whole , Division Facts 0 1-1281 191} 13 7
Number - . Single digit divisor 0 0 6 | 16 | 15 0
Division ] Arbitrary a + b 0 0 4] 20} 28 | 34
| Meaning; equivalence 40 | 45 | 21
a c '
] 24+ 8 0| 28| 23
i a _ ¢ -
(Rational) Ty 0 0 0 01 27 | 18
Fractions | : ~
a ¢
I T3 0 0 0 0] 13} 22
a, c '
| o + 3 9 0 0 0 2| 12
I Decimals as ,
Money: add, subtract 0 0 5 6 0 0
éFigit;) I Meaning of decimals 0 0 0 0 9 4
ecimals Add or Subtract 0| o 0] 4| 17] 18
l Multiplication 0 Q 0 0} 11 ] 20
l Division 0 0 0 0 01l 16




Table 3 Grade Level of
of Computation

Irtroduction and Emphasis
Topics in Two Textbook Series

Grade Level,

1] 2 3 4 5 6
Whole [ Facts o+ + m; m m m
Number Easy 0 + + m* m m
+, - | Mature 0 0 v + m m
i :
yho;e Facts 0 v + + m m
«umber | Mature 0 0 0 v + m
P L
I -
zhoée | Facts 0 0 + + m m
Humber l Long Division 0 0 0 v + +
+ :
l Meaning 0 0 0 + + m
+, - 0 0 0 0 + +
a I x 0 0 0 0 v +
b o o| o | o | o | o |V
| Money: +, - 0 0 v v m m
Meaning : 0 0 0 0 v4 . m
Finite |+, - ol o [ o | v I + |+
Decimals % 0 0 0 0 N ¥
B B 0 0 0 0 0 v

*The 'm" designation, meaning 'maintenance'" of skills, can mean work

in problem sets or implicit in other operationms,

In that case, pages

devoted to tire 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 1is the extent to which
new symbolic work of.a fairl& complicated sort is piied on in fifth nnq
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 andlsubefaeeipn, and
some’with‘multiplication. The final two years of the K-6 school sequeece
have a heavy load of precisely those toeics well known to be troublesome
to students: long divisioe of whole numbers; common-denominators; divi-
sion of fractions; end virtually all wofk with decimals beyond addition'
and subtraction. Both the amount and complexity of symbolic calculation
is very substantially escalated in these two years and it 18 not surprising

/ .
that this proves to be very diffigult for very many s;hdenta,*

~,
.

This curriculum sequence may help to explain the gut reaction of 80
many teachefs to the use of ealculators in sehoele: ”Fine, but not until
after at least sixth grade." More 18 at stake in tﬁat than merely the
feeling ‘that one ehould learn to compute hby'hﬁnd“ before getting a

machihe to do it.' Even modetate use of *alculatots before about fifth

‘grade would upset this standard sequence radically by bringing a number

of things into the school situation before their existence 18 acknowledged
by the canonical curriculum. For example, calculators introduce multipli-
cation of ‘anything by anything; division of anything by anything; diviaion
that usually leads to decimals, decimals more generally, and not merel"
decimals for money. That ia, if one accepts that the present sequence of_
*According ro foliowers of Piagé@, many children in fifth and sixth grades
may gtill 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 18 going on requirea fairly ornate formal arguments. This is espe-

clally so in the likely absenca of work with concrete embodiments of the
operations.

Q
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calculation development in schools 1s necessary and loggical, 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 miﬁ~
imum, it would n&t be‘difficuit to argue that the canonical curriculum
has very serious weaknesses and is overdue for reconsideration.

"For example, thé canoniéal curriculum of tﬁe primary school years 1is
surely quite weak. Too little is known about howaoung"children learn
best, but even what is known is often ignored. One signal of this is“the
almost universal failure to include even the simpleat of concrete manipu-
- lations in early\humber work. First grade workBooks J}ually coﬁsist of

'pige after page of equations with singlg~digit addition and subtraction
“accompanied at most by pictures of cofresponding groups of objects andv
most children apparently do speﬁd their mathematics learning time filling
in the bianks in those wo;kbooks. Suitable concrct% wdrk should enable
e;rlier introduction of;non—negative decimals (as an extension of place.
value) and, if so, additibn and sub;ractioﬁ of simple decimals could pro-
bably be included not mucH later thag the addition and Subtractign of
whole n;mbers. A

'Ope example of curriculum materials that attempt (only) the rudime&-
tary reforﬁ of including conaiéerabie éoncrete work Q@thout changiﬁg'the
contéGE\ nd grade level sequence of the canonical curriculﬁm 1s Developin

Mathemat Processes. At pfesent 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 such special sets of equipment that it

i8 seen as impractical for school use.
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A more promising approach to the early school calculation curricu-

‘lum is the fairly radical departure from it implicit in the Comgrehenaive

achool Mathematics Program (CSWE) “The program includes considerable

concrete work. But more than that, decimals and fractions as well as
operations using thanareincl;hed from first grade on. Furthermore, the
operations in the primary grades are noﬁ restricted to addition and sub-
traction, contrary to the practice in both theicanonicél cﬁrriculum and
the DMP variant. This is accomplished with concrete devices‘that allo&
for fairly ornate algorithmic:processing. (The ”Paéy minicompuﬁer” is-
the prinéipél oﬁe used in éSMP, but other’possibilities also exist.)
Thesé concrete calculators do more than accomplish}the calculation work,
They élso émbody‘important fegtures of standérd algorithms-~for eiample,
"carrying" and "borrowing" in addition and subtraction of whole numberé;
power of ten shift rules f;r multiplicatioﬁ and diviéion. To some, thias
might suggest that the variants suggested by CSMP are ideally, suited to
a calculator based curriéulum, with the more efficient electronic calcula-
tor replacing the likes of the éoncrete minicomputer. But Qe'think thiq

- . suggestion would be unwise--unlike the concrete calculators an electronic

calculator abscures the Qrocess by which an answer 1is° arrived at. But it

would be an interesting exercise to consider the calculator as a teaching
a;d iﬁ the primary grades of quch a curriculum, as an occasional alternate
to the concrete algorithmic processing.

In Part.III we will consider invgreaterbdeﬁail some possible sugges-

tions for the role calculators might play in the elementary school éalcu-

lation curriculum.




Part 11

Changes in Curricular Emphases Suggested by Calculators

In this part of our agsay, we turn from our general consideré;ions
of the Fresent situation to more specific suggestions regarding the

future% Finally, in Part III we become even more detailed in our dis-
| :

cussioh of calculators and the curriculum.

A. General Comments

-

In this section, we .suppose that a curriculum is to be plahned
which postulates the availabilit? of calculators both in and out of the
classroom., This assumptioﬁ forces questions of selection and ordering |
of cémputatiqnal skills (e.g., division of decimals) and of algbrithms

(e.gﬂ,'some way of getting theﬁcorrect 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 | K

option has been supported by some proponents of the use of calculators

/ and is often found as a "
by
use In classrooms. There has not been enough time, though there might be

straw man' set up by opponents of calculator

experiments underway, to determine what would be the result of the replace~i

ment of all paper-and-pencil algorithms by calculator algorithms. , We caﬁ

only comment from our own experience.
While it 1s true that generations of students have doane reams of -
calculatioﬁs without profiting from this experiénce, it 48 also proBably
, N :
true ;hat, among sqpcessful Btudenﬁs and users of mathemétics,'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 estirety would be unwise, even if these are little needed in the

everyday world.
On the other}haqd, the histoiical trend away from complex manipulé—

\
1

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 ekcept as a game.

So we believe tpat &o‘keep all of.the algorithms with the degree of pro-

i

ticiency which;is presently expected, and thus to ignore the existentce of

calculators, w?uld also be unwise.

f : -
This leads us to the following summary view of the place of skills

«

|
and algorithmq_in*a calculator-conscious curriculum:

]

1. fStudents st1ll must be required to have the

i . -
ffundamental‘addition, multiplication, and sub- -
i : :

; tract}on facts available for immediate recall.

3 Some work is needed with paper-and-pencil algo-

2.
? rithis (though not ﬁécessarily the ohes now in
;;'common use) for each of the four fundamental
operations.
3. Younger students should have proficiency with thé

simplest types of computation in each of the four

fundamental operations.

=

HowéVer, Ehe 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 thefhbility to estimate the answers to harder problems. 7The time




presently spent bullding up accufacy on-quite difficult problems should

be decreased and tge resulting time should. be spent on estimation and
application. |
. 4. The use Qf simple édmputations to help estimate
answers to more complicated co&putations must be

given strong emphasis.

‘Some have wricten about the use of calculators to check paper-and-

=

pencil calculation. There are times when this might be an appropriate use

of caléulators (e.g., for self-checking and immediate feedback) but over-
use of this device seéms unwise. ?o; suppose that & student labors over
complicated ar%themtic 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 reverge'process, however, 1s most éppropriate especilally with
respect to mental or paper—and-pencil estimation of answers either before
or after a problem has been worked on a calculator. Detailed péper;and—
pencil calculation as a method pf checking fbr operator or machine arror
might sqmetimes be useful, but cgdld eaglily be overdoné.

We feel that these summary comments are helpful in guiding one's
thinkiné asgut tﬁé roles calculators might play in the curriculum,-but
guch comﬁenﬁs require elaboration t6 be useful to curriculum deéigners.

So we now turn to a discussion of specific skills and algorithms.
2
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B:A Specific Comments with respect to the K-6 Curriculum

The following skills are necessary for\tbe most rudimentary kinds
of estimation. Even were calculators to be univeréai, their importéncéﬂ ’ !
would remain.

addition of whole numbers (including memofiﬁétion of
traditiohal additionyfacgs) ' '“;
subtréction of.whole numberé (including memorization of
traditional subtraction faéts)
mulﬁiblication by 1- or 2-digit numbefs (including
memorization of traditional;multiplication facts}
.division by 1~ or 2-digit numbers
- small inggéral powersqgf posiﬁive integers
multiplication and division by 10, 1060, 1000, etc.,
.1, .01, .001,.etc. /
The student nceds to learn a paper-—and-pencil algorithm for each of *
these ékills. We do not have enough kno&lédge about algorithms to .deter-
miﬁé whether the conventional algorithys are fhe best available.
Simulganeous with the availabiliey'and widespread use of hand calcu-
lators has been the realization of the advantages of and legislation sup-
porting the conversion to the metric system. Pedagdgically, the extension
of base 10 notation to decimals ié now thought more natural than the
iswitch to fractions. Any of thesé developmenté,would be sufficient to
argﬁe for an earlier introduction of the decimal system (in short, deci-.
mals before fractions rather than after).vﬂTogether 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 ha

the mbst appropriate time to introduce all kinds of decimals.




Thus many of the skills assoclated with decimals gain‘iniimportaﬁce.

2 have remarked ecarlier that estimation skills gain in impbrtance. Spe~
cifically, the follcwing skills need more emphasis in the curricdlum,lthis
emphésis to be given either b& an earlier introductfon of the gkill or by
areater attention to the skill once it 18 introduced.

rounding

estimation of answers»to multi—d;git problems by rounding

to one or two significant figures

addition of decimals

isubtraction of decimals

multiplication of decimals with two or less gignificant 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, It 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 1if
there did not é&xist one electronic calculator, we might have suggested
that the teaching of thesé sk%lls be delayed perhaps even as long asa to

the secondary school. Certaiﬁly there is no compelling reason for the

student to learn every bit of arithmetic before the study of aigebra; To be

gpecliic, we refer to the following skills with whole numbers and decimals:
1 . .

addition of long coiumns of ‘multi-digit numbers
A8

long division where:the divisor has more than two

significant digits
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multiplication where the multipﬁier has more than

two*significant digits
Every problem of the above types 1s formiﬁable to the extent that- the

accuracy of even good arithmeticians cannot be guaranteed. They are
‘ i

particularly the type of problem for whiih the calculator is a fast and

%
s

reliable aid.
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. The Future oif Iractions

'
2

Because 1t 1s clear that decimals require greater and carlier atten-

tion in order to exploit calculators, there is a body- of
opinion which asserts tbat fractions will lose mﬁch, if not all, of their
{mpertance. To ué this opinion i8 often based upon a fugther assumption,
namely that the total amount of time devoted to frac;ions and/or décimals
should remain relatively constant. We do not necessarily subscribe to
that second assﬁhgtion,‘and so we do not believe that increasing Qo;k
with one requires a decrease of work wieh the other. ‘More penetrating
analysis 1s needed.

Fraction notation 1is assocliated with every division problem,.expresées
ratios (e.g., probabilities, scales), and is foun& in geometric proportions

and many formulas. For example, the change of mass with veloéity is repre-

sented by the formula

(o 2 - """’,2
1--3
C

One would have to have an ample supply of negative powers in order to

s

write the formula without fractions.
C—Z)-l | )

(While the use of negative powers would be an interesting notation to fos~

m, = m( /1 ~ ?
ter and perhaps to study, it does not seem feasible given current practice.)
The solutibn’to as simple and fundamental an equatieg as ax = b 1is usually
written as the fraction E. Thus it would seem to be disastrous not to give
strong attention to the meanings of fractions and, boncurrently, to the

notien of equivalence and simplification of fractions.
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with respect to operations with fractions, the situation 1s less
tlear., First, japer-and-pencil work with fractions is not easily converted
to work on the calculator. Unless ome is working with a calculator whish

utiXizes reverse Polish notation or multiple parenﬁheses, the problen
2 1 . .
) + 4 cannot be finished by pressing 2 - 3 + 1 -~ 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 + ¢/d = (ad + be)/(bd)

A\

should be taught, with the calculator (if needed) used oaly to calculate

the numerator and denominator of the answer. (This sugpgestion.was made

by some before the advent of calculators due to the frustration students
o , .

have learning the normal 'least-common~denominator' algorithm for addition

i
of fractions and the easler transfer to some work with fractions in algebra,)

1
In short, 1f operations with fractions as fractions aré impartant,

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 sﬁall poasitive 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 meaéurements are to he solely
in deéimals (as 1is the caée even now with money and temperaturc), then
ﬁime spent on these skills ghould be decreased. For the few places that

addition or subtraction of fractions would remain in uge (the stock mar-

- ket, perhaps), the skill could be learned closer to the actual application.

Multiplication and division of fraetions occur with respect to ratios,

fdteé, and proportions. For example, you may divide fractions if you knoé

that your car gets Ib% miles to the gallon on the averancxand you wish to
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wnow how much gaé you have used 1f you have travelled 260Vmiles since the
last fill-up {(an actual problem experieﬁced by this author within the
last month.— and the fraction 1s crucial when the gauge registers less
chan‘empty!). If a model is to be 3/8 actual size and you want to know
how iong certain dimensicns will be in the model, then multiplication of
fractions is appropriate. It 1s clearly possible to do all of these cal;
culations with decimals. But 3/8 is sometimes easier to picture (what
has length 3 in the model has length 8 in thé original) than .375. If
the calculations are done in decimals, will understandinp of_the gituation
be decreased? Or does that question assume student understanding which
is often %acking and cannot be decreased!
The above arguments indicatethree suggestions wi;h respect to the
teaching of fractions in a calculator—available curriculum:
1, Less emphasis should be placed upon .arithmetic operatioﬁs
with fractions. .
2. More emphasis should be placed upon symbolic manipulations
with fracﬁions.v

3. Continued emphasis 1s 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. Invall cases, these skills
are considered more difficult than those skills of the K-6 canonical cur-
riculum‘and judging froﬁ the content of remedial texts, Aith the exception
of work with percentages they are considered less importa%f.

Work with percentages remains an important skill for the 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 nonredundant function, the présence of this key could also
motivate eéfly introduction.

A similar early introdgctioniwould seem to he natural for negative
numbers. The common saying 'You can't take 5 froﬁ'B“ was always 8illy but
is npt even appli;ablg when calculatoia are available. A student who
punches in a subtraction problem in reverse order will see negative num-
bers correctly appear. But any early introduction will be impossible un-
lesf it is coupled with the variety of common 1life situations in which
negative numbers make it easier to operate: profit ~loss in business; gain-
loss 1in weight, football, or sto;ks; ahead~beh1nd in bowling or golf; ecaast-
west or north-south movement; height above or below a fixed level; and so

oh. The general public, despite the use of negative numbers on television

“and in ne&spapers in situations like the above, still views negative num-

\
bers as artificial and lacking any meaning in the real world and for this

ou




Teason My net support any curriculum in which all students receive early

-

introduction of nesative numbers.
selentifie netation has always been used to estimate very laxge or
very small numbers. On sone calculators, a knowledge of scientific no-

tation is needed to interpret answers. If estimation is to be given the

s:rék;or‘role that it deserves, écicnﬁific notation as a tool in estimation
ani representation of numbers will increase in importancé. This would
toree an earlier introduction of addition and subtraction of positive and
necative integers as well aé increase the already important role given to
powers ol ter.,

Thouah‘theru are reasens to introduce the meanings and interpreta-
tiens of nepative numbers earlier téan in thq pfesent canonical cu;ricu-

- / .
ium {l.e., earlier than grade 7) and work with addition and subtraction

20 these numbers befere grade 8, it QOes’n;t seem necessary to mplti—

ply or divide with negative numbers any earlier than in current practice. *
we make this statement cognizént of applications of these operations
(:hauaesrof directicn and size as examples of multiplication; rates of

loss or gsolne back in time as applying division) but feel that there are

more Important prior curricular considerations,

Caleculation of decimal approximations to square roots by either the
Archimedean or ”divide~andfaverage” algorithmsg is an anach%onism. To
bmost students these algorithms are of mysterious origin (eveﬁ if the teach-
er takes the time to give their mathematical justifications) and they do
not centritute to an understanding of what a square root is. The authors,

neither of whonm considers himself to be poor at computation, have never

o . . s
trusted thelr own work with these alrgorithms. Given calculators, the hest

ERIC

Aruitoxt provided by Eic:
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algorithm would seem to be‘to test potential square roots or approxima-
tions to square roots bf squaring these numbers. (Wg/also bélieve_that
a éqﬁare 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.)

o
Ca
oo
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E. Remediation in the Secondary School

Remedial work with arithmetic skills and algorithms characteristi-
cally takes place in "general mathematicst!and, to a lesser ektent; in
“two-year algebra' courses taught in gradés 9 and 16. Judging from ayail;
able materials, in some of these courseslthere is little othér content
than this arithmetic, in others the arithmetic is placed in a "consumer”
context, while in étill others a potpour;i of mathematical topics in-
cluding computation is studied. |

Here we éddress the question of the éffect of calculators on the
need for and treatment of calculation in these ccurées. _Again we believe
that the wisest étrategy lies somewhere between the,unqualified "Yeg"

(use calculafors 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 ﬁost a;propriate use 18 closer to the "Yes' end.

Students in tbese courses characteristicdlly are very weak in arith-
metic skills. 'Thacais, they have not been able.to assimilate many of the
paper:énd—penbil alga{ithms which they have presumably been taught in
gr;des K-8, As a resuif;\many of the patterns (and, as a consequence,
the understandings) which mor;;proficient students see in npmbers have
seldom bzen 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
prépare materials which could help these students to explore both patterns
and applications.

Certainly, there 1is little reason to continue what have been ineffec-
tive ' procedures. Thus we recbmmend 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 af whole numbers (including memorization of
traditional subtraction facts)
multiplication by 1- or 2-diigit whole numbers (including”
memorization of t;aditional multiplication facts)
division by 1- or 2-digit numbers'
sma;l integral. powers of positive integers
multiplication and division by 16, 100, 1000, etc.,
.1, .01, .001, etc. |
1work with fractions as suggested on page 28
meaning of decimals
All other.arithmetic skills shéuld be covered with a judicious balance
of paper—and¥pencil estimation and calcﬁlutor ¢alculation.
Opponents of'calculatbr 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,
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F. Summary " , ]
Ve 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-

riculum as compared with the treatment in the canonical curriculum.

Fundamental Operations:  Addition Subtraction Multiplication Division
wiiole numbers: )
w 2 digies 0 0 0 .0
™2 digits 0 0 - -
(columns =) :
Uecimals: .
< 2 sig. digits +E +E +E +E
w2 sig. digits 0 0 - -
Fractions:
calculations - - - - -
‘symbolic manip. + + + +
Estimation of answers: + : + ‘ + +
Negative Numbers: OE : OE 0 0
Conversions:
fractions to decimals: +E
decimals to fractions: _ 0 (certain ones +)
Percentages . 0

Square Root Calculation ' -

Scientific Notation +E

Code: O

likely to remain equal in importance

+
L

likely to increase in importance

-likely to decrease in importance

=
L

likely to appear earlier

{

c
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X :
L Part III
Notes.for an Alternative Calculation Curriculum .

]

!

A, Genéral Comments

i
Qhen one speaks of "the" mathematics curriculum,it is important to

distiﬁguish between (a) the 'canonical' curriculum, as represented by
curréht best~selling textbooks, (b) alread§ existing newer curricula, such
AN

as those represented in the DMP or CSMP materials; and (c) a hypothetical

orienyisioﬁed curriculum which exists only in someone's mind or in rough

The uses one sees for calculators vary according to wheth-

outline form.
‘er one's frame of reference is a curriculum of type (a), (b), or (c);
In the canonical cur-

Let us review some observations made earlier.
ficulum, arithmetic skills have been taught as an end in themselves.
Though the abilif&-to apply these skills in the world 1s a universal goal,
the materials do not reflect this goal and recent tests suggest that tﬁe
skills ére learned bué‘not the application. The absence of consumer-ori-
ented problems onjg?:ndardized tgsts‘for grades K~-6 or even K-8 is8 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 1s virtually no con-
And as we have noted earlier, the

crete work, even in the primary grades.
numbers and operations used at a particular level tend to be strictly con-

trolled, parcelled out slowly, and with little étounding at one level for

the entire testing

-

what comes next.
jow let us suppose that we insert calculators into this canonical cur-
First of all,

riculum without making curricular changes}
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framework is-affected. Exactly those answers which students spend hours,
days, and“months learning how to find are those‘answersvwhich the calcula-
tor computes quickiy. A good teacher will devote time to explaindng why
‘an algorithm works, but a calculator hides the aigorithm, and seems to
-make all that superfluous. Thus the calculator would scem to deatroy 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. Iﬁ makes trial and error méthods feasible in many con-
texts. The calculator displays a huge varlety of real numbers not usually
encountered in the early grades.v It i; not until grade 7 at the earliest
that the caaonical curriculua involves all of the numbers and operations
dispiéyable on the simplest 4-function calculator. Also, exploiting the
cdlculator requires same knowledge of estimates, knowledge which usually
does not result from this curriculum.

Itvis thus our belief that the insertion of calculators into K-6
classrooms using most existing carricula is fraﬁght with peril. There is
the potential for abandonment of those skills which are nec?ssary even \
given universal availability of, calculators (see part II), there is a com~
plete shakeup of the fundamen;al 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 matefials. And in a curriculum that alfcady 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 CSﬁP curricu1a seem to be more sdited to the“appeér-
ance of calculators. Each 1s more attached to the real world. Each uti-
lizes concrete materials. Eaéh\doea work with estimation. The CSMP cur~-
riculum might be the better auigég\of the two, due to an earlier introduc-

\,
tion of many types of numbers. \

\\

But, to our knowledge, neither é\rriculum allows for calculators or
. \ . '
gives special activities utilizing unique aspects of calculators. (One
~N
could not expect the designers to have fobteseen the-appeafance of these

\

devices so quickly.) 1In each, the caléuiagkf could be an adjunct with
fewer, but still with existing, threatening.;;pects.

Thus 1t seems that 1if calculators are to Be used in the elementary
grades, alternative curricula must be designed with calculatofs in mind.
Ve bglieve that it is possible not only to make room for frﬁitful ugse of
caicdlators but also to alleviate some of the weaknesses in the canonical
currfculum. As something of a partial existence proof of this ﬁoaaibility,
the pages that fcllow include pieces of a rough ou;line for one such cur-
ricuipm 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 materigl that follows we agk the reader to keep
iﬁ mind the fragmentary and tentative nature of the suggeations made. »
With respect to content we are cpncerned only with number and calculation
and aven in that we are not exhaustive. With reapect‘to sequence, the
(parﬁial) outline 1s at moat.only suggestive. With respect to work with

concfété materials, only a small sample of the possibilities ig listed.

more complete outline would carefully assess what is by now a rich field
mp
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in order to specify what would best embody each idea, and perhaps also
what wquld mesh best with the presence of‘calculatcrs.) With respect to
calculators, most of the exercises suggested have emerged from preliminary
and quite informal triald of calculators by twenty teachers or so; they
clearly do not exhaust the possiBilities. Furthermore the outline is
uneven, with much more detail fdr early work than for later work. This

is mainly in response to the widespread impression that calculators have

;potenaial only (or at most) for work in the upper elementary grades and

beyend. That 1s, we outlined the early grades in more (but sgtill far.
from sufficient) detail because that 1s where there appears to he most
skepticism both with respect to richer content and with respect to fruit-
ful teaching uses of calculatots.

Finally, the reader should know that what we‘regard ag 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. Ve assuée that at
almost any lévél, problems beyond the paper-and-pencil calculation power
at that level can come from conﬁexts that voungsters nevertheless under-
stand énd find interesting. Aesumiﬁg the youngsters can understgnd 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

nogsibilities shoul* be fully devéloped. Examples could come from every-
day‘axperiénce, froAqmany excellent new elementary sclence programs, from
USMES~type challenges, from various sorts of projects including projects

for social studles or language arts, from Nuffield~type activities, and

SO on.
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To sum up, the pages thét follow include merely some first draft frag-
ments for what might profitably be developed‘into an outline for a full-
scale alternativebpo present practice. No one is more aware than we that
it 1is not yet‘a fully developed alternative. .But we think this material
may suggest that seridus efforts to find a uééful place for calculators
in teaching elementary achool mathematics (including the primary grades)

could be rewarding. If so, the modest objectives of this fragmentary.

listing have been achieved.

3+VU
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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 chiid‘s experience with arithmetic,.each

concept ié introduced through actual manipulation of concrete objects.

Inputs to and results from the concrete manipulations are to.be recorded

o; paper in ordér to establish links among the concrete, the verbal, and

the symbolic, and also to keep track of the procesSing. Because the cal~-

culator disgulses the processing which it does, it 1is particularly impog\
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‘;usc include much which 1is
not calculation.

(b) TheJ0utline is not intended to be exhaustive in any respect; Qe know
th;t some important content may be neglected; many other useful con-
creté activities exist; there are many other ways to exploit calcula-
tors to increase understanding of arithmetic.

(é) Understanding of arithmetic can probably be reinforced in many ways
by using calculators to help make sense of numerical information

that comes up in school exercises or that youngsters generate or

'bring in, but we list few of these possibilities.




41

. 3F sderd
~-STp 1aulied :i1aqunu e 5£LBS PITYD dUQDx

sjuau
-Tpoqua 33215u0d Y3 M par3ias saznd
-STp :siaqunu JF3[p-g 10 -] 3IS9[Twus
‘1s3837q LeTdsTp 03 padualTeyd UBIPTIYDx

1T peaa 03 aaulied safuaTTeyd
‘pre1 ued 3y i1aqunu sKeTdsTp PTTYD auQy

uojing durssaad 3103
-3q uor3drpaad 103 jyse 5,07 £q qoeq
pug uo Junod o3 juelsuod 3asn fu LejdsyQy

$,1 Aq >deY puE U0 3IUNOD
03 3jue3lSuod 3sn uayj ‘aaqunu KeTdsi(y
nm.oH £q 3uUNOd ‘ATIBTTWTSy

Le1dsp yarm =oed uy £I1Teq
-13a S3uUnod pITY? ‘T £q s3junod Juyysnd
uo3ing pajeadal eyl OS JUBISUOD I35y

§as 103jeIndie;) 3ldueg Iuog

Gy agaaren
031 PioJax laanpgeas 03 4O13Y 1917 95«

xayao
BU0 3ISCW I¥ PUE SPOI-I YIis SI[NS
~91 $S91dxX2 1SpPO1 YITM SYIVUST JInSeINg

0 3uasaiadax o3 ssaenbs wd
T X T @23e300e 1e3a{d> Yita pajusulne
(spo1 aageussin) °-3:3) spox pai1oTod
Y3Ita qaom Azpuimpread pue Keld Tens)ix

S,0T 49 ‘s, T £q deq pue uo
Junod “133unod £132018 aTqISIA31 YITMy

(*°° =0T = W) (" +(0T +(0T + u)))
ano 3oe pue 307paad in w10y

(@Tpunqun) ydeq pue (Sujlip
-ungq 3anuI3uod) WO Junod {saTpunq pue
"SYOTIS UITm saaqunu 313Tp-oml Lpoquriy

saTpunq-QT Y3itm s,0T £q 3unoy
§,0T £q aTpung ‘syOT3IS Ino JUNO)y

s32afqo
JO s$33s Aurm 03 S3UNOD TEQIIA YIRIIyy

S3INETY;, 9¢ sJGquny oTe ()

aTqeuosSEal U
‘s303{qo u jo 39s ® 3Ino 3Junony

Teasmnu 3T3TP-0OM1 B pE3Yy
921
03 dn 4Aps ‘ss3d01¢ SUTILNOD
2 JO S3TNSal 30 3urpIodayy

%oeq Junod
‘uo Junced ‘u e 31B35x

005 03 4es ‘s, Q1 Aq Junody
9ZT 03 4es ‘s, T £q Junojy

sjuno) SE siaquny J[OLM (®)

sjusuIpoquy 23310U07 ardueg awog

53d¥dU0N 10 STTIVNS auog

O

Aruitoxt provided by Eic:

E




42

uoumﬂsuﬂmu‘suﬁz 3T
-1ga :swaTqoad 981eT 03 Siamsur I3eWIISIy

- q yama
q - © 21edwod ‘e - g pue q - B aioT7dxdx

. SUOTIeNnlFS €91 JO smial
ul siamsue 9yl urerdxs £°033 ‘e - ®©
‘e~(q+®) ‘q-(q+eB) OTT suaa3led a10Tdxdx

3104 103BTNITED puUER 932I2U0D PIAUFQUOD
Yiym SITNSa1 OFseq jo ®[qel UF [TTdx

x Kiealrqie o3 ‘g 3uyppe, , ‘C 3urppe,
‘0T Surppe, se yons suiailed 210TdXIx

£793210uUcd 3Ino paide

ATFsea ST YOFym 3Byl puokaq eIep Isn
ATTeUuOTSEOD0 £239 ‘sjuapnis 03 3IsS3I2IUL
JO sweTqoid 13Ylo “9103S WOOISSEID ®©
‘elep ‘souied WOl SI[NS3I q 4 B I8y

et ——— - W ——— At e -

a1dury swog

598 1uiIvINI[EN

*239 ‘Burpuayl €sassol
BTA S19893UT OSTEB (27qIssod St 2103S
woolsseld  {smaTqoid Aauow 2WOS 3INO IOVy

wnﬁBouuan 103 S}OFIS oTpunquy
I33unod £192018 YITH Hoeq 3unody

mﬁOﬂumsuﬁm uosTaedwod pue Leme
-33EB3 4yloq U} Spol puUe SI123UNOD 3S(ix

*239 ‘sjysrem ‘samnjoa 3uIisn , ppy,x

saTpunq pue
$)OT3IS yITm UOTITPPE IT3Tp-oml ITAUTSx

123uno> £192018 y3lTm uo Surjuno> £q Ppvy

QUFT J2quUNuU UQ SPol Y3IFM SFY3 Jo
2wOs ¢Spo1 JO  SUFR13, Y3ITA diom Tens(y

s329{qo0 3o s39s JururquEo)y

s

mﬁowumsﬁﬂm
iea21 o3 cmﬂu mﬂmmaﬁu
siamsue m>ﬂumwma 30ﬂﬁm«

nouﬁummﬁou
mwamlwxma
isa1nseam. 10 mucﬁou«

coauumuuﬂsm 3o mmaﬂcmmr (»

I

gututol “-a°*1--3uTansesliy

Suturquod ¢ -8 F—SUFIUNODy

:STYl uf asayl jo Auem #Moy
~~saunyoa Yyiim Keyd ayqel pues pue I33Iejix

g3Insaa

pioda1 ¢(8) sivafqo TTeus pue (3I3)
s303{qo 281wl 12yjo yStaa {(3}) sITeds
wooIYyleq U0 S$2ATISWAY] YSTam UaPTIYUIx

muuﬂﬁﬂc 9T0UM JO UOT3ITIppE wo‘mwnwcmm: ©))

(panuUT3uod) SIaAnged}; 8¢

e m————— . Swie ommecowe - s .

saaquny ATouM ()

“sauawipoquy 23410607 s1dmeg suog

T s3d9ducy 10 STTING 2wo§

343

O

Aruitoxt provided by Eic

E




43

SUOTIBNITS
T1e81 uy papaau Loeindoe aioTdxdy

aUIYd TR INO-YIIYD sEe
103BTNOTEY {smayqoad 21039 £132019y

dupotad | Ang 3s9q, ¢

sTewToap 03
ur-pe@] osTe pue 3ujpunoa uidaq
{1+U0 pur U u9amI3q ST P°U [ERIUNNY

) ‘813pujemal 03 puodsaiiod
sjuaijonb 1aqunu aToym-uou IAIIS
-qo0 SwdTqolid ©33IJU0I IATIBIAISNIIIx

*933 ‘siajau
-01Fy{ U uy sae3auw {Lep iad sajnufu
fanoy 1ad spucdas :s3jfun UT SITY(y

-(Suyyyed 10 106073 @Yyl uo sa[i3
Luew moy ‘*8-3) gdeiir pue seaawe
yirm swaiqoid arqrsneld 33Ie[nNOTE)y

suxajjed a107dxs
Mmrm Aq 3junod® ‘juejsuod e Y3ITM¥

siadiTeny

SJUSW2INSEIW IBSUFT WO1J
pue suorjoesuell £3VW0W WOIJ STEPWEIA g

q y3j8uay jo sadard o3jur ‘sadsepd yenba

q o03jur ® Y3zBua] jo uoqqii dn Indy
A : saTpunq
PuE SOT3IS ‘AsUom U B JO 4§Iq-3UQyg

sI1aputeu

-31 sdwllawos , ‘3w 103J auo pue nok
103 Quo,, ‘smol q YITM SI2JUNOD ey

e ur
S,q auew moy 103 sdnoad Jujmzogy

(s@Fjo0d *-8-3) LTuaas sJulyl Iieygy

*93°
‘00T X 0T ‘0T X OT ‘TI,X OT 103 A°uonx

SUOTIBUIQUOD JINO Iy

poi-m

ue Aq SSO0ID® Spoi-U JO ABRIIE JIANSEIKy
q 4+ B)T 03 3I3AUO0D {SPOl-U W JO UIBIIy
u £q Leiae u ¥ W Junojy

$123uUnod U jo sdnoid w Junojy

,93EINIOE® 310W, JO uoTjou
; -‘uoT3lelou TEWIDSP Y{YITA Saans
-eau YJ8uI[ ITII9W PI0IIYy

0T + 20 mHN pue

119

f{Lsuom pue walsfs TeUIOA(y

N

I+ > pru 3 uy

; Jo 3ugyiswos 1o sury

S{eWIJap o3 uwolldnpoijuy (9)
231v¥x

uotied
-TTdT3ITNm Yy3Tm puodsaliony

.~ q3e 8a’ B 3O yig-auQy
B Ul s,q Auem MOHy

sfem

q 4&Tueaa 3TT7ds e 9zfs

3. m*

UOISIA o s3utuea:
- . AN

u £q 3

swaTqoad Tejaojeul

-

uor3ledITdIaIn:m 3o s3utueay

$as;] 103eInore) ardueg awoy

sjuauipoquy 3331duo) aTduey auog

s3daduo)y 10. STTTYHS

(3)

unodsx

quony

S91INSE3W pUEB S3UNOD
3ursn uor3lTpre paieadayy

sfe1ayy

)

ameg

Aruitoxt provided by Eic:

E\.




T e e Sty s anSam ST aas T

UOISTAJP ‘AQ SUOFJIOBII 18PIQx

£q suuri3oe13 3O muamﬁm>w:um oYy

-

*232

sdtals 3yun jo Jurprozaadegy

q £ ¥ 103 jaom 97312105 astadayy

$3&( 103BINOIEN ajdues Suog

sjuyod
3uwos 1uj Ysweu Auey 930U mﬁw.mm .m,Ml

8 9 £ [4 v
,m.m..msﬂ .wmw .m.w .w.wv SUIeIl pox i Q3 8= w *®
UOTSTATD YITm SUIT 19qunu uo , Ifun,, au-qm AAPKy SOTITYx -
s30afqo 30 39s ® joO 5 m ¥ 3yoys 3o si1aedx
Su0TIdBIy 3O JdUATRAINDS fUOTIBIOU UOTIVEIJ 20F SUFUEIY {q)
mucmmmwonﬁm 9321o5u0) MMaamm swmog “ mumvmmmu um;wMWﬂxWimmow

Aruitoxt provided by Eic:

E\.




45

[

Some Possible Activities for Phase 2 of the Calculation Curriculum:
Building Up Skills and Concepts

k1ll-building begins befofe Phase 1 ends and includes the basic
additioen, subtraction, and multipiication reflexes. During Phase 2 the
algorithms for the fundamental operaﬁions are established and some paper-
and-pencil competence and accurac9,is expected.

The "co;crete" work in this phase bécomes more coded. For example,
dowels of the same abproximate slze 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 worlk with decimals without needing
rhysically smaller pleces for tenths, hundredths, etc.

The work of this phase 1s specified below in less detail than before,
with the examples simply meant to suggest types of uses of concrete mater-
1als and of éalculators. The main ohjectives here are to demonstrate the

existence of fruitful work with these aids and to stimulate thought in

these directions.




myitrxo3Te Tensn ayjy o3 333 03 SIJFYSs -
‘00TX ‘0TX pue uor3Tppe pajeadax jo
uoT3eUTqWOd 03 dA0m ‘UOTITppe palead
-31 Yyirm urd9aq--;aatieaadour L9y uorl
-2 Tdr3Tnu Yyirs LJdy3Tnm nok op MoHy

£ eae

S33TYS
©¢10°X ‘I°X Yyara aaedwo) - -SIITYS
‘e ‘00T + ‘0T + 3o uorileroldxiy

STEWIO3PD
pue siaqunu S[oys 103 Y3oq S3IITYS
€*°" ‘00T X “OT X 30 uor3jeioldxiy

$178Tp 3UBVTFTU

~-8¥s om1 10 ‘3T3Tp JueOTITUSTS ISITI

32 LTuo Juysn £q SIdMSUB JO UOTIBWEISTy
, (3urmoaioq 3s983ns saariedau
2yl ‘uojjoeiiqns uy) °o33 ‘piodai
‘umTod s,0T 103 uayl ‘prodai-umn
-102 §,3u0 103 103BINOTED 3¥sSn ‘-g-a

~--s3ied £q SUOT3IBTNOTED UMOP E3Igy

m u u-..‘um uN AH Mo

| Ae1dsyp 103 }se ‘qioa suolinqg urel

~192 ATuo ajernisod ¢-9-y--2dF3oe1d
se swa[qoad A 103eTndTED u3ayolg, x

8urssadtoad Tejusu
?4BInodua 03 , 103BTNOTED 3yl ey, y

— -

§98[] I103}EB[ND{E) uﬂmamw awmog

| - & 2

[STeTI93em 3aoqe 3ulsn (q £ e ur q 3IISIPp
~3T3UIs 103) uof3IdeIIqns pajeadayy

"9nTea 19y3yy 3IXIdU ' 103 a3ueyo
-X2 ue ST 1313FYs Q] X yoes “-8°a ‘syes
—-193eW YTm SIJTYS-QT JO uofrleroTdxyy

S3TpUNg pue SHIT3IS
10 °s3207q QT ‘z93indmoa dyyd €I3junod
£192018 ‘d13em-B-TEIP SuUTSn (q X ® UL

q 3181p-°73urs 103) UOT3ITPPE paIeadoyy

’ B=q2¢3 2 =93

S103BTNDTED UO
£1e1311qae ‘iaded uo s3y8Ip-7
03 dn seYy q @219ym q < By

s$x03eTnoTe? uo L1eI3Tq
-ie {13ded uo siaqanu aToya
3¥31p~z 03 dn 103 q X ey

By

STITAS UOTSTATP pu® UOTIedTITAIITnN ()

Surin3oTd 1o Burasyled eazep
103 ST93ym aTpunil “sadel “s)ITIS I193I9Ky

siaqunu 3TSTP-TITNW YITA SUOTIE
-13do 3o >oei3l de9y 03 saaindmod dIYyDy

"3dAT3edsu 1333 |

b

© @Yl “Spied pai pue NOeTq YITA ,IBM, x|

) B3EPD
9TqRUOSE3I I10J P + D + q + Ex

BExq4+ 3 D =0q- B,

(s1EU
~-T99p Ases ‘siadajufg
aaT3IEd3u~uou Lue q ‘e) q ~ B

(sTeuaro9p Lsed
‘s19893ur Aur q ‘®) q 4 ey

. sasuodsaa
X3T7391 ST Teod 3Ing “>a1om 331310
-T0D Y3]m SUOTIBUTQWOD In3iqnop xumxu«m

STIT’S UOT3oe13qns pue uolarppy . ([)

S3aXaYJ91 UOFIELIT[GT13[NT

] o mucmEMMmpBu 3131du0) aydueg awog |

¢ t

WoTITPPY (1)

s1daduon 10 STTIYS akog

O

Aruitoxt provided by Eic:

E




47

10119 pue [®II3 [NnJ

~318D pu® UuoT3edITdI3[nu 031 313431 (7)
:swy3txo8ie arqrssod moyg 03.S3ITYS -

‘001X ‘OTX puer uof3oei3qns pajeadax
JO uOoT3IBUTqWOD 03 3IAaom ‘uUoT3oeIIqNS

paleadaa yaym ujfaq (1) (oarleaadour

£93 UOTSTATP Y3 T 3PTATP NOL Op MOHy
ppe uayjl ‘szonpoad Teflaed ureiqQy

o
oo

wy3jTao37e ue 31s233ns
03 QT 30 siemod £q s3ns=aa dnoal $sio3l
-oey 3T3Tp-¢ 3ITYTYX? 03 SArIilE JOP as{iy

(penuI3uod) STITAS Cquﬂ>Hn puT UoTIEOFTAIITNN  (¥)

mMWD Io03eINOoTE) 3ardueg 2uwog

wunwEwwOQEMXMumuucco maaadW|MEom v s3daduon 10 STTTNS mwmw




48
D. Some possible activities for Phase 3 of the Calculation Curriculum:
.. Applying Arithmetic Processes

This is a phase which begins befofe phase 2 has ended, with wisps
as early as Grade 4, andvcontinues through,the remainder of the child's
arithmetic experience. Here one takes advantage 6f the skills and con-
cepts bullt 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

alvorithms for specific purposes in the prdcegsing and understanding of
data.
tne

Inﬁoucline we have only listed content which is not found in the
previous phases. Of course, we expect that concepts gnd skills from the
other two phases will be elaboratédrupon, as indicated in the preceding
paragraph, Also, we have not listed ;ll the new content that might be
included in this phase.

In this phase, one relies on number patterns more than concrete em— .
hodiments. This is not to imply the absence of conerete work, especially
tor new concepts, but the reliance on concrete work‘shoula be diminished,

in the place of some of the concrete work ghould be increased work with

actual date) alvays with attention to questions of "reasonableness" of

answears.




N

Content

(£) 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 (a where b
is an integer, a
arbitrary)

(Here the calculator enables

~one to do calculations
which could not otherwise
be considered)

{o) Scigntifié notation

(Some calculators will force
a need to congslder this con-
tent, particularly in the
context of powerlng)
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Illustrative calculator work

*If calculator has a percent key, demonstrate
its redundance--i.e., equivalence of algorithms

*"Fvenness' of percentages; 1. e.,.calculate 5%,
10%, 15%Z, ... of same number, note pattern;
repeat with 95%, 100%Z, 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.

*Egt fmation of square roots by trial and error
squares of numbers; algorithm for getting
best possible calculator estimate

*Analysis of calculator rounding; e.g., how
does 1 £+ 3 on the calculator compare with %,.

*Error compounding in multiplication or divi-
slon; 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 lonp it takes money to double at
various rates ,

*Comparison of exponential growth to linear
growth '

2 3
*x,x, X} e.g., in cornection with linear, area,
volume, relationships

n n n
*Demonstrations that x +l< x , and x ~»0 {if

0 < x < 1; applications to probabilities of
independent events

* Motivated by need to write verj large or
very small numbers on an 8-digit keyboard
' n

-} *Calculator for patterns in lOm + 10 and

10™ + 10"

F*Repeaced division to show negative exponents

e

(P RV
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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 gtill geems useful to try for first
approximation comments on a variety of questiéns. Roughly speaking, ques-
tions about learning pogsibilities are at theghead of the list, with ques-~

tions 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 workshent that makes them confront various possibilities. They
tend to learn to do the things they know something abéut; e.r., 1f they are
unfamiliar with division they i{ignore that key, They learnAboth from the
rachine and each other; discoveries about shoftcuts and particular quirks
are quickly shared. (Despite this, there areialreadv advertigements-—e.g. in

|

Learning magazine~~for filmstrips on how to uée 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
atudents egpliciclv and these students taught others. But self teaching
was effective in the Page first grade and Garmony chird’grade proups.

*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
fucluded in that same appendix, but which are not included here.

Q s :) _1
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Do children "naturally' detect errors; that is, do they reject clearly
unreasonable answers?

In this Questien we have mixed reports;'some explicit research would
be profitable. Tentatively we feel that older childreﬁ’who have good ''num-
her gense’' can carry this over readily to calculator work but do not

&

do so automatically (see Schaeffer report). Simil arly, for younger students,

gone 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, ete., claimed the calculator \
was broken because ié gave bigger answers--that 1s, they noticed what
seemed to them to be a wrong rvesult. 'But many ydungsters in all
rrades séem accustomed to accept whatever "answer" a calculation leads
them to and this carries over to calculators. Thus, for example, mény
enlldren unfamiliar with decimals ignore the decimal pﬁlnt altogether in
writing answers, no matter how ludicrous the result. As to how many sig-
nifiéant figures to keep, nearly all children write whatever the calcula-
tor says--and often wish aloud there were mégg than the usual eight digits.
It seems to us that school néglect in teaching of approximation gkills
and of good sense about significant figures is plainly revealed when kids
use caleculators. Such things simply must be more emphasized if calculators

. are used 1In schoqls, but they should be more emphasized in any case.

3. Has the calculator any potential for diapnosing gaps in underatandiﬂg
of content?

W think there 1s considerable potential for this though none of our
trials were directed to that end. Tor example, when using calculators
with eighth graders we learned very quickly who does and who does not un-

Jergtand what decimals mean, even ftor youngsters who could do certain cal-

A=
Q .
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culations using decimal numbers. ’As ancther example, in a certain sixtn
grade class, the préblem 38 % 144 was answered {on a~six-digit mncbina)
as 3.78947 by six students, 375947 by two, 26.o8 by four, and .256385 (the
correct answer) by only two students. Thoée varicus responses give véry'
clear signals for follow-up. Using the same problem with about 75 eimath
sraders gave similarly clear clues to difficulties (but far more students
did it correétly, as one would expect). Also, every problem—golviﬁg uaa
revealsy on;y a minority that Qnderstand about significant fipuves in
neasure and'calculétion.

We believe the diagnostic possibilities are considerable and further
worie on them would be warranted.

S,

4. _Do children become curious about funetions on the machine Lthat are
untamiliar to them? :

4s far as our trials go, this 1s an open question. Third sraders
asked for more intormation about multiplication, but they alreadv knew
about nultiplication in simple cases. These same younggters agked about
the meaning of decimals and settied (for the time being) for a simple
"whole number plus a little more" sort of answer. They did not ask
ahout division and ignored the division kev. Similar results vere found
with first graders. All the sixth graders discussed 1in #3 above did the

division preblem deranded of them (they might have ignored division othei-

‘wise), but most did it wrong and no one, apparently,was moved to ask about

ft. Tentatively, the obvious answer seems probable: valid discoveries
from completely unguided exploration of unfamiliar keys 1is unlikely but

thiere may he considerable potential for suided exploration of partly fa-

I

miliar things. The unknown keys seem not to be distracting, so it at

aeast way Jo no harm to keep further mathematical peasibilities in the
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ecrvireonment (by wav of extra machine keys) and for certiiin youngsters and
!
certain teachers gome nilce explorations might result. ﬁhat possibility
neads to be balanced agalnst extra cost. I would like i 1f at least
: i

were on nearly all machines, perhaps instead of the usuai 7% key.

.Vuﬁggwgbgigpen interested in the calculators and if so, does the interest
last over an extended period? | ’

There is invarilably very high initial interest. From our trials, we

find that high interest persists over a long time period provided students .

o

are »ivon interesting things to do with -the machines; indeed they demand
o have things to do with them. Nearly every teacher in.these trials com~
cented on how motivating ﬁhe calculators appear to be to kids and not a
“ow tearhers have said that ''discipline problems"'virt;ally disappear when
t.e machiines are used, even in quite difficult situations. The main prob-
o, of course, is that few school mathematics materials have really inter-
esting problems in them that explolt the power given youngsters by the cal-
~ulators~—a situation that most certainly should be remedied, and the
ETRRAS 4 thé bhetter!

it could happen, of course, that interest in the calculators will
w e s Lthey beéame a very familiar feature of our socilety. But we have
soen no evidence that "familiarity bLreeds contempt' either in these trials

nroter individual voungsters of our acqualntance who have now had calcula-~

£Lora fsr'éeveral Years.
#. Dz children become dependent on the calculators? DNoes it matfer?
Wictoat slisecunting the possibility of bverdependence as a long range
Tt osroa rasult of unwlse pedagogy.it‘is clear from our trials to date
©r4m tais 15 not a significant problem. Children at first do everything

o
e
«J

ey L




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 ugse in place of pencil and paper
as leading to overdependence but there appear to be easy safepuards. ﬁor
example, most teachers in these trials pefiodically demanded paper~-pencil
computation even with calculators present and the students seemed to go
along with this withouﬁ resentment.

It is unclear to us how much to worry about possible increased depen-
dence on calculators. "The batteries may run downf as the main argument

. \ . .
for no de~emphasis at all of hand calculation scems somewhat silly. More

troublesome 1is 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 a§ such contributes to the
learning of important mathematical concepts./flt is easy to imagine that
the very intricacy of the manipulations plus the'patterns and rules that
maxe them work may sometimes result in imﬁortant, even 1if unspecified,
learnings. The existence of calculatorsfsuggests ways of inquiring 1nto.
the issueg here and this is another areg where research should be fruitful
{witn, of course, apéropriate éafeguards). In the meangime, a congervative

{tnt not immovable) posture toward the learning of calculation in achools

.

sgpens warranted,

‘There can be no doubt of one thing: pood ''reflexes'" with respect to

basic mui:iplication and addition results ("learning and tables') remain

A5




very essential, Vith or without a calculator it isg crippling not to have
duch reflexes. e feel the same about a very sure feeling for effects of
multiplication and division by powers of ten-—a feeling that far too many
vubpla now faill to acquire. '

hed A 4 1

‘o_is choice of machine configuration an important issue?

The first thing to be said is that in our crials children adapted to

t varirsty of machines without difficulty and seemed to be able to switch

from one machine fo another without confusion. Thus it seems safe to say

that at least for older children, any machine that pgives reliable results
ceuld be uged.  But there still remain intriguing unanswered questions
that marit investipation, and this is especially true for use of calcu-
lators with children in the primary grades.

In addition to power source (recharpeable battery, ordinary battery,

. adaptor thrée aspects of configuration need consideration:

1) display: left to risht entry or right to left entry; scientific no-
tation or not; number of digits and possible choice of‘that;
sizé and color of display; etc.

b)) keyboard: which functions and number of functions; change sign keys;
mamnrles; constant--automatic or kéyed; repeating keys; multci-

purpose kevg; etc.

(2]
er
<
W3
4]
s}
rTy

logic: algebraic (equation) logic, arithmetic logic
as oun gome inexpensive machines; reverse Polish notation (R¥N),
with a "stack" that sets it markedly apart from the similar
arithreric lorle.

Thesd varicous asnects are combined in a bewilderinp array of choices in

mhee :alcui&tor mirkecplace.,  But by now an inexpensive (under $10) consumer
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oriented machine has emerged that 1is virtwally identical amqpé’major dis-
tributors: non-rechargeable battery with adaptor available} eight digit
display with entry from the left; the four standard operétions and a

fairly versatile percent key; automatic constant which makes powvers, reacip-
rocals, repeated produéts, sumg, and differences available by repeated
punching of operation keys; no multiple use keys, except possibly C/CE.

A few more dollars buys very sisilar models with memories, and a few

more dollars buye similar models with square roots, reciprocala, and, some-
times, gcientific notation. Beyond that considerable variety remains the

rule.

o

-

A number of people have by now delivered themggLYES~iﬁ"ﬁfiﬁ£ o

epiniong about what sort of machine shoﬁlaxbe purchéaédbfor school use.
These opinioés are vemarkably similar to each other: algebraic logic,
keyed or autonmatic constants, rechargeable batteries, and no multiple use
tuttons. The trouble is that this standard advice is not based on any
evidence about what may work best peddgogically. Over the long run such
isgues deserve investigation. Findings from investigations can influence
_design since the schools market will preauﬁably be important enough that
calculators ro given gpeclfications can be'made available.

The possible pedagngical ramifications of various combinations of
display, keyboard, and machine loric are far from clear at present but
guch dasues éertainly exist and they may be non~trivial, esgpecially for
valculators uged with younger children. Here are a few such issues and
questinns suggested by our eigh:eeﬁ months of informal work with calcula-.

terg fin schanla:

Jud

A7




a3 Vork with first araders suggests’the possibility that the sﬁandard
display thay Teeds in digdes from the right mav lead to more number
raversal errors in writing or reading nuﬁerals than displays (e.g.,
Hewlett Yackard--HP) that feed in from the left. (That ig, for 78,”’
firsc 90020907,, then 00000078 on most calculators, versus 7.0000000,
then 75.QUQGUU on some calculators.)v
411 fisplays obviously haveé limits on the number of digits displayable,
ard chlldren somehow findnihat dlemaying. That is, even though with
@is»t pnlaves laryer numbers can be digplayed than children normally
see O uge, tiaey want more. But there are obvious pedagogical possi-
bilities in the lessons to be learned from such limitations, and in
ways af coping with them (for example, with scientific notation--see

]
¢ Childran are dismayed by the penchant of calculators to gilve decimal

answers wiere there "gshould” be whole numbers (e.p., (1/3) X 3 =

3

tAedAd), Dowe czaleulators (NP apain) cleverly avoid such

dirficultieg” and prgsumably it would be posaible to propram a cal-

nlator to perforn inteper arithmetic correctly, or even to switch

betwaen integerand floating point modes. But it may be that the
lensons of round-off error are tos valuable in themselves to try to
overcone the "wrongness” of the standard machine. How careful to
re dr this regpect may be a function of the age of the child, but
ehen again it may hot be.

o Sealn with regpect to integer versus decimal arithmetic, most divi-
diony glve decimal ansvers, but there are many reai life situations
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leading to> division where quotient and remalnder is the appropriate

response, orf where a remalnder expressed as a fraction is easier to

three children...})., 2emainders can ke retricved from the decimal
answer and doing so may be a‘valuable lesson at some point, but per-
haps not for children first learning about division. Calculators
with a "g" or”{,R)" option switech might be useful for early grades,
tirse pefhaps get by the teacher, later a choice to be made by the

et tid accordinu to the sort of problem at hand.

All the printed advice we've seen on buying school machines specifies
alezebrale logic, but that may be very wrongminded advice indeed.
Filrse of all, there ig no indication that the equation format (e.g.,
7+ % e []) for calculation is the natural way for children to think
ag opposed to the column format suggested by RPN logic (enter the
pumberg, then operate). Indeed some of our work with first graders
guniests the contrary. Second, with equation format either parenthe-
ses are needed (more expensive machines increasingly have them on

tie zeyvoard) or intermediate results must be recorded (or stored in
manory) and re-entered, or calculations must be rearranged in fairly
ornate ways. There are useful learnings in doing these things, of
course, but they must be balanced against the simplicity and lack of
guss of an HiN leogle with gutomatic stacking and recall of intermediate
resulta.  Eeeping track of what isg in the stack (plus the capacity to
verffy that) also has valuable learning pétential. It seems pogsible
€har 3PN leglc mav be move easily transferabie to thinking about com-
pater programming.  In other werds, the cholce 19 not wnearly so clear-
) 6 :3
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zut as has been suggested and there seems to us to be a rich field

be
L]
al

3
1
[
o

gogical inguiry here. (The fact that essentially all inex-
pensive machines have algebraic logic may decide the igsue without
investigation, which would be unfortunate.)

we have already suggested that interesting pedagogical inquiries could
follow from having’machines available with more functions than are
rmed atel§ tariliar to a child. Migh; a third grader agsk about square
roat? (If so, it could be easlly explained, especially with a calcu-
later at haud.) What about base-10 logarithms, say at a time when
int2rer powers of ten and thelr link to our numerations system-is
already well in hapd? (With a calculator and hence no nonsense about
extrasolation from ables, etc., the discussion might be manageable
wuch earlier than 19 now the case.) Would just the fagt of seeing
fuuction names daily, even if never used or explained, make children
~re regeptive later on to wbrk with, for example, trigonometric
imzzions?  And go on.

o the typical caleculator, all input and intermediacé ﬂata is loat
unless recorded by hand. Printing calculators keep track of all that,
an ave proferred by many for school use. anykeeping a written record
may ba valuable in itself. It may also decrease the remocteness and
mystericusness of the answer’machine. (We have long felt that keep~
ins; & written reeord provides non-trivial l1inks between concrete ex~
peorlence and abstract number processing and something like that may
cArYY ever to calculators.) There is no doubt that children would
“ave tu Le carefully taught to keep such records; every teacher is
303
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raniliar with vhildren who regularlv erase all the work thev do (or

it on a scparate sheet to be thrown away), recording only the

(]

i
tinal answer.  (Indeed, we find this in the majority of children,
indficating tihat "neatness' ete. is taught as a virtue that takes pre-
cedence over clarity and demonstration of process,)

n)  when Jecimal answers are involved, the standard eight-digit display
often gives much more "accuraey" than is warranted. For younger
zhildren so many decimal places is often an overload of information.
cne can inuagine pedagogical advantages to the ability to choose how
many decinal Jdigits will be displayed. If one can keep ahffting the
display (with automatic roundoff) fof a given result (as with ae;eral
of the HP calculators), then one can imagine a variety of beneficial
learning exerclises. Jugt the necessity to choose In advance how
much iaformiation to keep would have benefits.

1, cuelentitic notation as available on many calculators might seem at
tirst glance to be too complicated a code for use with young child-~-
ren {tiis code, in effect, changes every number to a pair of numbers
with the first giving‘significant digits and the gecond a power of
tetiey dut our first reaction may be faulty and we should at least
cumcl on it by investigating when and hew children ecan learn to uge
such a colde with understanding. 1t may be that even primary children
zan use that code to gome extent, and it seems very likely that many
zaildren could ugse Lt before it is taught in the present curriculum.
sienev2r it 43 teachable, it obviously opens up many new possibili-
ties for using numbers in applications.

3.4
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“._.Are calculators durable enough for classroom use?

Ilhe history of classroom aids ghows pretty élearly that things that
aet broken are simply no longer used. Teachers haven't the time or ener-
1y to gnt :hingsf;epaired, even assuming there 1s money for repairs and
they know whare ts send them.

With calculators, there are usually some initial failures with new'
machines--in one batch we bought, five of 24 machines had to be exchanged
dlmost immediately but the failure rate in other batches was much lower.
it gseens to be the case that 1f they operate o.k. for a few hours, they
ire good for the long run. Even so, in handling about 50 calculaters we
fave had to send four for repairs within the first year, even after ini-
tial exchanges. Dropping and other rough handling is infrequent~~children
sment to be pretty careful--and in any casé we can trace no faillures directly
t9 such treatment. For inexpensive machines, repair cosés after the usual
»ne yedr warranty may exceed the price of a new machine. /

Yrom our expzrience it geems that if a school 18 to furnish machines,
it should make sure of steady use for the firsec few hours to weed out and
eichamye Initial fallures; monitor carefully during the warranty perilod
iusually cne year), and then plan for about a 20Y per yeaxr replacement (or
coealry rate after the warranty period. We haven't had caleulators Jong
caouah ta beow how long they will last before wearing out altogether.

e Are legsey from_theft frequent, unmanageable?

{ig question has represented one of the major barriers to thinking
Looat dehiool use. Sne teacher flatly refused to try out our machines with
Lo comnent Tihese thiops have lepal'  The first hatceh of machines lent to
3 A
00J
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several teachers gquickly ended up in the scheol vault and only came out on
gur 3souarance thit part of the triasls were aimed at finding out 1f thefts
wrald B unmanaveable, Even so, on three occasions when a calculator
Irom o a bateh was lost (by theft from desks or cabinets, not in use)
reachers insisted on taking up a collectlon to reimburse us, and written
feedbaclk frem one such class made 1t very clear that stucdents caught hell
rromoa tsacher who donated to the gnllection.

cur experilence in lendilng about fift& calculators in a wide variety
1T ogleuations over ahbout a one year period is that as far as we can tell
o wera stolen by othe chilldren actually usinge them, Five have been
last 1o schools from after~hours thefis from desk drawers on cabinets.
Coethier Tive have heen lost from loansg o students and teachers from our
cometat loosely contrelled mathematics/sclence curriculum labofatory at
te Univoargiow--which has the usual library problems of keeping things in
~irculation versus the risk of loss. In other words, with few special
srecantions our Emaﬁ rate from school use and lab use has been about 10%
for ea~h, Lately we have etched nunbers on calculators and made up hoxes

g1ty numbere! storage cells (so i1t is obvious when one 18 missing) and we

Lave tightened up security arrangements; it {s too early to tell the effect

1v mathines were lent when they were relatively expensive and rel-

azively noavel,  With the same machines now less than $10 and with more

andt mere in clroniatieon, temptations may diminish. But our experilence
~ates s cantions wirh regpect to distributien of expensive special pur-

~ose macihiines,  Aleo, we will now routinely require that students in our

| 300
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reacher trainins classes have thelr own calculators rather than lending
zaleulators from the laboratory. The problems (to the students them-
goivest of loass, breakare, or extortion have made us think 1t unwise to
fusue calcoulitors dircctly to children for out of school use, especilally
sonnn enildran, FW§n with cheaper machines direct ownership (or réntal)
zaems proferable te achools gupplying calculators pratis.

v3w whould calculators be powered?

¥)
S
cr
o
(a4
(33
o

he printed advice to school buyers that we have saen advo-
cates recharyeable caleculaters, but we aren't so sure. The extra cost

15 gubgtantial. Por a batch of machines kept in the classroom it 18 a
zaler nulsance b3 reep them on chargers. Some rechargeable batteries are
aaid tu acouiive a 'memory' for undercharging--that 1is, 1f used before
tally c&xrged, they may not then take a full charge unless allowed to run

completely dewn., If hatteries Jo run down, a calculator can't be used

watdl recharred, unless extra (and expensive) battery packs are available.

tlthough saort life of (non-rechargeable) batteries was a major nui-

ganze (and a2xpensge) with an early batch of machines we acquired, those

w2 ve gotlen lately with alkaline Yv transistor bhatteries last for about
*e o ours 6f actual use, which is pood for several months for an individual
wio dg careful abour turuing off the machine when not 1in ugse. On the
arter hagd, a classroom get of calculators in continuous use during sever-
11 class periods per dav would uge up the 20 hoursg in just a few days,

. alazntors (ot re-caargers) are available for battery operated calcula-




\
\
~ur experience 1s that problems 1in this area are a major deterrent )

i ozeatine classroom use of calculators. Un checking back with teachers
to wheom we loaned caleulators we were frequently told that they and the

"5 lowed them, but they were out of service from worn out batteries.

flhew were put back in service again only when I supplied the batteries.)
ew ciassrooms have enough outlets to keep machines plugged in, and in
auv Sase that severely restricts portability. DBatteries are expensive;
terthers shouldn't buy them and schools may be unwilling to. The problem
L5 smazlyed and the most likely solution may be, again, individual stu-
et ownership of their own calculators, and hence responaibility to keep
then in service,  Yor school owned sets, and perhaps even for school use
stulvit ownel or reated calculators one solution might be recharpeable
v otransistor patteries (1f these exist at modest cost), with straithe
exzhanre e run down for charped batteries, and special recharsgers, that

fanile many barteries at once. A teacher would then simply keep a supnly

m1 ocnareed batteries, and turn In run down hatteries for recharging in

o
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x 3: Lesscens Learned from Other Teaching and Learning Aids

The hamd~held calculator ig different from other teaching andllearn~
ine aids which are used or have appeared in mathematics education. Exper~
ience wits other aids may or may not generglize to calculators. But'we&
feel it is helpful to examine other teaching aids for posalble clues with
respect to the fucufe»of éalculators.

{13 particular essay was motivated by an earlier paper of Rogefa
on tﬁe same topic. She lists four features which seem to separate endur-
ing teaching aids frem the others: )

"l. It must be inexpensive and/q{ldurable enough for child use.
4. It can be controlled By the’learner.
. 1t solves problems (or does things) that the learner wants
done. |

4. Its obsolescence 1s not contriived by manufacturers."

she concluded that “the electronic calculator has the potential, as assessed

azainst these four criteria, to be a teaching aid of enduring value." (Rogers, 1974)

Blackboard
?nge?s digcugeed the bléckboard in detail, noting ﬁhat if is a teaching
atd ex:ensively used in mathematics classrooms. It is an enduring teachinq
aid and, as she states, "1t is almost unthinkable that a school would he
Bailt without lots of blackboards,"

culs 1s ol course correct. But the blackboard example fndicates to

at Lhe becsnd ot Ropers' eriterla needs to be modifled.  1n our

vivw, for Lheose aihn widch tend to be used considerab:le control over
whonoand Lo they arve used remalns with the.ggggjgg;
369
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Let us compare the blackboard and calculator. In most classvooms,

the blackboard is strictly off-limits te children unless the teacher gives

rermigsion. Once a student has a calculator, the teacher has lost gome

control, partiqp}arly since, as we have noted previously, there are not yet
"“ﬁppropriate materials which a teacher could use to guide the student.

In short, a minimum pre;equisite for widespread use of calculators in

the classroom would seem to be the availlability of appropriate materials
|

to allow tha teacher a modicum of control over students' learnings. (There
1s a subtle distinction here: the materials themselves might be quite

open-ended. What 1s important is that some structure be placed upon sthe

learning environment.) e B

—~ 4

Une must also note that the blackboard is a one~tinié expense ueuallﬁ

-

covered - in the cost of the original physigat”blant. Furthermore, a
tlackboard cannot be placed in a closet. Tt is constantly availahle. Few)
sther teaching alds nave these properties.

* "

Slide Rule !

The hoand-held calculator has made the slide rule obsolete. For thiso
reason, the two alds are often compared. The slide rule sdtisfies Rogers'
criteria; also, 1ts use can be controlled by the teacher either bv the se-
iection of problems or by using commercial materials designed for thig pur-
roge. Froﬁ the above arguments it then stands to reason that, with avail-
atle materiaia, the calculator would become a fixture in the clasaroem.

Hut slide ;ules have never recelved widespread acceptancue in mathema-
tics classrooms. Indeed,_their use was banned in most mathematics clapo-
rooms, aven thoush in later high school énd college cources many studenta
ware ua#ng them concurrently in gcience courses.

3'v(
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- Why Have slide rules neVer found a place in the mathematics class;

room? Most importantly, becauae they-do not give exact answers or answers

’

'wlth as many: Sigﬂificant figyrés as tables. There is a societal view o?w—*‘ﬁ

. . Lo mthematlcs (also held oy many mathemnticians and educators) thaL the diff-

'y

e*encc between mathemutics and th& sciences is that,”mathematics'is exact."

fIn this paper we cannot examine that in detail but it is important to note

i)
1

A R “that this view has worked against those who advocategthat estimation or

-probahiliatic notlons be glven a more prominent role in the curriculum,
i

o p- dhether justified or not, paper and peucil instead of slide rule ealculation ~
has ofren been‘requiredﬂin ‘schools to achieve this supposed exactness.

while calculators glve more preciQion (and do it more quickly) than

v : . slide rules, there dre still. limits on the number of significant’ Cigures. o "

. o

kAlso, re]aéivelv inexpensive calculators do not have as many’ ftatures ag thelr

" o Slide rule'counterparts (Ibgarithms, trig.‘functions;,etc.). Calculatdrss N
.‘ e ) - ) B B - : . € \‘
v sfiare the “trick” or "instant answer" agpect with slide rules. '
_.;' ' : /
Lt ' ~ In short, In the past moqt students below “the coIt‘ze*l‘vel‘ﬁaVé not :
used slide rules. Hence, if the calculator is seen only as a '"better, faster ,
. alide rule,” then 1ts presence may not be felt in most sthool :lassraoins. ‘ ’
I ’ ;1
Computer
‘ S Although the hand-held calculator is the grandehild of the computer
¥ and trew share a substantial theoretical base, the lesser cost and preater
3 .
K wrallabillny of the calculator puts ic in a different ball nrk with reapect prss
N ’ ¢ P p
=& ‘
3 eothe warricuniam, Until the tire that there s a terminal,in'every room

g rurher of homes, these two relatives must be treated as




Other Mathematical Alds
There are other. aids in mathematics. the overhead projector,‘abacus,
geoboards, Cuisenaiﬁe rods, etc., but these do not seem to have enough

'in common with calculators to make analogies worthwhile. So we<turn'to

,vaids in other disciplines.

Motion Pictures -

Once used by only a few physical\education departments, movies are.
now a mainstay og any.major school athletic program. They'are used to
provide examples of what to do, what not to do,/to £0. over performancea,
to help plan futu.e strategiea. As a result, the performance of teamS-has
improved markedly in the past decade. |

Movies-are expensive to produce and show. But this examplexahows :
" that, when a school feels that an aid will help performamce, the. school
will go to the.expenge even when it 15 great and requires continual ex-

fenditures.

Typewriter‘

Typewriters and calculators have much in common. lhe typewriter
makes it poasible to vrite quickly, jhst as the calculator makes it_pos—
sible to gquickly compute. .Just as there are times when agtypewriter is
not available when one wishes to write, so there will be ;imes when
a  person wantsy to compute and a .calculator will not be avail-
Lhle, A typist does not lose writing ekills and we can expect that an

adult wHo hag been taupght to compute would not lose computation skills if

IC 1 caltulator were present. However, if a big writing job is desired, peo-
B o P
“r,
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ple tend to use typewriters or dictate for others to type. Similarly,

* ve alxeady see calculators in every place where a good deal of arithmetic

--  needs to be done.

But“how are typewtitérs.used'in'schools? Only in a few schools are

tvpewriters used te motivate reading and other language skills. (The SRA

) television'commercial with Sth graders beaming about what typin? haSvdone

for them comes to. mind.) Even though most homes have typewritera, neither

elementa1v neéx high schools can require that work be typed Rogers firast

criterion (tc be inexpensive) and the size and weight of a typical type-~

writer are the deterrents to greater usage.

Thus calculaters and typewritera have corresponding features and we

’ may learn from this.' But the two major differenccs (size and cost) malke

ic unwise to generalize all expericnces with typewriters to calculatora

Dictionary

Tﬁere are great gimilarities between dictionariee and caICUlators.

Both aids satlsfy each of Rogers criter?a. Both are-available in models

specitically designed for experta in a variety of fields and varying in

snnhistication - Costs are similar. Families.have them at howme and they

are bOQght as_gifta,

~Zimilarities also exist wirh respect to the.curriculum. Both aids

are identified with one major subject area (dictionaries«in Language Arts

1

or Inglygh) but can be used elsewhere,

And aimilaricles exist with respect to the content of their discipline.

makes almost all words in English equally accesaible to its.




/

vequally accessible to the‘nathemaﬁics student. . The dictionary theoreti-

cally makes spelling»obsolete butfyou cannot make use'of a diocionary"

unless you can -gpell a little' s*milarly, though the calculator theoreti~ .

cally makes ic unneccssary to learn arithmeeic akills, you need to hnvc
some of these skllls 1n order to use ‘the calculetor effieiencly.

These similarities make it reasonable to examine the usa of,dection-
aries in classroomef Some teAChere make great use of ‘the dictionary and
plan units around it.A The - dictionary is a reference found in every ele—
mentary,school,‘Fnyl4eh classroom and library. Curricula take into AC«
" count . that dictionaries exist but the richness: of lanﬁuage arts seems  to
vdiccate that curricula are not designed around the dictionary.‘
| It is entLrely possible and quite reasonable that calculatora will
ultimately have the same* type of usage in mathematics classrooms. This
would dmply that studente'will continue to lcarp basic methematical‘skiils

(Just as spelling 1s still taught) but not-all/computation will be known

by students (just as few people can spell all the words they need),

{
i

]

In summary, if'one"looks at tea¢hing dndklearning aids which have
much in common with celculat, 8 and the eyéent to whioh these aiie are
used to their limit in cldssrooms, one is foreed to predict that calcula~-
tors will never be used to the extent suggested by gome advocatea. This
‘would e in spite-of the potential of the calculator to be a teaching aid
o:—énu,rizg value,
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Appehdix‘C: Are Calculators a Crutch?

In ;his'séctibn we éonéider a major argument against thé‘use of
calculators. It is that calculétors are:a crufch. This a?gument uﬁder--
lie;\the cﬁinkihgbrébresenteq'in quotés like thc.folldwing:

| “I understand the principle--get them motivated. ,

‘But I have yet to be convinced that handing them a
machine and teaching them how to: push the button

‘ - 1s the right approach. . What do they dg when the

\\\ . battery runs 'out? I see a lot of low-level math
y oo . among college students who still don't understand
; T

multiplication and division. You take away their
calculators and give them an exam {n which they
Jhave to add 20 and 50, and’they get it wrong. And
i'm talking about business majors, theepeople who
will soon be running my world." .

- (James,R.nMcKinney; professor of mathghatitg,‘California Polytechnic State
' University of Pomona, as quoted in New York Times, Section IV, p. 7, Jan. 5,
“*he 'crutch premise"” 1s essentilally that 1f you allow students to-

st

‘ﬁse.agqglggl§tor for ar;;bmeticwggqblggg_yhich gpﬁybp done by hand, then

the studentg inl‘b& unable to do,ari;hmetic when the calculator is absent.

7

- It is a corollary to this premise that calculators. should not be used with:

€

_ young students who are still learning arithmétic. Another corollary to
this premise is that calculators should not be used with older students

who have not vet learned arithmetiec— i.e., calculators shouid not be

- e

Rl S !

used in remedial classes.
i
We have discus§ed these notions before but now consider the crutch_
premise itgelﬁ} We believe that. 1f the premise 1s accepted, then the
Brouanooe nf caleulators will have no efifect upon the arithmetic curricu-

iam, it iz that strong a premise and we believe that it is a premise which

iy rresently widely accepted, However we helieve that the 'erutch premise”

pen oo gquestion, both dn its Internal validity and in the

19{'5)




Let us give reasons for our belief. The crutch premise rests on

a principle thet a crutch is a bad thing, . But in fact, for the injured
person a crutch may be a good thing——evcn a necessity. In supermarkets

"9 ;. and éther&stores, calcuiating cash registers are necessities because of.

|
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!
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their accuracy and speed And these étore calculators came inco wide use

\

at a time when the general populace was baught at least as much about cal~

culation as it is today‘, For both the injured man and the supermarket,%

presumably, the crutch,-has become a "tool." But the capacity ‘for a’

'

. crutch (bad!) to be relabelled as a tool (good!) extcnds to many situa- "

tiong and the value Judgments may be al ered simply by which label is
A . ~

pcrceived as applicable, ' - 2

,?M
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It is “common to cite the case of a real or theeretical 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 etuaent ellow this to happen'onvthe nent test? One would expect that

a single,experience of this kind would suffice anu a similar thing would
not recur. Sacond, for how meny students in the same test wasvthe calcu~
latoer an asest? In short, the question may be whether\to,penalize the -

rmajority in a test because of unwise decisions which are bound to be mede

hy a few, ‘ (

3

Wien a computer or business machine breaks down in the real world,.
we wnow ot few organizatiens which get rid of the idea of using the ma-
st pet it qulekly fixed, or they buy a new one. It 18 a neceg-

Life that macshines hreal Jdown or are unavailable but the inereased

4 T ey e PR Franre oo o $u s i " H =y g
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~problems; Closer to the student's world, if an essay 1s required to be

typed and the student's typewriter is not usable, the gimp%e’ﬁsiati;;////f

- P -

1s to find another typewriter. ——

The ' crutch” premise leads to the c0nclusion that calculators shou‘d*”
finot be used in remedial arithmetic classes (such as eneraimmathematics

courses in high schools or junior coileges). Tbexeffghsome reason to be-

lieve that this conclusion 15 false. ,4nHeed celculators may be more ap-,
/’//
‘Lspropxiate for these studn"é than any other students of arithmetic.
//f”/

Our/;bﬁﬁcning is as follow In the NAEP studies,.34% of 17-year-

e
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“ﬁolds-incorrectly answered 1/2 + 1/3 26% incorrectly answered 1/2 X 1/4.

These are substantial percenteges and they occur despite the existence of

/ =

vepecialecoﬁfses in arithmetic for high school students in which such

skills are covered. 1In fact it i3 now estimated that about 40% of

entering freshmen are not sufficiently adept at,atithmetic to enter al-
gebra¥~ These stedents have had 8 years of arithmetic and not had sucgess

:

at 1t. So we give them more, and the NAEP studies of 17-year-olds show
that the total experience is 8till not euccessful So at present such
-people are condemned never to have arithmetic to use in their lives.  For
" such pecple the caicelator is not a cruteh but provides the only way to

get a right answer. Furthermore, the more crucial issue 18 not how the

calculation is accomplished but rather knowing when and how to use arith-

The abllity to use ealcdlation is what we should expect
pleted their etud} of arithwmetic., And it 13 pre-
- 9ki1l vo. use that may be obscured by -adamant insia--

- ke guoellent penell and paper ealeulators.




