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.. <. THE NBW CALCULATION IN EDUCATION: A RESEARCH AGENDA

Gerald R R1s1ng

s 7 State Un1vers1ry of New Yolk at Buffalo

‘On ‘Educational Research

This paper has been prepared under a contract with the National In-

’ﬂ“'f’~stitute of Education. 7The charge glven by Ed Esty was stralghtforward .

prepare "a-preliminary ﬁramework for research [on] effects of calculators

on mathematics learning."- This seems easy. We have on the one hand acti-

- v1t1es——-teach1ng and learnlng——-with a history as old as civilization and

an assoc1ated volumlnous collectlon.of more recent_reSearch. And on the

° . . \ ¢

. other we haae a new technology -- electronlc computers, calculators and -
. _ microprocessors -- a technology scarcely as old as many contemporary cEass-
- '\
room tg£a hers w1th some of 1ts developments even younger\than.today s mur-. -

R -

- -

seryvschool students. All we need to do, it seems, is superlmpose the new

, technology on the_old trad1tlon, man1pulate the d1als a d read ‘off . the eas11y
. . . . -v . >

identifiable pairings for research, the resnlts of.wh;ch will lead to edu-

I3
L3

- “cdtional improvement. - e R
Lo . Lest -you. read that suggestlon as sarcast1c or facetlous, let me.assure
you that is exactly what 1 belleve should be done° That does not mean, of

-courses; that I believe the task w1ll be well" carrled out. Past h1story pre-.

3 . »

v

" The follow1ng Jonsultants made major contrlbutlons to this paper: Stephen

I. Brown, “SUNY Buffalo; Robert B. Davis, Myriam Steinback and Curtiss Mc
Knight , Univer51ty of Illinois; Betty Krist, West Seneca (New York) Senior
High School; and ‘Wallace Jewell, Edinboro State College. ‘Final responsi-
bility for: the: contents, however, rest with the. author' in particular opin-
""jons and points. of 3ew do not necessarlly represent or reflect N.I.E. pollcy.
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dicts that it will not. Cofisider in this regard other recent technolo;

educati‘o’n'int_ersections -- or should we s,ay traffic acciderts: motion pPs-
&ures, programmed mstruction, television. In' each cas: the opportumty was
there to’ carry ogt t program like the one I have proposed in each ase the

~opport‘unity was lost and the technological advance largely wasted. » fact

_ a case can be made that the research ca‘rried,out,'worse than merely fai!!‘isg

to make these new technologies comfortable, actually contributed to t"*' ¢

discomfort or demise.- Because the lesSon we should learn from this a° ..ees

&

here, it is worth exploring’ why,

The major source of difficulty has been-a narrow and uncompr-n.ua“

o

definition of research as an activi,ty in which the most impor.tant ck ;*‘cf.:cr-

!

istics are tight controls, exact replicability, and numbers amenable .- gm-

tistical analysis., Assigned much less importance than methodology-m heesn

the asking of Wise, penetrating and appropriate questions. TItTis aumps:l 88

-if we bel‘?eve that the ‘use of allegedly hlgh powered methodology o -

come the superfiCiality and sometimes even the foolishness of the qu AW

: being'as‘ked Re'searchers in the field have' feared their own intellas

and 'furthermore have not understood that gudgment and taste are no M . ¢'-

relevant in their educational. researcx. questions than they are in = - rth=
whilé human endeavor. N . ) )
It-is a source of great irony to find out that investigators "w he-

matical understanding should be so insensitive to the rode played o, b

asking of.=a question, for even a superfiCial study of mathematics ' (s -1f sug-

gests how\ questions not’ only influence but aay- even mis&:.rect cenemxma esof re-

sea‘rch At any rate the. inevitable result of this narroe and un::!e.lhgent

‘approach - to research has been that the domain of problems open tc &ttad .-- of.

-

questions that may be addressed -- is severely reduced in both signifismnce

®
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and meanfngfulmess. ‘wrther, the answers forthcovming have \Lgen at »be;t ;.Ln-
/ d

by

pential mo comcer: of the educationa_ enterprise. And of still greater com- '

wern is the fact mat the nature of this research 'us led the researchers and

*fm:ngh whem swse: any s‘chool classrof:v. tearhers {zor-sdmcations! organization

cgembrires i ol of researcher and teacher traimer) o vie nstruction and

sorrriculme thxwsy these same distorting spectacles.

Consir» er in MR regard Ju.st one’ eexample, an example ' ch w111 be 1mport- :

ami to -ru«all in cLie sequel when we address more speca.ﬂt + oblems of the new
o nechnoltm In- mmple w% modify the curriculm im sow: way -- choose your

oo frome among [ase hxmdreds of‘recent but now*"fqrowned ups:n wathesatics 1nno=-

*umns — and  x ¢ ime comes to- Justlfy that change. We 0w in’ose"our strict_

a!q,xirict;-sw% O Tiug approach to justifiaation: we test mew aga:mst old in order-

et de teswurime whi ~X is better. How is this comparison nccomph.sheo: We select

’

t===t items -- LoV testing still ‘means papet and pemcil inventeries. amLJ:Q Te-

. ¢ '
scarches. s inventories easily machine scored -- ‘that cover contemt common to the .

[
\

=0 Emga_cme.i "It would be unfair to the students if we did mot. And who

¢ ~r heard of testing. students on contemt they never studied?" sa)? the resezrch-

»

:s. ‘The result is, of course, predictable: seldam. a significant difference
- Fawwnr of the new curriculum 'I'he 01d has almost everything going for it-_
= immate c:mservatism of teachers (new math taughz by old math minds) , the

£ *mscmtism of the tcsLing program and, most 1mpormt, the conservatism of
Gligeer Statistical approach 1tse1f « : ‘

For congemporary researchers have misleo»u;s by utisculss.ions'of,‘.Ty;;c,I, and
“Type I1 erroxs into missing the more important 'issue,- aasociated with the result
“‘no -significamt difference". No significant differen‘u; arises under three ;con-

0

* ’ ,
“I will deal with definitions later, but T note here rhat I mean by empiricism
experimentation, not °its alternate definition in-my (h.ctionary quackery.

e g

Aruitoxt provided by Eic:



diti : : . ,
. itions | . ~
(1) \\ l‘heré is wo difference

(2)_ There is @ cifference but we demanded too much- frome sur statlstlcai

treatmemtn -me so called Tyme IT error. Or !
A . R

(3) The instrumemt is insensitiwe to the differences :r seeks to

. - identify.
. -]

. . %
M. the eaucational researucers fpcus us. tightly on (1) and (Z.. I submit

e chat over 99% of the Ime it is.actually~condition‘(3) tisme applies. We

= ot developed -- as often canmot develop -7 instruments of- the stand-

o
a=rd fom that will identify the kinds of differencTs on whlch ciei s approach

- scesc¢s our attention. @ fairness to those who have for so lomg addressed

. ' ol Fok . :

"t this probler, I note it- extreme difficulty. As Minnesota msychologist Jim
- -an t:ld me early on, -acher effects produce thousands of umits of variance,
auxrﬂeudar effects dOZo : you're drowned in the surf. That-dnes not, however,

wcmse the researcher< Tor the1r ha;1ng conveyed to the educatlonal “commmnity —-

.
S rhe clear message: ' . : .
% . : : N

S NOTHING MAKES ANY DIFFERENCE

.
-

A diFrerent but equally 51gn1f1cant message is clear to me: unless we alter
’ our’ approach we will kill the new computatlon w1th the same brand of kindness

that has’ kikled every 51gn1f1cant curricular modification that has come down .

. : Fokke
the pike in recent years., .

* .
- I sadly observe many of my own university colleagues closely associating
*,,no significant difference with no difference; I angrily observe them. passing
. on this false view to classroom teachers.
ek .
‘And I° further note the overclaim of many curriculum modifiers, We'll
~ knock 'em dead," _was. too often heard especially in the '60s. :
Akt
Many readers will feel that "kill" is too strong here, "delay" the better
word. Where, I ask them,‘are classroom TV, math films, CAI programmed

"instruction; new math? €« -

o -




RgSEARCH n. diligent. and systemat1c 1nqu1ry or xzvestlgatlon inte -

' : _ : & . .
Having presented-my case that we.need change =wmn our approach to re- .

. search as we address the new technology, it now behooves me to indicate to

° .

what we should change. Let us seek our answer by goimg to the dictionary. T

Twe I have in hand give the follow1ng definitions:

B 3
'

'°A‘ a ‘subject in order to discover facts or ptlnClpleS. 5

investigate carefully. (American ( .lege Dictiepary, .

: Random House, 1964) _ o, _ -

RESEARCH n. carefui, systematic, patient study arwi imvestigation in

] gome fieid of knowledge, undertaksn <o establish” facts or

.

' N ' 4 o
principles. v, i., study. (ﬂeh&tet's New World Imictiomary

of the American Languag_, College Edltlon, Worid, 3960) : .

There are, I suggest, many 1essons to be learned fram these two very s1m11ar

deflnltrons of research but I stress here only one. They ‘breadem our per-

mentioned R do not suggest by th1s that experlme-mntlon <, uwot resea1ch

for indeed it is one well recognlzed form of svstematic 1nqu1ry with ground

spective on research.remarkahly. Research is mot hexe restricted nw experl-

mentatlon' 1n fact it is approprlate to note that exper1mentat1on is not-even .

ules flrmly 1a1d down in the phys1ca1 sciences; rather I suggest that it is

°

only one of a w1de ‘range of research techn1ques. " 'Thus we shouldrsupport

experlmenfatlon when that research t@chnique is- appruprlate but only when :

- .

that apploach is approprlate. And because the mathematlcs educatlon research

-
“

communlty and the educational establlshment in general;have so efﬁectively

i
.. :
i . .
- 1 X - . o -

e

This is net due merely to lack of space in. a smzliler dictionary. My Oxford
English Dictionary (Oxford U. Press, 1971) 'in some 140-odd lines of defini-
‘tions of research and related: words does not once mention or imply experi-

mentation. ) v .

I

Q
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-+ 'barred other fomes of research from acceptabilify, we must work aggressively o
R . -} N

to change th1 posure. L : f“_ o ' o
Some ch-nguu»that are in order, and that will be further 1dent1f1ed by
>
examples.wham'we torn to&our.more spec1f1c,analy51s of the new computation

© .
,
.

-are: - -

]

(1) .The development of new currlculum ‘is itself research "0Oh, him,

He-'s” just a textbook author," may well put the de51gnated him 1nij:”'3

2 ¢

his place 1f indeed tne work' is b01lerp1ate, but when the content
.d£neloped is new or. when the pedagogy is different or when the
e&ganlzatlon or approach is unique the matter is quite different.
. o Than the’ "Just"-and quite probably the comment itaelf are 1napprop-

S . ) ~ . \
' ’ .riate,. I speak here,. for example, of the work of Bebelman, of

3

Tacobs,, of Braunfeld, of Usiskin, of Exner Kaufman and the Rnpys.”

research product then is the text itself: UICSM Math, ‘Mathe-

a

matics: a Human Endeavor, Stretchers and Shrlnkers, U51sk1n s

[}

'Transformatlon Geometry or the ”SMP Elements of Mathematics and

Elementary Mathematics. Another research product ig a report_on
‘ . special characterietics cf thelprogram developed; Here Frederique~
Papy s'Mathematxcs Plaz 7hera21 is a commendable example.

In each of these casrs, we. F1nd that a deep under,tandlng of the discipline

.a‘ .

enables the author to f1nd 1nterpretatlonsdpf fundamental mathematlcal 1ueas that
. strlp them of thelr formalism while still maivtaining thelr essentlal qualities.-

"It is not by "watering down" and over51mplify1ng the 1deas that thls translation

1

is accompllshed but rather by. see1ng whac is essential and what ig peripheral_‘

. e

C
M . E: R -

“to a mathematicnl o#—pedaguglcal -construct.——— T pe

)
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. -

- ' (2) Analysis of/textual materlal is research. With t e"‘exception

and reporting with specific Qubtations from the text serv1ng_as examples. Such

¢ B . . L \

“- -

ERIC.":

Aruitoxt provided by Eic:

'of some of the groundbreaking‘texts of the kind mentloned abOVe,f

_to find that they lack coherence and integrity rom manf'points of

- e R

how are'most téxt§ produced?' Pick up any two at random that are o
3
intended for the same course and it will be clear that any differ-
. ’ N .
ences are purely un1ntent10nal » Whv’ Becausg ﬁor the wost part

-

Y
the author of a new. text has other tﬂxts (rather than his own or-

T

ganlzational scheme_based updn‘an understanding e1ther of- the dis-
g "

cipline .or of how students learr) as a model' and because these

,...

“other - texts are as un1nte111gently eclectrc as is own, we are sure .

B

3

n,

. v1ew.- "A useful p1ece of microresearch would be t n"work throug"

:".part of such a textbookfgreading tiie text carefully and writing out

the“exercise sets. A wide range of questionf are 1mmedlately identi-

fied: What are the authnr's assumptions about students? What is
[ 13

t

requlred Qf the reader to learn from this text? Is there an intel—

,lectual line in ‘the development or are the toplcs developed piece-

~meal? What- would a serlous ‘dnd careful student take” away from use

-
3

of this text? What would a more typlcal student learn - a student -

3

who, for example, ldoks only at exerc1ses, g1v1ng each one a ten ‘to

twenty seco d/try? What is the author s deﬁinltion of mathematics?

i To what philosophlcal school of mathematics does he belong° To

"
\

‘iwhat extent: does the author attempt to involve students in develop-

(

1ment of"ideas° _How is course continuity’handled by this text? -

A

In this example I do not mean superflcial analysis like the appllcation

of—standardized'readablllty tests; rather, T mean detailed and prob1ng analysis

"

[

=
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nalyses would I suggest, prOVe eye cPening. ' The researcher'would, 1'he—~"

1ieve, gain some gtudging respect for authors. And the analysis would con-
S | . R

vey both specific and general messages to commercial pubLashers. The speci-

« g
e

fic messages would ielate to the part1cular answers thc researcqer ‘put forward

many of which would extrapolate beyond the sPeﬁiiic text examined , The F

general message would be that mathematids education researchers are seriously

N & . ;
concerned about the central tool for conveying mathematics in most classrooms.

¢ " Y . - e e ’ ¥
Analyzing‘textpis just one example of a'kind'of analys.s that_can be cons

o . A -
- 7 . -

ducted w1thout focuss1ng primarily upon the students as subJects of’ 1nqu1ry.-

v oa

* B N
But analysis of this sort 1s needed throughout mathematics Education. We -

[N

needlto examine our goals.,‘We need to examine how we translate.*hese goals _ -

) . ) . ' - . L
into curricular materials.. We need to eiatine the idea of mathemati cs vonveyed

— . e

2

to students by various approaches £0 Qnstructlon. We need to examine teucher

training programs for shat they con vey to prospective teachers\about mathema-

And more specifically ¢ the p01nt here-' we need to examine tecHnology-

tics
k/ o

education interactions. All call for exactly that "”areful systematic,
— -

. . o .. - K '

pat1ent study" that I am translat1ng here as analysis / . . .

) - (3). Obsgervation of and 1nteraction with ind1Vidua1 studenr* or teachers

. can be developed into research. For t20 long researchers have stood

N -

outs1de the classroom, scarcely even peeping in, In'the Sixties,.

« .

- .

,in’fact, it was. considered de rigueur for researchers to“stay away

. ~

- - \
from students. They had to keep their lands elean apd to ma1nLa1n

P . o»n'
strict experimental neutrality., It is at least as 1mportant surely
ke . o . » o ‘ . .

In fact it is exactly the lack' of analysis that has made so much of what hag
constituted resdarch in mathematics education so steri}e. The average research
report provides a dozen pages: of tables and charts preceded and followep by .

" hardly a paragraph ‘of analys:Lso : . . SRR

>



E N C to flnd out ‘some* of what 1s 301ng on in the thinking of our

students - singly\or in small groups -.as it is "to -find what

vhappens-when we apply gross achievement_measures to grcups og
1.arge v 2.4 R ‘ i - X . .
. B '_A : The message of Holt, Piaget} Erlwamger, Davis, and Ginsburg

DM

. . . . . - . 5 . .
is clear here: It is not the act of observation or interaction.

. .
- . a .

that is researeir; it is the creative respouse of the insightful.

‘researcher to tisa@se acts that carries them.to this level..

(4) Eeasibility stmdies are research. By a_feasibility study I mean

v )

— . an examination of wheﬁ?:r something can be done, the associated

: . S ) : ' : \
0 o que°tion-of whether it should be done temporarily held in abeyance

Can a nursery school stud'nt operate a particular kind of calculator?

-

, Can an- 1dent1fied group of students*learn from a given set of cur- -
- )

fr1cular materials? Can a given°teacher training regimen be 1mp1e-

mented’ A My reason for'including this kind of study is my concern

that we have often-skipped this step and gone directly to compari-
’ .. .. soms. By separating fea$1b111ty in the way I propose here, we allow

d

S i} . ourselyiarto address the question should 1ndependent1y. Yes, these

students-did succeed Is what they did wbrthwhile in- the general

- N ¢ ) , n
context of the instructional program? Can we now make the case that

3

what theyihave done is more 1mportant than what they might°have done “

e s’

RO o . alternativegy w1th the same amount of t1me° U

a These are some bf the different directions toward wh1ch research should

3 N ,

N " take us today.' They’ will better alldw‘us to get to those “facts and principles
L -

" that our definition set as research goals and that our current research has been )

. I i

" x. . "'._,. L e CoL S Lo
1'do not mean .ta imply here that the answers are simply, yes or.no,'

Y

* . ' . S : . | L o . . : e . .
ﬁ . R ye o . ) _ } . ) .\ . . . . - e i
. . il . . e e s .
. . R . e, . o . S, . R o . ) LI

[ERJ!:,: R .H,ﬁ, ".-!' !\ _-ffdr ‘;b_.iiQB _‘ -
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o

‘unable %o approach Central to what I have attempted to convey here is an
".app}oach ‘o research captured 1n a comment by Max Perut4 about James Watson,

" 6ne of the dlscoverers of- doub1e helax structure of the DNA molecule: ?"He

/,"

. never made the mistake of cenfuslng hard work with hard think1ng, he alwaYs. .

e

refused to substit@te the one for the other : .

? .\Because~I believe it is sto the point here, 1 close this section with a

4

\
brie’ eview. N. L. Gage has recently produced a book‘\mhe Sc1ent1f1c Basis

f the Art of Tbachi_g, which is enJoying an enthus1ast1c reception from

S conservative educatlonal researchers.' They take 1t'?s v1nd1cation of their-

efforts since the book purports to show that research has g;ven answers useful

‘ <
D

_ to education.- ‘But Gage s arguments do not stand careful 1nspectlon. He ad-f
) ..'.f- . . e W \ ; R BN e
_ ﬁmits that "Most rev1ewers of research on teaching have concluded...,that past

Se¥,
i,

- BN

' ik
~ Work has been essentialgy fruitless. o He then proposes to add admittedly

B f .
!,severely flawed stud1es tnoether by means any elementary statistics student
v - - , *hkk °
'wou1d reJect, -or alternat1vely to take counts - research by consensus.' '

“
Y

.And finalIY he d1sp1ays some results in the form of what he . calls teacher- -

~

should statements.' Here are those statements in Gage 's own words- e "

p

- -~-Teachers should- have a system of rules that allows pupils to attend
- to their personal and procedural needs without having to check with the

| R ‘teacher.'

N N ) - - 9 . . . .
o TTTTT --=Teachers'should'move*around—the~reem,allot,-monitoring_pupils seat-
wprk and communicatlng to their pupils an awareness of their behavior,

1t

Quoted by Horace ‘Freeland- Johnson in "Annals of Science- DNA“;—%«&r&brker;———f——;
'_ Nov. 27, 2978, p. 47. . _ ‘ _ IR

- ) oY *k . - ) . } ) .. B
Teachers College Press, 1978. o : -
dkde

. Quotations are taken from excerpts in Ph1 Delta Kappan, (Nov. l978)
’, 229- 235 i T . . :
; o = L S .
We are subject to that last method in mathematics education. See, for ex- -
. " ample, Harold L. Schoen, "ImpFications of Research for Instruction in Self-
. . “*paced Mathematics Classrooms, ' NCTM 1977 Yearbook: Organizing for Mhthema-

" tics® Instruction, pp. 198 -.223.

® -




while'alSO attending to their academic'needs.

_ -=-=When pupils work 1ndependently, teachers should 1nsure that the
“assignments are interesting and worthwhile yet still easy enough to

- .be completed by each -third-grader work1ng w1thout teacher direction.
---Teachers should keep to a minimum such act1vities as giving direc-
tions and organizing the class for imstruction. Teachers can do this
by writing the daily scnedule on the board insuring that pupils know
where to go,uwhat to do, etc. - _ s
---In selectiing puplls to respond to questions, ‘teachers should-call
_on a child by name before asking the question, as a means of insuring
that all pupils are given an equal number of opportun1t1es to answer
‘questions.i : ‘

" -<=With less academically or1ented pupils, teachers should always- aim
at getting the child to give some kind of ‘response to a.question.— Re-
phrasing, giving clues, or asking a new question ‘can be useful techniques .
.. for bringing forth some answer from a previously silent pupil or onme who '
v?.says "L don't know'" or answers incorrectly.(

Cx ) —-—During read1ng group instruction- teachers should give a maximal

~amount of brief feedback and provide fast-paced ‘activities of the "drill"
‘ typeo . . v “
: . * o

- . ¢ ~

- Oneiway;to sum-up many of the implications of the research as

. ‘emphasized in these "teacher-should" statements, is to say that teachers
~ should organize and manage their third- -grade classes so as to optimize .
" what David Berliner calls 'academic learning time'" - .cime during which
"pupils are actively and productively engaged in their academic learning
_tasks. And one way to do this is to_ avoid time-wasting aétivities, -for
’ example, waiting in line to have papers ‘corrected. or receive further in-
structions. ' . : e
Are those the results ‘of the millions of dollars that have gone into re-

1

“search on teaching -- and in particular into Gage s own NIE supported center?

I suggest that that list 1ncludes 1mperatives all of which are trivial, some

iy

of which are open to serious question and some of which are just plain wrong..

'.Most 51tnificantly,>these imperatives ignore differences of learning styles

of pupils within a class and minimize the use of a teacher's intelligen¢e to

:respond to subtle and frequent changes within a. class- environment. Furthermore,"

.

they-completely by pass a considration of goals that: may require a challenge

e n . > ’ ) : < 4



- rather than- an acceptance of values that (for example) 1dent1fy the teacher
as the only organizer and reinforcer in a classroom, I believe that far
from making his case for exp&rimentation,bGage_underscores'mineﬁ We,need to
change ourvapproach if we wish to make any kind of impact on-educational

";. N practice. . 1
’ ‘ So now let us turn to directions that might be explored that - reladk to
the new computation. We first address the broead concern of curriculum de-~
" velopdent. - | |

e

N . -

The Development of New Curriculum L _ : I

What are some of the curriculum d1rections that have been explored so -

“
<

? far - for the: hand held caiculator7 Though there have been some frivolous, frothy

[y

" kinds -of suggestions - snch as using the device to spell out words when held -

: upside down - for the most part_the instrument has been used as a tool ‘for the
: . Y Q-
purpose of focuss1ng attention elsewhere.' There have been some fine beginnings

= .
- Y

in curr1culum which encourage the tea.her to place attention on problem solving

writ large without restr1ct1ng students: because of otherwise cumbersome cal-

culations. 'Puzzles such as:

—— e e 123456 T L

o -

\ x 9 .
- 111111111

123451

277222

’

can be explored - provided the print out has a large enough number of digits

o

(o

.

the student improvises appropriately) - without the acrompanying ‘frustra-

-«
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’ tion of calculating each answer.

There are other curriculum suggestions which indicate how the calculator

cculd be used as a tool to approach existing curriculum in”slightly different
B K 2 o ' ,R - L "
ways. - For example, it would be possiblé to approximate irrational roots of

. a polynomial in ways that would have beeu tedious without such an instrument._f
*As valuable as these curriculum directions are, they all tend to focus - &
on the calculator as a tool for doing other things in mathematics, much as

-one might use an idiot savant if he had one at instant call. There are new’

curriculum directions that have barely begun to be explored however wh1ch

“make a very different kind of use of the calculator. We. turn now to .some of

“
i

these possibilities,

£ -
" .
Ao

° Curriculum development islno'easy business, especially if you.construe-

the task in non-plagiaristic terms. There are all-kinds of things tuat one must

-~ . . ‘ ° . ' N : . . B N g .

take intd-consideration - -from the nature of.a discipline,'to the sophistica-

tlon of youngsters, and even further to theueffect that one would hope to make

on sdciety in- general If we have learned . anythlng from curriculum reform of ~

Y

the" past few decades it is that 1t is qu1te poss1ble to overs1mp11fy the task

ot curr1culum development so as to exclude many important variables 1n an ef- .

fort to reflect ‘the nature of the discipline _ ' . -

W1th this caveat in place, we now Look at the calculator nothprlmarlly

S

" as a best way of d01ng otherw1se burdensome work, but as.a mechanlsm . e

. . (l) to-pe explored in its own rlght = ln ‘the spirit of a black box
X'r ‘, (2) to be used to ralse and reflectdupon eSsentially philosophical_ )

(o . . . .
d a

Y ’ " questions. -

[ - < ‘ .
‘,f\\ Many’students would.glve up the 1nvestigat10n if the calculatlon 1téelf was '/.
" too cumbersome. Omn the other hand, others might find the problem fasclnatlng
" . enough:so tﬁlt—they—would—be4"4114nc to put up wicth drudgery. Bmbedded
,\ here are. some interestlngtresearch questlons.

- \ *—k .
o A See,. for example; Wallace Jewell The Calculatot‘in’Secondary School Mathe-- ¢
[:RJ!:«. _tatics:. A Stltus,Rgport," unpubllshed doctoral thesis, UNY Buffalo,;1979. :

w
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. e
- . -

- " . In what follows, we do little more thau prov1de the- vaguest outline

.\\. - . -
or sketch of potentiallty. This section prov1des a new. focus on the in-

strument and 13 written with the obJect in m1nd of encouraglng the curri-
“culum researcher with imagination to look at new terrain for the purpos <l

generating curriculum 1deas.

No ‘effort here is made to suggest appropriate sequencing or to 1nd1cate‘

the teach1ng strategleSothat mlght be most sucressful We are rather try1ng

= < to suggest an avenue of currlculum development that requires conslderable

'inspiration as well'as sweéﬁ. In part1cular we* respond here'to one of the -

' ; 3
"commonest complaints about texts- their*T approach -- tell, try and test.

,If we truly wish to 1mprove classroom instruction, our re . :arch should lead
iy : "
to improved products wh1ch break this lock ‘step. We taﬂk about student in-

t.

: volvement why not seek to encourage th1s student part1c1pation in our texts?

-

. - R . : . £

It stands as h truism (but one that is honored more in the breach than
SR .- . ' e
“the observatlon) that the practlce andhimprovement of th1nking is central to

any educational enterprlse, Let us take th1nk1ng serlously, and attempt to
gain some poss1ble new d1rections for cur:: icnlum research with the. hand- he1d

- ;calculator by examining calculators as they 1nteqact w1th th1nk1ng in three

different.ways. T ' : R -

(A) The Mind of the Beast -

———————— = e e e e e e e e

- ) An 1ntérestrng f1rst approx1mation in Lh_ design of curricqum along the

llnes we suggested in (1). of the first section might be to take the concept

of thlnking and apply it to- the calculator ‘itself. What is the mind of this

beast'like2 ‘ Though there are occaslonal first. steps in thinking along these

P . . .
.. - . : . S v

. ‘ . . ) . . .

. . i

A ruitoxt provided by exic [ " T
TR N N
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lines there is no syétematic curriculum that addresses the question.

®
| Such a curr1culum might bcgin not by teachkng the youngstnr how. 'to
'Toperate with (for example) order of operations §0° that he"can iSe the ‘
"cclculator for other purposes, but might raLher have him flgure out what oo
.the order of-operations ought to be. What»does he hypothesizeﬁyhenphe "
punches on an algebralc order calculator:
:g 2 x 2'+ 3 I3 j_
'(t{"- ;_e . ;. . ?'m_z : 3 +.4 T2 o R . i o )
K ;and gets'answers'that:are uiexpected; .If.the teacher has a Krogrammable,, o
calcalator he might even preprdgran.gizarre re- organlzations\concerning
"parentheses and order of qperations in order to encourage lntelligent in-- »
‘ﬂvestigation of a calculator that has a "geérious dlsease. N ' o
N " Similar{; students could . be” directed to the unusual roles plifed by o
- varlous special.geysr' "hav; four different calculators at.hand that |
process‘ | o | f | B . T, s .
T — - - b )
: | ‘ e
to give these results- L . - . e » . _.ﬁ
) (1) Rockwell 24 RO~ TI: 15r'-' - o o S
k2) Sharp 'EL- 203- ,.7_ o A €. - ./ - f: o - ; -
(3) Monroe 326 13 :_'- ® '“."___ a . o | Sy
"1_(4)1 HP—25: bops, no -1 key ‘at all' . o #lf i _,0. |
. : . -

i ————— . —— o ——— . —

The standard response to _this disorder would be to restrict instruction to -

R e

" a single model --for convenience sake. While there are strong arguments for —

.

that decision ther: are equally strong arguments against.. ‘Students would

ao K .
. . . . -
K iy . .

See, for example Donovan R..Llchtenberg,_"Minicalculators and Repeating
#Decimals,"” Mathematics Teacher 71, 6 (September 1978) and Donald Stover's
S manuscript in process on th&s same subject. . -, N

- ) - e

¥
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gain. understanding of the 1deosyncrac1es of proces51ng and the st"engths
and Weaknesses of each procedure, : .

"\rl,@e__Theistudents might,thﬁn be led to consider what would be an optimum e

- \‘\

organization for order of operation or a. preferred use of Lhe - = key._

"The students might ‘be- encouraged to tind interesting rather than oversimplified

ansveis. to the question of ahat s opt1mum? They woul‘ have to con51der the.

different purposes for which these calculators‘are.used and might correctly

conclude that for some purposes one scheme 1s optimum but for other pumposes.
'_‘fhere are better schemes, @ctiv1ties of tals kind provide excellent transi-*\aen

N tion from looking only at the mind of the calculator to finding out purposes-
h . . i . » - :
for which'this mind is to be used~ - -

In some cases it ma not be necessary to pro ram "sick" calculato!s. for R
y P 8 s

w.oo - like pollution they abound Instead of sending defective walculators to the

junk heap or to the dealer for repain, cons1der using them for educational

e

) purposes._ Take a calculator, for example, that has a defective display. 1If
you push the "8" button, the “print out" may be 8’or 9 depending upor.” the
position on the display.; Well what exactly ‘does it do incorrectly, and more

;:1mportantly what can we do to compensate for or override the problem? Hand-

-~ e
K

< held calculators arewso 1nexpens1ve (a four banger purchased for $10 or less)

that we have become quick: to adopt the American way of life w1th them and to

7

toss out defectiveso‘ Instead of, thlnking of defectlve calculators as dis-

"J"z . N s

—“———«—npeeablen—suppese we_imagine.that.they~are_v£ty_expensiye and,thattas in. e

case "of our ancestors, when we are stuck with lemons, we make lemonade.

.‘ » _E/ ?’n ’ ‘
'; So far, we have suggested that some curr1culum be dev13ed which encaeTages -

K udents to understand the mind of a healthy calculator,' and which enTEEENE eS

e them to understand the mind of artificially and naturally sick: ones as wa=ll.

A CL ' " .

L - [ S e e e P o e e e .
SO e N LN N A 7 A . ST : :
edaekt 6 IR P ST . S . . KA « ?
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e I-ch of these categorles is wovth further explorat’on with regamd to subtle
’ » : : ‘ A ¥

g-ants of a ca‘cula sc! s well belng..

P

For example, even healthy calculators'have built- aitations, If

.a . calculator d1sp1ays only e1ght drglts and we wish £ out if a frac-
tion is a repeating dec1ma1 of some perlod then- ther be some. value in-

flnding out how to. "get around” the 11m1tatlon of ‘an elght d1g1L d1sp1ay.

ot we .can see some s1gn1f1cant J~;erlal 4eveloped around the 11m1tations of

Pcd

healtzl calculators.

’

It should be noted that thls klnd of exercise also prov1des an excellent

- A §

‘Tespons«s ro those who continue to view the calculator ‘from the rot- the-m1nd

T ’
perspective. G01ng beyond ca1ch1ator or computer 11m1tat10ns demands serlous

. th-iing«and deep 1ns1ght 1nto the structure of the concepts being probed.. :

~ C.
Con51der in th1s regard ~for examp1e, the followrgg exerc1ses- 3
, .\'—‘\\ ’ 23 s 11 . .
(@) G1ve an exact sum for 5t -ig _ n
w (2)' Square exactly:‘.23451267 _ - e A

(3) Express .7120 }n‘scientific nOtation,with sixidigit,accuricy$;
(4) Find the declmal re eatend for 1/17. o ;
p

In addztlun to’ "gettlng around" 1im1tat10ns, there 1s con31derab1e ‘cur-

rlcn&um that cmuld be dev1sed wh1ch extends some of the thlnking that w4s T

’
:

genemamed by explorlng ‘order .of operatlons. That 1s, a psychoana1y81s of sorts

whﬁﬁh info-ms us hew .the mind of the calculator behaves could take us 1nto -some-

nﬁ;mbexpanpnng explnratlon. For example, we know not just one’ but many algori.nms

for”multtpﬂying any two numbers. What is the algorxthm tbat our calculator uses?

Thnugh weumay not be able to f1nd an "answer for sure, we might be able to

" ——
B ~

" If you have a catculator” handy you" may wish to- compare your answers with
- mine? (1) 293/336; (2) 549,961, 923 905, 289° 3) 2. 58086 ElOl; .
- ) (4) 0. 0588235294117647 ; . . '

b
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" A ) ., i -

eliminate FOSsibilities, and 1n gg?doing wil i involve ourselves with signi;

‘“'——“”ficant mafhematical and sc1ent1f1c thinking. For example, "does the calcula—
'tor use repeated addition Does it use.the standard multlpllcatlon algorithm? -
* Does it multiply by the Rucsian peasant method? Does it multiply by using

logartthms?,

v s _ . . ' o

. . . How couid one begin to find out? One important variable that we have not
mentioned involves the time needed”for'the calculator to perform an‘operation.
How might curriculum be dev1sed which encourages the youngster to focuc on

time elapsed to perform an operation.‘ if calculation takes place too fast to

discriminate, then what kinds of things can be done«to slow down the general

&

opey!fion of the calcularor7 ‘ o C T . )
N o — L . Cy ' s
There are, of course, many other ways in which we might "psychoanalyze

Y L ,

3 a. healthy calculator. Some of this kind of exploration mlght prov1de a -
- needed hallenge to the accepted maxim that matheis sequential and that we need

'( td explore from the simple to the complex. For example, I hawe foupd an

-

' exc1t1ng way to 1ntroduce Iogarithms by use’ of the hand held calculator.- In-
. _“ k)
' stead of defining a logarithm and 1ts properties as I had done.in the past

I asked.a group of eleventh grade students to gather data regandﬁng the func— ) S

»
1 L ~

tioning»of the '|log| button and to hypothesize “how that functisn behaves

3

~ .. based upon the ‘data. Some very 1nterest1ng nypothes1z1ng tookrplace and of

N

»‘\\c\urse, 1t ‘was helpful for students “to select special cases wnsmﬂy in order'

to atLempt to refute or . verify thy unches.“:By_; : €

e students had generaﬁeﬂ many of . the,important .

S.. that T’ had intended to temch. In paxticular it was
. *
efore one student suggested that logs were powers of ten,

'




P - ) ..

'“—“ikwriﬁfﬁfftﬁis activity help to challenge the myth of seduentiality?

£

R

R For one thing, gra&e school_students could also explere this button; in-  °

stead of expecting a full blown analy31s of the copncmpt of logs at that

)

“level, however, we might 1nstead encourage a partiai understanding, of what
is involved Are there any principles they can uncover regarding the log
function? 1t is conceivable that in this particular case, because of their *

limited expertise and- pre-conceptions they might see fundamental constructs

that the-oider students overlook. For examplp, they might becorie intrigued

. ‘4.

by the monotone jncreasing quality of Lhe anction --'something the high school

istudents nevér articulated. 1 ey might then be in a position to exnlore

T3 ) . ¢

8
R

monotonicity with regard to many othPr functions. Activ1t1es of this sort = .. .,

—

-,might have a significant 1mpaCt on re- structuring the curriculum$§o that the‘ ’

ﬁ:' . conrept of "sviral eurriculum" mlght gain in 1ntellectuil respectability. o N
e ¢ Second Reflections on Psychoamalysis C PO

"~ 4
[Eed . . . 1

lf’- , R In psychoanalyz1ng the calculator we have essent;ally been asking
"What does it do?" It is worth painting Out that #n referring to either sick ”;J

l.or healthy calculators that there is some. ambiguity in the questinn Just asked

B In the case of 1nvest1gating the log hntton~we are easentially askingr What ‘-‘
0

function (or relation) is generated. by pairing tlie button pressed ‘and number "
[ ! . LI

displayed? /We are really trying to find out’ what the new "animal" looks

like._ We: may try to graph the results or we may try to describe its properties,_;-;

s

ﬂ”’l s but we are, after all trying to unravel the myatery of the pairings. In the L
. " . ' . <

- case of investigating the manner in which: (for example) multiplication is con-

) ducted,;we_asztﬁe’*bAt one already knows/what the pairings ‘will be - that for ;7'Q:E

-
’




- ‘ )o

example, Z and 7 paired under multiplication yield “04. Even if the speci-gr
‘ - Ky & .
fic answer is not kncwn. the meaning of the function is known. We are in-~

N - et
’

s stead trying ‘to h]P?theSI e what its strategy 'must be ror getting answers.
\ﬂ\\could of course, go further and try to figure out wha* the circuitry must

"“be thatfallows«for the use .of such strategies but curriculum deSigned toA

— o

.address such questions would ‘require considerably more sophistication on the:

.uart of the student than is implied by the two interpretations of the question

! :"What doas it do?" 'thaﬁ we applied earlier. In addition it is ‘interesting

o

to’ note that this extreme mechanistic inrerpretation is not~® what is‘normally.'

I P . .. - >

conveyed bv a psychoanalytic metaphor. Much curriculum might be generated

- .
t . - K} [

;}h‘ around the curriculum researcher s use of the two interpretationsgof "mind". .
“.that we have suggested but we could take thé metaphor of "mind" and "thinking"

.‘and gO. even further in developing curriculum.* It is that pOSSlblllty-th&t we

\ A . g . .k o o ) ) Coe ;
discuss_in.the next'section. _
et . e © (€)' What it Means ‘to Think - - - N e
L - . ; R . ,
v . "1t is onme thing to think and another .thing to think about  the nature, .
Y y

5

of~thought itself ‘It is controverSial whether or not thinking is something

[ . .~

'that distinguishes man from beasts, but Vir*ually,everyone would grant that ;' -

the latteroare incapable of thinking ‘about thought itself -_a supremely human

e . . . - N

'function. L = : --» Lo .

B

Y. An analysis of: what is  involved in thinking is essentially a.philosophical

o . N

task. What is . the value of such issues ‘for. students ‘and how might the cal~

Ve

’ - ,culator or computer.add_to suzh inquiry7 W S\\ oy

_.\) .

o |
TR
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.. - Let us digress for a moment and "discuss a program that ‘has been imp-

lemented in’theielehentary grades over the -past few:years. _Matthew Lipman;

v the founder of the Instltute for the Advancement of Philosophy for Children,

- . .
- . \

. <
has created a number of open ended non-d1dact1c novels for chlldren which e

N '

encourage youngsters to reflect upon ‘such toplcs as th1nk1ng, logic, and

ethics.- His “Fundamental concern is “that” ‘the expertence~of—school_ls-dls-,-_ _;»;m“

0_ W

-

j*\\\/ .]olnted and does not encourage students to- reflect upen how the’ d1fferent ex-
o < K
periences relate to each othel. His. novels 1nvolve the 1nteraction of ok

@ -
< - b > -

youngsters and adults in such a way that students are encouraged to figure

<

-~

I B . °©
-

out such thlngs as: S Tom o

- What 1s thcught about°

" t

- How do 1081C and creativity relate to each other?

,‘-~ What of value follows when I try to be 1llog1ca1?

—

g After learning that "If A then B" does noL generally have the same truth

. o - T . N '3

value of "If "B then A" for example Lisa, one of the youngsters in Llpman s

S * = . . » : "*"/' l

v

';first novel, musaes as;fpllows:
' L. S N e , .

‘. .+ .. ifhe zebra had claws. The glraffeg had long, furey .
L _ ‘tails. The elephants had high whiskers.. ‘A buffalo =~ - '
ea R  was- trying to flatten himself on the ground, pre-

- paring to spring upon a ‘green-eyed field mouse. 'The
. o ..~ chimpanzees all had'pointed ears and slanted: eyes;

coe e and .a grizzly bear 'kept lickiug his paw . and then

o, washi.ng his -face with it. .
: Realiaing that if "all cats are an1mals,"°1t does not follow that "all -
: animals are cats, " Lisa remarks, S - O : s

-So all animals aren't cats...but in make believe they - - -
. can be.. I can imag1ne what ' I please, and when I 'do, s
Harry s. rules won' t apply._ _ L ) yoe e

7;*" v e ' ';' . . . | ,' o o T NG
e Matthew Lipman, Harry Stottlemeyer 5 Discovery, Institute?fbr the Advance- o
,-w'f.v ment of PhiIosoﬁhy for Children, 1974, P 12, , o -

[

¢




N R S . ) ‘. . . N .‘”‘ X . ) . . . . ) X . :6 .
o There are times in. the novels at wh1ch such’ creative use of log1c
'stands as 1 tes*imony to one 'S 1mag1nation and . others at which such stretch- -
: %4

o ing leads back to str1ctly lngical questidhs., (One such quest on here might -

be: "If A then B" does not usually have the same truth value as "if B then.

A.” Aside from make-believe however, can we figure out when it does?) = .- .
. : ¢ v

'

Without g01ng into further detail about the spec1f1cs of the _program,

1t is worth citing some consequences of exposing youngsters to what may appear

. . . s
-
e

. on’ th- surface to be. tangentlal to our tasks given our normal educational S

S = : & o
el expectations and espec1ally given our heavy emphasis on subject matter&ln the -

»

i

schools. T s L
X v o .
u’x“wu‘ : It turns out°that even ‘a modest exposure to—philosophical th1nk1ng of
e PR ¢ ) i ° ‘- o
el T thlS ‘type has enormous consequences in terms of youngsters performance on '
. - 4 B '

oo standardazed test of log1c, creativ1ty, reading ab l ty,~even mathematics - and/~.

'
-

<

Cat this with a population of so called culturally deprived youngsters.. Wouldn%

it be Worth considering a mod1f1cat10n of the mathematics experience wh1ch

would accomplish some of these outcpmes? o e S S

- N

The calculator may very well prov1de the fodder for such ari experience.'

e s o B

In addition to sing the calculator for ‘the (standard) purpose of eagsng thex

&

ﬂﬁ_ : burden of calculation and 1g.add1tion to trying to understand its mi d (the

T~ﬂh - more,radical use descr1bed here)’, we might try to devise some cuxriculum

P o .
d 2l A . -
KA

wh1ch would encourage the student to reflect upon the senses in which a cal-

5 .~

. culator does thihk. What does it mean to th1nk and to what extent does the

a1 . v o -

calculator do’ this7 As Lipman points out in his teacher s manual for the

.

o -

novel qarry Stottlemeier s Discovery,- thinking is an ambiguous word and the _m' ‘

e
* -

B - youngsters in: the novel frequently move frpm thinking , meaning'the content of f.

o ' thought (e g., homework cats, etc ) to - thinking meaning the process of ?hought
‘ ' : C 2

fo AR
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(e.g., daydraaming, using modus ponens, etc ) v : '\\d
. . N I
S . . ) I o
. //kfter exp051ng youngsters to a currloulum whi.ch atte\\ta\tolexplore ST z
. . _4‘.’, ‘\ .

the mind of the calculator .as. descrlbed in (A) we might begln to confron-_

e N

%' o . q.

" “them- explicitly w1th the different 1nterpretations Jf “What does it do“ as

'doscrlbed’in (B) What we have pointed put in (B) is essentially ‘two' dif--

..

,ferent 1nterpretatlons of "mlnd“ that are very much like the "proCesg

"content' dlstlnctions oj th1nk1ng that we have Just descrlbed Compare

.

‘ "What‘is the-log functiong" \“ontent) w1th “How does this beast do multi- L e
"Pllcatlon’" (Process) - . 1‘ - ' fdi- "--‘J ~‘_.n;f-'¢ o 'f o -
.o . . \ e . . . .- : . o
In’ addltion to making tHese distinctions, the calculator WOuld seem to ;J.‘ﬂvﬁ;

0 .

u/hc a natural dedice for encouraging further reflection -on. the nature of-

thought as. suggested in’ w: -.L ;TAd o l}:aix : BN .
K \J\ﬂ*f_f » What does 1t do that 1is like- whar you do wheﬂ you think? ‘C-thSL{
’ - :: What does 1t do that is. d1fferent from what -you- ﬂo‘when ‘i;_“
N e you th1nk7 | ) - ' o . i l'._‘ . - -
'iﬁ: - "What concelvable modiflcatlons coula be made that would..v
- . _:.1ncrease the potential of the”calculator to ehink.
L The existenCe of»suéh functions ;s memory, programwability and ;andom ;Q‘E};

number generatlon for Mdhte Carlo appllcations may provide considerable chal-

=

lenge for voungsters who feel that the calculator or computer doesn t think O ";

.o P
T . .. L et - : A
v - o “. PRREN L : <

‘and they do._ , R S T R L e e
X

Anyone. 1nterested in wr1ting curr1culum along such lines would Qro

ffom lookﬁpg not only at the work of Llpman “but at books dealing w1th thinking,,ﬁ
" ‘ p
easoning and the like.’ : An exploration‘of some of the literature dealiug

‘with Turing machines migbt be reasonable grist for’this mill as well.-fﬂ ;Q;,;

‘ [N e R L ©oE
l\ '\ s . .. . T e J } . !__ . . e S .‘. ) . s R
.. . . . ‘ + : v . L . .

* R

Sy 3
See PP. f e 4 of Matthew Lipman, g& al.,vInstructiOnal Manual to Accomganz
Har;y Stottlemeler's Discoverx, ‘Institute for' the Advancement of Philosophy

BT V)

* for ¢hildren, 1975. L ; RS SR S
See, for example Joseph Weizenbaum, Computer Power and Reason, W. H.a» '

Freeman, 1975' and Michael Scriven, Reasonigg McGraw-Hi 1976.;~_,,”r-
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" & Congrete Tool and an Abstract Subject

-~
.

There is a great need for the sensitlve hypothes1s generatlng kind of .

3 e

. rqsearch that 1& typlcal of the work of Erlwanger, Dav1s and Glnsburg -

?f the nature of mathematics. and to what extent is that 1nstrumen

v

c

work that is stlmulated by attend1ng to a very small number of subjects

C

‘\whlle_ﬂeeplng an open mind to the d1rectlons they suggest rather than using

them to ver1fy pre conce1ved hunches.

-

v
One 1mportant underlylng questlon to be explored by these means is:

To what extent does the calculator colnc1de w1th youngsters conceptlons

1

t at odds

withfwhat they belleve about mathemat1cs3 N e

=

I

The questlon is 1nterest1ng because the concrete nature of the calculator

9

does appear to: encourage and re1nforce student v1ews of mathemat1Q§ that may

'e1ther'be consistent w1th or at odds w1th what the1r teachers hope‘to convey.

Let us~prov1}E an analogy to suggest why tﬁc questlon is apprdprlate and why

~ ov -

the hypothesls generat1ng type of research wh1ch we alluded to above mlght be

. %

an approprlate way of gettlng at, the research questlon. .
&

Sterhen Brown has been teach1ng our undergraduate methods course at the

0 .
- . . -~

v *k -
State Un1vers1ty of New York at’ Buffalo for several years. . HlS students :
. 'Q‘ -t ‘v ®
have all performed well in their previous mathematlcs*courses, and their pro-

= o

fcssors have all attbmgtcd to convcy the nature of mathcmatlcs as an abstra&t

d1scip11ne der1ved from axloms, deflnltlons theorems, and so forth An gp-

- Lo-

preclatlon for the, rules of loglc (and in partlcular contradiction)\as:a way

—-‘——— "r . . . "e
1 : .
. R . .

SR
The . Journal of ‘Children's Mathematlcal Behav1or conslstently prov1des fine
examples of such studles. . _ , . e

*k « -

Fo¥ a more extenaed dlscu531on of this work see G. R151ng, “Min1ma1 Content
for a Mathematics Methods Course" Deslgning Methods Courses for Secondary
School Mhthematics Teach;_g, ERIC l977 pp. 31- 49.4~ .

. N o°
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: of understanding mathematics is assumed In this context Steve has been
collccting a number of exercises 1ike the follow1ng. _ ‘ B N

- T In grade 9, we are told that x2 is always greater -
than or equal to zero. We are given a number of
" axioms that describe the system in which such a
j conclusion is valid. Later in grade 11, we appear
e to tell students that if we now add the following
axiom: _
There is an element x such that x2 = -1,
then we arrive at a system in which all the old
- . axioms hold but im which we’ can now have >mplex
. o numbers as well. But. the difference bet cen grade
" & 9 and grade 11 appears to be that in grade 11 we
* . append.-an axiom that contradicts the oribinal sys=
tem - -something we said we could not do in grade
9., How can that be?

“

" These, good quality mathematics students ha&ve answered that question in

Sc..e very peculiar ways. For example, Steve has receLved responses like:
You always’ flnd out as you get older that it is possible to do what
you previously thought 1mpossible.

v

Maybe there s a physical model to Justlfy adding the new axiom,

By adding the new axiom, you re def1n1ng a new system. ‘So there's:
%"~  no contradlction. - . :
. _Now these are peculiar responses, None of them appear to respond to ‘the ap-

'parent paradox in so extend1ng SYStems., We are essentially finding out im-

=

: portant ‘things about these prospectlve teachers world view of mathematics
that is very much at odds with what they have been explicitly taught in their

. * previous cqurses. In addition, such aSSertions are never made if you just -

. -

'ask these students straight-out what they think the nature of mathematics is

»

<. «.  or what they believe the role of logic or contrad1ctlon to be\1n mathematics.

'i ?4 The calculator appears to provide us with a concrete tool much like the
l
| Specific examples Steve has collected to enable us to do research that might
[

illuminate our students conception of the nature of mathematics.

>

t]




Why should this be so? The calculator is a concrete tool that has
input-eutput funetlons. . We do somethlng to it and we get a response. 1t
ks is as if we say: . -
_What is f(xi)?
i“' .The nachine_ansuers:‘ f(xi).is Y. We in a sense have propositionallanswers
.to every question we can ask - even if the answer is "Error'.

There are, several p0551ble d1rect10ns for the purposes of u31ng thls
machlne to expla1n conception of knowledge in a way analogous to what Brown
has done w1th~un§;;graduates and in an Erlwanger Dav1s-G1nsburg sp1r1t.

First of all, the calculator sometlmes takes what we know to-be two
eguiyalent expressions and comes up with different answers, ConSLder for ex-

o amplevthe following:

f

(‘ - . | o %xZ=1

%

L I x 4;= 1
.1/5 X 5 =1
1/8 x 8 = 1, but
1/3x 3 =.‘C..)..9999999 »
1/6 n 6-¥ 0.9999995
1/7 x 7 = 0,9999999 | o
b:» " Now it is worth doing researbh.in‘which we listemn very carefully to what“
students at all levels“say when they arrive at what appears to be such contra-
dictlons. Examples of thls kind can.be found at many levels of sophlstlcatlpn _
so that the apparent contradlctlon may not be easily dlsmlssed in light of

technlcal knowledge that the student may have. It will thus be necessary for

him to speculate in a way that mlght 111um1nate hlS v1ew of the nature of :
i : . . \
mathematlcs vis ‘a vis the calculatdr.




\ In analyzing student responses‘it,may be helpful_to look at some of.

- research on concepnlon of knowledge that flows from Perry s. work’ in wh1ch

he uncovers nine stages of development - beg1nn1ng with an absolute r1ght/

o

“wrong' conceptlon of all knowledge through a stage of relativity (Mit depends")

\ . %
to a stage of -commitment. That is, of course, only one handle, but it is

<

one. that we have found to be powerful 1n»study1ng the development of con-

ceptualrkn0wledge among our students.,

'There are other research directions suggésted by’the'concreteness of

’

the calculat0r~beyond the one in which different(answers emerge for equi-

valent- questions.

i ! . -

-Consider what happens for example‘when'studentS'or;authors ask."rich"

_and 1nterest1ng mathematlcs questions -!questlons llke-

'

. "What are the pr1me numbers in the set of fractlon§9"

B Vv
- .
Frequently these questlons are amb1guous, and allow for many dlfferent
\ . , .
1nterpret%tlons or *hey may be vague allowing for no 1nterpretatlons or they

\

may have assumptlons embedded which make them into only apparent questlons
. b . -
as 1in: X \ . v . _ )
’ “How can you prove the parallel postulate from the-other T,
\ A o B R
osLulares of Ev-lldean geOmerry

-

r,n

° ' .

", The c.lculator_never says, ° Lo .

{ : \'"It'deoends..;"
) ’ \ . ’ . K4

\"What do you mean?’

"There are. several ways of 1nterpret1ng thlS questlon

- 3 or phenomenon.

See Willia Perr&, Forms of Intellectual Development in theaCollege Years,,
- Holt, Rine art anf W1nston, 1970.

T %,

-~

~

Aruitoxt provided by Eic:




-~ though the overload display comes close'to-performing this

4 ° function on occasion. , _ o : . \

It is worth the extent Lo wh1ch cons1derable use' of calculators affects

" the 1nclination of youngsters to see the potentlal amblgulty ‘and. vagueness

in the study of mathematlcs. Does such use tend to suppress the asking of

such questions? Does it tend to de-value these klnds of questions when

. they are'raised?
. . . . . . ’
- Does . the use of a calculator appear to encourage a view of mathematics -

»

as open, exploratory, mind expand1ng7 Does 1t prov1de solace for those who~;‘

"ff\\\\\view it as right/wrong, closed and filled primarily with answers? Or is the

calculator neutral w1th regard to these differing conceptions? Here we would

expect to find differences as a function of age but we do not predict whole- e
e .

- sale increases in sophistlcatlon - as the analogy w1th our students in methods

of teach1ng mathematlcs courses suggests.

¢ ’ Toe—

There is of course more to explore in th1s area, and though we are not

suggest1ng specific machlnery, the questions appear to-us to be critlcal
. S

,ones. Some people for example, make cons1derable use of 1magery, metaphor
' and othet literary dev1ces in an effort to understand and to solve mathema-

- e 'tical problems, Though very 11ttle of this k1nd of th1nk1ng is expllc1tly

',. : .'enCouraged in*the standard curriculum, there are ‘some people who engage in that
- ) N \ ¢ . - .
Lype of th1nk1ng naturally. '_ How does the presence and use of an 1n$tru-

& n

ment w1tn no 1mag1nation affect the 1ncllnatlon to do and view mathematics

.'ingsuch a way? : - e

A

. C e . . . . .
a

) See W. W. Sawyer, M athematiclan s Delight, Penguin, 1943, and Stephen I...:c
© +  Brown, 'Mathematics and Human Liberation," Occasional Papers of the Learnin g

anﬂ‘Instruction Research Gro_E, SUNY Buffalo, 1978.

%
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We do not have in our hip pocket the 1nstruments ‘or the methodology

" . .
C to pursue these questions, but .we- have already suggested the work. of Perry
-

. as a point of departure. In addition it is conceivable that some, of “the

.

exploration in synectics ‘'will- yield research 1nslght. * In-addition,
collaboration ,with new klnds of people (for mathematies educators) like
.poets or philosophers might yield some of the needed research tools.

As ‘we  have argued in the first section of this paper, however we have . .

for too long been hamstrung by conservatlve methodology.; We need the

L] .
4
b

couxage to. explore profound questions despite the limitations of availablel

tools of .analysis. L o S _ AN

o

Errors = . S . o

“n this section we look more. closely at some of the kinds of problems
' that relate to the 1nternal anatomy of this beast. We will see that there
- are man - problems to address, but we will - also see, that researchers themselves

-have a great deal of homework to do here. Too: often'we researchers start and.

[y

"end at- about the mathematlcs and .computer science knowledge and soph1sticat1on

'jlevel of the students with whom we are concerned In one sense then this

"section not only raises research problems but also exposes some ‘areas where

.:prerequislte researcher“knowledge is important. . -

v i -

At tﬁe same t1me that the new computatlon glves us new - calculatlng power'

hel

.-

[ ’ ]
R A - createsynew problems and’ raisés new-curricular‘concernsa Until. now educators

LAY z

. . .. [ E . P . ’ -
g -' . * S N . . g.' . . ‘

See, for example WLlliam J. Gordon, Sygectics~ The Development of Creative '
Capacity, Harper, l96l._ T e cL o | R

. . t . 1
. ot '_v~ . . . . s . .. . \
> N 1] . . : : ) -
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have glibly identified these ﬂroblems at the generic level w1th recommenda-

¢ ! - C ?

I tions like the one that students should be taught approxlmatlon skllls or3

LI
i)

. *
rounding techniques. = But closer examination téveals that, what appears simple

on- the surface‘is increasingly complex the farther you venture into deeper.

s

W

waters., B v ‘ _f.. AR

Consider in this regard several’ exercises that seem quite straightforward

.
X

until we examrne them closely. First we: evaluate lOO X 7 3 ,in three differ-
, : ek , -
ent;yays on the same calculator: . . - ‘

° [
R
,

gives 66.666609

-

@ -

win

+ 2 4 2o+
T3 F T

wirn

lOO terms

(5) . (2/3) x,100 - gives 66.666660

. o (c) y (2 x 100)/3  -gives ©56.666666 .

o K Now (b) and (c) represent stralghtfq;ward results, but (a) is more complicated.
1 T e
. Clearly these computatlons ‘are on'a calculator which truncates (or rounds down)

at eight dlglts or seven in the ‘case of decimals between zero and one.- It is

o the 1atter case wh1ch in fact leads to the error in (b)- 2/3-is expressed as .
. 4 | o AN o

_'0.6666666. S , . _ » - oL

' - But why (a)”v In this case the calculator is not only accumulating:the .

roundrng error of the 1n1t1al approxlmatlon to 2/3 but in fact compounds this.

~

error as it truncates within - the computation. Thus . : L

. . N >
N . \ - . ' . P . B .
1 i 1) LN . . . ‘ .

— - - . 4 )
We do not argue against.approx1matlon skills here, but only the faclle un=’ .
thoughtful recommendation. . .

ok . : .

- Im this development i draw or D. E. Bailey "The‘éffect on the solution of i
a problem of errors in the calculation," Mathematical Gazette "62, 421

.- (October 1978):157 =164

.6

*** : _ .
For these computations my Rockwell 24RD-Ir and a Sharp EL-203 give the same -

results. . . , - .

o
w5




% + 2 +/§+ cer + 2 gives 9.9999990

—_—— : - .
. 7 oo 15 terms ' R
while . o N -
- o 2 + 2 + 24+ ...+2 gives 10.666665
3 3 3 3 :
—~

16 .terms . . - ) - o . s

This additional:and different exror i's the result of the,addition_

9.9999990 + - .6666666. = 10.6666656

which the calculator must further truncate._ Thus we‘have'both eﬁtering trunc-¥ }
. - I} .,’
. ations and processing truncations which accumulate in calculations. And these -
problems are not solved by either of the two, standard machine responses

»

*
(a) additional accuracy carr1ed 1nternally, . and (b) standard rounding pro-

.cedures applied. For example, my H@ -97 glves 66. 66666695 for the result of
Yy

- calculacing by method (a) of the previous page. : o o l. i

T ‘Such problems are further complicated quite unexpectedly by more sophis-

~’ v
L

‘.ticated_types of errors. Bailey * gives ‘the result of ‘

.- 2 R ’ . -'-:\ . SR .o
: o : % + &4 ... +4%  as 799.864

TS
+

(V)]
(V)]

»
<{Lw

lOOb terms

an his'(unspecified) computer. ' He used the straightforward BASIC program

z
’

wR PO

.ito lbOO

n T »

=
SR o
-
=]
® + I
-
)

RETEE 2 ’
ks " My Monroe 326, for example, dispiays nine decimal digits bdt calculates
o internally with 13 digits rounded in the 13th place! - .
5** . ..‘
Loc.,cit., pp. 159- 160

[




Why this startling result’ Bailey's computer calculates in hexadecimal \

' arithmetic 1n wh1ch the dec1ma1 0.8 converts to the repra hexadecimal

“m.n;h; 0 cccccc, thus producing a storing error of 0. bOOOOOc. (c here represents.'
~the digit in hexade'IﬁHT“corr:fpondlng to twelve in dec1%?1- tbus in hexa-

- . .m*

decimal representations there are;E inches in a foot.) This storing error

R T comﬁounded~in tliie computdation.
v‘. C

5:':”,. S § - becomes clear that the 1nterna1 anatomy of this beast is indeed a

P

'subject worth serious study. The following represent kinds of questions

Y
v’\
%A

.- that - cry out for research- L b
) . : A

o

: %
° 'What are the internal processing?cha?hcteristics (both generlc
\l - .
and spec1f1C) of varlous calculators/and computers?
o 'is" H°W'db these processing characteridéﬁbgéiffectcomputation?

Y lWhat;are'thé implications for°teaching? More specifically,

!

S ‘4 ° fShould We communicate these processing characterlstics ‘to students?
' ; . . ) . L . %‘k&, "_ ?
T ’ammqlf yes; . S P N
: w—”””f o % How? - _
: l - o : . - .
‘ PY then? and’ . T . ) Lo .. .- - ‘ . . , Lo
®  What are the teacher training implications of these questions and
2 ¢ answers? L 5 R

L S ' Mathematics and’ Computer Science .
i AR -

Here we.are stradd11ng ‘the boundary between-mathematlcs and computer

&
science, a boundary that should be more clearly delineated another reason-

vable research_taskw- We have today ‘in’ too many mathematlcs classes far over-'




Lo N . , _ . .
stepped this. border. Students are 1earning~computer languages and program- .

ming tricks and essentially non-mathematical procedures like alphabetizing,

o

~=_all in mathematics classrooms. Surely this is yrong. What we need then is: °

a serious consideration of just how ‘far into computer science we gcan go be- |
- X .
Afore we find ourselves beyond neutral territory. e e S

aQ

Included in this area are a wide range of act1v1ties for some of which

3decisions are quire dJ f1cult. A quite rEasonable research task would be

to derive from a set of- sample activities,characteristics of mathematical
!
-computer-math and str1ct computer tasks together with samplessof each for

':comparison. These empirically developed guidelines could then be applied to

a 1arger number of those act1v1ties that flll the pages of today s mathematics :

- ° o «

educatiOn'Journals.f
;_' So that this k1n of. technique would not be translated into too str1ct
_and mindless a procedure, I offer here an exampie picked essentially at ran-

. - dom from one of the many sources for teachers- ‘
- 4 Add any two- nnmerals, for ‘example 3+ &4 = 7. Add the -
R ~ second digit to the sum to ‘get a third numeral, that is, '
4 4+ 7= 11, .Add the new sum to “tie previous sum to get & .
féurth numeral 7 + 11'= 18. Continue. this procedure as in the . "
columm showm below. Do. this until you have ten numerals.. Add -
up the ten numerals -and the sum w1ll al iways equal the product

-

- P B h_ ¢
A e - .o . . 3 ) ,

o WQuld not such a list and in part1cu1ar the s Ty of mathematics activities
better serve the mathematics education community than the seemingly endless .
government supported summaries of so-called research studies?

T kk
This ‘one from Bernard R. Yvon and Davis A ‘Downing, th Explorations with
the iggle Gllculator J. Weston Walch, l978, -ppe 30-31%,

36
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1.
of the seventh numeral-and 11, or 47 x 11 = 517~ . : o

’ 3 n" “.‘

.
A
¢
-
>
.

_ R 4 11
Co L 47 x 11 <4 . S
_ . _ 0 76 ' » : | .
) 123 ‘ .o 8
. . con ;’ ) . 199
@ - : ‘ - - 517 +—
B Challenge your friends~to .explore why., They'11l admire .
AR the speed with which .you can add without a calculator, while .
Y * they use calculators. Once they reach the seventh numeral
you can probably beat them to the answer., ‘

LY

B POSSIBLE ANALYSIS: ' Mathematics.. Here the calculator is used strictly as

R o u;a'motivating device. The possibi11t1es for student d1scovery ang for
nalysis leadlng to exploration of Fibonacci numbé&rs and their charac-

teristics are excellent. Another value is 'the clear communication ‘to
: students of the mind over machine quallty of the1r understanding of -

e o underlylng structure, Note, however, that‘thes° values revolve around

“the search for'Why° and not on the trick by 1tself Without this ques-

>

" tion the act1v1by is ne1ther mathematics nor computer science. . T
* <
Ry ) - o .
. T Errors of the Second Kind ‘ = o . R
? Co .~~ ' v - v i . T - .’v. i
In our d1scuss1on of computational errors we addressed ourselves to
N "f machlne 1im1tatlons that generate easentially systematlc errors. Another

' most important source of error is to be found*in the act of measurement which

always involves approximation, Now many -

£

(aside only from triv1al examples )

K of us studied at one t1me ore’ another in physlcs classes some of the rules for

L et - - -

* o - .
The only example that comes to mind is the length‘of the standardtmeter

‘bar in Paris, which we. would have  to agree was indeed : actlx ‘one meter ‘
" in length’at the time 1t ‘was thesstandard o - e




A NI i , -
T, T o 5\\<< B T o B 35, -
. -. - h ~. '\ >
_ ~ .
. . ~ o _ s . A
;// fcomputing with these approximations. If you can recall these rules, you-

are a much better student than I ‘am. (I_havé’just séarchcd.for_them'in

three old texts without success, )

v _ The calculator makes these rules take on importance, for this machine
churns out efght or ten digit numbers. in cases where it should be clear that_

!

most of,tha_digits make no sense. For egample, suppose John drives a stake
at A, paces off 127 paces from A north‘to B and drives 4 stake at B. He

then returns to A and paces off 127 paces east from there to C. He now seats

himself at C w1th h1s calcuiator to compute the distance to B. Recalling his

geometry he knows that -the distance’ 1s? 127 2 paces which he quickly cal-

culates to be 179.60511 paces. a number of paces that should only appeal to

‘ that s‘l.y breed known ‘as sport statlstiéian. Most of us would surely agree’
[s] .
“ __”/ . *
that jt is about—180 paces from B to C; most of our students would‘agree that

it is- 179.60511 paces., = l ' S C -

ot . . . : . PR

'Research tasks again leap out at us. L

- @ What rounding rules should we teach?

2 ’
e How?

o When? . S L 7 -,

.. With what Kinds of materials and’activities?

) How can we give our students a "feel for accuracy of measurement?

Now for any- of you who beTieve that a z of those questions have s1mp1e

“ R

and straightforward answers, 1 say hold omn. The main reasqgﬂI do not rememberl
those statics rules for computation with measures is that they are generally .

unacceptable to me as mathematlcss~~Consider, for example, one of ‘the. rules I o

dovreca11:

— e

-
: 1 . .
R ) ’
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- — In mult1p11catlon the product has the same
- number of significant digits as the lesser . .
- number of significant digits of the factcrs. -~
: °' Let's try.a multiplication:"' o : .
. . . . . i‘ . \ . . .
84 x 77 = 6468 ) o .
: ~ ,

And applying my poorly stated rule we should round th1s to 6500. Seems

reasonable. But 6500 means something between 6450 and 6550 (encludlng 6550
if .you wifl), What is the.xeal'range of possibilltles?,f", - | g
.- . ! Lo . ;-

' “The smallest: 83.5 x 76.5 = 6387.75

A . . . = *
The largest: .. 84.5 x77.5 = 6548.75

Something is c1ear1y wrong here. We‘have.many Values.in our real réngebof

©

calcalations that fall outside of our expressed range. And in this,(rather

‘extreme) case i} does not,even help \to round tovone 51gnificant digit becayse .
’ 6000---that is, values between 5560 apd 6500 -- still-do not collect all of

the’ poss1ble products.

. . .o ’ . . . . . .
/ . . e\

The problem here is that the, "Laws" for rounding are really (a) "rule

.2

. of thumb" reasonable apprcximatlons, and () partly statistically based To

-

see low the iatter applies here an exper}ment (by the réhder) is in order. '7 e

[N

¢

 Form the Carteslan product of” the seE”

i -

R ~C76 5, 76.6, 7675 +vey 77 53 '#' {B3.5, 93§6, 83.7, «e.r 84.3} 5

to produce a 121 element set~

{}76 s, 83 5);, (76.5, 83. 6) 5 - (76 5, 83 7), ceey (77, 5 8A 5)}

N Now replace eacn element in th1s second set- by the product of its coordinates~}

G i . (.:
o : {6387 75, 639514, 6403 os, vees 6548.75% :
o . . . - i.\ ) .
I do not wish to-lose,my point .in dn argument about .5 rounding up, so those
} who wish (wrongly) tc use 84.4 x 77.4/=. 6532.56 here should do so. This will .
. ‘also .reduce the number of calculations in the following. exercise by eleven
without changing the results. : . . S o o )
S - _ \ o L s : e
<~ ‘< . - - p"\"." . ‘ .

Qi




B
x

. And plot the,resulting points along ‘a number line. If onJdo this care-' ~

L

fu\Iy\you w1ll note that far from being spread evenly along the line,’ the

3 “points "pile up" in-mid\range -- not in anything like a. normal distribution <. \\\\

A - s ' LT
by the way! : _r VoL : :
Now how do .we- deal w1th this kind of s;tﬁatio\\\‘Do we attack it head ot

\ - -

on and drive every kld with any mathematical bent away from\the\subject?~ e
o oo .

.Do we drop the whole thing and leave it to the physxcists? These are serious\\\\;\;

My questions that require equally serious attention. 'So I cringe every tlme 1.

. . ~
b d ~—

"read one of those calls for action that-says so glibly: “We must teach

. rounding We'must feach estimation: We must teach°you name it -- with no. . .

I . RO < s

sense of the difficulty of responding to those oh so simple musts." But

' having said that I must (!) add that it is exactly responding to those 1]
' difficult problems that curriculan research is about.. e /://.”

SRR . ' A Final .Error Type: Vulgar Fractigns vs. Calqulatorg . ' : \
. . . t . F] N ) . - N \ .
Lo et . . : . - - AL . .

" One- of the'best self-characterizing recommendations,that has been‘put
forward lately is the one’ to’drop common fractions from the curriculum. ; .
) ) ..

g anxsion w1th me if you w1ll the textbooks of this brave new world Whenever

1.
- ~r

fa t1me comes to portion out candy or pieces of'pie there are always two or .

‘four or, five or ten childrEn to share, never three or seven. Or perhaps

\’w\ . .
| ! o .
~ ‘(later) three or seven can share. Tb share a pie among three, you first cut: ¢
a ‘ . .- -
_ten slices, distributing three to each Next you ‘cut the remaining piece B
o 0. F

into ten sections.. (Seven is so, complicatcd that you would probably again

v
-

cut ten~p1eces, give four-one s!ice each and three two slices each ) I place

this recommendation in. the same category as the one, of my neighbor, now a’ “_,;;ééf

e . * N ) - 4_’,.,«_




;-vice president of a department store in Birmingham, Alabama who ‘suggested

'- l

ﬂ,‘that we pass out calculators in grade one’ and forget math except for a few

¢

':";qcience types for the rest of the . school program.‘. - ’ _ : o

o But this issue of - common. fractions is an important one for mathematics

: and I'should not treat it too lightly. The situation should be explored and

.

' aexplicated Let me glve a parallel example which clarifies the issue for me

‘but which may well only complicate things for. many others. Con31dér a plane

lattice, that is, the points in the coordinate plane with integer coefficients. -

;-(This Corresponds to a geoboaxd or pin-board ) : S . o Q
Exercise (1) Locate the vertices of a square on thfs lattice.
Exercise (2) v Locate the vertices of an equilateral triangle on

°.. . . this lattice. - B A ' o S
. o . I H . i ,

Exercise (1) is trivial exercise (2) nontriVial and notfeven possible.
'\‘So we relax the conditions in a remarkable way.\ . Allow all rational points

in a new lattice. Even under these conditions exercise (2) is not pOSSlble.h'
- 3 *
Now\who cares that we need. merely one nonrational point ---(0 0), (1,0)

!

and (% J§72) w1llodo nicely -- .to solve ‘this problem. We can come 8o close

&

‘on either of the simpler lattices that no one could detect the difference.

In fact we can go further-' there: is no need for real numbers in the real
\ 4
fworld' Measurement deals in rationals and could in" fact be reduced ‘to deal-
: , SR

»

':'ing only in integers. We,can get on perfectly well n our real world lives N

o without real numbers.' But mathematics on the other hand vould~die.

The situation is parallel with vulgar=fraCtions. We can get on adequately'

in the real world of meaéurement with decimala eSpecially with metrication. B

'fBut where ddEs this\lead us._ When we - divide one by three, in grade two do'

Py
. |

o o . : ] "
. . i




" 39,

o

Ey
S

Ped
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., we get .3 and iater .33 and then as'adultsa.333? " Or do we offer .3 as
.o : : w . ) - o
an answer? (That last "solution" leads us into representing one divided

| by 17 as 0588235294117647 ) The'simple fact of the matter is thatithe

rationals are ‘not adequately represented by decimals- they are completely _ -

. *
represented by common. fractions.

In fact it is a contribution that calculators aré making " bringing.

o

. this matuer to a head In thl’ regard I recall my own experience in Junior
rhigh school being led to believe that decimals were somehow better than

fractions. "More accurate' sticks in my mind I, like practically everyonel -

else in the world, accepted the greater accuracy of 3.1% as a ’ﬁb approxi-

) mation when compared to 3; . Itis a 51mple exerc1se which I leave to the
' reader to prove the contrary. o ' o . : - ' .

- ‘ ) The matter falls 1n a still broader context when related to metrication.,

_AClearly metricatinn and our denary numeration system cpmplement each other

ibeautifully.’ But is this the best- answer7 ‘It would be a good mathematical

experience for our students (and more- of us researchers) to meet the world of -
vsi# fingers and toes, the duodecimal world. In that world of twelve digits -

say o, 1, 2, 3, 4,’5, 6, 7,:8,'99 A, and B in order,- we would'have, for ex-

Lample:.'

. : .
d L : e : : : i : N, oy

Oth&r matters arise here as well such as, for example, two different’ rep-

" resentations for many decimals. Thus:1 = 9. This problem does. not arise
. as. rea&ily when dealing with common fractions. - . . : o~ .
' *k .. . :

' The'péint should not- be missed here. " Common duodecimal fractions up to

- twelfths (1/10ths) have finite representations’ except only for 1/5, 1/7,

1/A (denary tenth), and 1/11. Compare denary in which 1/3, 1/6, 1/7 ‘1/9,
l/ll and 1/12 have non-finite representations and 1/8 requires three digits.

L . E . "
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. / ) )
1 foot = 4 yards | 1 inch-= .1 foot and

. 100 has two- th1rds again as many factors as 1ts counter-

LN

part in, denary

. -

f". e make no case here for a change to a duodecimal system: 'Like?Teddy'

- BN

Roosevelt s Spelling reform proposal which rated a. famous New York Times

~

_ omne word'editorial "Thru " h1story has bypassed the Duodecimal Soc1ety.

-

Still it would be a nice p1ece of curricular development to place metrica-

y

tion in th1s more genéral context By developing this setting we might pro-
“vide (old style research question°) some students with a better understanding

of numeration and a deeper sense. of what mathematical representation is about. .

N

- -

Decimals and Scientific Notation

=

It would be wrong touleave'the-topic“of"decimals without raising some
other questions abgut the1r role in the new computation. We should'probably

be making a careful point -in-time record of student understanding oé\deci-

] Ca -
.

_~ mals at, say, the end of eighth, grade. for the nature of that understanding

4o will surely change over the next decade or “two as these already ubiquitous

four bangers become even more. prevalent, 1 suspect that ‘as is so often the
v case we will find 1mprovement of: understanding 1n certain areas - probably

those most closely tied to ‘'the computational processes'- and decrements in”

understanding in others - perhaps, for example, in areas in. which fractions

and decimals interact. . ' - : . 'ﬁ

.-

In some early work with tenth graders I called their attention to the

o

‘ reciprocal key and invited them to key. ‘
. . ~ . 1!

4 - 1/x , - | . ) ,‘«\I.




Py

\’I

and then to’ te11 me what factor they would need to multlply the d1sp1ayed

result by in order to obta1n one. Many hands went up but I called upon

one lad ‘who sat 1ook1ng Spellbound at his calculator dlsplay. "1 just don't

[y

uknow,"'he said. : ‘ T _ . - A TR

~  "Let's.look at:this‘in a different.way," I suggested. "Everyone key in

the_jollowing,"'andal turned to ‘the chalkboard and wrote:

*.

1 | |ENTER 4

~

"Now wﬁat should I use as my, mu1t1p1y1ng -factor to get back to a dlsplay of

S 1." .More hands wav1ng, but~my target sat. again. entranced by that d1sp1ay

- S 10.25 .

'After.sone_additipnal thought, he ventured an answer: "Iwenty-five." But when .

A

%

"-:(2)';We need: to 1dent1fy what are the gaps in understandlng of our average “‘

» - - ' ‘Np
1 turned to the board again and wrote ) *\
N s . . \
. 13 T7x?=1 R N
’ ’ M : L .
he gave the correct response w1thout hes1tat10n. \\>

'It seems to me’ that thlS eplsode suggests several th1ngs, some trivial, “\

1

some .not so trivial:
(1) 'Clearly the d1sp1ay.fqrm can be m1s1ead1ng. If my example ddes not “speak

,to_you ﬂﬁrsonally, cons1der the d1splay in sc1ent1f1c notatlon-

‘
e

C2.50 . - 01

" - Now what factor do you multlply by to get a-d1Sp1ay of one?

4

A

: I
students which ' are currlculum and . 1nstruct10n related and seek to rev1se

'curriculum and 1nstruction ‘to respond to thOSe 1nadequacies.

- - SR R B
“This class/ﬁas'us&ng‘HP-ZS RPN ealéhlatbrs.' The students-were already -
familiar with key order. - A
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t »

IR (3) We need to des1gn and test curr1cu1ar units that address the new prob-_
’ . a W

-~

f:

lems that ‘the. calculators themselves create, as suggested by my example.

P ”

in’ (1) o . R __"'

(4) We nee o observe and record students respondlng to set-up s1tuatlons

11ke rhat of my example in order. to catalog not only what are the .gaps -

'_but a1so how w1de1y dlstrlbuted they seem to be. "It is one thlng, for
example, to respond to a d1ff1cu1ty of one student who perhaps was absent

'Adurlng key instructlon on a topic 11ke dec1ma1s' quite another to respond

to a w1despread def1c1ency among students.

L

(5) It is not enough to seek answers “to () and (%) by rev1ewlng texts to .-

see. if this ox, that "was-covered " That is qu1te reasonably a f1rst
step. . But the most xnterestlng s1tuatlons w111 be those for whlch a
hseemlngly adequate textbook presentatron was g1ven and a seem1ng1y reason-

L. ’

Jable 1nstructlona1 reglmen mounted’ w1thout success. Sens1t1ve problng of -

those k1nds of situations has the potent1a1 of 1dentify1ng more serlous
‘learnlng problems° - ' ',_'__ o i : e
I used an example of sc1ent1f1c notatlon to: make a pOlnt in (1) above,

'because for me_sclentlfxc notat1on plays very much ‘the confound1ng role that »

e et e e S TS
T - \

dec1ma1s d1d for my student. That desp1te the rtact. that 1 have used sc1ent1f1C'

notatlon a good dea1 and have, I be11eve, a good hand1e on most: of the meanings

it conveys. For example, 1 am comfortable w1th the re1atlon between 1ogs and

g‘ S
sc1ent1f1c notatlon. Yet despite th1s conceptual understandlng of sc1entif1c $

.~

E notatlon,‘I too f1nd it most d1ff1cu1t to 1dent1fy

..

o 2.50 © 0l

.-+ with one:fourth.




e

. {;f\_

| outi i,nuxediately to find out.

-~ - ' /

:-;/y wa We all have agreed that converting units back and forth betweén SI

‘metric and English 1nterfaces with metrlc 1nstruction' however it seems to

me that we have a quite d1fferent s1tuat10n, one 1n wh1ch we/do not seek to

supplant the old but rather to append the ne to the old AIn th1s latter case

we need then to f1nd the best ways of relating t us instruction in:’

scientific notation and 1nstructlon in dec1mals have parallel concerns: in-

o

,7corporation and interrelations. How is this accomplished? We should set

'3

e R . T N .

.The Social Settinf .
‘ T Sk

] . P . -

One approach to research on calculators and computers is to think of them:

-
\

" in terms of their effect on society as a whole. We are after all literally

overwhelmed by the ubiqultous m1croprocessor ch1p. It 1s in our telev1slons,_

. \

ur clocks and watches, %our airplanes, our toys, our ovens, and our cars as -

“well as in the space vehicles for which they were originally deSigned‘ Only

\_

incidentally they are also in some' 80 million calculators already sold in the

United States._ '4; o {- T ‘ o o \ﬁ‘ . ey ;

'y

- . . . . . .
< '-

The soc1etal chauges that have been occasioned by this remarkably'rapid

’ P - )

ii;?move into the age of computation may well be comparable to those of earlier

RV 4
Iy

age the stone age and the industrial revolution for example. And not a. few B

‘ of those changes are humorous._ We re all aware of the take over of clerical
,':. fsponsibilities by the modern cash register. This machine often calculates
‘:ffand ‘even returns change, thus avoIding human errors.‘ But sometimes the human “:'1

.}clerk can still be clever. The other day I offered aqfive dollur bill to a

"“;drug store clerk for a 34 31 purchase.' As I fumbled out another six cents to'

.\

-‘make.my;returnucpme‘out in’ larger,coins the clerk rang up‘my $5 00 and out ﬁ’




' tumbled the change into a tray., Wlth a bright smile she took my six cents

-

. from my hand and added it directly to the tray. I was so charmed by her . : Q,.

1 alert thinking that I walked off w1th ‘my collection of coins already wearing

a hole in my pocket.. . o f ~._ ‘, . N'_ ST

S w> _ We are rightly concerned today about appllcations of mathematics to, the f.
.'real'world This 1s a top1c that deserves as much research attention as-do
prf_ calculators._ Do ot the two come Logether“here in an interesting way’ It.

E would be an extremely benef1c1al experlence for our students, our teachers,
. , f

and our researchers to make school students research as51stants who observe

-
K

calculator and computer users in order to identify what those users do- with ST

these tools; Watch and talk to store clerks, bank tellers, nurses, lab tech-

~ Y

n1cians, draftsmen, salesmen,‘scientists, and surveyors. How often do they-

’

"~ . - use a calculator?- What are the types of problems they process’ What are- some

S of the techniques they use? I have suggested this as a student activity for -

several reasons: o .

- \ . ? - N - " . R AR
R R It-would be- a- good“experience for them to see mathematics - o
) _ . o » Lo

'even low level computation - in use..

i . L . o ,
et ) »

o Their watch1ng and talking to others in this way,might well

L . N .
R -

-

: eduqe a different kind of motlvation for self 1mprovement

-

'ui._-a'<' Ce . Collectlons of such observatlons would give us a much better feel

for,the naturd of use of_these toolsgv The multipller effect would

\

- be operating here with a vengeance. R o R T,

2. . ¢

e There could be a bonus in this for the schools.' MucH citiéen
- o ’j= ~_i“i 'reSentment of the educational establishment derives from a sense

-F

Do ~’.¢ that the schools do ot resPond to societal needs.' Here would - ’T}T“j

SR be one clear reSponse to that concern.

\ . .. . . R . o
[ ' . - . . ]

Yo \)‘ ¢
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: Whether or- not this kind of task is done by students, it should be
‘done. And here I digress briefly to comment on our tra1n1ng of doctoral
students. Nate Gottfried then a psychologist at the University of Min-

| nesota, complained t6. me, about such training. "Few students," he said "have

R

the opportunity to bu11d test1ng equipment, 1nterview students, runusmallerf A

experimentse These prerequlsite tasks are skipped and we turn: out half-

K] ’ Coae

"trained [he used a d1fferent word] scientists._ I suggest that th1s situa-
tion 1s getting worse as. doctoral programs proliferate. ‘What has contributed ';__
significantly to-the 51tuatlon described in the iirst part of th1s paper has !

zbeen the narrow focus of dqctoral programs on superf1cial machine statistics

-

':and the appllcations “of behavioral psychology.. Too few of our students are

ncouraged to address’ the philosophlcal problems that are embedded in teaching

_ s\ .
.. and- learning and too . few of our students. are trained to 1nteract with subjeetg____;;
N S -

~—--—~in’a“clinica1 env1ronment, We at SUNY Buffalo have begun to address these con-s,'F'

o R ;'cerns in ‘a doctoral practicum. One of the kinds ‘of experienCes that would fit S

- . <

:; that program perfectly would be carrylng o,t thlS kind of intensive analysis of
. calculator use out51de the classroom.- L 'f flr_‘ T ;"‘ n “ S

LR

The support of dcctoral students 1s, 1 should not= here, a probiem with
wh1ch all of us should be concerned ' If NIE could provide support for even a
few dozen of these students to undertake such tasks, the benefits would br ex- .

\
cellent for mathema*ics educatlon in terms of both useful datafand]anvimproved

v .

: )~
experiential base.;.,

, o . \
-

At any rate: one thrust of study could be in this natural history leection;.

o 1)

‘ \
One aspect of partirular concern is- parental attitude toward calculators and

cumputers, specifically and mathematics 4n | Feneral for it is this attitude that
_ , : .;.\‘. N w:, .. ;,, :; m,; , .'i.i- o




\

.

strongly influences school students. We should be especially interested in' -’

identifying these attitudes and then>in developing the means for manipula-
S ting them. We ma.y well have discharged the ‘rot-the-mind fallacy within the

'veducation community but we are probably talking “only, to: ourselves. In many

"._homes this anti calculator attitude is probably having an 1mportant negative - g

. ]
effect on our students. If this hunch is correct we have a serious Broblem

‘to confront. L

Quite another fo-us of this kind of research could ‘be of that singular o

-

'; artifact of modern technological soc1ety, the computer freak Joseph Weizen-

baum has given -us a portrait in broad brush strokes of this individual who

. redoubles his effort as he loses track of his goals. Like the idiot savant,

‘;{;t ',the computer freak because—hemis'so.much—a—contemPOFaﬁyrfhen°m°n°“1“is a 1..

PR

‘worthy subJect of 1nvest1gation.' What is his expertise? What are his methods?
:7What are the components of. the 1ntense interest that draws him into this tight
'man-machine commensalism? (I find the comparison with the pilot fish at ‘the

: :rshark's mouth -an attractive one, ) How 'does this machine fervor compare with AP

<

-cult behavior? ‘Is it age related?

We must mot - forget of course, the sociology of the classroom. We need a
5ﬂf.::“»better hAndle on teacher attitudes in order to th1nk about ways to confront 4-:.g'f

[those attitudes. Consider in this regard -a kind of thinking that is widespread

. ~, ~ . ;
. - .

o amang classroom teachers- i

._,ﬂ "_EXERCISE- Find the three rational values for X, in the o . f:.~ -‘k

S e’quat‘i..on: ./ ' 3--' : o ' )
Li = XD - 0 9x :f 4. 09x~+ 4'641 =0
el A POSSIBLE PROGRAM‘IABLE cencuwron sownou-

Rewrite the equation\ (for simpler programming) o -“f‘; ;_.fﬁ

[(x-09)x-409]x+4641=o




> , o e -~ . - i - e

N ) . . . I' . 1 . N N

This is an equation of the form f(xx = 0. Program f, -

An HP -19 program-" o

‘ B | X -. ‘,T‘LABEIO-.'A’. ) ..; ., | . B 9 . ) 1’
e | TR | = x| _ BRINT X
L - - D . o R ’.‘_ 9 . . B )
v | ENTER -x 4 GSB-A o
R CENTER- & | . | o
. S t 4R *
| SPACE e e
T .‘PRIN.TX o. I N B

" Now test various values for solutions using the idea that
'f(xi) =i0 implies Xy is a root.
. . . KA

-

' "But that s ‘not mathematics," severa} teachers have argued : "That's trial AR

»

ok
;and error. - We need/to come to’ gr1ps with this kind of wrong and wrong-

1.

“»‘

‘headed perception of°what mathematlcs is so that We can improve our teacher

~ v

ﬂf: :(and student) education programs. "And the first step in. doing this is to identify

B

1%-”_ vfwhat are ideosyncratic and what are more - general perceptions of claSsroom

v“teachers. We need then to develop and apply thoughtfulsresponses to these deep o

n;bfg“seated attitudes about this subJect and particularly about calculators.

3

el There is a Specific aSpect of instruction w1th calculators that applies '_..

S

’}5~thirectly to this,concern. We ‘have found in our work with calculators in ‘the

- v .
v L B

- N

ffclassroom that the teacher is called upon«to broaden his range of teaching '

techniques.» It is well recognized that calculatgrs encourage a: free-wheeling

> i

’math lahoratory atmoSphere for many activitiesl but what is not ‘80- well recog-
U w — ST A '\"' e ,'.:r-.;. # |
"We do not argue here "that this is high quality math only that Such critics
fail to, ‘realize that they are refusing” to accept for calculator .solution the
same - trial-and-error solution technique they regularly apply but with syn—~»-

" thet thetic :division! -




ized is. the need for some tightly regimented lock-step activities when a,

T class is. 1earning calculator technique.ﬂ If for example, you wish to make
Wt n ’\ .
TN a poxnt about what happens after you depress keys a b and £y you: must

- assure 95urself that your students have pressed exactly those keys and no’

: %
"“others;v wa will teachers respond to such additional - and often as 1n my
case- unexpectéd - strains’ . o T o L

What mcthods do we. use to find these answers? We can get help here from

L colleagues in other fields: anthropologists and social psychologists in
\ .
particular. This kind of research is accomplished by one researcher asking

penetrating but essentially neutral questions of one subject at a-time./ it R

s accomplished by unobtrusive and long term obServation. It is accomplished

) by ycles of the follow1ng kind-_ observation ——-r - reflection —_— hypothesis‘

conceptual.framework

. o ﬂ-.
R e \
. One of my tenth\grade students made 80 many errors for a time that I found
._amyself constantly exchanging his calculator thinking- he was working with
_f'ﬂdefectives. 1 finally determined that he was consistently depressing two
" keys-at‘once. To xespond I had -him keying with one finger held in vertical--
- ..(piano) positiom. :- ile this was effective, it made me feel lika a teacher
S out of a’ previous ce tury. S o . e
..** A -~ : . ’ : RS Y R .
: AnthrOpology professor red Gearing at SUNY Buffalo has deVeloped some tech--
" .niques . for microanalysis of interactional -behavior in’ ‘the school classroom - _
. that should\provide some \useful assistance here.‘ The power of the: anthropo- o
" logists'. ‘approach’ to moniforing behavior in the classroom is their insistence
.. on meutrality of data. gath ing. As Pred himself says, “"You must choose -
. You efther. buy in on & particular psychological schoeol”or. yoque forced to . :
R .ﬁwingfitsﬂ1 The first’ approac distorts. the observation. Today -1 (Rising) be-
fﬁ.."3.1ieVe that: mathematics educat observers,”thé few- that we do-have, almost, -
© 7 without. exceptio enter, ciassro ws. wearingﬁthick”lasses of oné of three. typear*"
" behavioriat; ‘Piagetian or artifi ial”nteliigence. I-do not oppose their ap-'
e ’-proach’bgggusemit’ii’at’least thegry based, ‘but I believe that we have much - s
;;;; ~“to"gain from a neutral approach t t. offers the possibility of a paradigm shift.,.'i

\ E.
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" The Calculator as Machine ~

. . . . . R . .
- , ; N

' Having c°nsidered the calculator as everything but what it is - beast
'u””human being, instrument of social change - we turn now to the calculator and

¥ the computer as sophisticated technological marvels to be sure but Stlll Just N

-

pieces of electron1c equipment. S 5.
And here we meet at the outset a. remarkable fact. While our mathematics v
~education experiﬂentalists have been out applying their statist1cal weapons to

- the classroom where they have leaot possibility of. providing useful information,

wf) .. my engineering colleagues at SUNY Buffalo have stolen the march .on them 1n in-_u:.<
: vestigating one problem to which those techniques can make a contri ution. o ‘.éza
;, These engineers have explored in very interesting and suggestive ways the ’
;l!f ;: question of which calculator processing language - algebraic or reverse Polish'
. “ v,

'ci' (Lukasiewicz) -= is better.- This is an: important question which unfortunately.

- [ r - s

‘q"*i-’.is beihg answered for us by. early and ill consideredj;ecommendations (for
Ty . \ J

.-algebraic) by NCTM and now by our Second International Mathematics Study team..

The evidence provided by the engineers gives strong support for reyerse Polish"f

-
-~ . €. ,

(RPN) with the college student p,pulation. In particular speed and_

f_i“differences favor RPN, the full power of RPN calculators is m re often e“ioited

L iﬁand retraining from algebraic to: RPN is so simple as to be accomplishbd in ten ‘

o M _\o . ’ )

to fifteen minutes.' Their proposed extension of this work with college students.

uto students from various elementary and secondary school levels could prove L
. : 7 Co ".' o ek,

*:inte?s#insna o L e

L S . 3

v
B4 . N ! B . . . . -
. . t v ’

ISt
<

“-_§f, See S. J. Agate and C. G. Drury, ”Electronic Calculators-' 1 chfuotation:is,f_
. Better?" Agplied Ergonomics, in press; and D, ‘M. Kasprzyk, -C.-G. Drury and
W. F, -Bialas, ""Kuman Behavior*and Performance in Calculatorl se,ﬂ~currently
“an in-house publicati&n of the Qperations’ Research-Human Factors Group of the
Department of Industrial Engineering, SUNY Buffalo..., AR
c o

»
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But their heady goal is still more 1nterest1ng. They seek optimum cal- .

i:culators for students of varlous ages and w1ll experiment w1th not only dif- .
iillnu operating orders But key availability, size, spacing ‘and location, dis-“

,"play size and form, and appropriate peripherals like printers and plotters.'..”
- \ . A .
I;The state of the axt is such that their recommendations should prove valuable

7,to manufacturers and indirectly of “even more value to students and teachers.‘
An example of the klnd of hardware question that is'important.because of_
:its curricular implications is: Should a scientific calculator have.a . -

y . , - L ",'. o ﬁ?

‘”,‘factorial n}‘ key? ‘This question is important to manufacturers because it

happéns that this key uses up a significant amount of the finite program space~

) *'.on.the-chip.. Thus the - questlon may mean a- necessary trade- off°' 1f this func-‘

B \ -

tion is 1ntro&uced something else must go. Now if we wish to incorporate more.

combinatorics and probability in, our program,_we would probably be most willing

. ‘to- give up’ something else, say ‘cos’ or _.tan Cy recoguizing that we can

e

g easily reconst1tute either function by means of the simple identities-

’

. s ¢ . . . .
" CO8 X = s1n (90 - x), . e
- . sin x *. . . S ' o
‘. tan X = — . ....e c, . . . . . ) . T
] _ . "COS x* . : ) . é . :g .

U B oo, B . .

14 .
So ‘here we have a. kind of question that is. 1mportant to educators and that re-

T ] o R
- ,quires the ‘same - level or seriocus consideration that all curricular modification

< . . .
LN . -

i A . - 3 - o .

) NG _
I offer this as only - theoretical example. The process "for calculating a trig ’
S ‘_function does indeed itself take much program space), but that is’ for the first .
.”.“__trig function. The calculator almost surely generates only,one, say sine, by
. this means ‘and ‘uses exactly the kind of identity we .suggest. here to convert.
‘Calculator. companies are not at all, enthusiastic about providing information . ..
about the internal- processing characteristics of their.equipment -sWhen asked S
L , by Wallate Jewell “why one model of a particular ‘manufacturer gave "error" for .
S ,for a atural. number, and 4 more recent modél gave 0, a company representa- -ng;
aftive ‘would -only. reSpopd ‘WForty dollars." (The answer while not forthcoming . -
"~ is not. inappropriate since powers are certainly computed with logs*- hus the ‘

. exceptron requires extra program - and extra expenSe D)

T ',
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:does- rWhen you addﬁhere, you ave to subtract somewhere else.

»

colleagues“_ trong support for their search

While I give my engineetin'

‘_I/must enter a disclaimerg Ther Cis a danger in a search for the optimum that

must always be kept in mind. The ery nature of an optimum demands a choice

from what is available.30We dogngt ant this search to’ preempt the development

A Y
H ”-rr‘.

.ﬁ iof new directions. - The Papbrt rurt e is a useful example of the kind of. di-

vergence fr3m3the narrow path o% devel pment that is to be encouraged Similarly,--
’ X ’ Vo
‘history shouts'at us - I think it is th Committee of T n.calling - ‘to-beware of -
, _ . .
131ngle-answers. It is a great temptation to set readiness standards for cal-

. (v (XN

. LT % . AN
: culators and computers., Thus we have the quite naturallprogression- N
. : Ky b . ! . . . . - o
’ o “Four bangers - S . T . o e
\ U s ' ' ‘ s U ' : S
P ° . Scientific calculators . . =
j_.‘" ¢ » ) . ’ ! ’ '
" o . . Programmables s . .
1 ';~b f -..\?Q.f- N Microprocessors" ’ o !
L N Full comther power o L - " o .
e Bqt“not fixed progréssion._ I-can'see great'value'in'development of micro-
. L \ S

: o

‘ptocesSOr activities for lower grades without delaying to meet some schedule of .
o Tow

N .

. 1“.iprerequi51tesu A statemgnt by Lee Shulman, made 1n quite another context is.l-‘

%
vnry much,to the pCLnt here- "Research can serve teachers...by clarifying the

Lt : ‘ / s, <

"complexities of nature, thereby making possible better grounded judgments, not :;”
VN -- ¢ / A i

by replacing Judgments with ironclad ruleS‘"b Thus we should be-providing al- '

(=)

ternatives, noting parefully the dangers ‘as well as the advantages of those
:’e‘,_p.< -.-/' _ _ . ) , . -‘.? : L :
e T o . . T Y e T
B S TR T |
Lee‘S Shulman,’"Investigations of Mathematics Teaching- ‘A Perspective and
Critique," Michigan State University Institute for Research on Teaching, l978.:

Voo
¢
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ot uniformity, should generally

L]

:alternative35 for.informed-choice._.Pluralism,

i L be the end result.

: |
serve ourselves well by establishing lines of cdmmunication in new direc-

efore leaving the subject of machine desi n I\note that ‘again we can @

'tions outside of education. ‘The engineers can Aontrib te and are doing so,-

IR ; o

' N
\

plzs, but so too can, for example, the linguists.l We are: concerned here with
chine langgages and we should not lose swght of our common concern’ merely bp~,“'
) f" cause the word language has a non- standard meaning..,' "8 ch intrauniversity

g conaunication and sharing of ideas has exciting possibilities especially»when
' |

'ft we tr"s on very young children first learning language as\well as mathematical

:lf_:;'.processing.

o - ‘.I should mention here the work of Lauren Resnick and her colleagues at

;o Carnegie Mellon. Some of their work explores the' same slind alley as do;s 50 .

. much of the artificial intelligence research. Here I JOln Weizenbaum, Chomsky;
/.

o *
’Qand Dreyfus in being highly critical of the thoughtlessness 'of their approach.

K .. N

;An‘example of this was (I use past tense advisedly because 1 believe that the
C . R : :
:approach is now. rejected) the proposal by David Klahr to search for a computer.

. \

MOLIM model of a 1earner in mathematics - against which we would test curri-

e .

‘-culum W Still I'believe tha there are’ possibilities here once tue search for

g'._the android is set as1de. The human-machine parallel - within its limitations -

2 has possibilities at two. levels- (l) The machine can replicate some of the less

:

';complex (and" less experience and genetic based) algorithmic processes of the

o

human brain, ard (2) The machine provides a much more useful,metapbor for more '

. . -
;.. : P

e significant thinking about mental information proceSSing. These directions are, '

- w~f A useful reference here is H. L. Dreyfus What.Computers Can't Do A o o

Critique of Artificial Reason ﬂarper-& Row, 1972»

CL]‘] -

£



. believe mell.worth following up and I am assured that the Carnegle group

_is moving in at least one-of those directions.

) I have already directed | attention to curricular possibilities leading

/

‘from the computer as metaphoF Here the possibilities lie in psychological

. /
,.theory buiiding, ‘For example it would be most interesting to teach BASIC to

primary school children and to observe the metalevel effect on their own in-

formation process113. Could we get them°to better organize their own thinking e

o~
i \

by focusing their attentién on making machines "think," or is' this another of

r

\\g;; 'those areas where 'we are/ like the centipede who, when asked by the ant how he
e 4

:}, . was able to control all’ those legs at once, was effectively crippled Eitherl.

direction wbuld be an interest1ng,,yea exciting, result. ’ T s

o

f The Machine in the Classroom

We must think deeply about how to use. this neadily available technology
in education, qut wF must also draw those thoughts together and communicate \
them in usable. forA.to classroom teachers. And' this involves some very prac-
tical.activities which 1 claim\(perhaps plead is a»betteruverb here), should

s constitute approp ate research activity. Surely'the precedent for compilera h

o as researchers is \well éstablished As a case in point, the other\papir pre- !

\ ¥ oy

eréhce is more acceptable as standard research in the mathe-'..

*
%nity than is this paper. Carefully organized compila-

"pared fof’this coj
'matics educatibn

- Voo 1
oo -tions of calculatJrﬁactivities fall in this categoryu ‘QED.
: l %

. \‘ - "ll . * ’ . - '1 . . . )
-\\ : Compare Journal,'f Research in Mathematics Education- Research compilations’
‘ are major featur 8, papers about research are subsumed under a department,

. "A Forum for Res archers."” !
- ]

o
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: >

As one of my students said some years ago after I had painfully dis-

‘played the asons for pons as1norum' perhaps. Well, research or no in

some strictlred use of that word- we need the intelligent compilations.
t

Such compilations could be the most important direcL contribution to class-
'roOm instruction that NIE corld make. " Some compilations might well address
‘themselves to particular courses or Specific broad topics such-as seventh
grade mathematics, trigonometry, graphing polynomials, exponents and loga-
. rithms, probability. Others might be directed to activities that cut across
subject boundaries or vertically through the mathematics program. problem
solving,_iteration techniques, algorithms. Only_within such pompilations

should differentiation by equipment be a concern' it is a different activify -
« '

‘albeit{a reasonable one -vto'develop curriculum specific,to‘a calculatorvA"
type. . L ' . .A . . . . _/-‘. I . PR |

) \ . - . - -

An excellent “start was. made by DaVid C. Johnson working with classroom

teachers in the Minneapolis - St, Paul area while he was still at the Univer- .

y * :
. sity- of Minnesota. Dave quperimposes ac ntent x purpose matrix scheme on

his examples that is ‘too refined for my .taste) but his purpose categories are

e suggestive as at least a first approximation- lculations, patterns, explora-

\\ 'tion, consumer applications societal application\\ new orLrenewed content, .
.A\ The value of this paper, ‘however, derives from the ‘ex ples provided for the

:\‘ categories, examples that display intelligent eclecticism\\an aspect of what

+

/

\ Dav1d Hawkins has denoted the wisdom of the practitioner. Her the compilers

eting,

\ o
'are doing more than collecting examples: they are selecting, inteip
. \ A ' . .. st
x - L -7 o ' -

""Ca; culators in School Mathematics A Classification for Curriculum Develop-
'menbw" in manuscript. This seminal paper was rejected by at least one major

jourﬁ§1.~ A




‘ and adding their .own where the available art is thin. -

N
-

Thc p01nt that should not bc lost in this is. that calculators or
“computers do not stand on their own., Vincent Glennan once made an astute

-,observation in this regard- "Teachers closets," he said, "are. full of.

-

yesterday’s world saving devices." I can giVelevidence-that this is. already
' true of calculators. Ksk your local'school principal if his teachers have

calculaturs for instruction- he 11" take you to a remote storage cabinet where’

.

a set of calculators are buried under a collection of the other detritus of
‘schooling.. In order to iasure any use, to say nothing of good use, teachers
ust be provided with support. The best and most effective support is a pro-
gram built into the student text for the course, but short of that some form
of printed material with explanations and exercise sets is necessary. Since
the logistics of commercial textbook publishing argues strongly against ties

: *k
2 with calculators -or in fact any supplementary devices,-- it is necessary to E
. \ : o
_choose the second option.’

I indicate here some of the kinds of things that might be included in i Vo

the calculatlon compilations. No attempt is made to exhaust possibilities
- or even tg. suggest a range- rather my examples are chosen to identify a few
|
“of the kinds of p01nts that neéd to be raised . The examples are not fleshed‘

out in the way they should be in'a useful compilation.

o

: “But’ has becn by federal agencies whlch have supported activities of the form:
. " put some calculators in a classroom and see what happens, without any curri-ﬁ‘
' ‘cular, preparation or .teacher training. The outcome of such foolishness is. f

- . predictable. - ‘ _
sk

B cannot &rgue with publishers here. Their attitude is that any such tie will

" lose more sales than it wiil giin. Until we change the dynsmics of this_

situation they must continue to be wary of "peripherals., :

o




T, @ : Sometimes calculator solutions provide surprizZing insights,'

AUV "~ - into the structure of a g1ven 31tuation. Suppose, for ex= ' T

e

:,ample, someone has programmed a quadratic function of the
.form £: x -4» ax2 + bx + c with 0 € a, b, c <, 99 in a cal- SN
‘_-culator—o;—computer. W1thout looking ;t the program, what single
input for x will identify via the output all of the parametersz
,»j o h..a, b and c? (Answer- 100. Why?) o ,4_ S
° Too often we. offer many digit number. problems as a (usually
.4false) 1nd1cation that we are dealing w1th the real world.
Solving an equation 1like -

' 3.25x = 87.75. o ST

provides no benefits to students that go beyond solvlng

S o o =,15; ' o

But there are some nice problems in which the numbers do get

w

large -and rather d1ff1cult to mAnage without a calculator.

. Herelis one:

Railroad men leave expansion gaps between the
ends of track rails to allow for the effects
of temperature changes. Suppose ‘'a new crew boss_
. - forgets and a mile of track is..laid without' these
o o . - gaps. The temperature rises and the track, fixed
- . - . at its ends, expands one inc in length. Assume
. I . that the track bows to form an isosceles triangle
' over .the full track. length. at would be the,
altitude of this triangle? es the answer o .

o

- e

‘1 mile f,- e N

l : - et . K S ) g
'iustify the concern over;expansion?:(Answer;:lé.S feetl) -

/

: * LB . . . ‘
This, like so many - 6ther calculator problems, offers a nice opportunity for - ";"
".-non-calculator preliminary processing.‘ Here, for example, we have (in inches)

T .. -""'ia"" . . . . . Lo - . .,
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' fin1te number of terms of the divergent series of reciprocals

57.

<

We‘need.to‘shoq our.students not onlv the power ofAcalculators

* - . . 3

and computers but also their limitations. . A nice problem that . f \

shows the kind of limitation we should cnnvey is samwing a.

»

vof.natural uumbers, - - B 4' ) S : e
']; + ‘l + ']- ' + ’]'-"+ sese +":!-‘ N . ) 4 ../‘ .
1 2 3 4 . n T
It is a simple matter to program a -omputer or programmable cal- . /
culator to determine how many "terms (n) are required to make the : ;/g
. ¥ o~
‘sum of this series > N Jfor given rational N. Thus we have for / '
: . _ v ;o
T B ) o & T .‘ /
a few integral values .of N: L T T /
3 11 : R SR
7 I 616 ) '

And now the calculator that I used an HP- 25 with an eleven ste
program, begins to take a 31gnificant amount of processing timl
When N = 7, for example it took over six minutes to process. .

i

- ‘Let usrgo further but focusing now on the. time for proces- .

Csing: T, -t °
: o N time o
.8 17 minutes o K 5
. . w9 44 minutes | S :
*..10 " -l 2 hours. o
e 137 _';_;,40 hours. (the highest value I calculated)
o xEs '(12_'5280‘§'+'%)-2 - ( 12:5280°)% - L o

the right member of which is of the form

(a+b) s a? (=2ab+b?) S -

Thus we have . ';-

17‘5280 + k
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T . — o . BN . '

At this rate of 1ncrease in t1me (wh1ch appears to converge on

L e), to calculate n for N = 20 would take '5 years! The problem
‘§~has become as lmpractical Ior the LalculaLor as carrying out . - -
e .

the process . for, say, N = lO (adding the reciprocals of ‘the

,first 12367 natural numbers) 1s for paper and penc1l calculatlon.

9 -2

u-

R . While a computer may process faster, it too will reach a point T .'\

v"of diminishing return in terms ‘of time -- and in that case cost.
) - [N . * . 8 e
: Thus the new’ calculation has its limits as well. g
e _Theorem. n2 40+ 17 represents ‘a prime for all n. Use.a . o
program that tests numbers for factors to' check this “formula '
RS ~ forn = l -2, 3 s eeey 15, Is the theoreém true so far? Now'
SoeT . test 16. (Can you show a way for testing 16 without your.

s ;.calculator?) ‘What does your result suggest about attempts to " . _ o
prove a statement by showing that it is ‘true for many Specific A
cases? , . T EEE o ‘_.: e

This kind of exerciSe was often assigned before the availability

. of calculators. The common response-‘ Students didn.t_complete it because '

¢ 4

e ":ﬁ..' 1there is too ‘much computation inVolved " And Often'a-table of~primes-was;.

‘not even prov1ded to make the problem reasonable.

_ It 1s our observation that students who have learned to develop ;~‘“”
programs, 11ke the factor test used here, love t( ‘use those programs to

P o ‘solve other problems. Thus in- that setting the exercise conveys much

better the failure of sc1ent1fic 1nduction to develop or pr0ve theorems.-
S . ' L e
e . Iteration now becom@ a central theme of mathematics. _Book 0 ST

R - B ' N
P Chapter l6 of the GSMP Elements of Matnematics program is a useful

% B ; L ) o o . ) ‘ ,\
*.- P P : . . . . S

)

It is’ interestlng to note ‘that the’ great Ind1an mathematician Ramanujian ,.”
determined (without explanation and surely without calculator) that for '

n = 1000, N would be about’ 75 . His regult is remarkably close, 7 485+ L
. ;Vith n= lOlS the exact" value for N.= 77 . .. o o ::. o fi:\fha .
K 2 A e e . : A
: .,The other day 1 mentioned this. to an aud1ence of in-service teachers only
. to ‘have orieé ask what iterations meant. This gives, I velieve, an accurate i
e indication of the past 1nvestment in this useful technique, ception:. the S
7 divide; and aVerage square root- algorithm <one- of the poorer ap lications of .

_ftjthis technique. »

"




soprce of iteration problems.’ One that i

several years .ago provides a nice bonus..

T L : EE W el .
A T l Solve for x--':x'= 27*

A sowr:[on By ITERATION- Let (1) y=x* and @) x=27

This system represents the orig1na1 equation.- Starting'with.f_

x =0 (arbltrarily) in equation (1) f1nd Yo ubstitute this- in’

: . the second equation to produce a second X va1u . Continue this}h
. - trading.back-and-ﬁorth unt11‘the answersiconve' e. Thus:
’ e, B x v— ’ o
- 1N ) e -
0 : . - After some 20 steps the numbers.
o 0 , - have cpnverged to  three digits
" - 1 - _ (that is those;diglts are no
x - 1 ) " longer changin This is very
. 0.5 | - S ',simple with a programmable, not
. ' + 0.25 much more’ difficult with a
A o - 0.84 . . sc1entific calculator.
O~ .. ‘\
. . A , .
A AR o R .g R
' o 5.0 L
(-707_,‘ - ) | - \

) \, ., :
The bonus here 1s that the x-value is- suggestive and\does indeed

<

turn out to be a good lead to the corréct rea1 solution v2/2. .

’

Justification for th1s procedure is communlcated by éeference to

.,_
a"

L the graph of the two equations.' Until ‘this’ technique gains the

S
i .
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L BRI ; them._ In many cases the calculator can provide the necessary
‘.bridge. The CSM? Elementary Mathematlcs curriculum makes creative '

'~ use of the calculator in this way. For example, they deactivate '

t e .
. . . ~

"f’(by covering with paer tape) the rollowing,four-banger keys.» ';

v.l 2, 3, 4, 7 and the decimal point, Now they pose the following

e _"generic problem' S ]." _— -:f S | f‘ .‘n'a

Each ca1cu1ator key pressed costs one pemnny. Try to .

T e »>: 'f obtain the following displays for a cost of. ten cents
- : . : . ) :each or less- ) _ . _ . .
| | | () 65 T . (e -0.5
R © B U B G I
f:fj V_f:,u " The provision of wide ranging‘compilations would provide what Max Bell

”! has so accurately called (and called for): - an information base for work inv

.this field Their value as resources for- teachers and researchers, especially

4

2™ .

\ ' s
those concerned with curr1cu1um mod1f1cation, wovld be tremendous. v

I8

Miscellaneous Recommendatioms- =~ . -

Thls section 1is not meant to serve as.a summary for those who have _.'. .
;._been unw1111ng to read what has gone ‘before. -. Rather 1t plays the’ role of S

-a- caﬁch-all for recommended courses of action that did not fit the discus- '

".sionS'of»earlier sections.. . - L

o

‘. When Neéw Math was introduced,nthe most effective teacher training -

R LT C s -
. _ . .
- e o [N _

‘See his "Needed R&D on Hand-Held. Calculators," Educational Researcher
May 1977 pp. 7 <13, ‘ .

'*

Ty
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was found to be study of the content in exactly the form to be
o e e presented to school students. “We face a similar situation aow
.except that we have researchers confronting ciin. new calculation

L ~We need to concern_ourselyes_nith_rhe dynamics of this situation
t S S
: . 1n which there are very few_"experts," the continuing transitions

L %*
o ; in availability of\hardware precluding our assigning this status., .

We,should thlnk,in terms of support for expertise development,in—

i .. : . : v . <

service training calculator researchvactivities.

This means two things: (1) It is too early to review ‘propose
research by asking a question which may be to. the point at some later

'1=;time- What dOes he know~about calculators? (2) Activities that

Lv
. force researchers to wprk w1th calculators in educational settings

e . should be generated S -nw o R L

As an example of what I ‘mean -here, I offer theﬂcurrentwinteresting R

| explorations of Keith Harburn at the University of’ Toronto. Keith

3

',is exploring what different kinds of information thinking, and at-

titudes are conveyed by computer and more stanaard pr0cessing of “ﬁri -

. ST "/the same problem; For example, consider solv1ng thlS old Math h'l_ ‘% .

b'."Olympiad (l960/l) problem- Lo o N ° e -_; L l\:;' |\
| ST | : . F1nd all' three digit numbers which equal °leven . . |

R e times the ‘sum of’ the cubes of their digits._.~

This problem has a delightful algebraic solutiov which calls upon‘

and prov1des ins1ghts ‘into div1s1b111ty, the quadratic formula, ‘and -

u
Lon

. ._a._‘__— | ”
i * ’ . . - .
of interest here, I suspect that‘exactly those colleagues whom 1 coqsider to..

- be exceptions to - the wule, Ruth Hoffman, Don Stover and Max Bell for- example,
' would be the first to agree with my point. S _ R A ‘

BT




N ' S : -
Solution by;cases. The programmable calculator solution, on

the other hand -seems to ‘be more mecha 'cal and ster11e yet '

fff e -!-- it focuses very cightly on the basic structure of the problem.y'7

R There is,gby the way,_ not so much time saved by a*calculator

- ‘ . -

. ;_solution when yqu count in programming time » Does the answer mean:

- - .

' more one' way- or the other? The answer meais. something slightly :;487'_
3 different to each solver but it seems to carry no //ré/wefght by -

having been found algebraically.- (We mage)at/lea;t as mAny mistakes
/

Iin algebraic proces51ng ‘as e/aozin'computer processing ) \ _

+

.._ These and more subtle observaxions on rhis and other problems
’ open to parallel attack can 1dent1fy for us some 1nformat10n about

~“; computer processing that should be useful to both practiticnerg\and

.~

. S _ other researchers. Keith's work in,this area,is meanwhile contribu-
." o ,Jting to his- grow1ng confidence with caiculators. -..__ B '.\s

\

A
\

IR o Curr1culum modification in both the small and the large should be
_supported in parallel the former contributing to the latter. T&is \Q

suggests the extreme 1mportance of communication and in particular

. \
- A .
\

. the._ncreaslng value of Marinn Suydam s compiling actyvity at ERIC. .

\

"Support for 1ncreas1ng the communicatlon of th s informatlon should be" \
'considered.x There are- already several good journals which overlap
ﬁwith reseafshers concerns in this ‘area but 1t may be that at least '

S - _ 'a newsletter should be cons1dered quite possibly as an extension
’\J, . -
R of activ1t1es already underway at ERIC._ We need better information

* . _ . e s . ) . ‘
See Samuel L. Greitzer,'ed., Internatlonal Mathematical Olympiad l959-l977,

.
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. about: - what specific people are doing in, both capsule and full

l_\,;-:~? _?A . aécount form, ﬁhat publications and in particular What specific } \g (
lis\f .-:‘ h“ :» articles add. ‘to- the grow1ng knowledge in this field*' I'm thinking j\\l
| ‘ h—here of at leas brief squibs like those Phillip Peak paragraohs ¢‘ \\
Cin old Mathematics Teachers. : '_A - ?‘ “l e : .-'?-‘ \{

- . -

.
-

I D : r .
T e 1‘ '1 also urge that we' explore the possibilities of utilizing a

\

. o

:\ : _ inexpensively and locally;from an available master, This responds

\' . " to the single most ‘costly publication problem- maintaining inven—

R | ’} \\ . o ; - o B . N *. N )
: \ o toxy. : : ' // ) o

- v . . . / a . -

A _ . o o . S
R ‘Here'as elsewhege in education we need best effort studies. What
LT X :

SR "could we' do fortyoungsters if we took the lid off and provided -
R o curricular mateﬂials, equipment ‘and setting, and instruction that
R approach optimum. I blame the‘research community for - destruction

3of the best setthg for this kind of research the campus school

XS R . 1

j;-f o and I believe we‘owe education something for this ill advised and_ /

;%f R e wanton act. The few possibilities lef - George Immerzeel in the
: . . ~
,Price Laboratory School for example - should be utilized and other

_ffls‘, _ j"similar settings developed Thie politics of such an effort within‘

~

“a metropolitan school system ‘are horrendous 'but it should be at-
..tempted and the time, as it happens, is right for such an attempt.
School cloSings, population shifts and even the move to special in— R

e - ;terest ‘schools as a response to integration pressures all speak to o .

. . . . o : e

T ; - the opportunity available.h_; C. T _ » ;'

e ,Some very Specific studies - quite possibly under contracts - should

&
C e - .

SR . i_be mounted toideyelop answers to ‘the standard public and education coh




. e ' Eariier in this paper I mentioned, the 1earning that went on when my:
'\\ students set out to determlne what the log key did. Thlw is a good ‘)
.‘\,, example, 1 belleve, of what Lee Shulman has ca11ed "a strategic re- |
: search site," a key moment to study in great detai1 because of the . .
- * .
, discontinuities in thinking that are bound to aris=. . .
’. I
* . o H . . ° N ka4
oc. cit., pp. 16-17. ' : o SRR
. ) . . . .' ! @ . . : . S . . E )

~

a community concerns for example,-the rot the-mind be1ief of the |

+

o ‘e - T~

public and the worry of many teachers .and mathemariclans about
b1ack boxing. These real concerns deserve thoughtful responses,.'
responses that 1nc1ude acceptance/of the concern, suggestlons oﬁ

. . ¢ ;.-\ ,7‘ r

v steps taken 1n response, and reassurance that the concerns are over-

o
-

ridden by positive returns. - ; e fl'

A case .in point A high school teache1 told me that he would

) never ‘use: a scientific calculator in his. mathematics c1assroom until

" -

his students. cou1d ca1cu1ate by paper ~and penc11 the functions of

the various keys. ‘Now " I f1nd this a reasoned argument.» it parallels

the be1ief that elementary school students shou1d never touch a ca1-

<
N

cu1ator until after they have learned'paper and penci1 algorithm

-

processing. But in the secondary school at 1east we 're being two

faced ‘here. Shou1d we not 1et our students use’ the trig and log keys

N '

because they cannot generate those va1ues when we have a1ways providedy

) (-4
them with tables without exp1anation? While the argument is reasoned

' 1t is 1nappropr1ate when carried to extremes or applied pedagog1ca11y.2

it is often at least as good to address how to do- something first, .
“ . . . : » ) L .
why afterward, e




‘ ' a
- . - . o . ”

We should ~eek: to create such situations and to ‘record them.

<

‘u carefully in- order to prize out: details of the act of learning..

3
|

- I give strong support to this kind of study no matter how arti- :
icial are the settings developed~ learning to p1ay a game like
Mastermind for example. The calculator in 1ts most b1atant new . V‘

toy character provides many opportunities for generation of such,'

. set-ups. EERAR '__,"'?~ ’ ' . ..l\ — 0.0
e Just as we mount small and large\studies of the-sﬂériculum, we
L . . should focus attention on both old and new topics. I have already

=S )
mentioned iteration as a, topic that naw shouId have a place in the o

‘s

curriculum. ..The Monte Carlo method is another. ., What we must be ‘con-
\. . . At -

-cerned with here is our conservative—liberal separation in curricular
o . reform. Some of us want to 1mpose d1scont1nu0us and complete change

‘on the school curriculum-'some of us want no change at all - back

9

o ' to basics. Both extremes, the nihilists ‘and’ theoreactionaries, are',‘

c1early wrong, but _there are }ntermediate positions-that haue stronger
defenses.» I suspect that there would be general agreement among f_ ":.;j
thOughtful mathematics educators that there is too much applicatiOn

of Pope's dictum "Whatever is is right. . _What this implies,then is
.‘g'q. ; o ._ﬂthat weé must continually support examination of our basic goals in
o Qmathematics 1nstruction :;d How those goals aPPIY to the specifics_fof s
.. ‘of cur content. : > - - ) - T

;} L "_”‘ ~ _One 1mportant thing that/such reexamination requires and thatf-.

8 -

should not be . forgotten is Lha need for exemplars of ‘what coulo be

2 et S : . : -
: ’ ) [ T N . f

T Fred Gearing suggests devoting a year to study of a two or three minute : .

Video tape. _--. o .. B . . o Iy




- . M ". . . e

: . done that is different' otherwise we have no availabl; «iterda-
tives to what 1s.. What has happened in the past in‘the =h°ence

S

of specific‘Worked out curriculum alternatives has been~‘ (1) Ill-

& A o

thought out and often ill conceived recommendations - like ‘we should

B f*" _'h ' teach probabilis"in,the grades - have been promulgated ‘and 62)

K Ti other possibilities have been av‘ided because we. have preJudged

-é ‘ . students~ they co ld never do that. S g

I conclude this opus -»and I ap?logize for it having grown to,that - fli
'with a recommendation that I should probably type in 24 po1nt bold ‘face caplh

r

I be]’ev° *hat Leaders ir funding agencies like NIE ard in nat onal organiza-'
7 o

"'tions such as NCIM?do rea11ze the need for new paradigms for new thrusts, for

new directions, anda for newcomers to. reaearch“‘ I also believe that individuA1s

-

: and groups are’ trying ﬁb move -in this direction. Frankly I take the.assignment

of one to undertake the development of this working paper as. a positive (but

quite poss1b1y another unsuccessful) act. in ev1dence of th1s.' The troub1e iﬂ
L however, that movement is - a matter of cr1t1cal mass. (History provides

;~1j'f thousands of examples of this- Semmelweiss comes 1mmed1ately to mind.) ' With-

~ | . -
Y

MR out it we are today at a standstﬂl-‘

]

e

But there is one way to move - really,to prevent total focus on more of

o

) “{ the same.- and thaf\option should be" tr1ed. We need to establish some’ review ;mm‘ﬂ;;_

teams,(for,grants and for Journals) which are. made up completelx of non-conformists,

B

: conservative researchers excluded just as completely as’ theeothers were excluded

“in the recent past. To these teams should go the non-standard proposals for - };
evaluation. Only then wi11 some of .the truly creative activities that_are\npw,_ B

@

regularly being turned dbwn gain support..

v
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Many realer will not’ understand why thls is and I attempt an explana-

tion henel Supp rt 1s a go-no,go‘ﬁec131on for federal. agencles. e pre?-

e appllcations are conserva'1ve ~ more of the*s e. 'Review
{ . P e .

.

) "teams of three T four people examlne proposals and it usualiy akes ‘no more

'}’ponderance of t

'than one reader to kill a proposal. Thus non-conformlsts scat ered through

'these committee k111 a few old style projects - just as\a grbup of thhema-

!
!

tics education eaders krlltd a11 of/the Nat10na1 ‘Science’ Foundatlon centers
-‘several years ago - but enodgh othe s ‘get through to contlnée the bulk of this -
activity.‘ Meanyhile every new thr st is being re‘ected: tgo small an n, a' |
quasifexperiment, the directorpis ‘otbknown to’ me,.no con rol group,,statlstlcs.

: notjcarefully‘Jescribed, not feas ble w1th today's - teach rs,’ differences can-

) .miof be measured; the I}st, no itém of which addresses quality of the. endeavor,
is endiess,. The'onlz'way:around this is to segregate until the critical mass

\ /
\51«. situation is rjversed; ' C ' /
. . . . i R | . : ﬂ. : .,“

ERI
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