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Aavsystsmst1c sttgﬁt1sn tg ths area sF prcb1sm sc1v1ng:,sﬂrfv

‘Wbss1cs rs1stsd"'1ssuss. But at ths ssme t1me thsrs has bssn an- equs}

\

50 nsrrow that ovsrsmphasis of 1aw=1evs1 sk111s w11] prsc1ude dsvsJDDmsnt
L Df the requ1s1te understand1ngs tD mske those sk?l1s-apsrst1ons1 N There 15.1 m;'
" no d1sagrssmsnt hswsvsr on the ksy 1ssue Students shgu1d bs ab]s tD spn1y

",s".

*,ths msthemst1cs thsy 1esrn tg apprapr1ste prsb1em s1tust1ansi, ~f;*“;j,A ~%;:

In 1973 and 1978, Nst1ona1 Assessment of Educat1ana% Progrsss (NAEP)
fundsd by the Nat10na1 Inst1tute of Edusst1gn, cnnductsd twa nst1ana] stud1es
.of mathsmstics sch1evemsnt st the 9—; 13- ,‘and 17-yssrsﬁ1d TeVE]E FPQm,3*in

1976 to 1978 the Stste of DhTG author1sed ths Dhia Dsmartment oF Educstion_'“

“to ssnduct ststsw1de sssessmsnts in msthemst1cs at gradss 4 8, and 12. e

o Thsss asssssment studies prov1de us the msans to cantrast student psrfnrmancs

on sk111 and apn11cstion 1eve1 1tsms 'Th1s paper w111 exam1ns ss1ected

;%s. findin

“they pRrtaifh. to nrob1sm solving at the sesondsry Tevel,

A ! o
gs fro thsse asssssments and d1scuss 1mp11cst1ons of ths F1nd1nqs as




RTINS ~ &< S

e #8126 .yt Bl L gh
- S _Migit-bnumbgr_firéfn .
o .ol ED T 3digit number; two

% _regroupings ‘" - 60 85

L T e e S \ ‘,

& ,- i3 to age 17

xo o zapxeds, - - 28

o 7Bas1s2. 18- 720

-

B B

dsrevzt e e

: Percent Cgrrect
Age g Age 139 Age 17

Graphical intérpretat‘ion at ages 13 and 17 is. géheraﬂy good at t'he"f
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at a11 grade Heve15§ p3551b1y suggegt1ng a mechan1za1 rather than a. can—
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=.L:V(1978 NAEP resu]ts and tg make QbSEPvat1Dns and recammendat1ons React1ng i

-~ to the Doss1b1e effect that Ege “back tD bas1c5" trénd may be hav1ng on-.

*“'jﬂresults, the pane1 nated that th15 mcvement has then resu1ted 4in a narrcw1nq
. i,_,— ; = J'

- af the curr1cu]um, Strass1ng computat1ona1 sk1115 and kan1edqe Gf Facts and

bt i
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:;'James w1ﬂsan aited the effect on textbadks -"By the m1de497D 5; textbggk§

: . 1;§1’
‘"'f'1n the 5choa1s emphas1zed camputat1gna1 sk 11s word prebTems were Streamﬁ )
f11ned to present students w1th the 1east poss1b1e amount of- cgmp1ex1ty e

GenéraTTy, the panel was satisfied with Student'ﬁérfgrmanCE on most

_~computatienal and knowledge Tevels. Some concerns were exnressed about = . .




- apg11cat1cns of aTgDrithms However, 1n the area GiuprOETEm 501v1ng, the -ef?gfﬂf,
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panel reg1stered 1t5 g%eatest cancerﬁs. Accord1ng to Thﬂmas Carpenter, izfjla”'*'

\ a_ "Younqsters don t th1nk abaut brgb1ems._ They search for ways to aﬁp?y thef

,;caut1uned “PengE are teach1ng

sk111s and expect1ng that fac111ty w1th sk1115 w111 automat1ca11y transfer ;&:__

.- . i N
consumar re1ated app11catjans.g,19?é assessement resu1ts 1nd1cate that 17 yearﬁ-

a1ds have Fared no better five yearsp’f '
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But a maggr1ty choss~30 % 20 x 4

13—yeanea1d5 wou1d have SEnt two peap]e QFF qn ha1F a car As pane11st
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.ﬂ_A

' N Lo
Ir15 Car] nated 'A1thgugh students mag have 5k111 1n us1ng d1st1nct

)

240@

aTgar1thm§§ the depth of understand1ng Qf the CDﬁEépt requ1red to Efféct1v91y

app]y sk111s 1n varicus s1tuat1cns appears to b' '1551ngéﬂ e

S]vghtly, the dec11ne fnr 13-year-o1ds was s11ght1y TErger and thE’dEC11ﬂE

efar 1? year Q]ds was apprec1ab1é Cons1dered hy COQHTtTVE 1eve1,vn1neﬁyear ;-4;‘5};

SG]VTHQ 52venteensyear D]ds performance détTTﬂEd s1gn1f1c

. 4T
F;

" area ex;ept(the knanedge area. 1%‘}}1]* i;;x}QEx o ’;" .
*L}; Average VJE |  ? Chanqe In B ' A
Per*Formance ST Average ..
19?3 e 1978} -~ -~ Performance -
CUSRE 30 ek
42, 38 . -3 x4 -
. 33 "L\; f Zéixx T M

*Change is. s1gn1f1cant at’ .05 1eve1
+F1gures do nct tata1 becauseiaf rounding

B ) - g = - . P;: . ] - R if B
* %Ry HL~Fbrbes, ﬁﬁkector bf'tﬁéﬁNAEP noted that the Dattern F@und in
o gthe m@thematﬂcs BSSQSSment-—larqer dec11nes for the o1der aqes and more




P .mendat1ans The foi]aw1ng four re]ate d1réct1y to prob]em sa1v1ng
i = 1. -

. ':it 1 An expanded def1n1t1cn gf what is. “basi&" in?mathematics 15 f f
. ~ Q"_: cruc1ai ta faster Students ,abilify to cape w1th d1ffeﬁent t}peg ‘ ?kf
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o o e - SRR
»\ 2!
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. L . = e ) f _
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: Dr are nat as eas11y SubJECt to mod1f1cat1cn faT1 by the waySﬁd
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7 Oh1o ASSESSmEﬂt F1ﬂd1ngs 1975 78 SO ST
Ohio results ref1ect ‘the’ Same generé1 tremds as, those FrDﬁ natﬁona1 o |
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1ess praf1c15ncy with camputat1uns involving other kinds of

S;f
numbers, but grow1ng frDm grade 8 to, grade 12 \ﬂd 51qn1f1cant] ess
praf1c1engy with prob1em so]v1ng app11cat1ons generalTy Sat13fa¢tory by

Ed

grade 12 only for simple,
@ R
,A and B ih the Appendix.) -~

y .
'

one-step, texthook-like pr@b?emsi

(see Tables

v
‘

Of particular concern in Ohio assessment.resultseare the very weak

performances involving geométric applications.

- twelfth. grade 1ev215,!geo

the Jowest. scoring items. A\

K : =_

+» . ? Eighth GraderGEDmetry Items

What,is the petirmeter of the room in this illustration?

34 feet
50 feot
100 feet
156 faut

o
| dén’'t know.

ﬂ"
m OO oD
< |
]

|
|
o
— >

.. (44%) -, St

WHal 12 1he aica 10 sjuale vy, whb o AbLS

What is the «elufne, 10 cubiz units, of the rewtuny

Both at the eighth ‘and

metry application jtems consistently rank among

s

The radius of tr"é insids of the pae is
3 inches. Thé wall of the pipe is 1 nch
thick. ‘What is the diameter of the pipe?

A. 4 inche: B
B. 6§ inchos o ~
C. 7 inches ffs
* D. B inches T
E. | dur't know. _;:fé;«@
égf;
(ED%) s ,:—f/T\
FIFE
i

Jar sulid shown below?

A. au . A1
r B 60 ’ =] g 20
c. GE c. 22
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|
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Twelfth Grade Geometry Item:
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Anothér area of interest among Ohio data is performance on inter-
preting and using, graphical and tabular data. For items requiriﬁé a
straight-forward. entry selection from a graph or table, results are uni-
formly high. - However, for questions requiring the reader to iﬁtgrpret a
data-Eﬂtry or involving some slightly unusual feature, the performance
pTummetsl_ On the following pictograph, only 35% of the 8th-graders were
agle to correctly intervret the COFFEEL table entry, possibly because Ehé

picture symbol represents a nonunit quantity. For another i1tem in which

each symbol did revresent a unithuantity, pertormance rose to 95%.

4

Mgl oady the snrasimale Qs 4000 1 The Lanled Statsa o 18 1Y

A lsa;ﬂm Urited States

B 2500 000 Population

¢. 6500 000 [+ 1780-1840

~ O 7500000 P -
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1810 AR
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sGenerally, Ohio assessment results caﬁrébprate NAEP panel observations
that students are not we]]-equimped to resnond to situations whicb require

them to Der%crm 51ight]y differeﬁ%iy that the most simple, 5tra1ght forward
exercise or application for which they have had - prev1@u5 pract1ce
The following table %Oﬁtrasts the average performance by’ prob]em type |
} fdf 8th and 12th gradE‘Studentsqcn the 1977-78, asgessmEﬁtS. For the 1978

12th grade assegsment, a. DE?E¥§Df 5eccndary maghémat1cs educatars was requested

=t 2 =

to review assessment 1tEm5 prior to adm1n1strat1on and tD Ered1ct the average

perfarmancegaﬁ each. The last column of the tab1e “includes these pred1ct1ons

for the 12th grade items. Note the consistently low prediction FD?Aeachi
problem type. A similar trend wag also observed for the 1976 12th grade

assessment.

Average Performance by Grade Level and PPObTém Type (1977-78 Assessméﬂts)
&, . )

Problem Type! Grade 8 Grade 12 Panel Predictions(12th)
" whole number computations . 92% 91% 81%
decimals and fractions 70% o 17% 67%
one-step applications 55%- 83% 67%
two- or more step applicatiens 55% ° 66% 61%

Some questions are Fa{SEG Ly Lhe resulls in this table. Are pessimistic
predictions of whole number, fraction, gnd decimal gomputation abilities |
indicative of miadirected instructional emphasis 1n grades 9 147 s the amuungf
of ‘iﬁ%tr"uﬁtiuna! Lime asslygned to different problenm type learning (:»-(ipc:r"itﬁn‘g;gﬁ

consistent with the amount of growth in student performances from grades

8 to 127

PFGbTEW]%Djvingi A Direction for the Future ‘ ' L
f

crepancies between what is and what should be. During the 70's, such test

results have frequently been misused--sometimes as means for special interest
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gqroups %D forward their causes and at other times held up as threats to
_established patterns‘or,pa1ic1e§l“ Part of this misuée is perhaps. due to .

thE:tOﬁE of "back t&‘basicg"esan unspoken but assumed statement tHat

mathematics educatian-did, in the past, prepare students agaquately for

their responsibilities and that‘the same‘cfiteria are still apéropriétei

Whether df not performances toddy caﬁpare favorably with the past is really

not the issue. The' times have changed. The ¢1i5ﬂte1§ has changed. But

most impo;taﬁt1y, the needs have changed. )
There is much in preseﬁt assessment data in which to take pride in
. student achievements. ﬁaﬁhemagiés education is doing some thi?gs exceedingly
well. But the datg do QéleGt significant discrepancies betﬁééﬁ.ski11siand
the aﬁpiicgti@ﬁ of those skills to relevant situations. The data‘aiso pgiﬁt
to weak student abi1ities.té transfer'existing knaw1édgé and abilities to
even slightly novel situations. ' If we are to judge the goals for mathematics
ieducatian by today‘5;n3e§s and praject‘pn_that basis for the future, each
of these areas of weakness appears to be an aréa where citizens will increasingly
Féjy on‘éersgﬂaivQapabiiitiés.-
Some have §;uégested that mathematics educalur s have rediscovered problem
solving. But'prabﬁeﬁ solving has always been the umbrella gggl under which
g2very iﬂdlv1éual content topic and skill exercise has been conducted. However,
we are comtoyg Lo reallze that problem solving must Le a mure 1mm_¢:idiat\: goal
as well--one that directs daily aitivit{es 50 that means do nét become ends,
su that \;Hw,drl‘auttd assumptions aboul automatic transter do nol rule out
attention to hi9h2r51evel cognitive skills.
We are %egogni;ing that reg;1ar_and specific instructional
activities must Le planneﬁ that pursue pfgb1Em solving directly, not

secondarily. Programs must be structured and monitared in such a way that

reqular growth toward problem solving subgoals occurs at dach grade level.

.. o - 1y

<3
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Every student at every @%ade Tevel must have the opportunity to grow in
his ability to apply his existing skills and knowledge to situdtions that
he finds reiqvanti but not necessarily rehaspes of previous learning

activities.  Then mathematics education will be taking firm and steady

steps toward meeting the challenge of the future.
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T APPENDIX

Table A:. OHIO 8TH GRADE ASSESSMENT DATA: — - -/
Number ' Problem ‘Average :
of Items 7 Type Performance
9 whole number computations - . 927 S
10 decimals and fractions 70% .
15 ". one-step applications 55%
(10) (without geometry) . (68%) ~
7 two- or more step applications 55% =
- = = —_——— I ——— = \
— — - — N
~ L ve Ao
Computation Items . ApD11cat%@ns :
. ) '77,: — - o t - ] . — — —

xia ! =

. 956
(97%)

64

190%)
/o o

0.941 - 0.36 = (63%)

{

y$14.91 (Y%

[0 T
—

ern)

- VB4

Py

'/\]nlL;lQL_At:l fIQL_LI\)H;;)

If you had 285 pieces of candy and wanted
to put 15 pieces inta a package, how many

packages could you make?

17
19 :
270 i
4,275

I don't know.

(81%)

A
B.
C.
D
E

If it takes you 37 minutes to get to
school, what time must you leave home to be
at school at 8:157 <4

/.35
7.38
7:45
7:50

(/1¢%)

Fdun v ko

mote slep.

(¥

IThe phune rate
to $6.00 a month.
increase?

e cae ot Tovan b9 v a nwnkh

What was the percent of

A

~ B 0% (59%)

L
83 § 7a

‘E,:n

120%

| don’t know,




Table B: . - OHIO 12TH GRADE ASSESSMENT DATA

Numoer Problem ‘ Averaae . Predicted
of Items Type 7 ; Performance . Perfarmance
9 ; wn3le number cammutat1cﬁs ' 91 ‘ 21"
16 decimals and fractions 77" 67"
’ . Y
one-step applications’ . B® ' « 677
two- or more step applications 66" '-“ N 61
o (without geometry) . 1 (75%) 7 (62%)
N Comnutation Items ] ~ pnnlications . .

One-step:

There are 206 tomato plants in each row
and there are 14 rows. How many tomato plants
are there all together? -

1,030
2.684
2.864 .
. 2.884 (94%)
214724

7 ) 2156 (77%) N

moCm>»

.4 0+ U3+ luy - (9U%)

Iwo- or wure Step:

If a coat originally sells for $120.00 and

15 on sale for 20% off, what 15 the %Téeqﬁ‘\
price of the coat? N

£ uo \

A ald DAy
- VY]

560 00

$96 00 .
S0

5108 00

moOC

i . I
- ! e alag
=
Kecourd albuns aoo v Cube ot 3 1o 38 05,
lHow much would 5 albums cost.
l\!' ! = tsy

ol aed codidee LU N e
~ B 31385 3

C 514 75 (/5%)
D 51500 ‘
E

544 75

-
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sented with a prablem what dn
or "I don't alway
when people solve problems they do
others may not be. )
lify one set of hEufiStiC%,
ful in solving problems.

the problem,’

ductive,
but

istics before,

develop a
of . htufls
to use hEu

new publication:
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Mathematics Education

es

D

evide
evid
solv

ample

e
Sic Mathematics Goal,

B.0O1

mathemat=

i T
L1 T Ty

lau]

t

L]

students how to use the

Ultimately they wish to
nce that any particular list
ence that teaching students
ing ability.** f

problems 'are taken fr
cs a two

set prepafed by %t

middle

\m

they are hi
(1) The problem
jLﬂiuf

e nhw
[

shed b

Lo se

qolving heuristics or
high and senior high

in

artic 1at1Qn hEEWEtn %chuula can bLe 1mpluued if =
are familiar with the basic learnings taking place

In the following sectlon, wore Lhan Lwenlty hoea
desgribed, and exemplitied. The order of liscing

is the sdme urder as

When solving a particular

more often, seve

is familia

but

a student

they are referred to in the
a student Lulgll

the |

problem,
ral would be emploved.

r with problem solving heyristivs,

which he or she can use to attack problems

of Mathematlles.

y tha Ohio Department
"Becoming a Better Prob-
A Résuur ne for Pfgblen Solv-

condary teachers for three

zategies are applicable in
(2) many of the
secondary and (3)
ondary school Esachtr1,
in earlier grades.

:uhqal;
school,;
ec

will
them is not

k*riljl%;g} Solving buooklets.

e e SR

mpnlLant

L

Le llsted,
important,

R =1 Sy W

Lo L

use a single heuristic

point is that artc..

ley beotme a 1epeitolac

# National Council of Supervisors on Basl.,
“dﬁhﬁmifliql %kﬁr ‘;7T§%7iriﬁrp inted at the end
A For example, a list of 44 “pxublg@ aolving askills” (heurlatloa) Jdove Loped
in the Lane Gounty flathematics Project in bupene, vrepon Is att.ached at Uhe
end of this paper. Also, see lravers et al, !athematics Teaching (Chapter
5)-. MNew York: Harper and Row,.'1977. -
L U?;;
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"1 "Look for a Pattern

¢ (1) The ten members of a chess club decide to hold a taurﬁé;enﬁ and that
each member must play ééﬁry other one. How many games must be played?
Observe that ome player ‘must play 9 others and another player plays 8
new games (his game with the first plaver is' already accounted for.) A
third player plays in 7 new games (9-2). We see a pattern emerging.
(2) FilY in the,misging numbers in this sequence:
3.14, 3.11, 3%.08&, 3.05, ., , L 2.9,

PR

It

Eg§§p§gcﬁ a Table
- 77\77 L o A

(1) The problem 1.(l) could lend itself to solution by a table construc- N
tion as follows: . ) ; :
: Player . New'Games ' RS

¥
[ N il <D
TP~ O

o
— - T e .

\ \ ;

(ZY A woman makes furnifure asia hobby . If she uses 31 legs to make only 4

legged/benches and 3 legged stools, how many of each did shc make? Try

a table like the following: '
s

Benches Possible Stools.

fenches kos Btoels
7 L
6 2

Selutien
No

Yeo

3. Loynsider Puéﬁé&lll&i;g

All the above examples have employed tij1o b isti. A tabic Is o oway ol

systematically considering possibilities.
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'1 % , . ‘ X .
7 - . B.03
(1) Use the digits 0, 2, 4, 6, and 8 to fill in the e
the di-fference is as small as possible. -
BN I .
Act itgégt
(1) If six people meet and each shakes everyone ‘elge's hand, how many hand-
shakes take place? A group of students was given this problem and 6
of them went to a corner to act it out!
(2) Can you make change for 50¢ using (a) B-CGLHS; (b) "7 coins; (c) 8 coins?
(3) A man buys a h'ng for °560, sells it for $70, buys it back for $80 and
sells it for $90., Doés he make a profit or a 16ss? How much?
5 . '
Make a Model .
(1) Can yéu cut a circplar shape into 2 mépc@ﬂjfuént shapes that have

equal areas?

(2) A céfpgt 9m by 12m has éfhn,by‘gm piece cut out

model might help you find a solution.

L;g W
2 \‘r’ [.-
& iril% -7 li Iy
I
%
v

G tan e obitala s biters of wates oo b,
A_u:, L
mod. ]

cottiainet ! cubventent j.as

used in th.

ek = N

We emplionlze "guess dud check' (o ot L

.Al}r

Cliary

v

o4

[

b

a5 plctured. A scale

i

|3 A

|

formation which might be useful a., he or sue proceeas.,

implies sfmplv that the solver tries a solutlion but does not use Lhe

Formation,)

(b)) Can vou tlad 2
also ;’\é))! y.(L) and éﬁ-(.ﬂ:’) abov. .
(2) 1t each letiter ls a code tor o dlggp (v, 1, 2
following addicion problem? 7 :
SEND
+ MORE
MONEY

4
nuthefs FUeh that thell s

i)*

i

]

Lo

el

LY

: S

[ i

(“Af

Eleadurot

v,

3

FERE B BN

voold be Lasked iill‘«'ll«‘!rrldgljly Al

This heutletic is used often and can be productive.

. oa A
ial and .rro,
R
167 Huee
what 1 the
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8.
i

9.
10.
11.
12.
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wgrk Bagkw&rds ) IR ] I
(L) &lice, Barbara, and Connie played a game with chips. : ’ 7
Alice lost the first rdund, . ) . ’
Barbara lost the second round. . . ' [ - - -
Connie lost the third round. .- . Y-
If the loser ‘must double each player's chips, ahd edch had 8 chips at
the end of the 3 reunds, how many Ehips did each start with?
(2) One of nine baseballs is. heavier than the rest., How can ﬁmuidetéfﬁine
* which is the odd ball with a balance gcalg{ln just twa w51gh;ngs7 - *
E “Try. COHSldEflﬂg the last weighlng firgt. : -
/ i - = O R . E :
Make a Dfanﬁg:Eig7 or Graph - _ ’ T I
(1) Construct {l AXB isosceles with base angles of 159 amd obtuge an gIE at
X Knowing that ABCD is a bquara with X in the interior, pffga th§§§. )
X, C, and D fporm vertices of an equilateral Etldﬂglé - ‘ "ﬁ{x
(2) When standing atop an object of 10 or 20 feet high, if yau.lauk downy L
it appears much higher thap if you stand at the base and look up, Is
there a ﬁhYSLLal axplanaﬁlaﬁ of this? SN s -
(3) What is the largest area ydu can fenca in wltﬁ ASm Df fenc;ng 1t a -
lqéﬁﬁ barn can be used- tar one side? ' -
Select Apprnpflate Notation
(L) E'im‘i agll fﬁitgﬂglﬁb with Integtal sldes such that the airca t,:clugl::n LhL"
périmeter. , - o \
= P doesn't help much, but i
vi. A= 0 wand p = 28 + 2% or -
T w = 2%+ 2w might help.
Restdce the Problem (in yout uwn wuiuda)
(1) Canm yuu find 3 pusitive Intepers 5uch'tﬁa; the sau L lhe tyolprocals '
’ igyan® futeger? A useful restatement might be: ) )
(2) Find positive (distinct) integers A, B, «, sad D sudch that
1/a + 1/B + 1/C - D ; @
Ldent1fy Wanted, Glven, and Needed lulosmat i *
(L) A bottle of clder costs 50 cents.  If Lhe Lo custs 3o we chonn
the bottle, how much does the bottle cost:
() See 8.(1l) also.
Write gp Upen Hentenve
(1) [f'the perimeter of o teCtaugle lo 3dow and the loongth 1s Lwlee b
*long as the width, what are its diwensiouns? '
)
! 5 : v
[y ¢
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- St J oy H P
. A . A .
» (2) Three Guernsey cows and two Holstein cows give as much mllk in four
days as two Guernsey and four-Holstein cows give in thfee days. Which
kind of tow is.the ‘better milk: producer? ‘= .
. ,
(3) K can with 40 marbles in it weighed 135 grams. . The same can with 20
marbles weighed 75 g. What is.the weight of the can?
= . ; 3 .
13. ﬂlqegglfv a Subgoal .
51 . g. . . -
-Sometimes a problem may se®m overwhelming but there may be a 5ubgual which
o is simpler,
(1) I?il tn the missing numbers.in this addition table: =
HAloz b X
= ) 36 . . 29 .
32 . _ =0 N :
Nl NI
”‘ ‘Y ‘ =
' S Y ik 55 s [ 62 ]

The problem may appear ditticult, but wany. people could tind X, then Y,
then 4, etc .
t2) Olson, Smith, Hayward, and Dupcan had dinner ;Dg&Lht; ounengvening.
When they left the restaurant each of them, by mlztske, was wearing
the codat belonging to someune.else in the- Pdftv “and . the hat of yet
sUmeone =lse. Smith took Olson's hat, and- the man’ who took Duncan's
hat tuuh HﬂyWéfd & tudla Which hat anpd Lugn d1d each of the men take!

,»*'

14, Solve a 5i@£}¢ (or qlmlldr) Frublew
pAveE a2 llple Y Lol el
(1) wonalder the problewm 1.(1) QDQLL the oo L0 pamcs pla L, Ty
members. of a chess club . une Strate,y migh, ., could 1 so1ve (l,
aoblem I theie wore 2 Y, we d peaple in Lhe Lab
| s L I £ g
Vo Mooy Prvas can bie dioawn cona. Llng OO polaty v a0 a1 . P BT
ts slmpler (o Find an answer It one gynaiders che pootlea o, 2, 3,

1L
or 4 polnts (problew (1) and (2) are very Similar!)
= - : it T %
1 (PLEIQE tour F\;llii vl \{E;‘f
sumellmes a gsolver weels Fopstoallen vl g bay w0 polul ol viey g, e
. 3
New altlernat ives. . ]
%
= i i;’ ;"
] g‘L}
Q '
@
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is ope kilomeger ar
the test driver averages 30 km/h (kilometers hauf), How fast does
the car have to travel the ond lap to average 60 km/h for the 2

o]
laps? Wany people mlgh guess 90 km/h because 30 + 90 = 60. How-

m

we (1Y A test track for new ‘cars und., For the, first 1dp,: .,

2
,er; 90 is not co é%ect Try eca 1cu1at1ng the time to cover 2 laps at
h,o

i
<

(2) Without 1i ftlﬁg your penc
e ments which pass ‘through . 9 points . ) ' e

;;; »ivl . . v Lk . B - . - ‘ . / . ‘ =

\'r' o PURES

6. Check for Hidden. Assun

o

W

5
m
rﬂ
e
s
a
I
i
/
ﬁ'ﬁ

Here's a little exercise im creativity:

overed with sunuw are two skir tracks. One track is

(1) Coming dﬁwﬁ 4 c

. on one side of a tree and the vther is on the other side. Try to find
LAt least 1'0 different physicdl explanations to fit these facts,

- I \ : " -

DU[C

ik

17. Use a Re:

m
[

. Sometimes  some specific information may be helpful.. Adult p[ublem15§1VEfs
often leok up a formula they need or ask sumeone for help. It may be im-
- kgftqpt in working wi thyyoungsters to indicate that using a resource is
. often a viable heuristic. Anothér useful, and similar, heuristic is,
' "Draw fraom your cognitive background." ln problem 8.(1) one might have
‘to recall’what he or she knows about isosceles and equilateral triangles
te solve the Ptéblﬁm\ in lié(li one might need to recall D= rt.

L

HWule. lhe tinal 5 Heuristles are olitea called Mhuoking Back Strategied because
s they are ctypically employed after a solution has been found. However,

mathematics teachers reallze that o great deal of léwrulng can still
take place after une finds@a solurion to a problea. The looking back
heyrlstics are probat.ly the hardest L., teach because studeunts have been
vonditioned to step thiuking about o problem as soun as a auluLlun is /
round. We urge a cynderted effort o emphasizse these heuristles Lj -
prove student learning.

- w‘ | ! } %&w

18, LiL e 77£l§

[

&

" Utten Sulving a problew permits oo o Mabe a guocial stalement Which sovers
' 4 preat many situations, Including che problem just s.lved.
(1) Conslder problen 1 (1) at}_(;uL the hess club Atter tlodtag that the
situation calls tor 9t B8 + /7 oL 2 81 0 - 55
hard to see tthat if n people are 1n the club, _
(o 1) * (u - 2) + . . .t 2+ 1+t 0=n(n L) palics muat Lo played.
a2

game,, 10 0I5 nao
(Lhe sum of the first: (u 1) intugers. )

o 'é .

ERIC . o R
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*  B.O7 - . ) . - B.0?7
| s Tiﬁ;‘ R : - Cras s eE
lvad 8{(1) Jﬂd Fourd (via a elmplef problem =< -
« n : 2 buac ;rds) t'hat’tne heavy ball of 3 can be decgrmlned in ¥
one wnﬂghlq; and one of. 9 in two, he or She might determine that a
\ heavy ball 'can Be Emmd in n tl;;hiﬂg&; if there are.3" balls.
) ) - !7_ ; LoF i 57 . -
19:° Check the Seiution o ) - s .
i — g‘ . 'ii 1 —'\‘ : L]
ometimes make errors. Lhe;klrg the dolution rép,ﬁﬁ‘h?lﬁfUl‘iQ . ’
one frem thinking an ipcorrect -answer is:cdrréct. ‘For example,
i roblem 15.(1). lf a person tho ught @D km /h was Jcopgct; he or
' d check it as follols. \ o T s )
So~ the time f L;r' laps c::f 1 km gmh 'at 60 km/h would be: ’ ’ o : L
L ¥ B f [ B
. 1/20 hour = 2 mimates. S c : Ly
y ow long did the first lap take! ' : " o
; E = S . , Y
. 1/30 %hour = 2 minutes. . :
. -the Yriver cannot po fast enovugh tu do 2 laps atr 60 km/h it the
lap was at 30 km/hi . :
" 20, Find Another Way to Solve it , a
Often, after a problem has been suvlved, another, even "slicker” way can be
found tu solve the problem. Goad, Vbele% dre characterized as 531n5 .
sultvable in more than vne way--=1 I '
lem, students' efforts must follow a rigid path to gghich a solution. .
. ST . .
2l Fiud Auwethen Solutlvw . .
. ngpily,lzumg probleons Dave moryg il one solut o, Cunsider 2 (2) which
7 has more thdam o 'si fle solution. If this heuristic 1s in a student's repel

toite, additional se Lutkuﬂa may Lo seught

22¢ Study the sulution Process ' <
[ B =
_;L.u,. et Laat learnifgs can o0 0 e 0 01w soabben e Lelution pro
vess altgr worblng on o prubiem s sulhors aiast lngurstr Letween pooduc
:lljd poEoees 'L'.":x‘.'. Lhe produ. t in protlem Solbyving 1a L he l'lll:s..L-l'__"(;—a) Actyal ly .
ay. particul . pr‘.hlem inm of litile value in itaelf the 4N8wes 15 pot the
wedead fo Gather the student .’ .nbilit}: Lo oae hie e (%in; ut ﬁ1L)Lt,fifiI'ISHe_!:§ is of
arbdl calue. the piocesnscs He or She vuplovs are wuch mote Tmportant dand

nmelul ot futute problew s lvlug sltoatlons than the answe

.
!
o

o : : t)'
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. o NATIQHAL cauuclL OF SUPERVISQES aF MATHEMATN:S- R
e S %Y "pOSITION PAPER ON o
T T EAS!G MATHEMATH:AL SKILLS P A

INTEDDUCTIC‘)N

The t:,urrently pnpular slogan Back to the Easucs o There are many reasons why basn’ skllls must
has beco! nearallymg cry of many who perceive aneed - J’z;lm:ludp more than camputatlen The" present
-.for certain changes in-education. The result is a trend- - technological society requires daily.use of such skills’ as -
~that hasgamed considerable. momentum and -has . estlmatmg problem. solving,. mterpretlng data,,
-initiated demands for programs: and evaluatnons whu:h - -organizing data, measuring, predlctmg and applymg
émphaSlEe narrowly 'defined skills. - mathematics ' to everyday - situations.. The changing -
.7 Mathematics-. educators “find themselves under "~ needs of society, the. explosion of: thes ‘amount- of
;consuderablg pressure - from boards -of  education,, = quantitative data, and (hedavsllabmty of: camputers and
legislatures, and citizens’ groups who are demandmg . _calculators demand efining: of the priorities for :.
~instructional” programs which will -guarantee acquisi- . ‘basic -mathematics -skills. -In FECOQﬁItIOﬁ of - the
‘tion 'of cemputational skills. Leaders in mathematics - madequacy of computation alone, NCSM is going.'on.
education haveexpressedaneedforclanfymg what are. record -as providing both - a: general ‘list of basic

. mathematical skills and a clarification of_ the need for

" the "basic skills needed by students who hope to
: such an expanded definition of basic skKills.

'partnclpate successfully in-adult society. .

' The narrow definition of basic skills whnch equates . Any‘list of basic skills-must include C;Dmputatlon
mathematical competence with .computational abmty - _ However, . 'the role of computational skills “in
has evolved as a result of several forces: : mathematlﬁs must be seen.in the ‘light .of the
-, -~ 15— Declining scores on. standardized achievemént. -~ - ~contributions . they--make . to —one's -ability -to use~—
) tests and college entrance examinations; : .Jnathématics -.in" everyday- living. In  isolation,
~ 2. Reactions to the results of the National Assess— .~ computational’ skills- contribute little to one's ability” to”
mént of,Educational Progress: ‘ -participate in mainstream society. Combined-effectively
: Rising costs of -education and mcreasmg de-. . . with the other skill areas, they provide the.learner with -
. maﬂds for accountability, S the basu: mathematlcal ablllty needed hy adults o
‘4." Shifting .emphasis in mafhematu:s educatmﬁ R . .
from curriculum contenttomstructlonalmethods S . T
and alternatives; - i/ o Sl T e, IR .
5 “Increased awareness of the need to. pro‘vude” T oG T
:remedial-and compensatory programs N Lo S UL
" 6. The widespread -publicity: glven to each of {he e —————— = a———
above by the media, - ' DEFINING EASIC SI(ILLS P
Thns w:despread pubhr:nty in’ partncular has gen— E i — ,':';i',
. erated a call for action from governmental agencies, D s - ' S
educational organizations, -and community groups. ln - - The NGSM wews basnc mathematlcal skills -as -
responding to these calls, the National Institute of . falliﬁg under ten vital areas. The ten skill ardas are '
Education adopted the area of basic skills as a.major. . - .interrelated and many overlap with each other and with - -
-priority. This resulted in a Conference -on Basic - = other disciplines:‘All are basic to pupils’ development of
‘Mathematical Skills: and Learmng held m Euclid, C‘Jhlo "'~ the ability to reason effectively in varied.situations. =
in-October, 1975, - Thig expanded list i$ presented withthe conviction
« - T-he National Ccyuncll of Superglsors ‘of .. that, mathematics education must not emphasize
Mathematics (NGSM) durihg the 1976 Annual. Meeting .~ computational skills to the: neglect of othercriticalareas . -
in Atlanta, Georgia, met in a special session to discuss. ' ofs mathematics. The ten <components .of basic.
“the-Euclid Conference Report. More than100 membess . .~ ‘mathematicat’skills are listed below, bat tHé order of =
participating in.that sescion expressed the need for a. - - their listing should riot be" interpreted -as indicating -
unified position on basic mathematical skills which * either a pn@nty{ of importance or a sequence for .
would enaple-them to provide more effective leadership' = . teaching and learninhg.. o
within their respective schaolsystems to give adequate - * - Furthermore, as society changes ﬂur ideas abr::ut'.' '
-rationale and directioh in'their tasks of implementing which skills are-basic also change. For example today
.basic mathematics programs, and.to appropriately our. students should learn to measure in -both the
expand the definition of basic skills. Hence, by-an customary and metric systems but in the“uture the
overwhelming majority, they mandated .the NCSM to significance of the customary system will'be mostly
establish a task force to formulate a position on basic ‘historical: There, will-also be increasing emphasis .on
’mathematlcal skills. Thig ststerﬁent is the result of that, w en, dnd how to use hand-held c;alc:ulators and other,
| Q_jomc dewces in mathematlcs : gl o

wll Toxt Provided by ERIC




Pro Iern Selvmg 1 o S N

Leermng to eelvéﬁprobleme i he prmclpel reesoﬁ
for -studying. mathematics. Problem- solving .is. the'"
‘process of applying prevneuely -acquired knewledge to"

:texte is cne ferm of problem eolvmg, but students also:
problems. F-‘rob-’

|llustret|ng results,

= ,,-sxudente need te be able to epply the rulee of -
i -‘-qum neceeeery toarriveatvalid conclusions. They must
~1'be'able to determine: which’: fac ' &
‘Ishouid be‘unfearful of amwng at tentative eeneluenone
% and tney muet be wnlhng to eubjer:t theee eoneluelene ;o

‘ ecrunny T A A

R

Ap;:lying M’ethemelies te Eve’ryde'y Siluel!ens
The use of mathemetrce is mterreleted wnth all
cemeutetlcn activities. Students should be enceureged
‘Hto take everyday - situations,. translate them .into -
: ;methemencel expreeenene solve the. methemetlee 'end
‘mferpret the results Iﬂ hght of the lnmel ely,letlen o

[
.

o] Alertness 1o the Reasonableness of Results -

.~ Duetoarithmeticerrors or other mistaKes, results of
mathematical. work are sometimes -wrong. Students’
should learn to mepex:t all results and to. check for
reasonabléness in terms of the original problem. "With-
the increase in the use ef eeleeletlng dev:ees in eoenety

this eklll 15 eeeentlel T ) }

éf

B

Eehmehnn end Apprex!mehen

Students sh‘c:ruld be eble to cerry out repld

§ They should. acquire some -simple techniques for

-f estimating quantity,.length, distance, weight, ‘etc. It.is

1 also .hecessary to decide when a pertlculer reSuIt s e
precnee enough for the purpoee ‘at hend )

| A Appraprlete Qamputehﬁnel Skllls T

Studente should gain facmty with’ addmen eub—
tfraction, mulnphcenon and division with: whole num-
.bers and.decimals. Today it must be recagnized that
long, complicated. computations wili-usually .be. done .
with a. calculator. Knowledge. of single-digit number
facts is essential and méntal arithmetic is a valuable
skill Moreover, there are everyday situations which -
nemend ‘recognition-of, end enmple eomputetxon wnth
Emc’imcm frectlene o o .

A st provea oy crvc [ IR she

. ee.me,y

- lw:H need to function effectively in- the3-dimensional :
new and unfamiliarsituations. Solving word problemsin =~ -

ok
G\géuestlons dnalyz-. ., “figures, particularly those propertie

- measurement--and- problem eelwng

k emong DbjEC S

Measurement

- end Grephs

. information into more menag able or meemngful terms

:epprexlmete calculations by first rounding off numbers. ..

- with how mathematics is ysed tc; help make predxctuone

'cemputere can and. cannot. do. Students-should be’
- aware of the many ueeeefeemputerenneocmw suchas ‘

meuntelned

Stedente should Ieern the geometne concepts they

world. They should have knowledge of concepls’ Such as.,
pqint, line, plane, paraliel, and perpendneuler They
- should know ' basic prcpertlee ‘of e{mple geemetnc_
which relate. to |-
kills They eleb« t

As a rnnn_nmum- ekill etudente ehould;be;,ebie tcr
measure distance,. welght time, - capacity, ‘and.’
tempereture Measurement Df engles and t:ert:ufetlans
should be eble to perforrn measurement |n beth me_tnc
- and-customary systems using the*appropriate tools. | =

Eeeding, Interpbehng. end C‘.enelrueliig Tebles Charts

B

Studente ehould know how to reed end drew
“'conclusions* from simple’. tables, ‘maps,  charts, and -
graphs. They ehould be able to condense: numerl\:al

by semng ue elmple teblee cnerte and" grephe

Ueing Melﬁemeliee to Predie‘l.‘ . _

Students ehould leern hew elementery netmne of
probeblllly areusedto dete:mlne the likelihood.of future’,
events *They.shou arn to identify situations where
immediate past™.eéxperience does not affect the-,
" lihood- of future events. They should become fem;l f

eueh as eleetnon fereceete _ . CHE

empeté_r' L";ereey"‘“ e

It s nmpOrtent fm all. c:mzens to understand what

their use in teaching/learning, financial treneaulons‘-
.-and .information storage and retrieval. The “myshque”

surrgundmg computers is disturbing-and can put
persans’ with no understanding: of mputers at a
"disadvantage. The Jncreasing use o compulers. by
‘government, industry, -and- business - demends an
ewerenese of. computer USEes. and llmnatlene

D4
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: EEVELDPING THE BASIC SKILLS Sl

" consider-the: ddorscperimg/docr-closmg implications’
-of the list: THe followingydiagram ‘illuistrates expected

PR LEADERS

Emplnyment and ed'
cational -
fl willcontinue-
increase.  as

“EXPANDED SKILLS }
s MathEmatucal sklll 4

Aﬁybﬁe édé’ptiﬁé’ a d'é'f'ir{ition c:f basic skilié éhbuia :

' -outcomes asso«:iated wnth varioys - amc:unts of skill*: -

" Expected Outcomes *

- opti ons that can-provide the opportunity to. learn basic

opportunities:|
folf
: mathe-r I
rnahcal sk\lls COﬂtlﬂuE -

.educdtion - ‘épportuni-

¥ years a student is in school.

EMPLDYMENT VEHY
1 PROGRESS -

.. LIKEL_Y |
Empl@yment oppo j- ’
‘tunitiés - are pred t-

“able. Doors-to" further

IIES EI"E OE!Eﬁ

TMINIMAL SKiLLs |-

[ ImfAted skills, pnrnanly _
-Gcmputatlon ‘Little| ~ } LIMITED
GPPDRTUNITIES

I exposure to-the.other |
skill " dreas - descrlbed ;Jnemploymenthkely
Potential generally -

| here.:
) I|mlted tD lc:w-level

| boards and state legislatures

ére starting’to mandate - mastery of mjnirhum éssential

9
sk:lfs in-feading and mathematics as a requirement for .-

" high-school graduation..|n the process, they. $hauld P

consider the potential pnfalls of doing ‘thig thhout an.
appraprnate definition of basn: skrlls A the
». mathematics requnrémer-ts are set mordma!ely hjgh
. thenasrgmflcantnumber of-students may notbeableto®’
- -graduate: ' On the -other- hand: if - the- mathematics

requirements are$ef too low and mathematical skills are
_ “the result could be a sterile .
. mathematics- program’ corncentrating exclusively on - -

too narrowly defined,

. .~learning of low-level mathematical skills.- This position,,
.ﬁaﬁer neither, recommends nor condemns minimal

competencies for high-school graduation. However, the -

ten components of basic skills stated here can serve as
guidelines for state-and local school systems that are
- considering the establishment of mlmmum e;sf-ntnal
graduatxcm requxremerl;s .

Aruitoxt provided by Eic:

_ E)ﬂe in ,_.w:dual dnffereme amaﬂg students is style or”
 way of learning. In offering_.opportunities to learn.the -

__basic skilis. options must be’ prowded to ‘meet these
varying: learning styles. The' present “back-to-basics”".

* Certainly drill and. prat:tn:e |51vnab|, ption, butltls

‘only one of many pgss;ble ways tobring about, Iearnmg -

--and ' to c:reate interest -and ‘motivation’ in. studets:
) ,Learnmg centers contracts, tutanalsessxons ;nd:wdual
and Small—qr@up pro;ems games. . simulations” and ™
community-based ’ activitie's are .some of the other.
1

udents. Tully understanc

the. f raﬂgﬂ of at:tmt:a_ and; materials” availal
: iria:!uding objects the students can actually hand|e

.. The learning of basic imathematical skill§is- a
'*contlﬁUIng process’ ‘which. extends thrcxugh;éll of the
r particular, atendency to-

_emphasize computation w
ementa 'y Ie

z - skill* areas: at the :

E\!ALUATING AND RE’

‘ pup:l prggress /

’ In evaluation, test results ‘are: LJSEd to. ,udge the

" effectiveness  of the-mstructiora: process and .to-make -
. needed ad]u;tmem,, in-the curriculum-and’ mstrur:;fn:m
for the. individual gtudent. In gf‘n_eral both edut:atars
.and the pablic have. accepted angd emphasized an-
‘overuse- of. and/ overconfidence
standardized /tests. Standardnzed

. _'comparisons bétween stidents and can provide a. rank
" ordering.of-individuals: schools, or distrigts. However,

staﬂdardnzed t,—sts have several Ixmltatnonsmcludmg the

tests vyigld

L followmg . -

“item; are nz:t necessanly generated to rﬁeasure

'- a specific objecnve or instructional aim,

- b.’ The tests measure only a sample of the’ content

: ‘that ‘fmakes -up.a. program certam outcames are
~»  not Fneasured at all. et

= ﬁega /.
- about’  how much. mathematxcs ‘a::student’ ‘khows,.

“standardi ,ed tests are notthe best: mstrumer’lts avanlable

' suc:h as/ /x:ntern:m tests or competency tests must be
: t:onsnje ed Incriterion tests, #ems are genersted which
‘measure the: specific . DbjECtIVES of the program ‘and.

.which- e’stabnsh the student's level of mastery. of these -

'ob]ectnves Competency tests are designed to determme

if the |7|d:vudua! ‘has mastei ed, the-skills necessary fora

- certain purpose such as entry intothe job market. There .
is also need for open+ended assessments such as.
obserVations, interviews. and ‘manipulative tasks to
assesh skills which papef ‘and pencil tests "do not
measlre adequately. '

..~ . Repaorts of pupil progress will Surély be msqe But

_’whnle standard|zed tests wiil ‘probably - continue to

f' __drjrnmate the testing scene for several years, there is:an -
urgent need to bedin reporting pupil progréss in “other .

terT s. such as- crjterion tests and compatency

LI S . B

"the results !cf :

~"for reporting-individual pupii-growth. Other diternatives . :

oo movement may Iead to an emphaas @n dle and ﬁractn:e ' "
: ‘as a way- to-learn.- . : o

, heglettmg;tﬁe other nine z -
i mugtf be avoxded

Ay

EF

se they do not supbly;su_fhclem mformatnon

i



“rieasures. T hi 50! demaﬁﬁ .an mm
.extenswe prog
. .general pt

"the instructional process. -

randam ‘sample, can-resultin mterpretatncms which
have great influence on -curriculum.’

L c:urrn:ulum Or. the<esults n‘nght mdmate that students
-t are ccnfused about ' some- tgpic - as. a result of
-+ inappropriate -teaching procedures. ILE any.’ case, test
;:results shDuld be carefully examined by educators wi

iate ‘and’ T
i'of inservice education to instrictthe " . (

: G on-the meaning and interpretation of -~ .=
- such dataidnd to'enable teachers to use testmg asa wta!- AR

ge scale testing, whether mvglvmg all students

revisions: and.
~development, Test: .results can_indicare. for: -example:
<! that.a: partu;ular mathematical topic-is. beingy taught at ..
.- thé wrong tlme in the student's development and that.it - _

might -better. be. introduced later or earlier in the

"y 'On basic’ mathemiatical -

S The present paper rapresen_
“attempt by the Nationai Cauncil .
- Mathematics to clarify- and z:ornmum_
‘skills. T -
establishes a”framework - withip n-
B prm:lr arn ptaﬁnmg and. |mplemental|on; uan be-madg.” -
-also - sets_. forth: the underlymg ‘rationale - for
~|denhfymg and- developing ‘basic- skills and for "
. ‘evaluating, pUpils’ acquisition af tHeae. ‘competencies’
_The NCSM position underscores.’ fundamental -~
ghef of the Nahona! Council: of Supervmjrs of .
athematscs that any.. effective: program of ha;:c:_’fi_
§thematn:al skills .must.be directed not-"back” but

pward “to” the ™ ‘essential needs @f afjnlts fin- thp**—-
Co < ipresent and f%ture . v -
Sy T Lo R
. " - T = P ’ - B a ; i . "
. T S N
S You are encauraged to make and S : :
ﬂlstr]buie coples i;if thls paper- N
S __NATIC)NAL G@UNCIL OF SUF‘ERVISDRS GZ)F MA’THEMATIC‘% SRR
~ %+ . ... -. ~Yc/oRoss Taylor- ~ ) T S
e © s Minneapaolis F‘ubhc Sr:hm:»ls R o

The NCSM pQSIhOﬁ paper was: prepared' B
: pursuant to a“contract with the National .
Institute of Education, U:8. Departmenf_
~of * 'Health; . Education. -and Welfare.
Gontractars undertakmg such DFQ]E‘CtS-_-.‘.‘
under government spansorshup -are
=i encouraged - -to* .express - freely-- their =
~ judgment in prcfess:onal and tec‘hmc;al-.
- matters. ‘Points of view or ‘opinions do .
" not; “therefore, necessarily represent
" official Natiopal Insmute of Education -
"”osutnc:n or pollc:y et a T )

|| 807 Broadway N.-E. v S L
: aneapahs anesma 55413 LT
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D Solve§=gutt1ﬁg it thétth—‘SYﬂthESls S

23,

25

26

27l
“contradictions).’

e
- 28
29.

- 30,7

S 3LL

: Satlsfy one. CGDdltlDﬁ at-a .time:

blemﬁD‘Ecavéry, Farmulat;nn

king Inf@rmatiéﬁ

thé=pféblémfin }DUE?QWﬂ:Wﬁde (Read and restéte A R
Clatify the prablem by ‘asking. quEStanS, : HERETER ;
Visualize an abgect fram 1§s dEECTlptan, mathamatiﬁal DDEathn, or 1t5
dfaw1ﬁg.. . : v s :

Determipe and collect data neaded to sclve the. p:ablem.
Sharegégta ‘and results with other interested pefscnsi_ a T
Llsten “EO. persans (;ntluding teaﬁher) who have relevant- knawledge and ,g'[
experlances to share. . _ : ER B PR R

dentify’ saurcag of: 1nfo§matlan S ig ST li'=_>';!

B ! Search prlnted matter for needed 1nfafmatlan SR “”Laf';rvvf LT
_};ID Méke necessary measufements for- abcainlng 4 salutlan._'igf : E j* -
RS s REcnrd solution- passlb;l;tlgs, SDlLtlDﬂ attemﬁts (inrludlng maklng a
ST 1istore ‘table). . . T
’lz{i Recall and: llEt felatédg;nfcrmat19n and¢kanledge,_Z :1, S ,;'f*~
C. Analyzlng Infﬂrmatlgn T PR e -"';' o
"13 ] Ellmlnate ‘(or igﬁcfe date (or 1nfcfmatlcn) ﬁat needed - /
14, Reccgnlze attributes (prapertles) of an object or mathematical idea._- ,
~15:Find 1likenesses—and - differencess < — o e e el
-v”;lé Classlfy gb;ects or mathematlcal ideas (saftlng) _ S 2/
17 ‘Make’ and use a dfaw;ng, dlagram, or physlgal deLl o
_-'ilS Make & systematic 115t1ng§ a- table, chart, or gfaph T / »
19, Identify trends- (pattafns) suggested by data,iﬂ 1ists,_charts tablés, ST
o or graphs. R : T e T _v/x L
cow 2D ‘Seléct appropriate ngtatlan ' L R e
- :.21:  Translate- the problem sltuatlan 1nté*mathemat1cal natatiﬂn
222, “Break a campllcated prcblem into’ maﬁagEable parts. (Ereak prablem 1ntg

parts or Stéps ) : L s e / .

‘Make pfedictlans and EDnJECturES (usually statements Df relatlanshlps) f
based upon ‘observed: patterns.. , ! / . A :

" Make decisions. b§géd upon data S - j

‘Make necessary measurements for- checklng a §D1utléﬁ

Make necessary: camputatlnns needed for the sulutlcn’

Recognize .limits. aﬂd/af éllmlﬁate pDS%lbllltlES (1nclud;ﬂg the use of

Make reasnnable Estlmates as answers _ o
"Guess, check, and.réefine. S R A

Solvé an easier but related prablem Study sglutlan pfgces f cluesi

’*Develuped by the Lane~ Caunty Mathemat;cs Pr333ct - QOscarp Sch?af,_ﬂifectar.,v

_Eugene, Dregﬂn 1978

.

W
;ﬁﬂ




“7,Chéck'éafCulated answers by maklng appraxlmatlcn
BS;J;Betect errors. . - S '

N

"oaklng Back Cansalldatlng Gains LT N o : .
Make explanatlbns based upon'data. . = . R - ”,*i_ Co.
SDlVE a problem by using différent procedures.: o : ' ’
or "bé aware o fi- ﬂther soluticﬁg (1ﬁcludlﬁ Fthe use af symmetry)
'40;_ Dﬂuble chfgk Sﬂlutlﬂns by u51ng some formal reascnlng methgd (matheE»
- - matlcal prgaf) ) o - . L o - AT . . :
- 41 IJEtudy the solution process: = . - - ""}"f '? ;a" S R e

42, Find, o¥ 1ﬁvent a prublam situatinn Wthh can bE salved by a, set Df cal- -

" ‘culators. S uE : : ”

f"43;; Generaiiga agﬁiﬁPlem salutign ED as_ ED 1nclude Dthar sclutlons,

F.- Laak;ng Ahead——Fcrmulatlng New Prablams v L : L
C b4, fnvent .new pfablems by varying an Dld one’ Clncludiﬂg the use nf analagy

& .., o
LGy , - \
v .JV




* . 'PROBLEM SOLVING RESOURCES ~ .= = v v oo

"A-‘zPBQB@EMfSDLViNG'STEAiEGIEé:Ahﬁfﬁgw'TQ}TEACH;PRDBLEMfééLVIﬁG‘

E@tts, Truman-'i"PrDblem Solv;ng-ln Mathematic% fx II Mgphgmat;cs
_'Ieacher, 58 (Dr_-t., Nov. lQéE) hgé-goo 596—6@0 ‘ o

A‘g.Emphaslzesthe 1mpartance of: Erablem salv1ng,1n schDal mathematlcgff iVji

- and-illustrates the way in WhlEh one'”’ d problem 1eaﬂs‘to ‘a whole R
”chaln Oof. problems : ] -

Loy

Scétt Foresman & Company, 1973

) :;ESA collectlcn Df problems deallng w1th arlthmetlc and elemegtary .1_-A:5;
L \numher theory,'lncludes some dlscu331on af prablem s@lu&ng fr@m,"-ﬂl”"‘

; *Bﬁtts, Thémasi Prablem Solvlng in Mathe 1,sziléléﬁviéﬁi 11

'"Cﬂnguerlng Word Pfablems.an Mathematlcs Glen Ellyn, Illlnols
S :Math. House, 1979 A , e e ] A -
v?;5°f?:szen cassette/w@rksheet lESSOﬁS on Practlcal ways to apprcach gprd‘
oY problems. Topics range ffom how to. rea@ the. prablem tD'ChEEklﬂg
~the ansﬁer.i' ‘15 e PR A 1A.; IR , $a

S

. *Fremant Herbert;v Teachlng Secondaf§ Mathematlcs Thro;gh Appligﬁ'lans
Vw{fﬁﬂ:ﬁi(gnd Edltlan) Bostan Prlndle, Weber anﬂ Schmldt lQTQ :

: A methads course. textbook which takes a Problém—SQlVlng apprcach L
to - davel@plng appreglatlon énd\enthu51asm for mathematics. It.. .
'?';utlllzes a wide variety. of. appllcatlans and puzzles ta 1lluatrate‘

v:;;"v7'£': vhy mathematlcs is. 1mportant.; . f“,' ‘ . -‘le' IR
“g ‘ k& S ; ; S g -
ne

*Gardner Martln ‘Thgrghg}ch;“* New York. 1SQientifiE’Ame?icag;A nc,
Sudde& hunchés ﬁhat lead to short elegant problem Eolutlong_areA:
. sometimes called "aha!" reactions. .This is a set of six-sets of
B mathematlcal prcblems Presented in fllmstrlplﬁgssette farmat

*Gardﬁe;? Martin. Aha; Insight ~San Fragclscoi_ W;‘H; Freeman & Co. " .
1978. - A~ S Ai‘:A? ' . T-AA A>“
A g o )

i"‘:sz.:-fl:yai;ure Puzzles whlgh have g;i kle salutlans, each presentea

*Goldln, Gerald AL and McCllntDCk c. Edw1n (edltors) Task Varlablee-gil
in Mathematlcal Problem Salvlng, leumbus, ERIC/SMEAC l979

R 3 ;A framewofk —for. research in prﬂblem solvlng is prav;ﬂed by
' categor121ng and deflnlng variables descrlblng problem tasks.
Teachlng atrategles are also descrlb?ﬂ

%




*Gr enes, Carcle, Gragary, JDhH §nd Seymmur, Dale.; Successful PréblEﬁF
: _{Sle1ngLTeehn1ques.: Palo Ait@ Callfornla, Creétlve Publlcatlans,i

) ' "Descrlhes nine’ bas;c technlques f@r salv1ng problems. - The"EGok'ié
e _grr wr;tﬁen.for bath gtudcﬂts and teachers . Limited reprcductlan

. i - :’l L
v T

Wlllcutt% Robert, and Sp;kell Mark._ Problem Soh“
' ndle, Weber f’ N

' *Greeneg,>Carale

A { ) ,fv1ce or - 1ns52rv1ce mathemat;cs educatlon
o vcourses. The lessans, based on clESSrQom experlences, ére 1ntended oY
t;-f' ta develop problemfsolv;ng‘ab ties v;a laboratory act1v1tles

*Hatflela La””y and: Bradbard Dav1d’(ed1t@rs) Mathematlcal Problem

Salv;ng:~ Papers from Research Wbrkshop Columbu&, ERIC/SMEAC
Flve papers dLScuSSlng re .se h and 1n ﬁructian in prcblem solv1ng

f’”ﬂ Plngry‘r Eobertiﬁ ""PTablEm Solvlng ine
1 m “Its Theory and

A useful reference for the teagherthatdlséu ses the thearles Qf S
: prcblem s86lving and th21r ;mpl;cstlans far 1nstruct10nal appraaches=
"Tj' Ain thelqlassro@m.» S S : v
B V- :

Higgins Jan Lo "A New Laak at. Heurlstlc Teachlng. ngpggﬁaticé. T
Teac,er Sh (Dct 197l), ABT—&QE : LT

= . A reformulatloﬂ Df the cancept of haur;stlc teach}ﬂg-jn terms of

problem 'solving methods and. 1nstru¢tlonal methmds ,;Céw’eqpences _; :' *
‘lnclude a more flexible approach to and more Stuient pa tlclpatlan ' .
_in the teachlﬂg/learnlﬂg process. Lo & SR SR

Hugheg, Earnabas, Ih;nklng Thraugh Problems, Palé Al%é,lca;ifargiag'_;a“
Creatlve Publlgatlanss lQT ek . C e

A mangal whlch prcvldes the teacher with a structure w1th1n whlgh
_‘problem: solving comes ‘alive. Uses tQPlES such as Pascal's trlsi_
, ang;eg Flbanaccl numberg, and finite differences to arouse ’

| . Students’ 1nterest in EKPlorlng and analyz;ng Patterns For,

4
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¥
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;aChlcagD. Eclence Research Assoclatas-

v 197“

Thls classroom klt 1ncludes 12 problem—solv1ng Sectlons, each &
 wh1ch stresses a dlfferent Prﬂblemesolv1ng technlque or ares
-addition to the stuaent wurkcards and record. folders, the ki

_ tains ‘spirit masters far evaluat;ng student achlevement and
”=_,teacher S- guide.,‘ : : TR

"lﬂiJu Wallace. Ermblem Salv1ng Klt for USE vlth 8_ Gglculatar

lath aafbiumé'é L
& 101 in Stanfgrd Ghllfornla-_ ‘School _ o
o Méthematlcs Study GTDEP, 1972-- Avallabie fram Natlonal Ccuncl R

'.m

'"Prablém’501v1ng.;f

";fﬁ yearbaok @f the LT
WashlngtiOn Doc. 7y sk

Klnsella J J

' National ;Qunéll af Teachers Df Mathematles

o
[

s Thls ﬁlscu351én Pr'

es ¢eachers w;th an’ extens;ve CDllEEtlon

k %vﬁ*KIul1k StEPhEﬂ (EﬂltDr) Pf@blem S@lv;ﬁg};n School Métheﬁatlcs,'léadi'

dmiearbock Reston, Va. Natl@nal C@uncll of Teachers Gf M%Fhemat;cs, -
198@ & R o uxiA, St — -

" A collectlon ‘of essays on learnlng and teach;ng how'to~splve ’ : )
- prokiems: - Brand-new! j"'Tf“.. T o ~~%f*~nwwmrm~5JQ

'_'s

A Handbaak for

Krulik;'-”rphen ‘and’ Rudﬂlck Jesse A Problem,Salv1n :
Tl ;eachers Rock121gh N.Y." Langwoad Division, Allyn and Eacon, 1980

A collecticﬂ of Problem solv1ng strategles and teachlng suggestlons,g K
pliis strategy gameg over '200 unusual problems§ and .25 blackllne Thyl o
masters of gelectéd pr@blems ready “for- dupllcatlon“' B . '

*Lesh Rl:hard et al (EdltDIS) Applled Mathematlcal Problem Solv;ng
' CDlumbus ERIC/SMEAG 1979 R o_.,_ -
Var;ea perspectlves on’ applled problem.sa1v1ng, 1ncluﬁ1ng research
flndlngf -and mgdels for 1ngtruct1cn Con51ders motlvatlcn, 1earn— ,
~ing- dlsabllltléﬁ, Informatlon prccess;ng, and theorles of prablem - 5
sclvlng e AR : : " o _

§M21rlng, Steven Probieﬁ'%biving A B351c Mathematlcs Goal : éclumbus,_
Ohio. Department of* Edu:atlon 1979. : ’ : N

.A résource manual far 1ﬂ=gerv1ceﬁeducat1§n__ Includes an alalysianf .
. yproblemfsolv1ng strategle , teaching:considerations, -and ways ta e
make problem SolVlng part of any mathematlcs currlculum T e "

.j
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and a mathematlcal Questlon tD bg!anSWEred on ;.f?,'
S the basls cf thlE quotat;on‘* : . :

: 22;fj *Eclya, George. Havftg,gg;yg>i§}:;'l'”;f?if:

'A class;c handbaak Df problem—SGIVing teehnlques, Qrganlzed araund
;four maln themes understanding the problem,’ devising a plan,"
" carrying out ‘the plan and . loaklng Tback. » Includes a "dlctlanary :
of Heurlstlé- V7'u1-,”A¢, . fa," v'?; L R

'jproblem splv1ﬂg-

. ,*"P?oblem SOLV1ng " ‘SP lal issue Df The Arlthmetlc Teachar, 252; k

§f (Ngvember 1977) _ . , S " =
f - :A.ASPEE‘L’.E Df téau:hlng prDblém Solv:mg -in thé‘prlmagy anﬂ mg.cid;é '

s TLschool clasgrap', Includes psych@loglcal research pedagag;cai
e 1&335, and a dlai'ostlcaprescrlgtlvé approach tD teachlng word
fprablems._" : L TR ,

H r’,v

. : o e »- . . : : &3‘ V T V |
Scamdura; Ji M. "Mathematlcal Problém Smlvlng Amerlcan Mathematleal:}ﬁ;g;:
MQnthl 81 (March 1974),- A . B

al majcr paftlanh S ’bfﬁ
. ooae - sthe. presence or gbsencef

S 55' p@ssible to"combine. the”
: ' 1nto a- coherent: whole




r garet.: F;nlte leferences : A Pattern— };_”f\g;.=
GVETY APPrGach tc Problem Sclvlﬁg, Pal@ Altc, Callfcrnlal."ﬁ s

Lt .. - 0t

s, 1973, _ | ¥ "
 jAfself—teach1ﬂg rESGurEe us;ng a flﬂlte dlfferences appr ch tD e
"solving problems.i The book is appraprlate for studénts teachers

R ”}7pmssasalng ;8 wide range of Pr@blém Solvlng Ekllls and. mathematlcs
kﬁ' ‘.-f.g‘ .bagkgrcunds R . S ;‘,:

' f*"Teachlng via Problém Salvlng, Tnlbﬁdéafigs and Mathematlcs :LEalé_.g=

:aAltG Callfarn;a 4~Creat1ve Publlcatlans, 1978

- :Trautman,_Anarla Prlce,'and Llchtenger, Eetty‘Plunkett "Prablem - ;
. Solving® 1n the General Mathematlcs Classrcamu,‘ ] .
'{:q;J.!Desgribes seven SPEElflE abllltles related t@ solv1ng problems )
'and'suggests apprcpriate prgblem-salv1ng act1v1tles that help ta i
N ; ﬁthése;épecifigféb;lltl_ . - ‘ : g
T &
. maacr methadsk IlluStrat1Vé problemq
. »‘»f--z.q. LT AU j= : ©
: Prav1dea prablemrsalv1n 1 f i?f
W atlgnal and. abstract levels .
'ﬂ;‘lévels 4* : Tt
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’ Eall W W Rauae,'and Caxeter H 5" Math bical: e:reatlans ‘dnd”
- Terar a,ﬂﬂ”ivezsltﬁ,af I@rcnte Pressg

Essazs, twel"h_edltlcn.
197h . .

-5 t&st’ in a lang line ¢ , 1.
] @blems whase Ehléi appeal is as games mr puzzleg, rather t@an

*Eell :Max S.. ;
: . Studles in Mathematics, Val%

furcé back of . mathemﬁtlcal prébleme takenyfrgm th§=real warld
rizes mathematlcal }@dels, numerlcal 1nf@rmatlan, mea;ureE

F@ulés pnablems aré apenzended, and few. ans wers
2} , (edltér) -Same Uses Df Mat] ‘métl' Btudies’ in -
o Mathematlcsg Valume XVI_ SMSG 1967 - i' ' l{ff "
> A callectlan of Eh artlclés reprlnted from The Mathematlcs S jr
P o Teacher, The American Mathemaﬁltal MDnthly and other soufces. T
A 35 .77A11 deal w1th appllcatlcn aff athematlcs in the real w@rld -
T BT SRR R
. Ma “(ea;te:u:*).1 Mathem;}aeal Challenges iRESth, Va e
nal C_uﬁcll af Teachers of ‘Mathematlcs' l965 - :§2fw%iflf*fmf
,otatei callect;an cf 1hQ prablems fram the Mathematlcg ‘ﬁfﬂ-gA_;;'
PIGVldES a varlety of challenges nDt usually R

found “n textbaaksi ' 1_' R :,,»_ __g, T -AY;»

- 8?

A CDllECthn éf problems ana puzzlas based qp algebr arlthmetlc,:*

r~fﬂgegmetry, l@gl:,;cgmblnatorles, and prebablllty Incru, a]
wh1m31cai Prpblemsi_ : S - AR

fNéw"igfkg charies: P

- Settings are hlghly m@tlvatlonal
' ablllty Gf secondary students S ,-_!j‘._dh : uﬁ:;-




Ecncerneﬁ w1th develaplng the 1nt t

Many examples of. prablems

U S
A . . L a

o FrDhlichsteln, Jack. AMathematlcal Fuﬁ,fGames

3 ',or hlgh and general math

= .

qulck access to prahlem solv1ﬂ 8
ular tDpng UBder study -

nardner Martln.x Mathemat rél Maglc ghcw,ZNeW Ycrk Alfréi A Kncpf
1971 -%i-;.,",f

}The 1atest in a: 1ong 11ﬂe of books based on the authar 5 mathemat-: N
. deal games calumn in Scléntlflc American. ins puzzles, . -~ - .-
"games, tflcks,'and other mathematlcal The authaf has ﬁﬁ
an' uncainy ability to popularize -recet h '
matlcal dl;' varles, as well .as lllum;na

rre;tzer, Samuel L (edltor)H Internatlanal Mathematlcat

“1959-1977," ry, Vo.

'-Mathematlcal Challeng 1T ;;Plus Six ‘Feaﬁmn,[

17211 of Teaeher of Mathematl cs. lQTh

" Ano ther 100 prablems frcm the’ Mathema i )
Sl, ntert "'ng artlcles . thre “by_highﬁ

CRHi1L, Thamas (ed;tﬂr)

y = _'V Natlanal Co

w*HLavaty, Juilue': (ed;tof)
S 2Tth Xearbaok ‘Reston) Va
SR Ms.thematlcg.,. 1963

- Two dazeﬁ anridhment taplcs fe
sov.- . students 1n ‘elementary-and junior: hlgh SEhDGlS ngh SEhOGl
:L;studentsf n alsp profit from some ‘of them : Many challenglng
-'prahleme ir §§h,chaptér-g s Lo L el

o *Hlivétyg JulluasH ﬁ(ediféf)
*School EBth Yearbook-.
Teachérs Df Mathematlcs

N% ‘anal CDuﬂﬂll Df

1is

. e 'Z'.'-p‘gi
Twentysaeven enrlchment toplcs fo  academlcally taIented stuﬁente

L in grades..1 0~ ih Each chapter prov;de a wealth‘mf Qh&llenging
e T prablemg Rl ‘ : :




*Honsberger, Ross. Ingenuity in Mathematics. . New Mathematical Library,
Volume 23. Washington.. Mathematical Association of Ameriga. 1970.

Nineteen essays on enrichment topics in number theory, geometry,
combinatorics, logic, and probability. Standard high school
algebra and geometry courses furnish a sufficient basis for under-
standing each essay.

i

Huyrley, James F. Litton's PrDbiemat; ca

Recreations. New York. Van

Nostrand Reinhold Co. 1971l.

Nearly 600 problems that first appeared in "Problematical
. Recreations,”" a series of mathematical, puzzlers in trade publica-
tions, sponsored by Litton Ifdustries. Includes logic, probability,

algebra, geometry, Diophantine equatiens, number theory and calculus.

Jacobs, Harold R. Mathématlgaiuréiﬂu@ﬂﬂ kndeavor. San Francisco., W. H.
Freeman & Company. 1970.

This is a general mathematics book that contains many good
problematic activities.

%¥Kastner, Bernice. Applications of
Reston, Va. Natlanal Council

A dozen appl;catloﬁa suitable for secondary school mathematics
classes. Mathematical topics range from afighmetic to calculus,
as they are used in physies, chemistry, biology, economics, and
music.

-

-*Kennedy; JDE and Tgomgs, Diane. A Tangle of Matbematlcal Yarns: 1979.

Kennedy-Thomas, P.0. Box 132, Oxford, Ohio L5056. .
Fitty exciting, imaginativei humorous story problems designed to T

encourage students to read. Math level 1s so low that middle

school and high school students shouldn't be intimidated. Good

for extra credit, class activity, small group work or whatever
Kordemsky, Boris A. The Moscow Fuzzles. New York, Charles Scribner's
Sons. 1972. % '

359 mathematical L'E‘LI‘i—“i%l,J ranging frow famllar Whiwmsleal .
puzzles to delighttfully ilff rent problema Most of these mulhué
matical challenges are presented Un lHLIlEulhg stury furms.

Yrultehik, Maurice. Mathematical Hecreatlons. New York. luvel

Publications, 1953.

#50 problems ranging frow anclent Greck and Howman sources rigla

up to the present century. All can be done purely for amusement,
but a good Jdeal of matherintics can be learned from their solution.
25 positivnal and permutalional games are also discussed.

ERIC
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Loyd, Sam. Mathematical Puzzles of S m Loyd. New York, Dover
Publications, 1959. T : s

A collection of 117 "whimsical problems," first posed by America's
greatest puzzlist near the turn of the century. Solutions involve
arithmetic, algebra, probability, game theory, geometry, tapoLugy

combinatorics and operations research.

*Mathematics Resource Project. Mathematics in Science and Socliety.
Palo, Alto, California, Creative Publications, 1977.

~ Teacher commentary and classroom materials for teaching the applica-

tion of mathematics to astronomy, blalogy, environment, music,

. physics and sports. Student activity pages are ready for duplica-
ting. Can supplement any textbook. Emphasis on Junior high math
topics. '

Mott-Smith, Geoffrey. Mathematical Puzzles for Beginners & Enthusiasts.
New York. Dover Publications. 1946, 195L.

A collection af puzzles and problems ranglng from easy to moderately
difficult. Most of these problems can be solved with arithmetic,
simple algebra, or elementary geometry.

X

Polya, George. Mathematical Methods in Science, New Mathematical
Library, Vol. 26, Washington. Mathematical Association of
America, 1963.

Lectures on simple physical problems, elementary calculus, and the

relation between science and mathematics. Written from an

historical perspective.

1

*Problem Solving. Philadelphia, The Frauklin Press. .

A monthly newsletter devoted to problem-solving research and
instruction. Not all mathematics; mostly college-level problews.

Hapaport, Elviras (translator). Hungarian Problew Book 1, 11 New
Mathematical Library, 11, 12. Washington, Mathematical
Association of America, 1963,

Hungary trom 189b-1928.  These contests are famous for (hg A
simplicity oi cuncepls cuployet, the mathematical Jepth rggchéu
and the diversity of elementary wathematical fiel.ds tQu;hgﬁﬁf

Problems and selutions based o Lhe EHLvBe wompelltlonn L¢g§§lh

N 1, Huenall o langlaus 330 Lvieeluw Hew +ooah, lasver Publloeallooae,
1965.

Yangramn puzzles including seven -, iaateen , atnd Lllleen-plove
challenges. The vrganizacvion aond historical references make Lhilao
an entertalolng as well s challenging book.
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Salkind, Lharles T. (eﬁltar) The Contest PrabLEﬁ’BDGE, I, II, IIT.
New Mathematical Library, Volumes 5, 17, 25. Washington, ‘
Mathematical A;so;*atlan of America, 19&1 1966, 1973. T

o Eroblems and Solatlang_'i'

! ] the annual high aChODl Luntésts of
the MAA sirte 1950. .

Schuh, Fred. The Mastér Egok of Mathematical Recreations. New York. :

D@ver Publltatians, 1968.
-

Presents the mathemat;c; behrﬁd various puz%le‘ games, card, tritks,
and other amusing problem; Emphaala on problém—ﬂclv1ng gtrategl =3,
with step-by- step analyslﬁ and alternate aolutlons given.

{ , ; ) . , : -
_Sentlowitz, Michael and Thelen, James. M. Baseball: A Game of
S -

Numbers. Manlo Park, California. Addison Wesley, -
A collection\of "algéfithﬁic exercises with a puspose,' based on

actual major [league statistics. Readers will learn muci—ascC
baseball as they get-valuable practice in using ratio, percent, .
averages, and’ gragha . :

L e
+ xSharron, Sidney (editor). Applications in School Mathematics. 1979

Yearbook. Reston, Va. National Council of Teachers of r

A'collection of mathematical models and applications in the areas
of art, bilology, ecology, everyday life, finance, music and
zoology. A comprehensive, annotated bibliography is included.

Smith, Seaten E., Jr., and Backman, Carl A. (editors),* Udames and . =
Puzzles for hlgmentdry and Middle School Mathematl;gg Reston, Va.
National Co Jnﬁli of TEaEhPFE of Mathematics, 1975.

A collection Qfégéadlngs trom The Arithmetic Teacher since 195k,
Includes differéht topics in mathematics.®

#Sobel, Max A., and Maletsky, E. M. Teaching Mathemaltics: A suwcsbouk
of Aldgj APthLElEa and g}fatﬁfiés. Englewood Lllff;} N.J.
Prentice— Ha]l 1975. .

A suurce fug problems and selulivus of probcms Wrlblelh o1 Lbig

'

teacher bLut has sources [ur students.

®l/s1skin, Zalman. Algebra Through Appllicatlons. Heston, Va , Hatl.ounol
Council of Teachers of Mathematics, 1979.

A product ol the First Year Algebra via Applgcallone bovelopaeat
Project, this sthdent teat uys=es real-world problems to motivate
the mathematics. Includes some probability and statistics.

Vilenkliu, N.Y. ggmbluﬂtufng, Translated by A. shenllzer and L
Ghonlblzer New York. Academic Press, 071
Aﬁ iatroduction tw cumbinatorics containlog wver Luu problame e
Lh solutions.

O
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. Wylie%hCEEBiEQJr-, 101 Puzzles in Thought & Logic. New I@rk_‘;DGver
- ; Publications, 1957. o -
=~ A cnllectlén of thWdunlts, whu -=held-what position, &nd cryptarlthmq
’ that require logic and déductlag to unravel. The introduetion pro= .
v;des an 1nterest;ng ‘discussion of methods to approa&h such problems.
Xagl@m, A M, and Yagl@m, I. M. Challeﬁglng Mathematical Problems w1th

’gg%meﬁtary Solutions. 2 voiumes. Translated by J. McCawley, Jr.

San Francisco. H@lden Day, Inc., 196L.

Well-known Russ;an problem book designed for mathematics students
in upper high school grades and early years of college. Problems

’ "from the School Mathematics Circle at Moscow State University and
from the Moscow Mathemdtical Olympiads. ’
C. RECENT ARRIVALS AND NEW DISCOVERIES - ’
;g "i =
i ‘Biggs, Edith E. and MacLean, James K. Freedom to Learn: An Active
Learning Approach to Mathematics. Don Mills, Ont., Addison-
Wesley (Canada) Ltd., 1969.
- : An excellent source of problem-soiving activities for children

in middle and junior high schools. Includes many helpful
uggestions for the teacher who wants to adopt an activities-
ased approach to teaching mathematics. "

U.I

U

Frurns, Marilyn and Weston, Martha. ‘The Book of Thiunk. Boustou.

Little Brown and Company 1976,

Subtitled "How to solve u problem twice your size," the book
* emphasizes problef sobving strategies, Not all examples, are
mathematical. o

Friesen, Charlea U "Problem Solving: Meellug the Neaoda wi
M?Lhﬁmathﬂlly Gifted Students." och. Sei Math. 8o (ren  1uouy,
127-130. .

vhallengliy glited studente Lu sulve problems publlabiced 1o walhe
matics peri.dicals has proved (v be successful lp meeting cuwme of
these otudenbtsz' needs. Seven spevific benefits are digdussed.

e wlima, talales Lunet ceel | 018 pu Uihelgs, barl, oohUloan, Llada,
and Spungln, Rika. Teotnd 3 ) éEuDlEm Solving. Palu slto,
California. Dale ic 1980.

4
A comprehenslve piugian [ Lhe developueul ol pewbilci e bving
skills and strategies fn srades K-12. locludes prublem card
Jdecks , development workbooks, duplicating masters, and actiyvity
kits. Designed to cumplement existing mathematics programs.
Froblem Jdecks are organized az.ocording tu grade level.
“paraadel, Aulta. Mathemallew, Reasonlug. ey, Mion M1dweat

F’ubluat;u 1=, 196‘9

Muterials for high students on critical thinklog - Laoth

choo!
in Mathematicsfaﬂd-(thér forms of persuasive argument.

i-
P
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*Joint Committee of the Mathématigal Assaciagiéﬁ of America and the
National Council of Teachers of Mathematics. A Sourcebook of

Applications of School Mathematics. Reston, Va. National Council -

of Teachers of Mathematlgug 1980,

A collection of nearly 500 problems with solutions requiring the
application of arithmetie, algebra, geometry, trigonometry, or
probability in real-world situations. The annotated bibliagrqphy
and comprehensive index make it easy. to supplement the textbook
with genuine, real-world applications. This bbok balangﬁ in

‘ every school library and on every mathematicls teathﬁr'r pro=

T fessional booksheltf'! a

¥Kespohl, Ruth C. Geometry Problems My atudéﬁtﬁ Have Written. Reston, Va.
National Council of Teachers of Mathemdtqu, 1979.

Three dozen problems, cleverly written and s01ved by tenth grade
geometlry students.

. | y,

Kuim, Uerald and Bussmann, Hans. A phase-ability model of mathematicu
problem solving." J.R.M.E. 11(1980), 1{9-18y.

Fresents a model involving elight problem-solving bhases And the
dbllltlEq required of students at each phase. The muisl has yet
X tobe verified empirically.
*Polya, George and Kilpatrick, Jeremy. The Stantord Mathematics Problem
) , 197h. ’

Book. New York, Teachers (ollege Pres

i

The complete set.of problems from the Stantford University
Competitive examinations in Mathematics, held annugally frowm 1yhe
Lo 1975, Hints and solutions are given.

Rubinstein, Moshe F. 'and- Pfeiffar, Fenneth R.  Concepts in Froblem
Solving. Englewood CLiffs, N.J.. Prentice-Hall 1980,

Freseudg o framevwork of concepls basic Lo training in problen
solving. Main topics include thought processes, language
models, weertainty, declsion making, and contldict.

Juseph J. "Mini-caleulators: and problem suelving " don. oo

whlel R
th. 80 (Maroh 1980), 201-217.

ds
Ma
Buggestions Lov exploiting: the nuwtwal combiaation o1 . cul vl
problem soiving experience and the hant held calcualatb. o,

-3

*Deuwles Ltescurees o dlaplay st thewe L oales e o

O . . ! s

ERICT -~

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

**For middle school, choose a specific value Ior 1,

~

POSING AND REFOSING PROBLEMS

‘1. Introduction

v For me, and I suspect.the same is true for many other people, the
real joy in studying mathematics is the feeling of exhilaration aqne
gets after solving a probleﬁ -- the tougher the problem, the greater
thé‘satisfaétian! But what féct@r(s) initially motivate someone to
want to solve a problem? Péséible answers to this questignrcan range

from the fear of the consequences if the solution to the problem is

‘not handed in tomorrow to a personal curiosity, but a prime consideration

has to be the manner in which the problem is posed. Examine the

following problems:

Problem 1 Let d(n) denote the number of pQSitiVE‘diViSQFS
of the integer n. Prove that d(n) is odd if and only if

n 1is a square,

Problem 2 Which positive integers have an 6dd number ot

factors? (Justify your answer,)

Froblem 3 lmagine n lockers, all clused, and 1 men.  Sup
LR el R = )

pose the first man goes along and Vpens every locker .o Fuon tné
secand man goes aloung and ¢luses wvery olher locker beginning
with 4. The third meo thon goo. along and Chaoges Lhe stato
f every third locker beglinlng wilH #4 (1.0, if it s open, ho
¢loses 1o; =nd viee -veraa), 1f Lhis prosvedur e 1o conrl ied

unibil all 0 mwen have passed b, al)l the loChers, which 1O0ched s

[

are then open™x

aper is adapted from an urtlole wiilol eppeared lo Lhe fe8rlaok
blem Solving, NCTM, 1980.

i

(e
E

ER= '
B n

=

say n =100 or n - 1000.

15

=
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§ These three problems are in fact, different formulations
of the same problem*. The first version posed is typical of a dry
mathegatical style. Less ponderous, the gecond is given as a question
to answer rather than as a statement to prove. The third conveys
this mathematical question in a very picturesque manner, I #wHuld argue
that the phrasing of the third- version (and, to a lesser éxtent, the
second)-waul&#@f%vi&e’a (significant) source of motivation for the
potential solver to tackle the problem. This paper, then, will
consist of several suggestions on ways to pose Qf "repose' a problem

to maximize this .source of motivation.

¥ {

//: < '2. Vhat is a Problem?

Before offering any suggestions on the posing of & problem, let
us first clarlfy what we mean by & (hathematical) problem. The word
problem is deriggﬂ from the Greek problema which literally translated
means "something thrown forward." More mundame is Webster's defini-
tion: "a question raised for inquiry, consideration, Lr solution...

a source of perplexity." A ér@blemg'%hen, is a perplexing guestion or

For

situation. It is not simply & question - it must be

example the question "What 1is the area ofF a rectangle of length & cm
and width 3 cm?” is not a problem, but an exercise = probablysfor anyoue
reading this paper. An exercise 1s glvewu (usually) te provide practice
in using algorithms. To solve a problem regquires insight.

A question or situation can be judped perplexing, aund heuce Le

=15 the equivalence of PFroblems & and 3, examing a particular
for example. Locker. 412 is touched by men #1,2,3,4, 6,12,
£

s an odd number of factors will be wpen

Lil’

tors of 12. ?fnce a locker is alternately up@n&d and closed,
=

'D.02
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a problem, only in relation to a person and & time. The determination
_of the area of a rectangle given its length and width could be a
problem for a young child. .

Finelly any problem must be accepted by the student as a problem -
he ér‘sﬁe must be interested in the solutioen. ’

To summarize, the three basic characteristics of a problem are:

(1) It is a perplexing question or situation.

(2). It is accepted by the student. »

(3). At the time it is posed, there is some challenge to the

student so the solution is not immediate. ‘

\

3. Some Suggestions on PasingrPrublems

Before we offer a number of suggestlons concerning effective
ways to pose various typss of problems, we glve one suggestion con-~
cerning exercises. The ability to discern a pattern from a gseries
of axamples is an essential quality of a good pr@blem solver, WSO

B Pose a sequence of algorithmlic exercises which are examples of
-3

a general pattern.

Bxample 1 Chouse twoe whole numbers. Find thelr sum and

non-negative difference. Aad these results. Awy

observationsg?

2 C . 1 EY i, &, A 4
Example 2 Compute ( 12 ' 23 (L) 198 ' 2e3 3wy

L

AR A ! L
(e¢) 12 + 2°3 + ... 4 334103 Uenerallze,

Example 3 Compute (a) 255 (b) 355 (e) bn°

Do you see a pattern?

i
(LN
C




. Example u Find the areas of the fﬂllcwing figures:

() IR O ) -
}_‘é * ) ,g |
— 77é — 6
(a) . , (1)
= 7”3777 L2
- = ’
B
b
- 767
Do these figures have anything in common? Any observations?

Completing magic squares agg magic triangles is another
Aexample illustrating this suggestion.

Now the reversal of an exercise is often a problem. Asking questions

"backwards" creates problems which reinforce the knowledge of basic algorithms.

m— Poge the reversal of a famlliar question; ask the question

the "opposite way".

Some classical examples of standard questions in algebra whose
reversals are aléo standard include: ‘
(a) Multiply polynomials -- Factor polynomials.
(b) Given a palyna;nlal find its reots -- Gilveu a sel of ruols,
“find g palynamial with those roots.
Note that the reversal of a problem often has mare than oune

solution. .Some less famliliar examples of reversal problems are;

Example 5 Find three arithmetical problems whose solution

is 13. (You can put as many boundary conditions as you cavrc
on such a proplem; e.g., you must uge at léast o numbg;a‘

and at least one +, x, and ¥ sign).
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. A
‘Example 6 Find three solids whdse surface area is 60.

'Example 7. Write “a) 45 b)525 as the sum of cohsecutive
integers in as many ways as passible. (You should clarify
whether negatlvexgntegers are allowed. ) ; l

Example 8 %ryptar;thms A cryptar;thm is an excellent

- vehicle for testing understanding of numerlcal algcrlthms.
Three of gx\?aVﬂriteS are: . .

| (a? D?RgiD D = 5. Other letters stand
L +§§;a;g for & unicue digit
ROFERT .for a wnique digit.

(b)) Hocus {e) ABC
+POCUS XBAC
- : " PRESTO *#5xC
*#*A
%%X!B

Another way to turn a question concerning a basic concept into PO

a problem is: i

» Pogse a "Give an Example of" problem.

Example 9 Give, if possible, an example of:

(a) & proper fraction greater than 3/k.

(b) a polynomial of degree 5 with four terms.

(e) a triangleabné of whose altitudes coincides
with one of its medians.

(a) the equation of a circle which is taugentl tou
both coordinaye axes.

(e) a rectangle whose area i1s nugerdcally egual }
to its g&;’iﬂ;rstag. I

This type of proublemslis often effective Lecause of ibs non-
specific answers. It is somstimes a remedy ror "memurization withLoul

understanding. "
= Pose a problew with realistic data.

v
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Examplg 10 A roll of wallpaper is 20 l/E inches wide and

2 feet long. - How many rolls of wallpaper would you need to

:.paper a room which is 9'6" wide, 12‘3"'1@ng and 8'6" high;
has wacdwark:whlch is L" high; has 'a door which is 7'1" |
high and 3! 4" wide; and has twm windows which are 512" high

5

, and 3'3" wide? (Note: x'y" m@ans x feet and y inches)
T . :i. { : B

*{_2 An éxaipieAféquiring algebra is:

. Bxample 11% ﬁ%rméi-seéﬁatér igfébpat 3.5% .solids with nearly
300 pounds of dissolved material ger‘thausaﬁé:gallcns. ;Tnis
’is about 33,000 parts per million, by weight (written ppm).

» . guch water is highi? toxic to a;iﬂk because it contains:
barium and boron in addition to more common substances such as .
cal21um _potassium, sodium, magné%ium and 20 on. Seéwatér
reduced to 5000 ppm of salts is still unhealthy. While paople
can learn to tolerate up to 3000 ppm of-salts, these sc6lids

vshauld not exeeed 500 to 1DQD ppm for good drinking water,
Water for 1rr;gatlan 13“11m1ted to 1500 ppm of dissolved
solids. How many gallons of seawater (33,000 ppm) should
be mixed with drinking water (500 ppm) to obtain 1000
gallons of 1rrlgati@n water (1%@3 ppm)? :

= Pose a prébléﬁ in whieh the unknown gquantity Shag;d'réasagably
be expected to be unknown in reality.

=

E;ammleilg You are in -charge of buyiné food for the class
plenic at which you are having ham sandwiches. Each

] _|%aﬁdwieh will have 3 ounces of ham aund you expect to uzgé
250 sandwiches. Boneless ham costs $1.89 per pound and
semi-boneless (which is 20% "waste") costs $1.53 per pound.

Which type of ham should you buy? How much of it?

Another example requiring algébré is:

* o . £ 1 H H 2 1
"Direct Quote Word Problems', A. Pluker, Applications 1u schivold

Mathematics, 1779 NCIM Yearbook, p. 3h-3%. -

T

©

-
'
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¥ A 6-lane track for running foot races is in the.
shape of a rectangle whose length is 1.5 times -

,ifs wid%h with a semi- eircle on eaéh end. Each

e e lané s to- be 1 meter Wide. What is the length
-tamd width of a rgctangle if the 1n21de track is to be leQ

meters long? F@r a 15DD meter race, the inside runner. would
. ] .

start at the flnigh line. Where should the runners in the
other 5 lanes start? )

.f;EEEEPﬁSEfg,PIleEm {n which the unknown quantity is- one scmeone

might plausibly have a reason to seek.

Example 14
~two 12-inch pizzas serve?
; . =

And one needing algebra:

If an-8-inch pizza serves two, how many should

.7 ‘ .
Example 15 Suppose you wish to buy a new car and you feel
you can afford at most $100 per month. If used car igans
are. made for a maximum of 36 months at 15% interest, what

price car should you consider?

» Fose a-problem cantainiﬁg insufficient or extraneous data.
. . _ .
e Thé ablllty to d;scefﬁ the data necessary to solve a problem is
Qertalnly cruclal in "real world" problem solving. Consequently posing

problems demanding a critical analysis of the data is to be commended.

V Example 16 Two sides of a triangle have lengths 4 cm aud

. : ]
o cm. Find the perimeter and area of the triangle.

While the data are cléarly lnsutficlent to determine a uul. ue
dg%\lti{jﬂ} one should dgeek a solution of the forw: "awy Dewl Nunberas
B, A éétisfyiﬂg 12 Pl 20, VoA ~ 12"  rather than accepting
“no solution'. Eruégems possessiug wore thau oue sulutivn are per
fectly reasonable probleus.

" The remaining suggestions apply waluly to au opeh search pruPleu,

that 18, a problem which requires the sulver to scarch for a patte

& e ¥ . s ; T Ny
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- to Select a Wethod, or to discover a relatianshlp which is not abv;cus

" 'from the statement of the prﬂbiem.: In m@st of the prev;aus Examples

-« the phras;ﬂg of the problem suggested an algorlthm to apply, an ..

equatién'ta solve; ete. No such hints oceur in the statement of an

‘rwﬁapéﬁ-ééarchgirablemﬁ, Problem 3 in.the introductidn is an example of

“#

such a problem. - . L _ )
LEEP&ﬁigliy for’épgﬁ séargh'PrcblemS; but for others as well, the

Pose the problem in & manner which_requi}es the solyer first to
guess the solution. ! )
C - .
Though this axiom cannot always be followed, all too’ often a good
problem. is spoiled by including the answer in the statement of the

problem. The example in the first section furnishes a nice illustration;

others are:
Example 17 "* ° .

Form A For any positive integer n £ 2,3,5 a square can

be partiﬁi@ned inte n smaller syuares. )
Form B For whlch positive integers n cad'ygu partition

a aquare into n smaller squares?

=

Bxample 18

Form A Prove that (u-1)! = U wod 4 if aud ouly if u
is a composite > L .

Form B For which positive dlulegers 10 ls 0 o Lfacloer ol

the product (u-1)(n-2)...3%2+1 7 (rox u,}&;:guflé . if‘_ Lol &

factor of k+*3-2¢1=2k, but o0 1s a factor of H-h-3-2-1-120.)
N,
rorm A 1s typleal 0f college uumber theory leals, while 1u Forw

b Lhis problem could be pused imm=diately following the intreduction
of the concepts "factor" and "prime" (in fact, it is almost an al-
"ternate characterization of "prim=") in middle school. Fourm B also

illustrates the fact that bLrevity is nol uecessarily a virtue in posing

a problem: lLncluding illustrative examples, for instance, simply enlarges

tg% set of potential solvers. S
As a rough rule of thunb, any problem whose statement=fincludes

—

.
=%



- the words 'prove that', "show that", ete.,:will not emcourage guessing
5%%%;’and often can be rephrased to do so. The use of :the phrase "find all")
is still am:thar way to pose an open search pl‘Dblém whlt:h Yequires

‘guessing' aﬂd/or earching f@ﬁ@gtterns.

k Example 19 Find all primes p for which the integer 5p + 1
is a sleuare. Y
;& . : R
. BEven standard thec:rems can be posed as guestlansg R
R Example 20 For which pDSlthE integers n does the fraction % -
_have a findte decimal expanéign?
L. And a gemetric EJESE[P:LE. |
L In which quadrilaterals do the diagonals bisect. = . =, ..
~ (Eé - ) ’ ) & ! L ‘; ’ ’
! Such a prmblém eould prc:fltably be used tr_s begin a unit on
Yo M Gecimals ar on quadrilaterals. a >

o Posa a'préblem having only one solution as an ageﬁ guestion.

‘ What values are possible for the
are of quadrilateral EKDL if ABCH
and EFGH are squares of side 12 and
E is the center of sguare ABCDY

- Pobe & Qrgblam havliug ho sulullon 8% a Juasbloa,

Which iuntegers iu thesset (ly, ¢, 57,...1 van

Exawple 23

be written as the sum of two primes?

All GO0 olfteun oludsule regard EXULLOGOK priolilews ao arliflclal
, .

cnd wue remsUy cited sarlie. was t0 wake the problem as reallstic

=¥ Lu;;;;jhie:_ Auclhes alteruative i8 Lo peno Llie El‘ul;i@lu ia a, tﬂn,gtaﬁl.l_l y
: Ly

\,uut:'a.iftt,l;. matdier, 1 e,

= po3e a whimsicul protlem.

Shu ;SUut:;le;._e shalowdous, jloluve

The g problews ollon palul

iu the minag of the potential sulver. Th.: Locker P.ublem of LI,-

first wsection 1is one exawple, (cau'l you Jllg!tgl sumeone ¥

3
¥ down a row of 1U,uwJd luc};ei.;gg vpeping every othar @n;?)i

‘. Another- example

¥
LS %
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Aruitoxt provided by Eic:




T traveling %awara each other at the Bane ‘time. The firat
' ".-"f;-yclist t¥evels &t 10 mph and’ thé Eecomi 15 mph.. A fly
B "begins flying ‘between the 'b:l.cycles a.t ;the sene, 't.ime sta.rting
L ‘v f:mm the front ‘wheel -of the slcwer bieyr;le.i If‘ thé i‘ly
. tz‘avels at 20 ‘mph- ﬂying back and forth between the bi-
— ’eycles being able ta reverse ﬁrectians wi‘bhcut lasing any: -
B Ab"tima , hcw far ’will the fly travel baff:re =ﬁhe blcyeles mee%g;

‘? A whimsical pro}:lem can a.ppéal t@ a stuiant begause he dces nat

b Eéfpafsij:;g | ?Erébi m

ns Of this paper” .« - .

BT Tn th:..s Snr::tion e apgly scme cxf the suggé t
i't:: the reposing" af pr@bléms.l B T o
Dur ﬁndam%ntsl axicm QEEEFVES reemphasizlng. )

iP«:sa the prablem as a questmn 1f at a,ll gzass;ble. g
. “EBxemple'2 , L i
B R E'}"F@m A’If : i‘t‘-ém is an salé for EQ‘% c:ff mfst sa.les .
e * pec:ple mll f‘lrst. tieduc:t EQ% of the prl\‘;é and than ada the
T appllca:ble sa,les tax (say lL%) - Show that 1f “the Ealespersgn L
. first added the 4% sales tax and then deducted 20% of the . .
' '”‘—t@tal the PI‘lQE ‘l:.c: the . eenstmier wauld e ‘ﬂ‘lé same
o '.Fam B (Same a.ESUmpth)nS as F@rm A a.bc:ut the sa.les priee)

Which methr:rl w@uld. you prefer i ycm, were the a) consumar, T

, V :_b) merchant c) ta;; ccjlactcr'? Wh:sr? R o
} " l Given any s};i:lj. cr ccm:ept it is usual‘l_y passible to pese a Set
| of ncnsrczutiné pmblems o:sf varying t@e and d:l.fficulty 1nvalving that ,
skill QI' ccncept.; ' R LoE -_ e . '
, An algebraic e::a.mple is- . U'X el T
¢ Bxemple 26 The stralght linei 1 ..l o
RO o TTEJZ.E&'L prmblems invc:lva finding the équation af a llne _
""" o R 'iig:wen +wo _‘lentE on the liﬂe*, graghlng a 1irle given iks " e
T ’equatimlj determining thé equatian of a j.lne gz:ven i‘ts o Ce e

graph etc. : Several nanaroutlne prablems are:

nl . cu;‘icsity. ﬁ .
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- Problem A" cive ‘the equatibns of 'l:lu'ee 1inea Qontaining thé E L

'r@int (1,2). ',

S Cmment- Th.é nan—speq:iﬂc a.nswers required shauid help

';thase Etuﬂ,ents Wt:le ﬁre merely memorising the va;'icus

- *f«:rmulae.  Students; who choose ;: =1,.y= 2 ;Y =2x m;.ght
bé régs.rdéd as "cleve:", t.hey are msightful prdblem sclvers. o

s Pro'blem B (Algarithmie) Tal:e a. gnin‘b P c:t'.her than (a, 1) on . :
' _ the pa.ra’bcla y—xg szig

Rl ) 1111&” cgntaining P and (l 1),
b R L :_Lthé same for -aix. Dther pz:irrhs
: |L :cd.l'l':_)— L ) ‘:?r' . '.:Qn the curve. What dg y@u :
1 ’ T . ’7 e '_”_‘-thixﬂt: the slapé af tha 1ine
S j'tangant to y :-; at (1,1) 15'?

Ggmmen.t- A;gcxrithmie prcblems Wlth a8 ?111‘1?‘353- - -

Pra’blem C (@pen Search) Find all poSsible vs.lues for. the L _
slc:pe t:sf a, lina w.h:.ch can‘ta;ns thé crigln a.nd 1;1%3:‘5&21:5 t.he

‘éircle. (x 19) + (v - 5)° Eﬁ-j

e

;';'Ere’blem D Write the - eguatmng af several line Sé@ents with
2 f: ¥ f;' 2 whlx:h mu spell your first name. I

: ‘ ‘Hlé prc:blem of Essmg ancl repaslng alga‘nraic ward pmblems is a
teugh z:rne.: Tne salution of wurci pr@blems regu;res the tra.uslatmg of -
English ‘wc::rds intca ma,thematica.l terms -= g crit;.r:.ajly neecied skill- in
E.tly diSElB:LlQE Tﬁllc‘;h uses mathematlcs.r One ilff:,cu;l_ty is that the .
; quaﬂtity sc:ught lﬂ a Wt:r& Pz'ablem requ:i.ring the Solutlen af an éq_uaa-
tmn is often ‘known iii "real llfe".“ When the . problem is Posed realls—
tieeﬂly hawever 11: cs.n be salved us;ng c:rLL'y s.ritlmatic.

T A Ellhe Elgtcmn CDllSEUIn has. ED OC)D seats -- 8 000 resez‘vecl .
o . seats and 12,(3@(3 general ac'imiESiDn seats. Reséﬂed Eeats
o cast .{;1(3 00 each iWhllé ganezal a@lssi@n saats cas‘t $5 00

' each.. The newas rock group sensa.tlan 'SMDDCH' is g;ving a

" concert there. j $13C3 000 was ccllectei from the sale of

- 18 50@ tlc};ets ﬂaw ma.ny reserved seats were scld"f'

5
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" Camme nt Su:‘ely ‘the persan“ EE]_'Ling the tickets knm-rs ‘how, :

e . -many he sald. At ’best‘ he ﬂcﬁid wan‘!: ta campute the amc;mr‘t. af
" e 'm::nay rec:eived == an arithmetic prablemr SR ’ : o ": e

- A Eamewhat mmre resllst:l,c varsian of this prcblém might be-

- -"":?: FER 8 ﬂle Eigtown < e EBHEEI‘t there. " The- pramatar Estimatés A
R ,;,.h:.s E@Enses for- ﬁshersg pmgrams janitarial serﬁce, ete. SRR
07t at.$10,000. . If SMOOCH demands 0% of the price’of eachi ticket . i
sold plus $J+CJ C)DG “how ma;ly reserved: saats must lie sel_l to brea,k A
i even? ti’ malié a Qrcfit of $§o ocx:v? — S

i

Att&m@t at o (However feeble) in the. statement;@ffiﬁr
mrthwhile. . AR

_ mathematical prablgms ﬁa',re 115_’; 11y

l In ::rder tc ingarlzorate interestmg agen search prcblems j;ita yau;r e

*‘-‘1335 Yﬂu may EDﬂSﬂlt one- of the ma.ﬂy prablém bDDES currently availg,‘ble, - R

We clcnse this sec‘tion w1th threa example Df such pmblems with suggestians o
fcr repcs;ng them in ‘a mare chall.enging ma.tmgr : S .

Leal

'_Emge% ‘,fjf 1“  L;T_ ﬁ ﬁj*}j‘j i=

vnf whasa aig::bs ai‘e identical, Eﬁﬂﬂﬁ‘b be a. perfee*t square. o
‘J'Preblem lA (Better) Which squa::es have 1déntieal digits'?

' _Prcxblam ] (Eest) What is tlie mazclmtm nmber af iderr!:ical ['-"

| ::nnn—sem ﬂ;gits in whlch & square cau encl'?

N _' Cﬁment Famtﬂa.tmns LA s.nd 15 Iepr:se the problem as a ques—»
ticn to eneaursge gu.i.ssz,ngi Vers:u:)n 1B has a pasﬁive answer . - T
e (ra.ther ‘than’ "ncne") o B
N IR N 1 o | :
Pmblem E Shcm‘ that 1_ + = 5 + § Hlewe i 13 never an 1n'teger.
- !Prcb;em;gg The, senes & % Imcwn te élverge and censeq_u_ntly
' _Vthe Sum E x =1 + i:'—ls % ess +. ; can ’became s;‘bi‘trs;‘ily
: k=1 kT 2.3
Lo 155:33; . If we examine & few of its pa.ftial sums? ge nc:tlce that
sﬂ_,. : = .02 an . =-F No~si-B n on o=
ever be an integer? . |




A g%ﬂmg‘bry examyle" ST T D ke

the Pmbiam E'na ms:kes it' more tﬂﬂtﬂli ng ta"the sa;lsrer. A
. calt;ula.tar can. ‘be, used tC‘ cﬁmP‘Li‘te thesa -and Dther examples. R

'».:Fnr 8. pgint P insi &

- ,;pendiculazs a," b c from P ta K
the’ sides eduals the. ‘altitude c:f
'ABC. (V‘iviani's Thenrem)

3 A ma.n bought a.n estate enclased by tm‘ae straight

"'rcads ea.c:h 1 mile 1@113. He mshed 'bt:) build his hause sgmawheré

an the ésta.té sc that if he shcu;l.d hs.ve ) straight d:lveway '_ -
nads, fzon, the front to each of the three roads, he might be
' pu:b ta the least expense. _ Where shmﬂ_d he lc:cate the =
8 Imusé‘? (Duﬂeneyi, 2_351 Gurmus Ercﬂ:lems and. Puszles #EBLI-)

R Cémment- Eié prablem 15 I.w:sad as & questicn_ BY quantii‘ying '
o the’ Prablem, sxperiment:,ng with sevaral lgcatmns %o help o

¥

guess the salutiﬂn is encnuraged., -

'Eﬂs papar :LE ccnc:erned with the lmpravement c:sf the nf‘t-neglecteci' e

‘ art. i@f pr@’blem posing. .The. three key Wnrds 1:1 this sentence a.re L
néglectad" "art". and mprcvement" Dne has iny to e:tamine tha

: prablem Sectlgns of mast te:fbbac:ks to see the néglect" 'EIET éﬁen

cansist of lists of algcri‘bhm;c exa s,,: unlmaglnat::ve word' greblems

" Mprove that" prablems » ebe. (the Renew-?r@blems are usuﬂly wcrse)

" We have affered one a:{;am ‘and ten suggestigns for mprcﬁng the : s
- manner in which prcﬂi:lems are pased. Eley are-']_ e :

V(l) ~PQEE a sequenee of a.lgcri‘tlmie exercises wh:Le.h are examplas
: A_.'-t)f ageneral pa.ttern.: B Lo R
(2): ‘Pose the reversal of A familia.r c;:u:l.ts'.stlnng ask the questlcn R
- #in the DPPQSité vay. ' : ‘ ' o o

(3) Pose a: MGive an ‘Example of" prablem. .
(b)) Poge a prablem mth reallstlc data. -

.u

. triangle ABC,. the sim Qf the per—

i ',,v S



re:;uirea the erea.tivﬂ.ty nf s.n artigt. E.e suggeatians
foél‘éd :Lr; 'this aﬁiele wlll hcgéfully "imprave"the sta.te of

Vo (5) ' B:se a pm‘blem :h: whieh the unhm gusntity- shauld reasana.‘bly

e (1@) ‘Pose. E whimsic-al pi‘ablem. v :

' ‘the Pmblem praperly. co T -'; L

L be ex_péc;ted o be unkna‘wn in. reality ST
 (6)  pose’ & prablem,a which the- ugkmwn qus.ntity is one. scmecne P
might plausi’bl:r wa.nt ’!:c: seek; e ~
‘_ (7) Pase E: prﬁblam ecntaining insui‘ﬂeient or- extraneaus da.ta. N o

A;r:l.m ' ‘PDEE the pz‘a’bl in 8 manner whieh requiras the -salver first

'te guess the saltrbion. S - Lo S
(8) Pose a prablem h&ving Qni;v- DIJE EDl‘LI‘biﬂn as’ a quegtieni R
(9) Pcaé a. prablem h&ving nt: sélutinns as g quastian. 8

] §§‘a. p:a‘blam SD tha.t ‘the: p@tentia.l solinar ﬁ]j,
I (l) -be mativatei to sol'\re the pmblemi, . o ST
(2) understa.nd a::ui retain the cgneapt invelved in’ thé Eﬂl\ltlﬂn_g:i
o CTof e problemy oo T Lot
. (3) learn semething a.'bcut ‘the arl: Qf snlving prcﬂalems,

ihe Etudy Df mathematics is scl'viﬂg prablems Tt is ineinni:erlf )

thezefare, @Qﬂ teachers of mathema.ties a. all la‘vels to teach the -

art of prablem Eclﬁgg The first E‘Eep this pmcess iE tﬂ Pgsg o S

P

#
g



7?some bit Df mathematlca, such as numerlcal EKPFEESIQH, equrtlan; fugctlan, :f B

--5eametvlc figure cr algebra;c stru tureg whlch expresses 1nAabstract termsf::

Dne very'lllumlﬂatlng way t descrlbe the mathematleal m@dellng pr0a

f}fcass 15 the Mdiv as m—cllmﬁ'analogy,.attrlbuted to. Prafessor d. _Synge:.

l: Accordlng to Synge, salv1ng a- real—warld problem mathematlcally 1nvalves _"7

A “three S‘tagegA ‘ S

il) Aidlve fram the warld Df reallty 1nto the warld af mathematlcs ,

o Thls flrst stage ;nvolves translatiﬁg the: problem fram Drdlnary 1an—“ 
;:guage lﬂtO mathematlcal termlnalogy and symbollam. At the end’ ‘of f‘ _
”*ithle stage ﬁhere w1ll be -a- pure mathemat;cal problém (the mathematlcal ‘ :;;"f;

B m@del)to bé solved.- fff{, R ,-;f,”v

—E):~A swim in the warld af mathematlcs ':“fA‘ ?_ﬂW:: _fh_fg':f  /
53:Dur;ng thls stage we find a solutlcﬁ to the mathématlcal prgblem that
blxwas formuléﬁed durlng the alve : Thls may - conslst pf saLv1ng some f;}@ l< N
_Eguatlgns or - 1neguallt1es, prov1ng a geometrlc theorem, Evaluatlng a. f»A o
ﬁlfAffunctlon, ertlng and runnlng a- cDmputer prograﬁ or sgme other ﬁ :
1wm5thematlcal task : We . perform this task w1thaut nezessarlly thlnklng

about any LDHnEEtan w1th the real WDrld;

:3)A A Eiéggzback 1nta the warla of. reallty, carrying a b
our teeth. 7‘: 'A ' CLom e - ) B
At thls po;nt we translate the mathematlcal sclutlcn back’ 1nto termsA

A of thé real warld from whence the prablem arase in the first place.

_ The numbers or geometrlc flgufes muat be 1ntergreted ED that they o
make sense to the person who asked the questlan _This answer 13, An

fg:t ‘a predlctlon of what will occur in a. glVEﬂ real wgrld settlng.

* -

(3%Y]



'*?:5feeﬁ PEF(SEEGnﬁ ThlS m@del ‘has c@nvenlently been PPOVldEd tG US bY the_;

Apath as a parab, a, wh Ee y—co,rd,nate is given by

7715 the tlﬂE ln secsnds, and vQ ;s the lnltlal upward vélcc1ty 1n unlts af

physlclgts;_who study Elmilar prablems._;~

'-vlcal prgblem to campensate far the faet that we den t knaw vé‘ (We dé knowa ' :.f*

i'ij t, the "hang tlme Aof the punt ) At the top of 1ts path the faatball hag= '

-vert;cal valgclty zera ' If ve. make thls Dur startlng PDlht w1th y
'twe w1ll need ta eampute y after 2. seconds’ (half of the hang tlme) We flnd

tha.t j‘,;, e Lo
ST T e =J..6 (2 ) E D(E) 3 -EL;

-5?;";

N AE we cllmb back into the real world we relntergret aur answer of aéu

--by rememberlng that our. Drlgln was ch@sen at the tap Df the parabollc pathtgjj

'7fanswer Ean‘bé tasﬁed by using more sophlsticatéd équlpment to maasure the. 

 _;;he1ght Gf a punt " In all probablllty we wlll flnd that aur answer lS taa .

';‘highg_EEGEQSE_Qur mﬂdgl‘dliwgot take ‘the alr r351stance ar buoyangy 1nta

Aséc&ﬂnf‘"éithoﬁgh'focﬁ%aliﬂfaﬁs are well acquainted wlth the effe:t of- wind

“.ﬂlon a team 8 kléklng perfarmaﬂce; At thlf PDlﬂt we mlght want ta dlve back

7lntD the warld Df mathematlcs anddevel@pa.model that 1ncludes air fEElSt—

fiance,'ar we may atlck W1th.what WE have, recognlzlng 1ts Shcrtcamlngs..,:'

1 i

:'k;remark ab0ut the ‘work” Df pure ana applled mathemat;claﬁs ;5 in arder '; j 

,'héféi: The pure mathematlclan can flnd SEtleacthﬂ in sw1mm1ng endlessly

“in the war;d of mathematlcs A SDlHthﬁ that is mathematlgally correct is

61
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fgieel eelutlen."
'Q;end meny Perfeetly go

L be made ewere ef_this;_

-:'é) Relete. Leak fer methemetleel reletlonehlpe in the deta, try;ng te tle

- .The geel ef e.ri eppl:T metheme.’clele.n‘:.e a better mderﬁed ng. ef‘ ree.,L:Lty, ST

d- methemetleel eolutiene muet be rejeeted beeeuee they ;_}"

n“elmﬁly de ﬂDt meke EEﬂSEiln the phyelcelrer eoelel Wcrldﬁ Studente eheulﬂ

;etinetlen as. they,eh;ft frem reutlne exerelees ‘on - 7

etepe

l) Mee;ure. Dbteln dete frem the reel werld Th;s dete ueuelly eemee e;;;;~ifl

frem ebeefvetlen end meeeurement, eltheugh eame of 1t mey be fmund 1n -

tablee or beeke.:;- i  3 7f-_1 ‘_ ;;: e fi;. .

“the dete tegether hy meene of .an’ equetlon, funetleﬁ er geemetrlenﬂ"

flgurei We eeereh for petterne thet Wlll brlng erder te what etertea ::%;:?:
“out as-raw. feete Th se- rElathﬂSthS eeneﬁltute the’ methemet;eel i

‘model’ ;tself, '_= S - T T LT L
. o S S R AT AR

:3)i Predlet._ Dnee we heve dleeovered e pettern te eur dete, we een use - e

'-ﬁ thle pettern tefﬁredlet en outeemé that was not prevlouelyvreemrded..
Sueh predletlone efteﬂ teke the ferm of 1nterya1at10n (flndlng valuee

1n between thoee elreedy Qbeerved) or extrepoletlon (findlng veluee . 1::y"1;

' beyend those prev;ouely noted)

h) Verli’J‘ We return to the reel WOrld w;th our predlctlen and ettempt tD

teet it egainet Dbeerveble feete _ As in the dlve—SWIm—ellmb enelegy, "_ T

S "we. may need to" eelleet ‘more ‘data end o "baek to the drawing bqeri" to

fermulete a- methemetleel reletlen thet doee ) better;jobi

Ae an exemple ef MR/EV at werk, 1t hee been obeerved thet erlekete ehlrp

feeter when ‘the elr is wermer. If we went te underetend thle phenomeneﬂ

o methemet;eelly, we mey ettempt to ebtelﬁ an equetlen glvlng the rate of -

ehlrplng as & funetlon of temperature ' %uppoee that ve ebteln the follew1ng

data by eDuntlng the averege number of chlfPe per mlnute ena meeeurlng the"'!'

Y

U



:(

Fahfenhélt)f;;
é .
Cn* Chlrps pér m;nute

f fT = Temperature

'se predlctlan can be verlfled

"Z’Perature-is 68°. If the average number afrchlrps'perfminute on that evenlng”*

'1dence ;n aur madél éawever ‘a.

1turns aut to be 112 we w11l have m@re co[

':;idlfferEnt mathematlca; felatlonshlp, wh;§'3

v{;Aan@the; evenlng

wv atan 15 just as PEdantici-;";,f; -

ffas trylng ta mahe évery praaffllgorcus We do want our students tD be o

'acquainted Wlﬁh the notlan of a mathématlcal mgdel, but the actual mcdéllng

i.pragess-can;b2=doge less fcrmally

SANE ; _";Ini&dditidﬁ to b51ng ggod squrce of prablemsg réal—wérld appllcatlcns
prébiiefa number. of. 1mpartant frlnge beneflts. “

;_1)’_Mothatlon._iEtudents are generally mare W1ll1ng and eager ta léarn

’7_'thcse thlngsi hlch théy perc51ve gs useful Utlllty is an 1ntr1n31c
*

farm Df matlvatlon, as oppased ta Eif'“nal 1ncent1ves, such as gradeg

='2)'7'" A gcad teacher seldcm f;nds the textbaok completely

-:f;adequate t@ meet the needs of all students The better students need

‘more shallenglng Prablems, whlle the slower ones need mgre oppartunltles'f_
tQ_PIaQtlEEtbaglC-gk};lS The whale class caﬂ benefit frcm lnterestlng
iaxam?lesjéf matﬁematiés in use. Appllcatlons can’ help meet all of these

needs. .. T e g



ﬂSual élassraﬁm.w :
RS

gatherlng their
statist;gal E

‘ 'ﬁfiappartunlty to, use. thé;r mathematigé

_phy%lcal and b;ologlcal EElEﬂCES,i

-4

-jEchDElES, art and_muslc. Same exeellent appartunltles arise fbr'*'"

saclal stud;es, industrlal arts

rf}teachers 1n alfferent aepartments to plan tagether sn that the SElEﬂEE,{ o

social studleg, or art teacher w1l

"’“k students ta use cancepts and

-,iﬂskills newly 1earrid 1n : éxmathematles classraam ‘“

h 5)“ Functxanal llteragg. Although by ‘ne’ means new, the notlan that @ur v
-  schao15 must prepare students to functlan a§ w1se consumers and enllght—

.enei cltlzens ifi an 1ncraaslngly technmloglcal Eulture has r3221ved new

fﬁﬁe%ﬁéifa

£

ng'the past'd ade? Fqnctlo=alillteracy lmPlleS not:’ Dnly 3

_praflclenzy ln compuiatlonal skllls, ‘but the abillty to use thase
E skllls zorrectly in a varlety Df 51tuat1ans that'may appear 1n everyday
n llfe _Ey'lncludlng real—worlﬂ appllcatlans 1n the :urrlculum, ve pro-.
v1de such cantExts and give the students 1mportant experlence 1n o :‘ .

puttlng th31;§skllls to work.

' 7} Cafear Educatlon The National Coun21l @f Teachers éf Mathematlcs has

called for caoperatlve efforts on the: part of guldaﬁce counsélars and  ‘
E;-mathematlcg teachers in helplng atuaents to maRE'approprlate éducatlanal
- vacatlonal personal, and SOElSl ch01ces. ngay mare and mﬂre Jabs )
_requlre mathematlcal Skllls, EVEQ as many ‘of our'high sghooi studgﬁtéf"'
are graduating w1th YEEHEr mathematlcal foundatlans iThfough éppii;ga
tlons, we can spatllght same of the themﬁtics needed in varlaus -
careers and Emph551ze the 1m§0rtance Df mathematlcs as 1t', 1ates t§

V_the Iuture vocations gf our stgaants.=:“ o : “;‘

LEN. =



'Dn the other hand, thé mathema%;as has ta be at a.

.l €

ithat 1t is lmpgrtant

) :;level apprapr;ate to the students‘ ablllt;es, The statement af the’ problem=
'-f'must be 31mpllf;ed ér Etreamllﬂed ta the extent tha '

:;:ﬁkey facts andhrelatlons and not beéénﬁ ﬁast 1n a tang

’jirédundant 1nfcrmathn.

-']Seem an: answar tc the ﬁr&blem The students shoula see the Problem as
-f,rel%ted to th31r OWn experlences Gr those éf ' mebcdy known to them.  7%;;52*
g is 1mportant t0 remember thﬁt merely Phraslng a prablem in'terms =

l—wcrld ngécts and activitles does not make 1t a genulne appllcatloni.f

':i;yery f;w of the ward prablems 1n our textboaks ask questlcns that anyone o
;;Qutsldé Qf the mathematlcs classroam wauld care to _ansver. For. example
MA l@sfoot baard’ls cut 1nt0 two pleces, one of which is. 5 1nches shart

".qu be;ng three tlmes ‘the: length of the otheriT Ffid the 1ength of each ,'%' .

)e problem shauld be rEEllSth in. terms of the data used as. well_gs = o
" thHe unknowm whose value is. sought ;f p0551ble, data Should be. taken
_ o real llfe, whlch mean% that pr;ces,_interest rates,zspeeds of alra_'
-'lp,anes, e;c ’ may have to be updated perlodlcally ' The Gther half of
' ';ticn about John .age- and thélr ages tagethert or problems asklng far

't,e dlmenglans Df a raam, g;ven 1ts volume and area of each wall T Ty

x3)w'Calculatlans should be feaslble with a m@degt hand—held calculatcr

‘Today, we can pose problems wlth real;atlg ‘data. and not burden .the

étﬁdénta w1th an uﬂrea Gnable computatlanal l@ad. . The- other 51de of .
this EDlH 15 that we need ta teach students ahcut Precl lon and’ ECEUIECY 7
and h@w tb 1nterpret resu;ts obtalned from 1nexact data Most teachers o

-are very unsure about thede. thlngs and there is a real need for betf%%ﬁ

Vpr2ezerV1ge and in-service ,ducatian in this afea,




ome: mathematlcal adeas.'

?r#ﬁjggTﬁgiﬁpﬁlicgtién Shculd lllumlnate and mﬂtlvate

thﬁ’gtth ﬁorassrthe sclutlon 6’ hefprablem should Qause the students

Eﬁut ‘the matﬂematics 1ts ; ' éee thismmathe_ﬂfuigrl

uestlanw :
ﬁ2i7~1;5ht‘ﬁ Hlstorlcally mathematlcs and science haveA“

;,EtlQHSHIE, ﬂith mathémat;cs Prcv1d1ng toal§ fgr .:'j:i

nvetlgat;cn
e VR
'1-_mathémgt;;s Should r31nférce each athEﬁ thls way in the claSsroam -
EA§)T;ThE appllcatlan shauld ‘be lnterest;ng tc the teacher. Enthu51asm (or';bg
ﬁ ithe 1ack cf 1t) 15 contaglous. If We want aur students to enjoy sclv1ng |

. problams, then wa must palnt a plcture of problem solv1ng as & s sti mu— h 2

V,A;latlng challenge,‘rather than as drudgery * This is suzely egsier o do-
'faif;”;»When the teacher, flnds the &Ppllcatiqn,;ntgg esting. - ery teacher g,;w;ﬂ;;f,%
B showld begln ta déV51DP his or her own;§ersanal filﬁ f 1nterest1ng oo
ﬁaPPllcatlans whlch can be tapped fﬂr classraﬂm use §s the cc2351on B ..i A'eu

i warrants_'
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- Count’ the-teetl

a s:racket; whi

' determlneﬂ fram,thé numbezs af teeth on. the Spracketjand chalnwh221¢ _3?5

6.

- §91r5, the géar advantage :of the mlddle one- 1E approx;mately the Eametrlc e

table shcw;ng these numhers (A gear attached tg the T ar,

ea gear attached tothe. pedals is calleﬂ '8 cha

wheﬂ thé blke 13 in a° partlcular gear HQW can- tﬁe gear advantage be‘;T

. N
B

“th 27 1nch dlameter wheels, hg teeth oﬁ,thé'eﬁsihwheél*aﬁa‘f

28 teeth on tHe- spracket “how far w111 lt move alongfth81street for each e

- camplete revolutlon af the pedals? Der;ve ‘a generalffafmula relatlng

dlstance traveled to wheel dlaméter and gear advantage. R

ea;ﬁgat;q fcr a. blcycle is def;ned tol¥e

when.: Lo ’#'teéth Dh chaiﬂwheel

L@ k] == R B . - N P .

' M‘

= # teeth on sprocket

',D'J\ :
1]

dlameter of rear wheel fh lnches

.o _- 1 e -
If a blké r;der cranks the pedals at TE T p m and the gear ratla is 73 D

haw fast is. the blke travellng 1n mlles per hour§
. St .

P TR

A blke rlder'g caﬁe ;g,igvthe number of revolutloﬁs per mlnute made by

the pedals _ Derlve a fDrmula relatlng cadence, gear ratla,_and llnear o

a
gy

EQEEd ‘af a: blﬁycle. ;;7: ; e : ,_ "- o :‘;'f-h

31-

Gearlng af a blcyﬂle is aften set up S0 1hat,for any three cansec¥t1ve=

3 me%n of the gear advantagee of the other two Check thla Qut f@r a

partlcular blcycle Des;yn a 5- spead gearlng syvtem that makes use of

this Qr;nclplei' Assume that: your ghainwheel w12}‘have hB teeth and the E

sprockets for high and Low ‘gear will ?gve.lh and 28 teeth re;pectlvgly,

x

=

I;(i e P B : e ol ,, . Xv: el , -A, N ,



,tversus ;peed and anather gfaph cf

'stapplng dlStanEE versus the aqtare Df tha speed Try to fcrmulate an;.

equatlcn [1 e. a mathematlcal modsi]lrelatlngithese two varlables _f-s' ;

f;;9£ lf the blcycle tD be used 1n prcglém'w is né% equlpped w1th 3 speedometer,;.:f'
' 5-_ devél@p ong ar more methads of deter_ ing 1t5 speed ff.-*' - I

; [}
P T - E ) L
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ERIC

Aruitoxt provided by Eic:

Real-World Problem Solving: Measurement at Home

ome Sweet Home . L.

1. A pair of drapes to céver a double Qindéw;ﬁilfkfehhiré 5 widths of material,
. 2%- widths sewn together for each drape.  The length of the .rapes must

be L]l inches, with 3 additional inches at the boitom “or i1 hem and six

additional inches at the top for pleats. E will the material. vost,
at $3.50 per yard? .
2 One gallon of paint is supposed to cover L00O asquare feet. A bedroom is

e
measures 30 inches by 79 inches, and the closet door measures u8

ons of paint will be required? This paint

—
p—
r:\.
o
T
o
—
P
i
poing
el
£
=}
[
]
")
T
[l
=
et
o
I

i

‘sells for $1L.50 per gallon and #L.50 per.quart. How much will the paint

d fitting, do not subtract the area of the window this time,

n itel
but do subtract the area of the doours.

L, A dining room table haz a circular top With o Sh-inch diametler. Four leaves,

each 17 inches wide, .an be added to g;témd the table., Twu tablecloths are
tyr be made, unie fur the circular table and the other for the table fully

extended. A minimam overhang of 8 inches ls desired, all arcund the table

Vhe material o005 dnches wide, but each hem Al seam will tegulre an
1 {
5

addltivnal Inch.  dow many yard., of mete:igl most be purchased?
y . 3

Lots of Problems

5. The iot 1s 85 reet by 150 teek., The house Cuvers 180 square feet and the

dt‘i\[%‘ﬁﬁy anaother 950 square Feel. The rest of the lot (with the exception

seed custs Blsous

A Vew arall flower bt 1o o e ot frn wrenia Grass
* i
for a J-pound box, and the recomne nded scedling rate Is I3 pounds per thousand

‘Squaré feet. How much Wil 11 cost to seed Lhe yard? Pertilizer costs

]

1M
1]

M

o



e
fertilizer for one feeding of this yard cost?

\ Sod costs $1.50 per square yard. How much would it cost to cover the
yard w;tg 304? (Ngte: *This problem can be made more reslistic by
providing a plot glan from a magazine and having students take their
data from tnis plan.)

6. A patio is to be poured in the shape of a quarter circle, with a radius
of 21 feet. The concrete will be L4 inches deep. If concrete costs $36.L40
é;r cubic yard, how much will the total concrete bill be?

7. The driveway measures 16 feet by 59 feet. What is the welght of snow that

must be removed after a S—inch snowfall? (The weight of snow varies with

its moisture content. For this problem assume that it weighs 3.5 pounds
per cubie foot.) ]
HLI
f. The region shogn at the.right : i A
is to be plantZd with shrubs 1'he
nursery recommends that these be ID’
placed ¢ to b fest apart (g;nLgr (A .. )
centér). How many shrubs will be 1-7"’
neededy Mulch, three iit.ih'c:.::i: deep, — — ”
is L be place!l arvund the shrubs.
How many bads ol ralch will be — Tt T B
pevaired 17 gach bag conlaloo 1o b Pzl At l.ow e oot e Losel st
ateubs Tt \:IllL' et be covered wlohomul b
ST
J A [ T S SRR RS L VR P R O T . . Ve T
ber The Tamoeme:s oo thita wllh v EB1D o an o bbb s Hoow o
i ane 101 thile oW e 1 de o e e s
1
T A N T T ) %ﬂ}; sLL | Vil , Ll \ ;.;,.xll:.m
: beow Wl A S T TR S
7
-
E V - f
t ) 'y
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Aruitoxt provided by Eic:
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ERIC

Aruitoxt provided by Eic:

10.

1.

12.

=
\B_.\\
%

[ ) ) , . )
A lh-inch by 1l6-inch by 38-inch rectangular bale of hay weighs 60 pounds.
low much does this hay weigh per cubic foot?

[=

L]

ome farmers bale hay in round bales 5 t=et in liameter and 5 feet l@ng;
How many rectangular bales of the size in problem 11 does it take to equal

one of these round bales?

A combine has a 16-foot cutler bar. (i.e. it cuts a swath :6 feet wide.)

How far must the combine travel to harvest one acre? (One acre equals 43,560

square feet.) If the machine travels at 3 miles per hour, how many acres

1
.m., with a 45-minute break

o,

can be harvested from 6:30 a.m. until 2:15 p
B

tor lunch and two 15-minute rest periods? First solve this problem without

Then make some realistic assumptions about turn-around time and get a

(Jee a related problem, 0-32, on page F09.)
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Problems, Probléems, Problems!

The'éxy problems in this collection have been partitioned into
three categories:

I Open Search Problems

IT  Application Problems

IIT Miscellaneous Problems

These titles are explained in greater detail in each section and
some of the decisions regarding placement of problems were arbitrary.
The problems have beeh gathered from various sources, many of which are
cited in section C - "Problem Solving Resolrces"i Most of the problems
have appeared in at least two sources.

Although most of the problems in this collectlon can be solved
using ideas fram\arithmetig informal geometry, and basic algebra, no
hints cancerniﬁg the level of difficulty or appropriate grade level
have been given for any problem. This 'omission' is intentional for
(at least) three reasons. Most problems can appeal to students at
various levels of sophistication depending on what is accepted as a
solution. For example, the determination of a certain length could be
done by solving an equation, by approximation using some trial and
error method, or by making a Phyéiaal or scale model and measuring.
secondly, when oie cncounters a problem in the real world, there is
usually no indication of its difficulty. Finally, as the old philosopher
says, "bDifficult for you; easy for me. "

Following soume of Lhe problems are,

1. VARLANT  whilch dndicates wi alleinale vuy Lo poo

essentianlly the same probilonm.

-

2. COMMENT - which contalus comneubs 01 waye Lo ollvel ivel,

: use the problem

and : Ek
: J ; /faL

which indlcated that Lhe cader 1o L;;xuuu%t&xﬁu o

pose a sinilar problem. (You mlght ask youwrself: "What

would happen if ...%")

Ant now, on to the problem

[y

Qo 7

ERIC e f

Aruitoxt provided by Eic:
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III Open Search Problems
An open search problem is one which requires the solver to
search for a pattern, to select a strategy, or to discover a relationship
which is ne® obvious from the statement of the problem. In exercises
or in many '‘word problems', the phrasing of the problem suggests an
algorithm to apply, antequation to solve, etc. There are uéually no
such hints in an open search problem. !
The problems are in random order except that cartain classes of
problems have been groupsd together.
% 0l. When all the whole numbers are listed in order: 12345678910 13...

what digit is in the 206, 789th place? (Example: The digit
2 is in the 15th place.) '

VARTANT: It takes 206, 789 digits-to number the pages of a very
long book. How many pages are in the book? )

Ja. Calculate:

COMMENT: ¢Calculator useful.

O
[

Suppose the scoring in football is simplified to touchdown -
1 points, field goal - 3 Ecintﬁg-ani nu obher scoring. What

3

scores are impossible to achiever (e.g. 2 1, 8B-9)

VAKLANT: With & supply of 13¥ and 1.¢ slamps, whal aacunle

of pustage could you put on a package

G Kxpress a) Ly LJ) Jv o w) wgy as Lhie eone oL L Gl aelw
consecullve integers luo as wany ways as posaslble in
general, which pousitive lntegers can be expressed as thoe sw.

of twu or more consecutive integers?

il BNL . ood priwblem 2% E_L‘Q\SLJLEEZ addl Ll culb.brac bl YRS

divisien.

ey

{




05.  Imagine 1000 lockers, all closed, and 1000 psople. Suppose

! ‘the first person gées aléng and opsns evkry locker, Thénrtha
second person goes along and closes every other locker beginning
with #2. The third person then goes along and changes tﬁe
state of every third locker beginning with #3 (i.e. if it's
open, she closes it; and vice-versa). If this procedure is
‘continued until all 1000 people have passed by all the lockers,
a) which lockers have ‘been touched by exactly two people,
and b) which lockers are now open?

COMMENT: 1) Good problem to introduce a number theory unit
in middle school. 2) A whimsical problem often appeals to

a student because of the mental picture he gets.

06. A person 6 feet tall walks all the way around the earth
at the equator. How much farther does his top of his head

travel than the bottom of his feet?

VARIANT; A steel band is stretched tightly all the way
around the earth at the equat@f! If this band is spliced and
another 10 foot section is added, what 1s the .tallest

object which could now walk underneath ity

CUMMENT: 1) Another whimsical problem with a {geuerally)
wexpected result. 2) Good problew for students to rirst
gstimate o1 guesSs Lhe auswzr Lefore attemplting o solve.

/ How wan wlig,le dig_lL- JLAL;E‘;LQ L pdaved Lo Ulhie daswer Livone .o e
that whenever an lnbeger is placed du Ue 1owzr row, Lhe

integer above 1t must cvcocwr that wauy tlumes o the lower Loace,

P]L[E]3[E]5 678
L L

a
"

[

Fol caaiggd o 1f£ = is E.LS.L:ZQ in Lhe Lo bLoelow L, Lhet, L ua L
appear twice in the lowsr boxes.

_BTC.: Try it for boxes 0 -7 , O -

8
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‘Louie the Gambler took his week's paycheck to.the casino. He
paid the = $2 entrance fee, lost 1/2 of his remaining money,
and then tipped the hatcheck girl $1 on his way out. This
bad luck persisted; the same sequence of events happsned each
day for the next 4 days. ~At the end of the fifth day, he had
$5 after he left the casino. What was his weekly paycheck?

VARIANT: Essentially the same strategy can be used to solve
problems such as 1) How can boiling a pot of vegetables for
15 minutes be timed with a 11 minute "hourglass" and a 7
minute "hour glass"?

2) How can you bring exactly & liters of water from the pond

to your hotse if you have only a 4 liter pail and a 9 liter

“

pail?

In which rectangles with integer sides is the area numerically

equal to the perimeter?

The set (1,2,3,4) can be Tartitioned into two subsets

(1,4} and {2,3] in which the sum of the elements in each
subset is the same. The set (1,2,3,4,5) cannot be so
partitioned. TFor vwhich positive integers n can the set

Sy (1,2,...,n] be partitioned into two subsets (they need uot
have the same number of elements) in which the sum of the
elements in each subset is the same? Describe a method of

partitioning the set Sn when it is possible.

CoMMpNT:  Gooud problem for finding a pattern and o discussioun

of the proparties of a solution to a problem.

Ble. . T 3,b, 00 subects 0r sum of vue suboel l1s 1 wore Lbhasn
¥ 3,0,

sum of other subset.

Suppose a large wooden cube has been palunted black. It is
then cut up into a) ok b) 10uu smaller cubes. How many

cuts were required i each case? How wmany of the smaller

%
jay

ube s

[p]

ave 0,1,2,3 faces painted black?

by

S A

FOu
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ERIC

Aruitoxt provided by Eic:

C o e ST ; S .
ETC.: Find general pattern for cubes. Try cutting up into

other shap=s. : ;

Which positive integers can be written as the difference
of two squares? -
VARIANT: Which positive integexs can be the length of one

leg of a right triangle with integer sides?

EIC.: 1) How menv ways can an integer be written as the
difference of two squares. .,
2) . Which integers can be written as the difference of two

cubas?

Roger Miller claimed on a TV show that he was 1/3 Cherckee.
Disctiss the validity of his claim.

<
COMMENT: Good introductory problem for several units. (See
. [ 3
article
; . A AV RS &5 L
(Permat) rind the rewslnder when j;";"' ) 27 10 alvided Ly (-

F

VARLANT: Fiud the a) oue’'s L) lasl Lw. dlglits of |
VA2, Y

R

Plovt L wmallesl poalbllve ot T O O O | IRV A S

T O T O B O T O T Y e L N A
the object is to get as many 1ln.s of b "marvlea' in a to.
a5 poussible. How many lines of v 1u & row are Lhe.e

in this b ok wio gridy

ELC. : lry larvger grids.

s

;d_! . LT
P .
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ERIC

Aruitoxt provided by Eic:

oL7.

it

-

Magic Squares

Aﬂkadiitive magic square is a square array of numbers - all
different - so that the sum of the numbers in each row, in

each column, and along both diagonals is the same. For example,

1= |
=IO
!h_!l
w

& 3 x 3 magic square whose common sum

W 1 is 18,

FVJ' \I}-J “'-J'l

1
=

[YS] [a st WY

a) Complete each of the following magic squares
hY

16 15[ 20 61 1 81 1= I
.13 113 .13 1
TSN A N1 N - A A S i O T
b) Can you find a 3 x 3 magic square all of whose entries
are 1) old integers 1i) end in O 1iii) end in 2 iv) leave
a remainder of 3 when divided by 17°? '
c) What values are possible for the common sum?
ETC. 1) Try larger additive sguareé 2) Iry multiplicative
magic squafas 3) Use fractioas jinstead of integers 4)
Try magic triangles instead of squares
eg -

;<
5
(3- @

Are Lhere any olher "magic" 5hagaﬁf iy @ 5 w8 w3 wanl, Cube.

lreewlde whebhier the 5LQL§HJ’;LLL2 'Iu iy L;'lgué_l; Ll ovun oL

¥

Lhe lengthsy of the three sxc.&ds vie ball Lhe ;=1

mztzr" is tlue or igégéﬁwhau the Llauk is replaced by a)

albitudes L)) ‘m*:ff{laﬂ::} <) augle bisectors.

For which poslllive dntegers o 1o o a Faclor of Lhe

product (n-1)(u-2). 2+l (ror uxauwple, 5 is nobt a La.tior

by
i

of heaesel o b but oo, 1s a tuctor of ¢ hegecl Jd20

FO6
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COMMENT: Good problem for middle school to get across the

the difference between prime and composite integers.
i

VARTANT: For which positive integers n is
a) n a factor of (n-1)(n-3)... 2(or 1)?
= . i -

b) n” a factor of (n-1)(n-2)...3+2:17

7 o .

Given the line

= -

A B C D
How many segments are determined by a) 2 b) 3 ¢) 4

d) 5 e)n points on this line?
VARIANT: The points need not be on a line.

How many angles are in this picture? Generalize if more

“rays are added.

How wany triangles are 1o thils plouluce: uonerallec

ilvew mahy Jlagunals Jdoes thls lheaagwll hlave?s veueral l e

i = T,
é X | .
»1,1‘} 7 ] \ 7

=4

70
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o2k, If 10 peopde are at a party and everyone shakes hands with -
everyone else, how many handshaked would there be? Generalize.
: 7 1+ .

025, o, L L Find the area and perimeter of each of

these polygons. Generalize.-

526,  For which pcsiti¥§ integers n is t@e gun of the first n
\ ! positive integers a factor of the product of the first n
integers? (Example: n=L, 1424344 = 10, 1+2+3+4 = 24 5o
false; n = 5 , 142434445 =15, 1+2:3:4+5 = 120, true.)

1]

QETi“ Find all pairs of integers (a,b) so that the sum of all
the integers between a and b 1s 1020.
ETC.: Find (a, b) so the sum of every other integer between a and b
T is' 1000. _ . ,
023, You, a druggist, received 10 bottles of a certain drug, each
‘with 100 capsules. One bottle contained capsules which were
10 milligrams too much. How can you find the faulty bottle
as quickly as possible with a Scéle? Suppose more than one
. bottle (but you didn't know how many) contained heavy capsules.
Ho% could you find them =2fficiently with a scale?
.
Y2y, a) luto how many regions can twe rectaungles partitioun Lhe
plane? A

L 4 Lregl o.,u,.:s)

{Example :
3
& Conelder all cases.

ETC.. 1lry other plane rigures
L) Llato how many regions can a Cube und a sphere partltian

space?

Elv.: lry other sclids
Ed

COMMENT: Good problem for testirg visuallzation.




"

O

ERIC

Aruitoxt provided by Eic:

0 30.

031.

032.

Using 16 unit squares (01) , many different polygons can be formed.
What values are possible for the perimeter and area of these
polygons? Answers the same question for 16 unit cubes, sur-

face area, and volume. ETC.
COMMENT: Good problem to practice skill of finding perimeter.

For which positive integers n can you partition a square into
= .

n smaller squares? (Example: n =2 impossible;

n==u -

Given a hay field 600 m long and 200 m wide, and a hay

rake 4 m wide, how many circuits of the field must the farmer

;E?ggake to have raked 1/2 the hay? He rakes as shown in the

figure.

Consllder Lhe set of unitgri fractions B . |

Paj -
Lad—
I e
pad

a) Find 1) 3 i1) 4 iii) o fractious frum F whoSe oum
is 1 venerallze 1f you can.
L) bBlad 1) = i1) 4 111 4 lv) Liwobions fa.o..0 ¢ wlhivow

swa s L clows, Lul Lol s ued, LU 1 s pussible,

2

0 —
N

cvur LE AL liuleger?y

T w—

el

s e
ey

. =
o |
et

f ‘j}-:j 00

48]
[

BlC.. Can you fiund other cholces fur the denominators which
make a similar sum of fractions "easy” to calculate?

.



O

ERIC

Aruitoxt provided by Eic:

036.

037.

038.

by

%

- For ‘which positive irntegers n is i : e v;: -

1. 1l-: 1 1 : . ]
2 - L e g . o = =T =
2) nto toee toortaE 1. ' , ’

b) égr+ ;gﬁ+ %g b+ <19 LT e
2 L- - n

v fri s . . 1 .
For which positive integers n does = have a

a) finite de;imal’exgansién (Example: % = .25)

b) repeating decimal expansion of period 2 (Example
= .090909) ;

i L

(L]

c) repeating decimal expansion of period
¥

1]

d) repeating decimal expansion of period 6 ¢

BIC.

Find the prime factorization of the smallest positive intecger
which is 1/2 of a square, 1/3 of asecube, aud 1/5 of a fifth

4

power. ETC. -

A infinite snowflake:

Baclhi second a uew syullateral triangle cw@rges 1o Lhe wliii.

thira of each side, Discover what you can,

COMMENY. Aun opeun ended gyuestion Coudd exalilae #srca, poerlasber,
length of time belfore a certain pheuomen..n vecurs, ete  Bu
courages student te pose as well as solve problems.

- =5

Choose 3 distinet digits and write all possible 3 digit dotegoers

=

-outaining the ghéggm digits. - Add Lhese integers ana then

divide by the sum of the three diglits.. what values are possible



. N o= . W ) o ‘. - {i L o
. - = F11
: ' \ YT e
... . for this quotient? 'Do the same for; a) 2 b) 4 or .
c) 5 digit integers. ETC.. - «
. _ _éx’z o |
AN
COMMENT: Practice skills. - < )
. » & )
Okl. Find the areas of the following figures: :
To(a) S (e}, - (¢)
: . - .
L 8
) Q. = -
. 8
! : T
(a) . (f)
E s
i h{ .
¥ I
Do these figures have anything in common? Auny observations’
COMMENT: More skill practice with a purpose.
Jhe, Take a plece ol string.  Flace if oo 1tfcrosses itsels .m) 1
; L) 2 ) 3 4) b oe) n tiwes. How maly rggiané are formed?
H3 luto bow many pleced CaL you Cubl o place wlllh &) 2 b)) 3
¢} b d) . «) n cutst Cousluc: 8ll . asveo (E‘uﬁ,éuuy.l&_;.
Culs determlue 3% or U pleces): lhe c¢irculas shape is
walntained L,L;Lm,{ghuut Lhe culs.
IR 1} What ﬁappx:u"s if you can ..ove Lhe leces ;\L‘Lﬁ}!‘ s ahy
cuty 7 = .
) cunsglder other sha,.os fur the "kl,_br,.' T .ﬂg\lgl"lﬁl | TR, .
3 -
crescents (uf moon). )
4 - =
#

ERIC .- -~ 7% - 7 .

Aruitoxt provided by Eic:



+ on drthr

‘é, "h;gﬂy : sﬁméf?ig " golids’,

des have a’ 1@ngest S:Lde(s) B
- e) 5 'f) n unlts'? In___ i

GL'L:?- How man‘y different ;lDlYgDnal shapéd iloar 'bllES EQUlﬂ YGE hSE
o vma.ke S0 yﬂu c@uld t*lle X! ﬂr:sm: umng 'bllES@éf orﬂ_y one shépa'?# :

: ’ ma.ttgrs (E}:ample' ’4- 1+ -
;-= 1 +‘2 + 1 1 + 1 + g

g +i2; 2 waya);;f ETC. :




must ‘be con51derec1 (E 3-8 !_l! is Equivalent ‘to iiji

- square ean end?

&

af -a squara w1th 2 colors b) f”ces af a. cuba with 2 calors

S

.;: c) vertices of a cube w1th E c‘;'c‘)lcti's‘?l fﬁ

;;ﬂ_;;:fifﬁ-;?fédﬁMEﬁT:j_GQDi_ﬁ?,biémzafﬁer’iiscuéSiﬁgvsymmatzy?;

v BIC.: 'Différéntﬂghépéé;”mqté-éqiofsi 

: adjacent faces (sharlng an edge) have the same . colar HGW

oty e

R many calars ‘arae requlred? -

EIE.,_\Ghange thé raad tg someth;ng movable S0’ symmetry | S

a) tetrahedran b) c&bé aré ta bescolored SD that no twn -

050, What 13 the maxlmum numbér af ldéﬂtical non- zefa digits in wﬁiéh,af_:?

. .

’,«F

AL

T blue béadS?'_ e o i;£=”1}':_m L

{-  jO53 g Haw many dlfferent necklaces are there with . ? red BéadS'aﬂi

.. L s . . s ‘

"":;CDMMENT; ;Citgﬁlgr'Symigtry;;:}"ff; SN

”i?}‘_f 654 Hmw many squareg are en a Eheckerbaard? Ganeraiiéef'ﬂu

i

What is the fewest number Gf llné segmants necessary to

".fcan truct a flgure (llke a checkerbaard) Whlch has. exactly

: i.lDD ﬂquares? (18 Segments determiﬂe g checkerboard )

e . . - . -.

# L T s

2 -
e
. %t

®
P
.
=
-

L



o A‘Qjé-x_;; Fin& e.ll waye Df arreng;ng “Ehe ‘ten tiigite G l g: iy 9

T . j_nttj a ten digit integer. Whieh 15 divieible by eae}l @f the 17:
‘-integere g 3 L, ~--.,17,18 T o _
F:Ln-i the emelleet Peerhive 1nteger n ee the;gm@ﬁctl
7999ﬁ e _1_i"'” ‘ A N

058, | 'USlng the digz.te 1 Lls 5,7 9, fem a 3- Ellgz:b 1nteger end 8 2- n
S d:l.g;‘t. irrteger wheee e.) eum ‘b) Eilfferenee_ e) preduet ‘

.
o

1
i
!
1
H
!

- d) quetient “is ee le.rge ee peee::ble; ‘a8 emell eevpeeelble
' ETC. : ' PP IR I

L CDI@E‘.I[T Mere geaa ekill preet.lee : eleu;Leterte eheek ' el

: reeu.lte

09 Seme emterltme;': P . e - 1& N 3
'"?.;fe) aEh b) pONALD ,E) HOCUS d) ABCD

<CA . . #GERALD D=5 - . 4POCUS - -’ s ,
AB _‘ RQBERT, TR ‘,eeeemo - '_ , DCBA ‘

b .-€) FORTY .. - f ) EEQ any even - .. &) AECDE

R ATEN - - C %00 digit ;-[ . AJ+ABCBE

e _FIENY ifj L ECEQ --ae;: any odd . | ;;f; FGHIOK .. . .
K . BIXTY .0, (EOO . - adgit, R S
AT ~ 50000 - LT T e S

'M<

fﬁeee;jfegeﬁj'eie;i»; S

&

D‘S%, :Let el, ' 34, ;.i i’ e.n by eny rearrangement Df ZL 3‘;.“

v i For Whleh :Lntegere n is the preduet (el 1)(e. —2)(e -=3)';;_;‘
RS alweye even? ﬁ" Lo ' '
T g
Géj_, A Fer wnleh peeitue 1ntegere 11 15 D :
_ _-a) 1'+E'+3' ;"u-+n“? "5
i? b) 1! 2! 37 Ty f Snllal equare'? ) '

T i A . . L L : - i T E E ) T L. .
. ¢ . : B . L R A . #, s, B . . N . . : = = * N
ST e N o S S




bo:c*?

' Fold a plece Df gapér tw12a ani cut @ff the f@lded carner

L 3

O is a golyg@n farmea by canﬂectlng 5 unlt

HDW'many pent@m;ngs are there¢ qu many of them fﬁld

up ih‘tm an open ’bax? ’-.‘

b) 8. he;mmlno is sueh a pt:lyg@n c@mgased of‘ 5 unlt SQU.areg H_@ﬁ

many hexg 1111105 are there‘? H@rw ma.ny ﬂf them fc::lcl up. ;nto &, clasecl

L O HE

o/

Far a E digit 1nteg§r Such as 35; 11 15 always a factor Qf the

sum c;;f that ‘ntager ancl 11;3 reversal (e 8 ;Ll is a. :E‘actor o:E‘
- e c) 5

6 e) ;1 : aiglt mtegers'?

How mw h@les are in. the unf@ldea pleee of papez‘? Haw ma.ny
holes w-il:L thera be if tha papér is f@lﬂed a) 3 b) L g) 5
d) n- tlmﬂs? if?” 5 : :

GMNT Ehjsii:é.l?i&é;’iel ‘is apprapri_ate .

065
"+ 066.

067,

F;Lnd the smallest 13@51'!;1?& integer icl:t (smultaneausly)

has a rema:xder Qf’ n’l when dlvl by n fﬂr_ g__ 2, 33.

T 1 )

v F:Lnd a get. ai‘ 5 pgsitlve lrrﬁegers s::: no subset ha.s a su,m dia-

'y'lSlblé by 5 DCI 'the same fr:rr 53,‘7 Generalize

S E.

Place Ehe numbers ZLE 38”

9;1@

squares Gl ¥ any twc.: are ,jc:lnerl alc:ng an edge( g o yes Ij ru:))'? o




L T6

. 668 - Find the smallést inﬁeger n fﬂr whlch tlze statement'. 7 :
' E"In any Seﬁ Of n diEEerent twé digit 1ﬂtegers, there are twc dlsgaiﬁt
"'Subsets whose elements have the same sum : 15 true-_l*‘ ‘ A

Qé?a_ a) ch manar zernes are at the en& c:f lC)CJC)‘ " e ‘ !
R ,;_b) What is’ the last ncn-zera c]j.glt'? : S

- o70.- F@rwhat integers §1 l$ (.l_-2-3: n)gi} nn'? L

RPN (T(l Farwhatlnteers,n 152n+l d;.vismlebyi? e - o

o72. '..!What is the msjtimum value. c:f the area af a trlangle 1nscrlbea
T iﬂ a parallel@grsm af base ‘8- and halght 6 E2 Lo - -

A;c) 3 d) n dlglt 1ntegers are there

L | 673 :Hcsw maﬁy s.) Lo ‘b) 5
e ":WhQSé iny gits are _
at least c;rncei .In ‘each case, _h‘:’V many - of the ;ntegers are

jld;v;51b1e by 32 BTC. . ot

E-i aﬂﬂ 2 lf bcth dlglts must. GCEuf jf”

- 074 ’ Find the sum éf all 'Etlnc:t Ll= d;git 1:1-l:egers which c@ntam

U the dlglts 1,2, 23, 5 5. eachi at most: ofice: EIC,
. Eif 3 7

. l/l-'k' i‘foaﬁ; '

1 foot

=D§,.éé§\fér f_wha’_lgg_;yau:c!én;_a}ﬁéut ‘Ehls izlfihiﬁé tree

.-Q76- ' N paaple are’ stand;ng in a” f;eld 80 that no two. PEDPIE are f'f
o 'the Same dlstance apart. Then everyﬁody shaats hlS gearest -

N _Jnelghb@r ane ' R ' S o ';

'y . .a) For which "N .da_es at least one pgrsgn survive "(no matter where Ehe .

. .- 'people stand)? . .
4b) What ig the maxlmum numbgr nf bullets whlch can hlt one perscn? -

o
A




' 3 apples + 1 pear = 10 plums:

a) O§3 : Suppcse .éaéh- penny touches four other pennies. .

Qo ; b)) % _: i‘Sﬁ;pP@Sé;:gaéh -‘pvemijr;taﬁehesf 6 ::thar V:l;\énniés.' L . -

3

.In each v»éa;sa find the peréantagé’ é:f s‘_t;he rtabletégcéveréd b;jr: the pennies.

- 082, :Ea-:h auccessive sqglare 15 i‘:: d ‘by gaining the mldpulnts of
; the Prewaué 'Square. If the arlg;nai aquare has "gide 1&115’@11 1
. :flnd the afea and Permé‘bér cf 'bhe ';‘Cith s:lugre BIC. ERE




S 083, M"T caunted—i@ s‘teps that T e down the egcalator sa:ui e
-,;1;f’:_ 'iAmy@. "But I caunted 75 sﬁ'Ps,ﬁthaugh I Was walklng thrEEftlméﬂ;f;:T;
':';;as fast as y@u: were"'sald Bob.. It the escalatar were st@pped S

. ’ff;hcw many stePS wuuld be v151ble? - 0 ﬁéiv:

' : oo T Co ) ) AR Lol

L éSh.tx-What parcentage af all pawe,» of 2 begin with 1 (e.z. 16
;L“fj%f;“985:1¥*A SEcurlty“guarﬂ ig resgaﬂ51bie f@r the safety cf three T

S locations A,B, G. At what point’ P Shaulﬂ he: stand so that o
'“j“{f":?:-ithe largest af the dlstances; PA, PEQ xs as small‘ad'pass;ble?

vzﬁ_ ®85._' Bgarn baat Jlmmy in & tennls set §=3: Five gamas were wmn. j’ if¥?;t!.
,;by the Player who did not serve. Wha served f;rst?v" B '
DﬁT;,-fWhat?ié‘thérémallést pergentage of the pnlnts_ﬁhe w1nner af
A tennls set’ can. Win if the Winner of each game must win at
) 1éast 4 PDlntS and beat his appaneﬂt by 2 p'lnts anﬂ the w11"‘“

- ef-a set must wla at least 6 games and be 1

-y gamas
-§é88;'7'Con51dér f 8= [1 2 3;--§ .f!ﬂ]? .
" a) Choose a, b,c at randgm f%@m S w1th replacement.‘ Find the

‘ probabillty thaﬁia =b + e. - N
i,b) ChBDgE a, b at randcm fram s w1th replacement Flnd the
"”_' prabablllty that xg A+ ax + b .0 has real raatsiA'
A C);ChQQQE a,b,e,d at randam from S With réplacement Flnd the

o Praaabllity that the system ax + by'=-2D ‘has & salutlan
o T S .cx + Gy = 35 - ,

!Qgéff . ;Suppase a)E b)3 e)5 d)n ‘1ines are.
L " drawn from each,vertex,' Inta haw many

o ) ”reglons vig the trlaﬂgle part;tlaned?i
e
. ™
L “ -
O “g L




t:1§9§{_'EivE;=iffPGESiblé 'an example Qf ! A T-;"f::
o ;?il(g}. e prager fractlgn gréater than 3/4 A P
';(b)-.:a Palynémlal Gf degrea w1th f@ur terms.;:
’i(§);f:a trlangle Dne Df whose altltudeg Qgineldes;
. U e ;iw1th one of 1ts medlang.;__ _ ,‘_ s
g { o ;i-_7f',(iy;vlthe equatlcn of a circle. whlch is. tangent ta5=;
E | , 'tf: bath caardlnate aan.:»*' 7 " -
i‘lféif\=a regtangle whcse area is numer;cally equal "
B o - to its. Pﬁrlmﬂter.A-=;'= N '.'i_ .
' .,twn real numbérs &, b fgr Whieh a +'b. g_ig + b

={H)' .a tlghE scalene tfiangle
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Genera.uy sgeaklng, an a.p;;licati@n Prd: 1Em 15 Qge in wh.lch yau apply
appmp;‘ia,’c.e alg::ritbms to :E‘lzid a salutix:ani _ Ellhe st.rateg ' g 'rlviﬂg Euch
: the caleﬂlatians,
: salve the equat:mn*, ete. . Where many -of* the Dpen search grablems (E.Ilti

’7_5. prnblem :.s ci‘ten evlder;rb the maln task is to. ca,rzw oy

-the miseenanaaus Prﬂblems in ‘the ne:ﬁ: secticn a8, WE:I;) are in. SDIQE -

sense umcg.ze 2 the. prablems i,n this sectlan are :.ntended 6 'be . prr:t@typas or‘“
vmmaclels ?&;1:}1;3@1; can aﬂapt ta: a.reas which '
"In cxrde’”' to i‘md data for reé.l warlcl" r&PPllEE,tlDﬂS .. ycu may . wish tcs ;

ccmsult nail ﬂrder catalégs P a:l.magacs Gulnéss Book Df W‘c:rla Eecarcis T : T :

f e

1:11:3;:‘&51: ynur stuaents. 7';7:7 :

j@&ﬂi ather simllar sgurees.} Though _such prablems are ngt HUEEIOES 1n thls R S
- sectlan (clue largagly to space li‘r itatmns) the falic:w:ing four t’.YPas_, ; _i .

. o e,
";af agpllaatlan prcbléms deéerve amph551s in’ the elass:ocm .
(l) Interp:gtlng and e@nstruet;ng tabias graghs. Ehart53 etc

;,?7'-;(5)_ fPreblems cantalnlng 1nsuff1;1ént or. extranenus data ani/ﬂr - ; ﬂj;‘f;{ : 
: ' l ; ;r@bléms where ’Ellé data’ must be gathered by the sﬁuﬂents - Ve
. (3) " Decision mali:!.ng prcsblems? a prcblem wiich aska the salver 'Er:
. f: ;'  sho§se from alternate eﬂurses of actlcn TR .’f";ﬁ _
\'~;(4)?f;iSimulat1Dn prahlems, u81ng dlﬂé teieph@ne books (as 8. ranﬂcm }?—wmelwi~¥

 number table) ccmputgrg atg - ta simu;ate real Wbr; “Préblems

P " R

CAl. - Here is"”a graph of ﬁ’lé ;neiglits -of ﬂil’.éé’ tribes ,A; B ;,;C,. Ly
- aﬂultkmalegf_ T o o

:5;{'_”_xff;;J)i lv:“f-;f.  ' ;‘_13_;rHé1ght (1n cm)' V-__ ._;J: lj ‘€ '.g _:;_ilé

ce s a) Whlch ‘tribe has 1argest Papulatiﬂﬂ of, aﬂult males? "
Coo b)' In whlch trlbe is the averaﬁe height thé a) 13TEESt -

o b)smallestﬁ— . fx} rv;;: : - S
e Tr:: Wﬂlch ‘tl‘lbé clnes “the a) tall B). smallest, male balong?
o a) . Ih'whlch tribe 1g the varlatlan af heightg the a) greatest

ST e ) smelléstr o o




AE A new pleQe Qf equlgment costs $1D C)OD T’he‘u‘,t;gcst fo.rmaln= o

tenance and I'epalr ara*

‘Ez;ééStff_i' 5éq_h789’:‘§4©~.1iaaf*igééfjﬁga';lgean‘égééffggaéffggajj-* ;

o

a) After hDW maﬂy yea—rs shc:u;l_d thls glécé of equlpment he ;
L replacea scx the a:v*erage yearly EDS‘t of purchas:.ng a.nd ; T

S ogera‘bagné it is mlnimized‘? te : V
e b) Suppose 'bhe

* 1D Tyea:rs Recgnstruct thls table and answer the ClLiES'leﬂ 1

atian ;-ate 15 1@% per yea.r for the na;fﬁ

- :Ln part (a) o ) o
S R o o

o AS You are in charge of buylng :f‘aad fcar t.he class. Pﬁnﬂ.c at ,
i— e *wn:u:h yc:u are haﬁng ‘ham sandwmhes. Each sandmc:h ml_l have _,;
V  3 GLulces of ham aﬂd you a}:’_gect i;:; need 253(3 sandmahes : fBGIIelESE :A
- ham xc;s:sstsg £$.1_f.89 par pc:u;ld and sem1=’bonelass (Whlch is EO%”"WE%‘EE ")
U dosts $1.53 per pound. Whlch type of ha;n ~should you buy?.
. How much of it7 . - . _f B S

=

: ' Decision problem.. ~ ..

v ;;Al L ‘ :

A HEI‘E 15 a stcre W‘;Lth a shr::pplng area N

. :ami s:L:i chec:}muts 'TWD chegkmuts are S
open. Rail a die- tc detem;ne the , i

S numbér af PGEPlé who leava 'the shapplng

V"area ancl go 'tt: the checkcmtéi_ AllD‘W l S e%?

persc:rl at gagh cheakout ta fiIELEh ai‘ter eaﬁ,‘h ‘toss Df the dle What
" is the amallest num’ber Elf chec:lmuts whj.t:h shculcl ‘be open t@ f IR

gavclﬂ lc:mg 11nes‘?‘ o

<o E CDNMENT () Siniﬂa’tiio’;l ;pm‘pi};)em “to stuﬂyque :_V:thérfjry (2) Computer
' o LlSEfUl - B : ' R - :

' A5 ‘HGW many permj.es a.ra 1n a gtacli as ta;Ll as the Segr.; TEJWEI‘ -

-’(1ﬂ Chlcaga)ﬂ




DMMENE (1) N@ numbersused students must lnak up he;ght Gf

Séars I@Wer ani declde whether tg measura 1 pennyg lD pennles} :
ijleO pannlas etc D;sauss measu:emEnt errgr in each case.' .
5 “753(2) calf”“ator usefuL L e e o
EERR : ‘-’-;&,‘av‘-f SRR ’55 : |
. fAAééfilIf one mllllon $1 b;lis are. placed end to, end, how far wnuia N
B they reach? Haw many $1 bllls wnuld it take tg go all the way B
argund the wnrld at thé equatar (snme may get wet)? _— e
‘1‘ ' S ': o E?’ %:' ' .
.;3ﬂf~Aj;ﬁfe(a) At the iétanthyau flnlsh réailng thls qugsti 77 }_:nl;sz-;:;;asg.mate:Ljy4’4_f":"i
B ; Ai hﬂw many Secands have yau=been allve? (b) HGW'many tlmes w1ll SRR
- your. hearﬁ beat 1n 10 years? oo '
L ‘  A?;::;nge examples af Praaect PTDbLems in Whlch students gather or ‘ .-
'fgr- -ﬂ ¥' fe*ﬁugply the;r own aata - o o L .
T :f_ a) H@W many caws Wﬂu;d lt take tg sugply the Sch@al cafEteria ,
_ T”With m;lk for one month?-,}'v:“ e -,-A'- . . 5,:;h;;§, J
: : h b) ; HDW mueh ean you earn frgm a pager raute 1n Dﬂe yearg": .
: -}w; ~c) .How-. mueh Wﬁuld it ccst t@ b' : ?e a 5 year Qld
; K car For one year* i' R ;1' 5 _ 5 s fo: i
‘5wi:?f;f3“fwszv') Hew much waulﬂ it c@st far ycu ana ycur famiLy t@ take a :
j”;; ;{:f';'.; vacatlgn to Disney‘W§rld?' ‘ : : , j SRR .
o " v E) Design a Parklng 1ot fﬁr the nearby gr@cery store i L
.'3f) - How much would, - lt ccst ta Wash -all the Wlndews 1n the Searu .
:,C:Tawer? '-.-_‘ el ”;:,, >:~-. AT R
B}  5) ch many galumn ;nches Df your fa%érlte newgpaper wmuld ba.i>
jj'i- needed to PIlﬂt “the ent;re téxt of & typleal halfahaur _ ﬁﬁh ”,:;'
.;;_.-g-i'ltelev1 1@& news Sth* 7 ’ oo R
-AQ;_!UFlnd the helght Df the . flag pcle 1ﬂ the frant cf tha SQhODl in " h
DI 1'as many ways‘as pDSSiblE& 7ef3,i- =
... - Measure tﬂemdth : E Df this river.
i

e
o .

i T
o
S




. . : . S

;i.(a) Two sides - Df a trlanglé ‘are’ 9 e and- l? ca: 1ong What

values are pé551ble f@r ~the perlmater and area Df the trlanglé?if;g:
?‘(b) The 1&&5 of a quadzllateral have 1engths 7,8 9yrand 10, :
' What valueg are: pc551ble for the area of the quadrllatefal?

y . -r S S ,’ g.é :
_iGOWMENT The data are 'i, ﬁfficient ta ietermlne a unique ansve:

- but. we 'shnuld seek salutigﬂs wh;ch 1nelu§e al; pess;hle valuesa 1ic

1’Ju5t E&Y "no- unlque salutian

»One Df the mﬂstrpapular mathads f@r estlmatlng the;s;ze

of a pcpulaticn (of. anlmals say) is the cgpture recapturé fng,:?”
:ay 1@@), avw-t;'il
) marked and reieased.= Later 200 anlmals were caPtﬁIea and 15

.;,.mathed A-Sample Df ‘the Eagulatlon 13 caguterea (

_ ,§ 1fmarked ones Were fauna a) What.is a reasonable éstimate fDI { 7i?“f'¥Q{
f:f7f:’f'x'the size of the pcpulatlan? b). How wculd You est;matﬂ ’
' “-{af blaod a mankey has us;ng & s;mllar pracedureﬁ :

X'T:AiB;igiThe standard hausa cuzremt is lED vglts.. Fuses Dr eircu;t
ifbreakers are used to Keep wires. frgm beﬁoming averl@aded ! What.

;,15 the minlmum r251gtance {1n the farm of- tgasters refrlgérat@r -
 ¢ ete. ). that cculd e handled w1th a EQ -amp- fuse befare & fuse Wnuld ».5;

‘blaw out? oo g T

L B ) LR . x ‘7.f1‘v

_Zr_fCDMMEﬁT Dhm's Law ﬂeeded an' example oft canstructlﬂg a problem Y
i b§aEa on- fam;ilar 1aw farmula; Etc. o o ‘

i .

ALk  Yaur gag blll fcr last January was $§7 74 f@r ES 8 thausand cublc

feet of natural gas $83 55 f@r SS 2 thousaﬂd cublc feet ﬁhlsi
.January._ a) What was tha lncrease in the priee per thousaﬂd

cublc feet f natural gag far the year? What,percentaﬁe 1ngraase 15 thls¢

The Utllltles Ccmmi sion allawed the Gas Campany an 8% 1ﬂcreage _
'Zrdurlng the yesr - Id addltion they Were aiicwad to pass thr tgh". -
ﬁ;,iany addltlﬂﬂal gasoline costs’ they had iZLT“ '>-,.,-.f[f ;%§§,1

b)) What was’ the 1nerease per thausani cublc feet Df thls "pass-

-i§‘= ’thr@ugh" cost. fur the year¢i; 5
>:i{ - . T Qg .
_%_ - ] - [ ‘i - . R
BE { - L .



earpeﬁ comes: on rc:lELs 12 feet mﬂe @nd -

o ?-,t:l.les cs::me in 12 .:Lm:,h squares ng-’;{ ;T[,-_?:;;;;w;,

; muc:h Gf each materlal WDLlj.(i -_y-ou bu,y'?

{;HDW many feet c:f carpet.‘? Haw many t" 1es'?

o ccmazm Dé'gi‘smfg;s;ﬁﬁg pfé‘nlemfi‘eal Jéi;gt'a;ff o)

=

: ,A_j_5 &E’cu are 111 charge of réfréshments for, the faatba:[_l gamgs tlllg
. Yaar Last year 13 593 Peépj_g attencied 51;; home’ 'gamgs a,mi they o
sold 9, Silla ht:zt dc:gs, 5612 hamblu'gers aua El 518 saft ﬂIlnks . .

'I'hls year the feam 15 better “but thez-e are ley 5 hame games ‘ ﬂjey

a}:pﬂct a’ lﬁ% 1:131*55.3& 111 attgndance at each h@m;‘ gamé ' Pmce

L “hikes) &1owever, m. . Ix:wer' deriai _ fm:- food 'Dy 5% Haw,many LT
el e af eac:h :1:Eem shc:uld ycu r:rcle%z' i‘ar the first hr:me game‘? P R

L -:: A}.7 Palntars get pal'é.\by the ;]f:’b or: b;y the hc:\ur A pa:.nte:r: is @fferecl :‘ S

: : the i;::llémng alternatlves either $3DD plus $S f@r each h«:ur ‘

e warke@ 1éss than i0; or a straight hourly wage of $8.50. Unde::‘ .
o ,7 what ccﬂdltj,cms shauld the pain‘ber cht:cse the hml;:'j.y rate'?' IS

AJ.B A taj.lr:sr has the fz:llc:w;ng ma‘berlals ava;lable 163{::15 c\:rt‘l:an, Cee

L 13— sq. Eds 3111t: l§ Sq_ ycls wc:csl. o *“ PR -’_‘_,". :  _- .'.- .

ot A suit requlres - 2 sq ycis. cottgn 1 Sq, ya \ glj_kg 1. $q *yd WDD:L
- ) i A gc:wn reqmres - ;L sq yd cc:tton E sq ydsiZSI;L}g 3 Sq yds

,, A su;rt Sélis fc:r $3Q 5. gc:tm fr:)r f;;D ng mg.ny Qf each shguld E

Ee make*? Lt e e SRR Ty

gL
P . e s . 5 i . L e B R - } - & - . o= I
T d - o B . - B
&




L 1ndlcate d:,:ectla*i eg‘ Q

e dr:)esn't; - It gw:.ngs BDE tlmes wﬁen it '?hquld swmg 3()‘3 Hc:w'i_;._, S

) much ‘tme C],Déa =the ClD(’;‘k galn in one manth'?‘f :

iz 4582, a) Wha.‘h is the SuPer -Saver fara on. Satu;‘day‘? b).. If the

5

LA Pendulum @n a ez_oc}t "‘hDLL'_L(i gmng com:e eve:z'y 3 sez@nds but 11; ._ :

“on the Screén ',Ehe transpa_:iclers /hé.ve L(- 6ials

to 7 a,nci the cantral}.er agké eac/h IjllD’t to set

cﬁll‘prated frt:om Cj
qls transpandéf

tD a g;wen  fr- dg.glt I‘l
é.re there‘? aggpﬁs«a 'the*

HDW ms.rly cllfferent *—ranagander set.r

ca,n be. a‘ss’i ed éis‘bi

Hr:w? man;y’ planes ien

E.Ilci stltchecl*t@glve ¥:) '!:c:t::k,
pages (1,§ ZEEWES) (ls fc;l.ds)

£

-'.S"_ -E ) _,a-;;-_'v

Get a :macl man f‘ar the eastern U S “‘Wha )

~

g tD St Lcuis@ f

allpaper is ED 1/2 lflEhES Wlde and llsE f‘fet :Long,

f_ HDW many rol;l.s of . Wallpaper WQLL'Ld ymi need to~ pap ra roum whlc:h

-is 9’ g mde 12*3" lofig and. *"6" high has woodyork, Toﬁi;ch is- “ '
S h:.gh has ‘a c'io::xr ic:h is 7 1" hj.gh and ?'4" l
' whic:h -a.re 5" E" hlgh g.nﬂ 3 3" wide‘? (r:u::’fe ;; y méan5>

* tié anﬂ has twa

x feet ,mﬂ,y :1.:121‘1&5)

]

g .
i

Sugsr gaver fg.res ::ffered ’by‘ m*:;gt\alrkl e ssy that yqu SSNE 1#(3%
“on a, 1Qng trj.]_;), 1 ycﬁ_i fly- Mt:nday—ihursdégr {;:‘,Q% if. you i’ly Frld$

Suﬂdajy' ~The u..gu.al I‘Eunc’i 'trlp fare 'fi:t:m Clevej_arld tcs San FI'E.I’lEiSCO )

,rate; 111&:1'25.@% 3?5 nex.t m@nth What Wlll a Super Saver 'tlcket

tt: leave on 51 I‘ugsday cast‘? . o . _’ ' _‘ o f» e




i the tmtai‘ Whlch method wauld you prefer

;'then deduct: g@% _ _
! Af yau were the a) cansumer b) msrchant c)-tax cgllégﬁcr? -Why§ 

A A car depraclatas 3@% tha flrst'year lg% the secand year 13% _
- oo the thlrd year and IE% the faurth year How 1Dng d@ns it take-a?x’;a”
L ﬁ‘fi{A,ta Tos: ha;f 1ts value? - : ' '

  %7 .?f ffA2$;~:;Qlevﬂ1and has a pogulatlan of . 594 75D. Of ‘these 58% are quallfled ff‘?-fg
o 2 ;:ta vote, 61% of %he gﬂallfled voté§s were reglstered and 53% o ff',l.:
Cof thgse reglgtereﬂ vatﬁd 1n the 1ast eiéctlan Haw many Peaple f_f;  )
rriv_h¥~fVGt9ﬂ in: the. last electlgn? fwfarfgl~,'fml"mwrwﬂr' ' ,»;aqg,»:,fwww S

- A
. L

: AE9} :Eihe PTlCé of hamburger was $l 4? per pﬂund 1n Septembér. it

' rose 119 1n_@ctaber anﬂ'dra§§ad 11%in Novenber . What was the

v.:~prlca per. Eﬁund at the end Gf Nbvember?i

s .-.', ; - : ’ o =t ) o '.7'- -. . 7' ( . oLt
.., .-A30. Haw 1Qng wmuld it take ta gpread’a rum@r (disea e) in axtgwg'gf Dt o
T » uQ [olo/o} if . éach pergan wha hears it téllg 3_charg within 15;~. o

o - . . ‘¥
*'mlnu’tes? L L e

i ;"

B 5 lane track f@r running f@at races 15

A3l .
e .fih the ghapa cf a ractangle Wﬁase length

s 1.5 times its width w1th a: semi-circle 'KY K

A T ;;cn each end Each lane is tﬂ be l meter _.VL:*Q;“

\ . ;s ;w1de,r What 15 the length and w1dth .
.Qf a, rectangle 1f17£ track'is tD be l§®D meters’ 1Gﬁg? ,

‘%. ; FGI a 1500 metér ace, the inside runner Wmuld start at the finish .
*Jv‘llne._ ‘Where whould the runnérs in the cher 5. 1aneﬁ*ﬂtarf@ﬁa\4

. . . . . £
RO B -
2 : .

EMC . o f } :




b ABEThe : E;gtmm Co;
. and 32,000

;ckagé sggy;ces.d The!lenf

gent by next bus oui~ serv;ce?

B Clévelani to\Atlanta
a) HDW lang ‘can yau talk for. $1D?

Goet - talk for %1@? ¥ 33,3_: .
_ ' oy B T e
1 . 1--2)- On Saturday; there is a fa% di count. .+ {How leng can you talk for $10?
‘ : 7 & R : _5' . . " ) E’-"_—“..‘ : :

@ . . e P »1% SR S
ERIC -~ ¢« S 895 Vv e LA




:'1f1Li§§n$§lplates in Dhlo gans;st cf thrée 1etters f@liawbd by

:7 a) SlngLe b) dcuble c) trlpie dlp cgnes can be madeﬁ:

'-%Gheck your ‘answer. v,

_%Eﬁd 1 tD the pﬁrscn at the’ tap of the list, ‘cross his name

: Hawi@ﬁgh_maney will you qltlmately receive? -

the baak?v . _4;*,‘;;',f ,'};:' e ﬂﬁ  }aii;,ﬂ jfr; 1}>.i

fg_ 3ﬁhrééjdigits;_iﬁaw many ilfferent iicanse piates can ba mada? R i;}

) e

- i &

'EBaskln—R@bbins Iee Gream aﬂV3rtlses 31 flavors.: Haw many‘dlfferent

E oL

ng*much str;ng does 1t take 6 - a) Stltiff? baSEbal1 b) string

e ﬁagden tennls facket?'-_il=.;;s, O ORI

. L _ : . .

a L o

L

E -

A 1adder lS 1ean1ng agalnst a hulldlng ;7 féét frcm tha baae. iﬂzi:
J=If the tap of the ‘ladder slips L, feet downg then the*f@at of . L
- . - - o  ‘: ;:¥‘\:; w; .

. tha 1adder sllaes how far?_

] - .
. K & » . . -
.

Ycu receive a chain 1etter w;th 5 namas on 1t Yoﬁtare <o

outg and place ‘your namﬂ at’ ‘the bottam Df the 115t Iop ‘then

. send Emgap;es Gf‘thls 1etter to. friends. w;th the sams 1ﬁ§tructiong.

ldn . RS
= e 2 g5 B

e
<

. tFlE(% Ehé volume Df. a f@gtbail mtﬁ@utlusmg wat EI' tiiSPj.ac:ement\ 3 .

L T




WA}S;_V-‘_,A A

Ak

;71fCQMMENTZ\;MOiél-fﬁinifurevﬁéving . easy case of Sofe Problem.:

. ‘,»A‘;;;Q?; ;

’ ,1etu;nlng

_an a grlll wh;ch halas 2 stgaks haw»;anggwﬂuld it ‘telis to ?'"

_;Eﬂﬁk 3 steaks QQ mlnuies - 1Q mlnutes én a slde? _f‘;.‘%f ;-

_On a ;ED m{le trlg, you af;ragéﬂ BD m@h g@lng aﬁd AD mph
What was yaui average speea far the aft;re tr;pﬁi f;“

',?What is: tha largest (areaa rectangle LT
'.ycu cculd Sllde d@wn Dne cazri&grglrh;;
;araund the carner and théﬂ dgwn thé

vcther cafrldgr$

ASE.

F

-

7’_,5éé3 —

- COMENT:. éugssgfifst e

: CQMMEETél"Caiéﬁlﬁs unnecessary. |

Where should you'sit in'a. theatre to get the best view? = -

- Flnd the valume cammcn ta thé three'=

= L . - ey

= !—,. ’ . -

Lo s . - ‘-_,_1

Suppese a 5@@3 faat Lang rallrcad rall is salldly anchared at
' bath ends (w1th 1o,

axgan51an Jo;nts)

When it is very hmt‘lt exgﬁfﬂs by 5

feet “How far off ‘the " grauna" daes_J__,:af,]

the Iall get? L . .;;~_ I

" pipes of raﬂ;us 2 cm if their axes af . ;f£’+

'symmetryﬁare mgtually parpand;cular A \,‘

<
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Ll M.* I‘vﬁ: riders E!I‘l blcyclesi, 2(‘3@ mllas apart: beg;ri rid:.ng ﬁawara

' t:ﬁ:her ai: the same tlma. : The ﬁrst c:yc;:.st travels at =

E lC) mgh the EEEDnd at lf»i@;:hi ‘A fiy- ’beg:.na ﬂmg ’betwaen the o v
g bicycles at the same tme sta.i'ting fram the :E‘rc:nt vheel af ) ! AT
Jg ’ ! the slmrér blgyglei - If “the fly travels a‘t 20 mph flying “

B ":—'»‘m_ back - ami forth’ between the b;cys:les how - f‘ar will . the f;Ly; - : -E' oy
' St jti_rav ,ibef::re 'the blcycles meet'? // S N ‘
4 MB ZE ‘am, thlmt;.ng of an 1ntége;:- ’beﬁween 1 5,.11(:1 _'LDDD What. is. S R
T the maaamum number of” questlang yDu need to ask me to ‘ R

' ‘_.V‘f_determlna my number? \ I may answar any quast:.r:n cznly "yes"

e '_t::r nc

o MLL. ’Eixu are standlng a‘b ‘som leﬂ't Qn the es.rth (agsumf‘d spherlcal) N
Ao \ Y&:u Wa]i: 10 rn:L;Le.; saut.h, lC) mlles eaat‘ and ' 1D :IlllEa north- !

" and rgtu;:‘n to ‘Ehe Pant from wh:.c:h YD’LI s%arted. At wha.t pm,nt(s)

Qfl t‘le Earth e,:::n.;'l_a ycu be

. : _ + " .o e
_ g M§ Mgkéflccj usiﬁg the ﬁis‘iﬁs’ 1,2, o 39 1:1 ‘as many, way-ilaa Yﬂu'
b7 can \sing any arithmetic Dperg‘tlons you wish:' (Example: ..
oo 1+ +3+h+¢'+6+‘?+8 ><9 lDD 123-45557”*592;1@@); |
B . o L ‘ o N _,;_é’;‘ , ,:’v A
7 GOIVIL\EJL\TT ‘Iihere are msmy Puzsles of this kmd a classic belng :
*“‘ﬁ our 4's p@zle. : Restrlctlng YDUI@Elf to DE;LY aaaltlaﬂ B
PR Y, end Su‘btract;c\n in this PLEE]- is cha;lenglﬂgd : - !
- A




- \ Mga_ I‘lmi all arrar;geménts oi: 1+ pain‘t-s ll‘l the pls.ne so th&t v S I .
R R at mr:st twco cilétlm:t lengths ‘are determipéd. T ST T

o . ﬁT;n:r ferry bc:ats go 'baek ‘and f@rth ac: ;
L § cgnstant speedi / They les.ve oppasité -shares a‘ﬁ ﬂ‘ie s_é;me-
S 1115‘!:.5.1115 meet fc/r ‘E.E f‘lrst tlme TDD fe

. _gaﬂtinu_, on f.hélr way tc the -ba.nksg retum a) =-mge;=t=fjgz a R o
it ._j’seccnd timé LI-DD feet f;-om the o;spcs;te shm:e. 'i}I@# W':Lde i

oL : .15 ‘the river"r‘

B - . . L - . R S LI,
B 7 o : . : ; ) . .
= ; . o

" M‘E) J?If YEE i‘@lc‘l ‘& glece of P ;ér DDB ‘cm th:r.ck 5(’.) tmes each S :
'X-F-.-Eaubling thé thlckness éaeh tlme h:::w th:.ck is the falnied T g
~ @Dnr?, A i‘ R ‘;ﬁ ‘ '

£ ,k '..i ' x

% k GDNDEI\TT | In tmng to fold a piéca Gf papﬂr : anaif;ncis ym;
' B ca _'fv};eeg acubllgg ‘l:he thlc:kness a max;mum oi‘ "(' tmes '

B I\QD . -Form LF e.quilater_al triéngles'withpétt:@%hpické’— of equéi_iengﬁh.”_. - e ;;. ;

;'.I- . e : ’ ,*5-! = "’- : . "
* p [ i R

Mll Tals;e ‘ar s:mgle StI‘lP Df paper a.nd f@lcl rlz ﬁD make a regmn, in thé

s-hapenﬁ a\regular peﬁtagan. ET_C Many paper fald;ﬁg prablems .

u

: a.‘bnut ane of 1'!:.5 diaganalsi_ ST T ﬂ S T

. . . L S 7 .
H 1 o £ St o - : LB

MLz Rem;:ve ‘the twcn appc::site céﬁér'squéres of & checkerboard. Cat. .. )

e : ;o fi' yau ccwe;- th rema:.ning SE'SQEEI'ES with ’Bi l}:é aomin@é's?s' Vhat ' i
' ¢- square and ohe whlte 5q11&1‘é from any— SRS

= e

é_‘ - ., squal‘eg wrbh 3.1 J;E -dc:mlnaes“? o o R

e

I
"

-




.'.:.\;

EIC&- Dc: thé res
baa;d":;s ussd?

' ; . Place 57 ]i}annies on thla “b@a.ra" *‘SQ .-

. mpo

s tha.t no 2 pe:mies sze-i—n, -Ehe san:sa ‘

T ORTC. 7 He

L LOUISA - 7 o el

s:c»ver -the surfgce DfLE. unit cubg o '%

ya? Use more pennies? -.

It is aasyiatc_ﬂ

FATHER . 0 on o
» SEPEEI‘E"JE campa.r

’ N ' '-~.,: fa’ s ' :
Wha.t is the smalle.st plece ::i‘ squaz‘e pape:e Whiﬂ:h csan cnmpletely

-:'», o L .ti-_” . sa

Plaee l{- 1fientg§cal Ct:ké ’bt:ttles ‘on ‘g ta'blatap s0 the ciista.nce
’be‘iﬁreen any ttm mc:uths is the sma s

- . . P

A penr;y size clrcula.;' g:lé is. c:ut in 8 piece of ps.;;g:'. [ Can-* R S
yau get a quarter thr@ugh the h@lé withaut tearing the “paper? ' ;



T %_Multlggy by 3) Add 25 4) Mult Ely by 2° 5) Aﬂi the

: - _;"_'numbar ai‘ brc)thers ar;ri %isters y(:su have 6) Stfntra.et 5(3 o o

o ‘l:he stareir

*iME&'

w26,

_Wllat 15 the si@:l,fiéance Df your'resuil_t'? le? I)Ges ‘bhis | |
7 | A aﬂi E-ll mmbers Qf R

L

" hgnd.: When yt;su retu::'-h no one remembers i"

;nmnber of- cards in any - hand?a

MME There. are’ ms.ny of these : "Ta};e asnumber pu.zgles
wh;,ch alre. usually ba.sed on alge‘bra;\cancallati' 75 the
pla.ee value number system e

store and‘spend rhalf yOuz' m@ney‘

S

';’

A fnénd told me. the mther d,ay *tha.t his :E'a.ther died rec:ently, T SR
at a.n age ﬁhieh was 1/;29 of ‘the year af his biz'th Hm{ o1d

‘was h:. ather in 19'{(3'? Dol

"':’_A telephcme caZL‘L in’terrupts you as yGu S-I'E dealmg & briige

o st@ppéd—

; ._Haw can you cc:rmglete the deal c@rreeﬂy withgut caunting *bhe :

falre any thrée gt lnteser (say 638), reverse the digits T

£

and find thé nan-nagative chfféi‘encé (835=638 198), reverse

A

Whan Yc’iuc@me.;-_

_—.__‘:,

L t.he ti‘Lgl‘t‘.S a.nd a.dd (198 -+ 891 lC)SS)) (If a %WD cligit diﬁ‘erence ST o



T e (8532-2358 6174)
:;:.F{'L:' 7541—1#&?56%74 WE st@g slnce we got. the same number tw1ce
o - If wé nake other c;ha;ee§ for the I alglts w1t1‘1 What L diglt

:;:1ntegers can thls grﬂcéss stﬂg? 7?. *,;!‘ - }' L n;:;;: .

7cnmputg?the dlfference Répeat ‘the pracess"w;( ﬂj L

, What Sha@és can be usad tg make & Squaré Shai; ;,” 5 W
*5%.-_ a candle or flashlightﬁ Q- : :

=

meaaﬁ:ing 1ﬁstruments‘? L _
ln“ the dlsgram, a heavy ;Lr;g is .. - ‘ .
belng moved by ralling it on the ' :
cylinders.: If the circumferengé

w;ll the 1log move for5b

of each cyllnder is" 6 feet Yow far!

"u5each revalutla& of the cyllnders? e fﬁf'?"

cEr T e T e AR T e S @ .




How Should yau hcld a o

rlzcntal table SQ 1ts shadcw hag

,érﬁééﬂ,

! 5, TWD people aj.ternateiy pla.x:e Permles (mthout crverlap) Fn
!é>.*_:,  a tahletap ' The pgtgan to PlaceKﬁhé last penny on the table ;:

oz

.};ffi;.'iTé s ;s the’ Einnér. TS there ‘a wlnn;ng strategy for either playef
e COMENT: | How' aoes the shag

Lo T strategles?

!;ihThére are’ n.. checkers an table. TWD players alt{;na:elﬁ
,Lremave an add{"uﬁbéz of Qheek”” i(less than.l@) e '
As}the one th femavea the last checkér. Fgr wﬁat

; ﬁrmer X

A va;strategy f@r'
: Domne o S e

Two players ta.}ie

ivléonSii r thg'sequence l E 3...,19 ED

absﬂiute val

. players. -How much can |

-
f

-An{B"‘x 5" rectangular plece‘@f paper is folie& so that~ twc;”;_? o
~diagonally. opposite. verticeE calnclde. What ;s the&iength ’

of the fold 1ine? ~EIC.. 1'3f-;ﬂ‘f,'Q’-f¥”': £',;~f“x“l D :=;;; g}'?

. : - “ w0 : , L y
o Co T T s e T : R




. - . : (
f - " = . A\

You purchased some one cent stamps, 3/4 as many 2¢ stamps,

3/4 as many 5¢  stamps ‘as. 2f stamps, sg;d'fivg 8¢ stamps.

f‘!c:u ‘pay for them with a single bill ahd Erece’i}ze no change

' How many stamps of each kind did you buy?

A Mh}a

M43,

_
Ml .

MLE.

a)

At what times during a 12 hour period is ‘the minute hand

of the clock directly over the hour hand?
\ :

S

ETC.: When are the hour hand and minute hand opposite,

perpendi cular?

2. . JHow many ping pong balls will it take to fill up your

¢ 14ssroom?

COMMENT: Good problem to introduce volume. Easy to esti-
e
mate, -but sphere packing is a complicated problem.

You are one-fourth of the :ﬁay across a rallway bridge when you
see.a train ané bridge length away. Which way should you run?

AABC is équilateral. Find its area.

The squares are comgruent, - O is
the center of the left SQH&rE- Find
allAEéﬁﬁibLE vaiues for the shaded
area.

area;

b)

F38



Mh8.

-ML9.

M50.

M51.

M52,

Find two line segments parallel

to the base which will divide the tri-

angle into three regions of equal

area.

Find two line segments emanating
from one vertex which divides
the parallelogram into three

rTegions of equal area.

. ETC.: Other shapes; more lines. , .

A a) triangular pyramid b) cube is cut by a plane. What
A3 . = 3 * .

iiffe:ent'figures can be forma=d?

=

COMMENT: 1) Rephrase as cutting a cheede etc. if you wish.

2) Leads into the conicsections.

.How many ways can ypu make a dle (assuming the numbers on the

Given two pusitive integers m aud n , what le the largest

value of the smaller of the twu aumbers mJ n Tm_ e

COMMENT: Calculator useful.

Is it possible to "load"
differently) so that the
likely to occur when the

two dice (each one may be "loaded"
eleven sums 2,3,4,...,12 are equally

dice are tossed?

* 739



. © o

M53. A cliff is 300 m high: Consider two free falling raindrops
~ such that the second leavéds the top of the cliff g%%er'the first
‘one has fallén .00l mm. What i€ the distance between them
the instaﬁt*the first.one hits the ground?

s
'

gt~ . 2) Encourage student .

i}
roj-

.~ COMMENT: 1) Need formula - S
to guess first. '

A

: ' .
b g A

M5hk. a) Take any two integers, say 4 and 9, and form the sequence

of eleveg‘integefsi L3§j1332253§,51§2§¥!35d§ Show that the

sum of these terms is always eleven times the seventh term.
b) Suppose the sequence continues. Form the quotients 9/L,

13/9, 22/13,... . What is the limiting value of the quotients?

COMMENT: 1)(a) Makes a nice puzzle in that teacher can

! walk around the room and tell students their sum before they
are finished writing down all the terms . (2)(b) Calgulator
uséfuléi (3) These are only two of many problems pcnzgfning

Fibonaccl sequences and the golden ratio.

bescribe, sketch, or construct

K/A/\\\§<j§ Eﬁ) 8 solid which fdts suugly through
) . AN . cach of these "holes". What is Lhe

voluwne of the zolidry

MO, For whildd %tf:.‘;l Llve lulégoio o aals YAl saasV2E war b b s

checkerboard with pleces sha,=a llke + l_{lr] ?

M57. Can you pack an 8 & 8 4 O boa wilh 1 & « x b Lilihe.

M58. A pilot starts Tlying due northeast frow auny point oo e

egquator. What are possible destinations for his flight?

M59. i If the length of chord 2 15 lu

units, find the shaded area.

I




T M60. a) What islthe largest sum of money in coins (half~dallar or .

i - ”-16539 you’ coula have andbe unable to nake clange fcr a dollar,
v a half-dollar, a quarter, a dime, or a n;ckelﬁ . ’

| " b) In.how ms.r;y ways can you make change for & ci;:&;lar?'

M61l. Augustus de Morgan claimed he was x. years old in the year
s _ xg . He died in 1871. When was he born? Can anyone iiving
P - in the twehtieth century make that claim? ETC..
What are the dimensions of the 1argést
' rectangular package which can be
‘tied as “shown with 12 feget string?
Neglect any Encts até.
7
Cutting along the lines, what is the
' fewest number of squares into whi:cH
thils 13x13 square can be dissected?.
13xY3 square with 169 unit squares)
TR
Fold a rectangular piece of paper ,7 .
% so that corner D 1lies on side AC.
what is the shortest possible
length for the crease?
i
Prepared by thomas Butts, 2/du
&
. .
oy,
}
L
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‘ W ) . ! ) Teaching Problem Solving: A Tougl )

T“L‘%. . .~ but Rewprding Assignment
b A dedicated and able teacher committed to improving his or her students' .
4 R .
g

hill struggle. Although many educa-
1

, make substantial imp {i
some have accomplished lot with their students. But national efforts have

£y

h H
is on the thréshald of a new frontier. We have seenarevolutimsa in the 1960's
I a?g {gﬁ%&ﬁ .

vV
plgcé emphasis on the "why" of mathemacics-=und§t5tanding:; Before 1950 and

Y
again recently in 1975-80 an emphasis was placed on skill learning-("Back to
- the Basics')n Now "basic" is acquiring a new definition and many of us _expect
a new emphasis-on problem égig;ggi . N

But students are in classrooms now.. Many teachers do not want to wait

a
five' or sten years for instructional packages aimed at problem-solving. What

\ ' o L ..

-

As with so @guy other endedvors, a SEHS; Ql'ﬁg@g%éﬁﬁ
priority in Lhe Eﬁughi%g uf prublem 5glviﬂgi Such a ﬁummif&aﬂt involves time
and tlexibility as crucial facturs. ligghggh g;ziLypiLgllijELy busy, - and
finding time tu také on additional responsibilities is ot casy A few aéhuul
avstews provide ”d;v;iupmgué grahts" tu: L;aghgla_ 5gm¢t1ﬁe; Bloups of

Leachiers can teeelve suppurt or partlal Loppoert duriong the suuemer for a apeclal

’ ' : - ' .
project, such as Jdeveloping protlem aolving instructlosal anics More ollen,
the eXxira time for a4 modification of the curriculum s sluply something a

I[t's hard Lo say where the Lime comes from but the job pets

o

Another difficulty iéifinding time in the course curriculum (v add some-
thing new-=like problem solving. Over a period of mure than three thousand
vears mathematics content has grown. Mure and more of this content has' been
placed on' pre-college learning and seldom does anyone recommend deleting

d sequence of a course, like eighth

LA

ents don't need

»

Tl

tu

i

it is difficult to say,

H

El{lC’ . o o 115
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matical learning--so some time is availal

solving is so impor

gl
o]
'
Ind
>m‘
pas}
r

to'students that it deserves more emphasis--and

£

more Eime, The major peint is that tgdzharg committed to improving problem
salvlna ,abilities will have to examine the total curriculum and care. 1

f
plan enoygh time to pf@vidé_suffic ent experience ".to make a measurable

improvement. _ o . \

[n ?ddlt;éﬂ to findiﬁg the time, one has to be willing to be flexible
when consciously teacHing pggﬁlem solving. i@uking at differept approaches
to ‘the Same p;pblem, encouraging students to guess (without fear), allowing.

. students to posé problems, and being quiet are only four of geveral ways in
which a teacher may have to deviate from established patterns Sf classroom
hahgv1gr! . i

» B
Making this commitment to teach prablem solving raises several questions:

(1) What must I[-conddder in planning problem solving experiences?

—
"t
ot
jons
i
T
el
[
=
i
I~y

ate’ a pruhl;m solving envirpnment in my clas aLLD

i3

e
! (3) How can | tfectiv Ely teach somiepue Lo solve mLLgm%"

¥
"

s

(4) How can I gvgluatéi roblem solving abili ty?

(5) What,can T do'i
_—

o]
solving in my

b

&
The teacher who la commltted to teaching pnublen solving with the same
- [
devotion as teaching shllls and applications wmust be prepaied "The greatest
expenditure of tedaching Lime aud encigy should wecur I plannta, Tor the

wlana vom activitles that ave Lo ocour, A Flauning vtadks Inclade.

i LA T =l | H . - = ' =z
® [dentify specific learning goals for the lesson or unit.

® Select prnhlema or situations whivh are lnleresting to puplls.
* Think Lhruuuh solving pfuhlgm% to auticipate student strdategle., alter
natives, distractiens, or.confusions
o

& Develop a lesson plan and schedule for acllvitles and evenls.
: '
students it they E“EU%Qijf dittrculey.

.

Basic Mathematics 5kill, Booklet 2.

*Hiiifixﬁ Steven P. PIDblEm
% &
io: Ohio DPPJI’EHI

ERIC | | | 1/ 4
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* Developa plan to evaluate stulent learning. . )
v -
* Check plans to insure that you have provided mot dtl n and reinforce-
. ment for students. K co , ’
* Exami i

e plan methudalogles and instructional activites to see if another
ve would serve bettEf_ '

tgansfer to other similar problems. lhe appruach wprks to the extent that

the studént learus to solve that "type' of problem, but Léglﬁuﬂcgru of

teachiers is that we cannot predict all,the types of ‘problems student will
- , 4 ' L
face (o the next 10O, 20, ur 30 veara

e bhewriat 1. PR L eran Jhowlt et 3 | ST A l,u,hiut‘,. Mt v o wealal Sonle prboat
blem Lypes die s Jommon Lhat they will linely always be 1n the cur L lowlan.
vtk h_v Leachilhy stadonls Lo une heut 1.t 1. ., penclal methods ot ,ALLQL:!’&lUH

wllle o Pe el L0 i ol H.;ﬁ_’f\l]. Ly gL;éic;s, Whic

%:_l.dbluuh the studoat do arwed
Paved witn w sww o0 novel problem, ool !,l.c,% Braes ﬁs«..t d}z!!LuA\IlC,‘: Ly Lry
The hrewr sl approach aloo helpn co o laott - the poal. of instiuction
(Please tofer Lo Uhe 11EL .l.sl Dol Lol foe L Lo pPaprel o "Hanl., Heurlsil.
T Preblew aclulty ) leacter s o et tudenls Lo "took toe a pattern”
Lo Vmake a table”, o ot ddentir. ouand Ysolve a almpler problem.” Rt.%ac;i::l.f:t‘_‘ll
heas shionvn Chat yl,uhltf[u el vling abriity 1o colanfed Ly Ll;‘d,L'hillE, heuristloes
and . when heurlatlas e Laughc', Chey ape \;rfjt:‘tj= Thene heurist1ea Lhen Lﬁ%

be thought <ol a5 genetal skilla Lo help sotudents become hettet }llu[}l{_’—lll

£ . - = =
solvers. lhey are certatuly more explicit than one general ability sulve
problems better!
4 [+ -
Q . . ] N

ERIC

Aruitoxt provided by Eic:
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: Another major challenge in developing problem solving experlences is
locating good problems. Little can be accomplished without the resource
3f. problems. Some teachers make i%lﬂ% af prgblems on 3" x 5" cards. When-

ever they fiﬂd an Lﬂtéfgbtlﬂg and approp
" and filegit. A few teachers have set up

tion. If a heuristic is useful in solving a particular problem, they file

o develop seme problems your rself.” The -,

t
yaper on ""Posing and Reposing Problems". prefents heipful ideas tu téachers
par g P g I P
Al

rce packet. Special atten-—

Also, many pfmbltma are contained in the resou

ing Resources', '"Real

o
Qrﬁgtlng a Problém sulvlﬂé Environment
In addition to teaching heuristics, there are many ways of fostering a
3 & ; , ¢ ; =
- “problem S@{Viﬂw environment in the c¢lassroom. Some Pf the suggestions cgncern

changes in the phyalx&l environment of the classroom whi 1: others involve
= - =

altering the dav-to-day instructivual Loutine by including various problem

.

sulving activities P .

{

Sugee=liops Lé“k ruing the classroon include:
= &
(1) Estabilish a problem tile oh 3" % 9" cards as indicated 1o the

Tast section. Allow students to s clect & pLuhlem write theit
names,on the back of the card and try cu solve the problem for

an appropt ldte Teward.

] .

() lis.e Lhe h\;llt:‘Lln board Ly luagLilLﬁ, (g) a Frobilew ol Lhe \Jt;tz'!\",
- () student solutions to problems or student "thoorems' vamed
gftgr the student (ﬁ.é. Johuson's Solution or Theorow), (¢) a
list ot heuristics tor reference, (d) fﬁLLuunﬁ, newspaper and
mﬂgdgiﬂﬁ!ﬂfLiElgﬁ,quHEgEiDHS, etc. related td preblem solving.

(3) Construct a bookshell rfor books of problems {(see "Problem

Solviug Kesuvurces'), wmathematical games and puzzlés, ﬂdg—
azines (e.z. Mathematics Student Journal (NCTM) ,Sciet

American, Games etc.) and the like.

(4) Ureate a problem selving center in une cwrnelr wb the classToom,
[t could be near the bookshelf (3) and contalu vartlous mani-

pulative devices and other materials listed in the previous

section. A catcly name like "Sleuth's Curner', "221 B Baker
Street', 'ur one chosen hy the students {s appropriate. .

I = -5 )
.+ Jj_t} = j

O

[ERJ!:‘ : . i g ‘ . . . ;- :

[AFuiTox provided by ERIC . . .
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Some .suggestions for ways to use problems to vary thel instructional

routirde are:

%

€5)

'

(6)

ii
Biplﬂ a unlc w1th a prohle
it take to flll this classr

(]
wunit on volume. (Paper E) are especially u%qﬁul in this wav.

-

Close tha}claaa period with a problem. Example: After a less
n removing common factors;- assign: Factor (a) 3300 x90  +

a
"2520 k81 4+ 2310 %72 ; (B) 13,672 x10 - 27679 x8 +
1

18,627 xb6 - BD,DQD x4 4+ 223. (These "problems" are really

exercises, but each has a moral).

Solicit problems from students and/or ask them to construct
probléems based on a picture from a magazine, a short)news-
paper article, etc.

'
ame .,

w3

lay a

e

Have a (maﬁhemat1cal)=5c3vanger Hunt. Sample list: "Find"

(1) a parallelogram in the classroom, (2) a polygon whose
area is numerically Equgl to its perimeter, (3) a number

_ greater rthan 10,000 with exacEly 8 factors, (4) four numbers

"

whose sum exceeds their product, (5) a quadrilateral whose
diagon

y,_.

are wperpendicular (6) a recrangle and a triangle

. having tha same area, (7) two polygons which can-partition

.the plane into 10 regions., etc.

probably think of other ways to bring problems and problem

/gur clasaroom. s

P

: ‘f) o ) - Go5

em. Eximple: "How magy pennies would
om?'" would be suitable to begin a

L

on

o
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- = N\ Teaching Problem Solving + » J
. 1 . - . .

One cannet anticipate all the situations that could arise in any
rtéaéhing situation -~ edgpecially in prg?lgm 50 lviﬁg! Our goal here is not

to prescrng what,;hauld be done, but rather to 'fF T some commerts oft

=
some of the critical issues in tha'téaching of problem 5ulv1ng, especially

teaching heuristics and asking questions. .
. ’ . et

- » . 7 . -
Research attegts to the v lu of teaching heuristics or gtrategies -

the fDllQWlﬂg flow Lhaft offers one procedure. . AT

1+ : ! N

__ =

Iftroduce ]
new strategdy [V - T ~ '

T |

_ —— j ¢ B Ve i =
Practice the . . ‘
new strategy ) ‘ : .

with problems - : E
R , 1 .
e mmmrncue UL 4 ; o

. , A ,
Provide a varlety of
dissimilar probleds to : : No
exemplify the new '

— S e . -~
Pfavide a varifery of T J ..

problems which are : L
appropriate for all - - Hav. all stiategles

Pfaviuusly learned ) | ,“%;%E‘x been taught
strategles ] .y '

- S — - - .

Cuntinue to provide
a varlety of problems

™

O
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After stddents have léﬁfntd to use Lh} r s 1] istiés, they should
: .be pfavid;a with an opportunity to %lee igssimilar .problems,
using heuristits of their ChELC%; 't monstrate studen¥
selection of "heuristicss-and the advantag m. As the student:
backgrounds g?®w in terms of heuristic effectively, their -
* succéss in problem solving will show sign:s t improvement.  You
\kshéﬁld decide on a reasoenable Qfdéf in which introduce the lligpiﬁtifﬁ.
: Mact it out” comes easier than "Look for a simpler problem" SPéFlﬁl '
Lol 5 N o
’ empghasis naeds‘>@ be given to the looking back hjutisti¢5?> ' .
'enefaiizg - .
Check "the solution
' Find another wav to solve the problen \ ’
Find another res_ult - !
Study the solution pfocess = :
g It appears -that studééta do not ugc-Lhegs heuristics on thelir Bwn! The
impli&jti@ﬁ = that tea®hers should use them fo provide a role mModel for stu-
) dents and to demons tfﬁte how much can be learned from using ‘the looking back
. .
hti%;st1rL. In ppLyng thgs heuristics, Lgaéhe;5~ﬂgéd to resetrve time for -
them. EBKometimes it is effective to Follow a student sulected strategy for a
. ) . : .

problem even it the teacher knows a "Letter'” way. LI an answer 1s obbained,

the E;;‘%EI;&‘E 1s tn an idedl positicn (o ask gqueslions to gulde studeols Lo Lhe
b 4 .

alternate atrategy.  Such an experience mav be valuable to student learning.
. . - - 5 i .

Fouerr Mot Tatelament al Liv Lihies l,L:'El,\.I!Ll\E b pt Py ;,-Ul\jillg‘ Lo Lhie art ot

Sasl oall ol s ooann he as prer e U by 1oy e b ale. L Ll we

,;11.!\ Ligd vl

musl Lev. A guearton, heto, means poalug v proublem a. o gueseloy; uoC Lho

Cheton toal gt on whiaeh ata offen oVt in the clanstoon

Pl ;.e’,,;n;plci severtal [ oatilar thootens o plane geomelry Lan la Stadled by

Lo O N A A A T ST TR O PP Tl owhito EE tlat oy alad do chie ala, vl Ligao,
ca. b theer S Pon.d tn thl . waluelr N TR TN a0 swveral
R O L T fioon st b . N T
LL’(!L:{} guens ingl Boeosase oo stadells Teat telog witng, veu o wiale o I
Litl wuvsalig o asklilyg os:n thitealeniog TS A STN Y I Lohivve beair v, soanld

. bggiuulnq cacle o Lass with o "Oueatlon o (he Do Y gtaamplen s (L What Jde the
tullﬁwlng bonves in Ul 1l L lE L poapes . Llac !, (o Whitoh sl ifle eren daatn

i

b= oo beavd? ) 3y Whiat UL oLt wan wanesd aleer o oradln-Tv sl aludent.
will normally reépﬂnd cagel l, o such trivia gqueacbonag A et oate could be
wherte vouo place an ob)oot (teal oo Lmag, loaly)

NI ?lxlg and ('IYHE'\,],IUIH;L' Chig ,jLndt,‘l\sz tor wtlérms= LE= itit’[lLiL}’ h_\a’ .lﬁkill):_—', (il!i;;ﬁ[. ions

f» 'if - =

El{l(j © T . . | . [y . )
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_ which can be answered only 'yes' or, "no". Finallv, mathematical questions .
can initially be @bsedita small groups stude 50 there ig a calleccivé
- guess. ‘Gpadually Ehe individual student will develop thé confidence ‘to gueasi
intelligently and without fear., o ) -
Opte a question s posed, the next step can be an un-
natural one - be quiet. An important aspect of using quuﬁtion’;g is a
phenomenon called Mwaig time'-~the time between the end of a teacher's ques-
EEA
* tion and either a student response or.tvacher talk of some sort, such as
repeating, rép%raﬁlng, or redirecting the question. Incrediblv, averape
walt timés as medsured in a classic studv by ﬁarv Budd Rowe, were less than
‘ "(A teacher) must Bg prepared Lo meel often with Lhe discuncertiag
silence of studentes.” (Georgd Polva) ) .
A critical aspect of problem sulving juvelves the OppurCunity to carce-
- Fu
telly weigh evidence, to compare given conditions and relationships to pre-= .
vicusly knewn information or-problems, aud to 5§d[gﬂ fuor the untried and un-

thought. sInstead or rapid-tire questiouning, the problem solving teacher may
even have tu advise the class Lo alow dowa 1o Lhelir réspunses and Lo Lhink

Lhem through more carctully.

v

Amost o slgnlflcant aspect of the Rowe studydiinvolved the vhange 1o Jhiarac-
: - P : R s .

conscivusly made*an attempt to {uCrease walt

ter uf o class when the Leacher
Cilie sabstantially.  the tollowihg effécts wéare observed whorr Lalt timea wore
; : T

R : . e ]
ncreased to three sceconds or more

o he length of studenl [espunues Loy and,
Lo The number of unsolicited But appropriate oo, et .

. Failures t. r.spond decreased

o tonfidence 1o teased,

. The dovideoco of apecalacy o (hitoa s, 40 L

r Peacher ccentoied show-and (el decovaed and choe, 5 00 .

i!lx, L i;—'gl:‘il_’k,i -

Iluferencea b DLyl wit h cVIidinew i cased

3 :
ho The number o questions asked by el ildren T I P o
Ff cxperiments thev préposcd incieased. ' ’ -
4 [ Coutributions Ly slow learners [ncreased
. Disciplinary nwvens decreased

Live rep 1 l(\l(:iﬁli!’lllll;‘%‘i method topa s one . i.um...“\h FIL O O S N L T T PO PR TN

to the teach, tefro. iolated

ccambion s v ousbantly cwanat ing and retorng o

individualas 1 the o lassy,

i stower paced questtoning Alnwsphere | Lhe womnan

. .

feation model becowes ond ot group parcicipation. I'he teacher plays more of an
= % = i3 B

— Le | o
O . ) » [ :

ERIC =~
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= .equal rblewith mQFéPJEElCiPiETghibéiﬂg assumed bv individual class  members
and interaction occurridg among students. ) -
=
We close this section with several miscell ous comments related to the
EEdthﬂg of problem gglvinj . ’ -
(1) Small group (3-4 people) instruc;ian is usually effective (see ¥
Meiring, op cit. pp 60-100,  for a discussion of te¢hniqu§s advant=
ages, and disadvantag f i livid
. ualized instruction.)
e
. (2) A godd deal of practice
- the solution of most problem
instead of ten or twenty exerci
(3) Encourage oral praqentat
. . . Ask such questions as
"Waz this approach the flf t
see another wav to svlve the =

(4y Examine more
i C eu

(5) Ty model being a prublem s@lvef,
a pr ' ing the teacher "stru
r

:] 1.
a problem none of vou have seén befori )
should be beneficial for all. It may hglp change the authori
fig iter the confidence u§ the

[

ire role of the teacher and bols

l;dlty of trtal and eritor procedures tor solving a
ng a numerical answer. While sych a solution may
L

(] {
\

s tic appeal, it is usually bascd on sound reasuning
and eften can effectively make use of 'a calculater or computer. A
roup of sedvndary gg@achers weire given the problem: "Find the max-
gilar;;s;gl whose side have lengths 7,8,9 and 10."

[muny aren of a quadd®r
While none ot them rediscovel ¢d’ Brahmagupta's tormala, all but.
» vne Ghtalned o numerical estimate correct to within 5% Uﬁi ng

vhiv oo ol wmodo e aad trial aod crror proocedu

v whna s real won b s Lo ol Ly e, L, . Lda oy,
Afer o4 %.:J Tooatha o o supploue it the oo L “lwal o war bl Foobbems oan

Ve bleat ons"Coap g b

T (1) Many rtedal werlld )full_,” o peac i Ty bseat b, ate . Lo Lt L
1 Lt 1 .

in the hlank exercises toguiting ooly acithmeti. skitls Faro ot

the task in Lolving

et it Loal models

a real world probrem is todeternlne 4 reanonable

:
o) JKeal world problems olton coulad esttaneon. o Lol biateal Jdata
gather thelr own data is worthwhiole!

Loyttt asking stadents o

a4 random wumb.p table, a telephonc

ciallv apprupriate.

Simulation methads wu=sing Jdif

hook, or a computer are

O

Aruitoxt provided by Eic:



(4) Most real wDﬁld pfublem5 are not Rﬂﬁ?lv mathematical, so their ..
O use offeér: \ ‘feam teaching, or at leasp. “77 7
B parallel 16, ons ulih;ﬂﬁuthv- class. ) : ='{
- ) i —_ . - )
(5). wor Ld FFUhlvﬁ one often seeks only an approx- -
’ - t ation techniques and (measurement) vrror,
ools. - - ’
: (6) the emphasis on numerical = trial and error _—
are often J[PIU priate. -7 b
e (7)) problems frequentlv rea;guff Eo %Ludl ng, the solution - .-
- finding alternate solutions ark especially important.
. - N
- / - - ‘ .“73._ = 7 . i ) i = I
Problem solving ability must V| ed if students are to perceiye . ’

"

‘its importance. 1f class time is spent on sulving prublems but tests arg

compulational exercises taken from the Leachier's gnide, then the ifmpact is
. e .

lost. Evgluating studedt success in problem HuLviﬂg,ﬁqwévgf, is ‘one of the

'f Mr’r’lc’)fé;t difficult tasks facing a teacher. [f problem "U‘l‘é”lng is viewed as
o . L s Ctees , 4 . . :
"answeér—getting' the task is simplified but maybe artificially so. Our

overall goal is lwproving students' abilities to solve problems. “If answer-

b

petting &5 the onlv Qritcfiagﬁthgn it is gasv Lo rall into a trap of

prouviding students with problems tha EENT quickly sulved with Il,i:l['!.'u\i%:l'u-

cedu

L

[ =81

=53,

e
in worder to have sigqggts sulve a lafgg vaaber of problems (to

fncredse the reljability of a test). ‘ﬁsu%:h a pulat of ;\fiﬁ‘,,w-t_'&jll lead teachers

to teaghing students to selve "problem types". "If the EVldEﬂCE ou accept
£ E ) Yy I

af Success,ln IILQ{S[EL(; solving 15 getting Lhe anaw it l§ Hatural to shows

w-qlﬂ

& B

students how to do a type of problew and wive them sceveral problems &1 that

LVF*(J;’
" g0 -

. (30 S O T PR TR B I O hijl}; Seends it oL L cbilos thal o arfe New Lo -L[u.n\' Lhe

[T TR AR TV G I 1 lsu;llL Lot wll!l medan oore v Bhie ntoadank. . .ﬁul\!lug Hovel

beoboracm s co g lres er e ba denld \..‘\}llll..ll Lovwo ot hilob Doy L UGS gl Thuniar il

the -lving proce.s, Cewe T pLoblems caa be piesdentad Lo siudents.
e : %

Ve AUppe ol choet o ter s Lok gt a0 Lue ot age anelel D o aludat tng stadentl g

1. t1l1.t stage (= L., detcrwmiae j_F sLod.nls can uLe tea. hie ;:!;‘i\izttg—d heuristics-

21ven ot appreprlate pEdblem, .can the student set U;s a [db_‘l Lo vrganize

T
L S

data (o sul ¢ 1L wr guﬁ;;hé atudent diaw a picture which inc ,dE the key.ele-
ments of the prolblem? ';Tln;.-,-‘ woe suppestl cevaluatlag studeat abllip, toluse heur
ftien direotly [he scevnd =loagge in Lo vvaluace 1[lltllll£ nhiliEyTt(; écle,cﬁ -

e ppfuprlatl hpufléElt» and use thoem to solve new problems. 5 mply hgéking

P
answers (s not emough,  The process iﬁVoIv . looking at haw students tried to

[

O

RIC - & R
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Ediﬁé.thé;p:ébléms Sametimes Ees may be a matt er of 1oaking over. the students

éhérs hawe tflEd prcble lv ng 1nterv1ew3 ing a iu
em in ‘a. CGDEEYEEEE set 1ig b thinking aloud f Tha

have a lot of pay@ffi[?j_ﬁ o

: , ot SO .
',;'han;aqswer=géﬁ§ing3 -good evaluation

llUEanS using reasonable heut stlcgg"’*':' V

glving up A

nétian of ‘an: "i€éhba',oﬁ péfiod" for solvlng ¢
’1ta,employ 1aniﬁg back heurlstlcs (e ‘8. solves ‘a prblEm
. e

Wo: Gther notions whlch I have employed with some success are

-tCI) 1Keep an’ anecdotal file (on a 4" E" card) on’ each student recmrding
IR : .so0lved or attempted- w1t otes on 1maginativa solutians, L ;
. Vgood 't ,iesx; etc.. This sugges»%ﬁg ay be ~impractical. fora:. ] > L
RE number -of students, but tfy it faf,one class to determine 1f it's : .
S 1WGftthlE far you.:-" . - e S oo v J;, bl

(\.

":;(Ejf’clve a féﬁf“prmblem test with 50 leﬂtS award d. for Ehe flrst corréct o

rseve L

saluﬁlon, 25 pointg fﬂr the se;ond 15 fcr the thlédi and lD for the -

"vTomafféw

RPN

Avfn yOu do*ta Start? FlrSt we SUEEESE thrt you dg nOt plan to-

>SE§EE,EometQW to devate 1/3 af yuur mathematic ED irse to. prablem solv1ng.

 We wculd 1ike to see mathématlcg spllt into l/3 for AD putatlanal sklll 1/3

”@ﬁfor understandlngs and 1/3 fqr prablem solv1ng, but- iE ig’ ealistic to maké’j;:}

*‘guch a. drastlg change ln ‘a very shcrt tlme. Examlne varlous sources 1ooklng

'LTry to develap a. quesﬁlon sense - an ablllty tn;3,~

»ffomulate problems based .on all typeg of tuatmans. Then,we suggest plannlngr

'a 51n,1e :lggg period “for prublem solv1ng and explcriﬂg what 5trategles
’(heurlstlcs) yaur students use. Cont1nue by chooslpg fram 1 to 3 strateg;es*
and plan a small unlt ED develop them.! Then try anéthgr periudsfor open ended
problem salv1ng Iﬁ Eollowing thig prucess a teacher cafefully develops hlSA

?Dr her 1nstructlcnal Ekllls to hElP Students become better prablem solve oo :

:An 1mpartant danger to avald is to try to* dn too much at once. SmalL Steps, o

1235
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‘? iempheslee the 1mprovement Df pfeblem eelv1ng ebilltlee One ef the 1ntereet—f

. are ineluded ‘at’the end Df ‘this paper to. demenetrete eeme of the prebl

!

Logl2

earefully plenned provide more pre hise of success than efgfaﬁdjeemmitmeeﬁif
thet may- be impaselble to eehleve 'j;f';.' A L S " é

Ouf hope 15 thet problem eolv;ﬁg w111 eveﬁtue11y~beeomere“philoeopﬁy,'é -
raeheg then a- method, nf teeeh;ngf The ultlmete reward is the "eha -
The pr;ce for thle moment lE e

=Y ;ﬂg, and hard

Dneef the moet 1mpfeeelve pfojégts eurrently ﬁear eempletlnn in Oregon 1er ff

the LeneCDuntmethematlce PIDJECE-” Dlreeted by PrcfeSeotDeeergSehaff the ”fj}:

prejeet hee been develeplng meterlele far gradee 4-8 for the paet Ehfee yeere i
& R

Theee meterlale, whleh are eupplemente te a eﬁenderd methemetlee progrem,_‘

1ng feeturee of the materlele 15 the ‘use of 1ntereet1ng probleme, challenges

f‘x‘eﬁd gEmee to provlde dIlll Samplee, ueed w1th permlee;en of. the dlrector,’"?ﬁ ;

pfeeentetioﬁe end the use ef drlll tp Eeeeh etudente to use heurietice Thie

‘in- problem eelv1ng B

oy

' The fallow1ng pegee ‘dre Eake f om grede 8 of the Lene County Mathemetiee;,
E;sblem Selving Prejeet end ueed by p rmleeion Df the D;reetnr, Deeet Scheef
Twe of Ehe priﬁelple authere are 5co gt MeFedden end Richard: Efannen.; Currently f
theee megeriele, developed for gradee 4 threugh 8, are 1n‘d1fferent etegee of;f

development fleld teetlng, rev151eﬂ, and 1mplementetleni Inqulree ebeut the”!ﬂ>_

g

Prcject end uee of meterlale eheuld ‘be SubmltEEd te the dlreeter' o ‘“z; Y

Oscar Sehaef Dlreetor _j: -
. .Lane County Mathematics Project
v T + . Lane. Education Service Dletric§
o C T T . © . .1200 Highway 99 North
R —— ,:_,xiix_, i Eugene, Dregen_ 974@2

_ The few pegee eeleeted heve been cheeen tg refleet some ef the probLeme~n'
preeented to etudente and the teehn;quee used to have etudente preetice com-

putetlenal ek;lle Whllé develepiﬂg and eherpen;ng pfoblem eelv1ng etretegiee;fi'z

(ReV1eed BISD) o _ | {‘.fl
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PRQBLB-! SDLVING PUPIL HA‘I‘ERLALS

GRADEu f;¥. 3

-,;I;-;PIEQPrablem Sglving Activities

-:-LX- Gueaa anﬂ Gheck _'  ;T‘ 'érir

‘Make. a“Syﬁtematit List - T
Hake anﬂlcr Uae a° Diagram, Hndel af Drawing

, -A-Game . of--Darts--
Happy Numbers oL
e¥Last Digit PR
* s Birthday Party T h
_o' Where Is-The Moiikey?:
5_1A Raw af Eenniaa E
‘b

¥L931c51 Thinking
- "e’A Game of Cards .-
;'Pizga Puzsleg SR

IIT,” Drill and Practice e e S
‘. Complete the Pfgblem ©~ . . e Patterns S S A
_.-» More Than" -One Snlutinn e . '1i; Find a Path _;;”x"i; -

. &"A Potpourri of Decimal- Digit "~ -+ ».The Best Guess.(Mone

+° - Draw Activities (Ideas for Taa:hers)f;f;EIhe Best Guéese, (Decimals) .
e Distributi?e Praperty : f’”f,Thé Best‘Guess*tEractiané} A
" Create d Ter S s SR

L

'.VFIV, fvariatian (Alggbra Readi 'E'):';_; s e L S S
) ',.f--HahbufEEfs fo Slim R _-*"q,Eelieve It or Nat Fgrmulgéxfj R
Ve, Integer Sense (Algabfa Readineas)

s ; Thermometey Readings =u;-,  = -:i:f;f >é.HﬁgtiE{Tﬁnguma, :
S .“ﬂ;i; Negative Numbera T S -’;;.A'T:iéky-gstgejn ;

P ."’.-- LI . : . . ‘

"xj:?I_'SEquatiaﬁ Salving CAlgebra RéadinEES) ] : S
S L R e e s
.+ o Puzzle Probler R o ‘v;:;HAﬁathéf:Dilemmg :
-~ '  e The-Hidden Solutfon ' =~ % . '+ .4 Unusual Equations’
'5\: ' Arthur's Dilemma,i : , lfi:;-1 £-= Ll T

_— Puzzlg Pfﬁblemg
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‘Iitlﬁs - 2

Protractor. Experiments ' -

_;Prntrg;tpf Pra;zi;a

“ Iﬂyeatiga€1nna in Géametfy ;f:i

. ‘Patterns. in Geamet:y '_::,lgi‘:;:“;f*i ' o Finding Distances . .

e Quadrilaterals. -’ : -15“ia=31‘43_;.3-3=,- Gnng:uent Irianglea

L . Snipping Quadrilaterali f.' Sl A o Drawing Triangles coo.c . -
'J;;_Qil Wella : R P A Px;hagaras e T ]

I,E Heaniﬂg of Percent el T : SR
- Gne—Percent HEtth e SRR S . Shart Stgfiea - t e
: . Per:Eﬁts and Ffactianu “:;)=' - B g T

 i“1Ca1cu1atar .
e A Number Iimgs Itéeif

.« Best Estimate = - &
ARE .’Dj.s:mfgringt Pattern

TR g Géléulstnr Euzzleré :
e f; ,. i'm Thinking Gf Number

= -

?ﬁ‘“a5qXI Pfﬁbability

L -« Dice o 7'; SRR :“:f'ﬂ,: ;  :; Cnin Tesa : R
;e ...« Roll That Eube el le T e The Gum, Haﬁhine BRI
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. Sanet;aes a prablen can be solved by guess1ng If at flrst
_;l;gyau don‘t suceed try again | : & -

,ff; jg Hha am I7 it yau ﬁultﬁi

o ~the result 1s 84, 8 . s T

b Who am 12 " If yau sub[,.a-ct me fr'cm 30 and then duuble

.o that ansver ‘the result is 48, T . ~*2"'_:_

‘c. ;.th am l? N'ma 2—d;glt number If you- reverse Ey dxgxts ?ai

~and_add us' tugether the result is 110, (lee all o
possxble answers ) ST P SRS S

_ji-e by .yself aﬂdithen add 3

?;é;Z Julia and Ed were asked tn add twa nunbers together Julxa,-»',;
o by nistake Subtracted the two numbers and ‘gave the answer-as .
- 10, i stead ofsadding, Ed multiplied the two nunbers and the ef;;
resul Has 551 1Hhat was the cnrrect total7 -

s,f}S; Use each of the digits O 1 2 3 4 5 L
. Fankthe snalles* answer passxble  %,%%_‘_

 The. Happy Hel;day Hotel is blessed w1th cheerful bedbugs ln -
: .each 51ngle bed you-can find 7 bedbugs and in each double begh o
g; ‘there are 13 bedbugs ‘How_ many beds af -each- slze are there e

.4the hatel 1f there are 106 bedbugs? L e e

5 Patfl has 74¢ in her purse ‘She dnes not have a half—dollar - 
~She can't make change fur a half—dallar e1ther Hhat coins. ;f
daes Pattl have* ! e o |

tale
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; (1)

'-'xié'f%,MAxE A SYSTEHATIC_LIST

All of therfnllawlng prcblems | béfsclxed by maklng a'Tjﬁim’j

.ff};SYStematlc lxsf‘f Organlze yaur work‘and loak for patterns ,E:,f?i

A, -Mr Yaung makes p1cture frames 11ke the _f; f:J:":
- one’ lllustrated ‘He makes them. from.
pleces of. vcod w;th measurements of -

10 inches, 5. xnches 2 anhes '_};ﬁ_.f7f”:ifffzﬂf'
ffiand 25 -inches.. e N ,

, One. poss;bke frane isa 10 by 10
'i;irq;another is a-15 by 5. B
'fr"Llst all. the other PDSSlble fraues e

f"f;2.52The gnfner stare sellé.éeﬁcxls”fbf Sé; 1b¢; §nd‘15¢ -Llst
'7'ff;;ng15t-all the ways Kay can spend exactly 45¢ on penc1ls ;J“;
e 3 Sliﬁlwaé studyiﬁg the menu. He had the fullowlng cho;ces
R st course  Soup or salad L | i |

~2nd course - Chicken, beef, 1amb or ham g '41
3rd course Pie, cake or sherbert

':f* . LlSt all passxble camb;natlnns Df faad Sl1m could arder




Lo G: 17
,-,.,._:IV-G:B
SR Pre PiS

Use a dlagram a madel ora drawlng«ta help you sglvE these f%¥"t3,
prablems B R SETA (i

e

. 1 A frag is’ at the bqttam nf a: 10—faut well Every day he i
%5%ff»wwi~crawls up-3-feet. - But at night he slips- down-2 feet’,"  How.-
. 't'out af the well7 ]

- 'many days will it take for h;m to:get
- (Tgfjanswer is nut 10.) « R

e

~2;'*It t::éé 27 sugar cubes te f111 a
. cubical box. Howmany cubes will:
. obe tauchlng the bottom of the boxv

”"5$'ithe SLdes? o g

v%,v 'A ‘ - ;71 - »7 ’ . s

r;;fiéa;xﬁs X- Q_rls hage JUSt completed a 400—metre race. The: ¥¥~—v¢¥w>*Fi
©oi . 7girls' names are Chris, Debbi, ‘Julie; Kay ; Nancy, and. “
© = Vicki. Use the fbllow;ng clues to help ycu determ;ne in "
S _;{thlgh ‘order: the glrls finished. . .~ S
TR Nancy beat Julie by 6 metres %} o é?'-i'f’ o
.+ . . Chris finished 11 metres beh;nd Vlckx .
- . Nancy finished 2. metres ahead of Kay but 3 metres
- behind Vicki. .
. Debbi finished exactly halfway etween the flPSt
. and last person | R T |
. 4. A service station has a 1arge cantalner of antifgeeze. L
A customer needs exactly 2 quarts. The only containers - -
- available are a 5-quart can and.a-4-quart can. How can
~ the attendant use these contalners to measure out the -
2 quarts7 S L

"7‘?\




' A GAME DF CARDS

K1m hae a SPEGJEI deck Df earde After shuffl;ng the eerds;:7i

| ?\ she turned six- ef them feee up on the table

3

e 3\, 0 / | 0 iﬂ; 3]

'em, eKIm explalﬂed the geme tth vay

"i‘f'47;uUse eech of the f;rst f1ve numbere 1n eny order ::;'};;ge

o Use eny eperet1ens yeu want

:-f;;eYeur anewer muet be the leet eerd turned up (1n th15f5ff{?

-’75f'ceee 2).

| Here are: tee dlfferent selut1ene Study them te meke sure they re

eerreet :

"? "Kim dealt out f1ve more. hends See hew many d1fferent solutlone
yeu can find for each of them Remember te express the results in N

enrreet mathemetleal ferm

j@ﬁ§11,‘f3 71,8 1 '*_';e?

Ny S 2,10, 7 L Answer is Mo
3:;.4 16 7 8, 90— “efi;f Aﬁsver‘ie 1.7

4 12 7, 9, 71 ‘_'-itejAhswer is 13

-_'~See“ifeyou ceﬁ:fiﬁd eﬁetheF1eelutidﬁi"'“"'t

Answer is 6.

 ?5;' 4, 25 10 22, 4_r'j'-Answer is 4

o LGy
Q SflcFms T - , *' /
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Suppase that_there are‘200 pennles all in a row All of them
- are "heads" qP S LT e T e e

an suppose that 200 people’llne up and —;~ F.ift"EL;  B
_;;51;;fthe f1rst persan turns over a11 the pennles.~ AR
H>;1 f;;start1ng with thg 2ﬂd penny, the 2nd pEPSGn turns over .
7 every other cne. . ; B -»wi"'ﬂ_,

7 Lostarting with the 3rd penny, the Brd persen turns over

-';;f¥every 3rd penny. I ":-'--f;'

e pf“?ffilth the 4th penny,_the 4th persgn turns over e
-f_fy_fgt;r‘_._s,;i;“i[e

g _1;.;Suppase yau 're the ZODth person Wiil;you,find}fhe'Zﬂﬁthjﬂ e
o penny- "heads" or "talls?" f'7 BRI 1“"',”“f‘ R

§ Qf2‘ffAfter everyane has gone thraugh the 11ne whlch calns w111
"-:g_shﬂw "talls?" . f?.A”_ - o R

g 3foAfter everyane has gone thraugh the 11ne how many perscns
~ will have turned over the 200th penny? . - T e
Who are they (lee their numbers ). S

S T s

SMcFms : . o
.LCMPEI?‘Q_ R 0
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o DrJ&Prm-

" Drav a path %0 the nunbersialnngithewpath addito the number in
the c;rcle The path can: only go thrnugh ihe upen gates‘

o
-

Nl = e
—
N

P . . . % _ . . L n ) : .
o e Y T o, :
. AR SNSRI, DS I DT SR Bt "

N - ol . . . o e o TR w7 . TRAL lar e figty EE g o T 7 RE7] L ;o E T
P L) S o e - IR L AL Y R v sUUD- e led 0 BT L . .
. : . S E *e. o . - . 7 . b - - - P e . LI ST - . . - Ry
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. ! I oAl A v X wi | e B
. R T Do SEEEARE AN B ) I Th 1 ¥ | T e
£. N . 4L

e e, i e = = i R o f 25 4 R | ":’_}, — ‘,:'_,* e 3 | opg——t—
e e = “Start o T .
. S A ’ H : .. .. S - ’ % 4 on i FAIR 7 3

o 5) Create one of 'j,ff;?y*‘ Cie s
_ :ynur own, TN .
¢ f,;;G;ve itto (o
- * sbme0ne else-’fr_  -
. ocsolve. A

. . e A .
. —] - 5 . N . N o
L. . L "( v o s o - T
. IO S . . - . (I - - ' P . : 3 o = . -y IO
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ngi;tinn
(Alg-Rgnd )

S%mmy was quxte pleased w;th hlmself “He. had Just flgured.dut a ;??;
z_new farmula.5 Sammy named it the I T TN
ldeal ‘Weight For Everyone ?Hi7e’f - 7.*"’;5';”'“?. o
H 5H 190 His the persan s height in 1nches i
W 1is thE. we;ght in_pounds.. |

; ls tJ1s aqﬁ”fsonable&foi ula to use? Let's leSt“ 
‘ 3wost for Sammy Then we! 11 see, haw 1t,w5rks

95'2,%Class Exerc1ses |

w?wSammyéiéA64 1nches:tall and we;ghs 128 pounds Accoﬁgfﬁg;tq: o
thhe formula how much should Sammy ae1g L
:ffiwhat is ycur own he;ght in 1nches?v Accordinéﬁtéithefformﬁié;*35”
uch, shauld .you; we;gh? e ,b-—<é~4w%5+¥<'+f~wfw<fWW’ '

‘L N

| ﬁfﬁthV-‘

BT - A
L . ;

Y

 7;g;;;3;gEHr Garcxa‘féﬁg‘feet tall and we;gh§ 173 pouﬁds.‘ Até@ﬁdfﬁﬁ:ff;gf:
L ito. the furmula how much should he we;gh? =*}X;‘%;§:f;;fg;_;;f,;

fi,1’4;{LKaren 's 11ttle 51s%er is 40" tall Accard;ng to the formula
04, how much should she;we;gh?l,&;, TR A |

‘Ji'EBa ycu fhlnk Sammy ought f%'change the .name of l ﬁ
1why? : ‘ .

R 4 f‘
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Full Tt Provided by ERIC.
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Vaflati.an

Hould you helieve thet a or;ek‘f
Thglwarmer 1t s, the feete

'téé ‘s“théﬁnumber of ehlrps in .one m1nute°f"1¥_;;
T 1e the;temperature in Cels;ué?;_ LT

S ~a person S HElght increases as’ h__gets taller LR R

- The sleep-age formyla suggests:that LT R
-~ thenumber of -haurs “of- eleep a person neede decreesee,;,j, L
e eseehe”qete older, : R L EE

Acoordlng to the crloket ohlrpe formule how doee the temperature 7itt
very as-the CPinEt eh1rpe faster? Let‘e f1nd out. .

%f, 1 Uee ‘the. cr;oket formule to complete th1$ table
oo [c [ 56 | 63.[ 70 1334 }112 |154 [o“““"'

e SRR Pt FR S .

a. If the temperetqre ‘is ﬁ4° 'estlmate the number of ChleS g
7 & cricket ‘would' make. Theﬁ cheek your estlmate by u51ng
o L’the fornula. <f1' ﬁeyf:e B S

S

ftﬁﬁi;thstlmatefthe number of ch;rPs 1f tbeﬂtemPEratH s
| =p—5?;gi7he" check your est:mete by u51ng the fopmula‘

,,.\. .-f.:u,

\ ‘cert:

c kind of* ant. aleo can.be used as a. thermometer 7Tﬁe;5

:fls' the fester the ant runs. SO
T 5R 5R.+ 8 R is’the speed-in centtmetree per mxnute oKy

. Z-erl- T is the temperature in Ce151us SRR
formule to complete th1e table o

'<>:u5e thet

LG If a criEkettqh1rps 112 t1mee e mlnufv-f
ERikf R ant run? | lgtg ~



x o Inveatiin Geoms™:

(2%’

.’f”isubd1V1ded5;ntd
dtrlanglee.,_,_ <7
Use this same

_=itechn1que?f
“other: flg

\fé-l Number df si , :1 R
Number of tr;anglesl 2 | 3 l 4 ] ]_ _ll-‘f'ﬁ_ T
Study the cempleted table. Ledk forfpatterns., If ydu used

_-the:same technique, how many;trlan wduld ydu expect in.
K ,0—51ded f1gure? :

-
E2E

g nine. Hdw'many w;res:ﬁ'
# would the. eystem need?

- Marty made

Ldfmuch Theee‘webe =i S T
_ ,’Just tQQ nany ‘lines. to kee ’_;;track Df

“eigKyle decided’ ;nsteéd to try 51npleﬁ ceses and lddk fdr a: _*j*jp.?l‘
'ﬁffpattern oy . | R

Heke drawquS"tdwshd[ theiduﬁber dT HIPES needed fdr =¥?*d:
| 2 persons 3 pe_‘ons e 4 persnns s *95 persens'

- eb Lodk fdr a pettern. Hdulmany'g;ree would ‘be: needed fdr IE%
v own 10 persons? T . AT S 4
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the storage tank. Of

course, the company wants .
to use as little plpe as
possible.

1. What is-the best location
. for the storage tank? .

2. How much plpe is needed?

On anéther:étretch of the

- river, two more oil wells

have been drilled (see

drawing). Another storage
‘tank is to 'be built to

~ service these two wells.

3. What is the best location
for the storage tank?

4. How much pipe is needed?

G.25 .

. IV=C:8 -,
: Invest.in Geom. -
COILWELLS . . . Eri
-Two oil wells are located ,
3 miles from the shore of . 7 9
a river. A single storage - i.s o es.
tank is to be built on the 3 “‘“}e »- I
shore. O0il is to be piped oy SO A
- from each well directly to 8 miles— >

Note: This picture
has NOT been drawn
, to scale 3

9 ;
| .
¢ 0
i S W3X§§
o B %
.20 m;lea-.u%ﬂzyn_él
NOT dr‘awﬁ h
L to scale.
B W W

_7-’
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N Iv-C:8 -
Investiin Geom, -

0il Wells (cont.) o @

On another stretch
of the river there
are 4 oil wells
located according
to the drawing.

A single storage
tank is to be built
to service all 4
wells.

5. What is the best
' location for the
storage unit?

@

6. How much pipe is needed?

~ to scale )

gBﬁ
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" Using a Textbook for Teaching Problem Solving

Tﬁéhtéxfbobk is the resource akéuﬁdiwh3éh most classroom activities

“are planned. Céhseduénfiy, any decision to plage more emphasis on problem
- solving instruction should consider how the textbook can be used more

-eFFéctive1yﬁtoJ§Qpport problem solving objectives. The following suggestions o

¥

..are not_intended tD'béZexhaustive,but rather to ser&e as a springboard to~

7

additional ideas.

1. Reexamine the role problem solving assumes_in the textbook.

.Most textbook authors incorporate problem solving into their materials.

The teacher's guide for your textbook likely discusses 'the role the author
assigns to érDbTem solving, indicating "how "the bcgkvisddesigned to support

this role. Problem solving may be addressed in several ways: periodic
F) .

.enrichment or challenge problems, starred sections in exercises, applications

zbemphasig in story problems, special activity sections, special units on

problem solving or problem solving components (egé. solving, equations) ;

historical references to problem solvers, and famous or unsolved problems.

. . 4 ,
Authors also treat content topics in a manner which supports their

problem solving philosophy and gd%lsg A Systgmatiﬁ iﬁ=, 5-, or 6-step approach
may be used in working through illustrative prDbTéms (we do not advocaté

rigid adl:ieram:e to such a model); some apf)!icét‘ians may be arranyed by

topics (e.yg. culn or mixture problems); highlighting gnd other graphic
features of the bopk lTayout may suggest approaches tu solving problems the
author wishes tu convey. -

The imperﬁant point is to become aware of the problem solving strengths
the text possesses and to determine the impression about problem solving the
materials are likely to make upon students. You will be in a better position
to determine how to supplement the text with additional activities, whether
to reorganize topics, what to emphasize or deemphasize, and whether you need

12y
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ES

n'l

E to‘ﬁ?s?1de an Expanded or a]ternate approach t@ prob]em so1v1ng than that

z i

taken by the book

,"asl'

'E" 2 ’Identify p?éCise]y'yGur:dai1y _objectives for using problem materials.

There are different asnects of problem solving that can be emphas1zed at a*

particular time. Somet1mes, the object1ve may be to pra§t1ce a part1cu1ar
heuristic Such as 'wr1te an Equat1oﬂ,' At an@ther time, the emphas15 may be E

i

on a Spec1F1c technique such as so]ut1@n by factor1ﬁg At still another time,

prerequisite subskill practice, such as finding the L.CM for two numbers, may

Bé éﬁe central focus. Unless the punzgse for study of a particular topic is
clearly identified, students aPéIﬂDt {%ke1y to appreciate how it is related

to the hore‘campréhensive process of problem solving. A further a&vantage to

you is that such identification can provide you Fgedback %b@ut your class-

room teaching priorities. Reviewing your list QF daily problem solving objectives

can help you ascertain the relative balance or. imbalance among problem solving

goals within your program.

3. ’Regroup prob]em materials to better a;hjéyg YOur purposes.

Pr@b1ems in most ‘texts are grouped by type (e.g. time-rate-distance) or to

< 55, i .

practice a techﬁs? (e g. so1ut101 by quadrat1¢ equation). This results
in only one type of problem solving practice--applying the same or similar
technfﬁues tag%g;y siﬁi1aripﬁob12ms, But according to Brownell! (1942, p. 439),
'PFaLt1LE in solving problems should not Lunblst in rapedted experiences 1n
§ulv1ﬂg the same prublems w1th Lhe same techniques, but rdther A{the solution
of different prub1¢m5 by Lhersame techniques and in the apoTlication of

4 Jd1fferent techniques tou the same problem " 10 achieve this end, it may Le

Pwilliam A. Brownell. "Problem Solving," The Pyychology of Learnlnﬁ Chicayo:

Part I{ of the Forty-first Yearboak of the National Society for the
Study at Education.
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% ' [

necessary to regroup practicé prgbiems accprﬁing to fhe specific problem
sb1vigé goal to be addressed, oo 7
Other reasons to select prabiems'frém other sections of the book;
concern motivation and timing. Presenting a problem for which prerequiéite
skills have not yet been~]éarned can establish the need to acéuﬁfe moré
apprqprfate techniques and procedures to handie{thq probTlem difFicu]tiés
é - posed- by such situations, thus mdtivatiﬁg the need for Fﬁ;ther é@ntent study.
After introduction of particu]ér, powerful means for dealing with certain ‘
situations, many potential "problems" become mere exercises. Confronting

such problems before being aware of the existence of superior techniques is

) _ ) . ) : ) Lo . s
experignce. The best techniques are not always known, accessible, or practical,
‘Eut still the solver must somehow prevail over the problem. |

4. "Sacrifice quantity for quality in problem solving learning.

GEﬁe}a11y in problem solving, more time should be spent on‘iﬂdepth consideration
of fewer selected problems. Gacd problems merit careful examination from
many pérspectivesi !Di¥Ferent épprca:hes Teading to 5@1uti@n, impj?catiog§ to
othe} problems, generalization or exteﬁsian of result(s), effect on the
561utign-by variation of given ﬂOﬂditiDné are éuL a few of the wuthwﬁilﬁ
activities that can accompany more deliberate and intensive study of fewer
problems . More often than not, yuod problems arve dropped Ltoo quickly than
dealt with overlong

" Students can hardly Le Llamed for developlig w super flctal altttude about

problem sulving and thels acapunsiLIlities for peiscvering with problems when

their experience typically consists of cranking through twenty very similar

prgblems . By necessity, they come to espect to spend nu mure than a few

miiutes cfrort with each problem 1 ovder Lo complete Lheir homework 1n a

reasonable time, But assignment of fewer prublems (accompanied by specific

problem solving objectives) can change the focus for assignments from answer-

[ ]
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getting to .thinking and reasoning activities.
p Cp : ,

5. ,gge_digcrimjhatjcnﬂjQ,§§§iggjngjyx@ﬂgm§i

| A1 studenﬁé %éed’ﬁotwbe eﬁpééied té-1ébar with thé sémé pfébiéméi;ﬂﬁcét

teachers practice this princip1e with respect té*more difficult problems.

However, such a practice één be extended to a broader frame of reference.

Most problem sets are organjzed progressively from;ea§y.tb difficult problems.

Samekstudents do not need to spend much timéicn beginning problems, but |

very much may bénef%t firom the éhaT1éng§ Q? more difficult activities,

Unfortunately, after these StUdéﬁtSlSDEﬂd most of their efforts on problems

leading up to those challenges, they have }ittie time or mativaticnéieft to

Erea]?y think througﬁ'thase problems which are more appropriate for them.
There are also some text pfobTemé, frequently enrichment, which emphasize

or draw upon particular heuristics or emphasize certain problem solving 3ki115:

Uéuai1y, these prab1e%s are appropriate for everyone. Aﬁd since they often

permit responses on a.varjety oF‘]evelg, the thinking associated with even . 1

partial solutions makes them worth the effort and serves to establish the

need for acquiring additional problem solving skills.

Example: Find the number of squares on a checkerboard.

(Hint: there are more than | x | squares present.)

Students trequently “live up to the ;ha}IEngg” of difficult problems
(1f Lhéfﬁbdré not too many at une time) exceeding ovur expectattons and using
technigues and thinking that we may got even have consideréd.

How then do you discriminate without labeling students ‘as "Letler” o)

,

"weaker"? One technique used with some success is to make a Qommdn assign-
ment, but later while moving about the room to adjust the assignment for
individual students by referring them to the particular parts of the assignmengéﬁf
they should concentrate upon. Another approach is to have a frank discussioﬁ'p (
with the class about the differences in individual learning needs, pointing

Qo .. i . S K ‘Igf K
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out that some stud?nts require more.préctice with easier pr@biemé before
feeling confident to progress to more éiFFicu1t situations. Making a
‘comprehensive assignment ranging from easy to difficult problems but
starring those to be graded will permit students to adjust théiriawn
learning styles to fit the situation they are expected to master. (This,
§F course, requ{res Eaééfui'in%tiaT monitoring to avoid the entire class
tackling only the starred érab?ems_) _ 7 -

6. Disclss with students the purposes for problem materials.

Many students havernegative attitudes about written problems and about
their Dwn:abi1jties_ta engage in any problem solving activity that requires
indepth thinking. They.perceive their roles pr%mariiy limited to exercisé-
» practice, mostly manipulating numbers and symbols according to a procedure
recently d’ménstréted in class. Such attitudes demonstrate the need té
téik with students about the role that various components of mathematics
instruction assume in their mathematical development. They need to under-
stand how skill development and practice, applications, and problem solving
interrelate. Specifically, they need td ta]} over why they hold negatiQe’
views about story problems. They need to find out why they lack confidence
éin applying their skills Luighallsnging situatiuns and to learn whatl it‘takzﬁ
to develup such expertise. Having a frank and earnest discussion enables
sludents Lo acgulre @ mure ateurate understanding of th; nature of malhematical

learning and applicallon of personal skl lls

models for cla.oom developuenl vl yuedtlvns.

/. Use Legl materlals as

Hav iy stadants crltigue ;Lury pfubkémz as Lu Tg%lvaLiDn, content, and

structure can be Dengfigcal to the teacher in ﬁrgvidinglinqumatign fgf

desfygning mure appropriate learning activities Ihis exercise can alsu bLa

coupled with the task of rewriting the problens after these criliques. Students
‘ ‘

can grow in their understanding about how questions are phrased and the

relationships of given, needed, and requested information in a pr@b1er§
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And they will appreciate better the role of insufficient or extraneous
data in a problem. By observing how student questions differ in style -

) ) ‘ V ) . . B & :
and format from text questions, the teacher can obtain useful informatidn

‘about students' thinking and how they perceive such pr@b1ém§_+e;what it takes

to make problems more interesting, challenging, understandable, and realistic.

Since most textbooks do not have strong explicit problem-solving strands, you

will wish to supplement text.problems with se1?=devef%§ed materials. The

textbook can still be a primary tool in your efforts. Many times an exercise-
oriented problem can be transformed into a problem solving activity with a
s1ight modification or extension. . . i

Grade 7: Following is the won-1lo6st record for the National League

b on July 14, 1965. Arrange the teams in order of their
performance (best to worst) by computing percentagés.

WL WL
Chicago 41 46 - New York 29 56
Cincinnati 49 36 Philadelphia 45 39
Hous ton " 39 45 St, Louis 41 45
' Los Angeles 51 38 | Pittsburgh 44 43
: Milwaukee 42 40 San Francisco 45 38,

A slight modification to enhance the problem as a problem sulving
activity:
F%Howing Is the won-lost record for the National leayue
on July 14, 1965. Arrange the teams in order of their
performance (best to worst) without computing percentages.

=
self dgvelup@d materials. Must tabular and graphtcal lessons in bLuoks are
reading; qﬁéstioﬁ and response exercises -- calling for Tittle insight or
ang1;3is by Studen%s. However, with supplementary questions, the same
graphical or tabular material can be transformed into bonafide problems
requiring students ta do some critical rea;gningg |

However, the most useful purpose the textbook may serve is stimulus

1!

]'j!xf:

.
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for creative development of problems simiiar to textbook exercises but
requ1r1ng better prob1em solving 5k1115 An algebra unit on linear

equat1oﬂs m1ght prampt th15 quest1on

Which of the following equations ‘ )*

could represent the graph at the ‘

r‘1ght"" & (234)
A- X + Ey = 1@ &

B. y=x? - o / —
C. y = 2%

D. Ix-y=2 ,

E. any of the above

Students typically can produce the graph for a linear equation, but
many ha&e!not;yet realized the unique 1-1 correspondence dﬁdériying the

reverse question (E. is the favorite student response).

Using a Text Problem Fully

The issue of making better teaching use of fewer problems is so
important that an example illustrating various uses and extensiona 1> worth
while. The following discussion is centered around a geometry 1é§5Qn
involving the content topic: the sum  of the Tnterior angled of a tonvea

polyyun iy ygtven by S - (n2) - 1By~

{'!dz IﬂLIHi a B\ublbm JUIVIH& m;LhudU]ugL.

4

Each student in the class is ashed L0 unc o - Loalyht wdye oo diaw

he xdgon (nét necessar ily regular) and to find the sum of its angles wWith .
protractor. tach student is then ashed Lo draw a nine s1ded polyyon and L.,
find the sum of its an?lg; in the same mdnner .

The teacher uses a table to tabuldte individual 1esults For cach

pulygdﬁi heibiﬂg students to discover that, within measurement error, Lhe

11,

<t



sum of tﬁe interior angles of coﬁvex Essidéd'éndii;sidéd figures appears
~to be constant and independent ;F other ghapeAcénsidgratiDns (a side
discussion migﬁt ensue later about discrepancies 1nyaTyin§:pongDns with
one or more'c¢oncave vertices); B o o .

‘ Studeétsﬁéfe then asked tG;CDﬁSidéf, in small groups, the %mp1icaticn§
of these experimental results and are encouraged to formulate hypcthesés._:

“'that mMght be tested in.Some manner and to decide’thé nature of such tests.

[1lustrating heuristics:

Students are told that the objective is to study the sums of the

iﬂterior angles of convex polygons. From students, tgg Zg;cher elicits

the information that the simplest polygon is a triangle and the éuﬁ of its
angles is known to be 180°. Students volunteer names for the next simplest
polygons through 8-sided figures, . They are asked what théy knaW=éF the sums
for these polygons (the quadri]aﬁeﬁai will be the only one kﬁawnf? Tt might
be wise to stress E} this point the invariance of the sum of the interior
aﬁg?esifgr triang?eé and quadrilaterals regardless of size or shape. Then
with Céfefu1AquE§tioﬂing, the teacher sh@Q1d help the class djggﬁyer thaf

they can subdivide aﬁy polygon into triangles ta obtain the angle sum.

Using a table, students are encouraged to look for a pattern among their

results and to develop a formula for the angle sum in térmg of the number of

sides.  Succeeding columns in the f@lluﬁiﬂg table could be added a step at
: . " ; : _
a time as students appreciate the need to rewrite the data in a different form

td r‘égugrnié\: the pattern required Lo dgeneralize for the case with n sides.

Co

] ' A Y
No. of sides Sum of Pin,;gr'ri;urr'; S _ No. giAé ~_Alternate form

2) - 180°

—

180° I 1-180°
360° 2 2-180°
540° 3 3-180°

) - 180°

3
(5-2)

) - 180°

b
] 1
™ Pl P

[ S

n _ o | ez " (n-2) * 180°

11

.y
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Extenéjné;tbgiprpblem:

.. Following this period of inst%ﬁctiéﬁ;'a gﬁcbiem for homework might .

rgv%éw!thé notion of exterior angles and ask whether there is any relationship
‘ 2

between the sum of the extérior angles
§ﬁ§ thernggber of sides. Students - N -
ouldbe givén the hint that the
‘ extgriQr angle sum mightebe rejated L

to the interior angle sum. b : - P

Se = 360°

After discussing the above result:
+.in class, a subsequent extension
might. ask students to determinfgaq

" & relationship for tﬁé‘éﬁm of the

"total exterior angles" at each vertex
in terms of the number of siéesi
Ste = 360° + n-180° = (n+2)-180°
. . \ :
§ richidess of resulting discussions and exp].c;\k'r‘aqtiunz assoclated
with Stayi}g w%tﬁ one bﬁablémh1ong enough to explore thoroughly its impli-
cations far outweigh the ﬁ?sadvanta955-LhaL students are exposed Lo fewer
4 w®xerctses. The insight and péﬂeLFdL1n5-dppraisa]§ assucfated with such
extensions prQVidé a much more aQCUraté!glimpag of true problem sulving
' than the more traditional exercise list that practices the equatien
$ = (n-2)-180° Farrvariaus numbers of sides or angle sums and then moves Lo
the next lesson with scarcely a backward look
However, these kinds of approaches take time and, I1he wost Lechniques
\ associated with problem solving, should not be used exclusively. Students

need a wide variety of different kinds of challenges, technigues, approaches,
\ _
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and problems to round out their problem solving development. In this paper,

we have tried to suggest how oné instructional resource, the textbook, ‘can

be used more. effectively to accomplish that end. - - -

¥
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: i Research'on’ Problem Solving
SO i . _.at the Secondary School Level .

Cow LaaE

For many years, research on problem solving in mathematics was focused

gn the elamantaty 5;hool level (and on word prablems in particulgr)..

Dufing 'vdhe ‘past’ 15 years, howéver, dttention has increasingly alsa,b%en
directed toward t secondary school level. Moreover, concern over the
-process of prable solv1ng especially the effects of heufiﬁth% and strate-

gies) has been reflected in the resaarch

This report highlights some of the findings‘whiﬂh seem relevant to teachers.
It is divided into three parts: (1) findings about students as problem
solvers; (2) findings on tlhé structure of problems; and (3) findings on
problem-solving heuristics or strategies. . ) ) . .

Findings About Students as Problem Solvers

¥

|
s As you might expect, go ood prgblem solvers tend to have:
4 = relatively high IQ scores
» good reasoning ability

) hlgh feadlng camprehen51an scores /

. hlgh quantltat;ve ablllty or camputatlan scores (cantrlbutlng
to success on numerical problems) and/gr high spatial aptitude
scores (contributing to success on geometric problems)

(Dodson, 1971;. Hesemdn, 1976; Hollander, 1974; Kilpatrick, 1968;
Moses, 1978; Robinson, 1973; Talton, 1973)
e Other characteristics of good problem solvers (nclude:
- abili&§ to understand mathemat ical gunﬁtpt% and terms
+ ability to note likenesses, difference, aud analogies

- abtlity tu fdentify ciiticdal elemsuls, aud Lo selecl Juiredt
procaedures and data

- ;;Lallll.y tue nute irrtelevant detatl
- ability to estimate aud aunalyes

= ability to visualize and lnterpiet qoactitatige 0 wp v dal Laves
. . - /4 )
and relationships ‘ s

= ::lbll.LL}' Ltu generallse on the basis !l luw cnamples
+ ability te switch methods readily s

« higher scores for self-esteem and confideace, with gowd telat ton
ships with other students
1

- lower scores for cest anxicly

\\ (Dodson, 1971; Hﬂliandat, 1974; KfutELakii, 1976; Robinasou, 1973
Suydam and Weaver, 1975, 1977; Talton', 1973) ’

ERIC - o s

Aruitoxt provided by Eic:
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. ® Capable students also skipped steps,'had a. E'
tions, and reversed steps easily. Good problem 5@1vers tended tn
fgrget the détalls of a problem and reca 11'1t strugtural faatLrea,

whereas pﬂDr pr@bl&m lvers tended to recall the Spéélfi& details.

so
CK;utgﬁskll, 1976; silvér, 1979)

L
H

with su
in othe

.® Positive attitudes tcward mathematics are corre
some studies (e.g., Dodson, 1971) andinét corre

Kilpatrick, 1968) ’ @
.ii.kii\ o

ccess in
rs,( ]

W

.
]

ern about messiness or neatness has also been noted\lo be
‘related success on problem salwing' (Dodson, 1971)

s o S T . .

Lack of con
to

he strategies or methods by 'which students approached problems-were not

nt for individuals from problem to problem, .nor were the strate- '

d similar from problem to problem. Good problem solvers used a

t

atégy more often than poor problem solvers, who tended to rely
e often on a random trial-and-error strategy. (Robinson, 1973) . .. .

la]

ers took more time to solve novel prgﬁlgm% Lhanépuuf
d. (Kalmykova, 1975; Rebinson, 1973)

“iy 1. e Thene appears to be a differeuce 10 the way in which studenls tackle simple
and difficult problems:

+ On Qumplﬁx tasks, random =leps seem Lo appear o sequence,
.

« On simple tasks, a gestalt seems to vperdle as-gu wrganizing
principle for solving problems. (Pdluffo, 1969)

. Fi ndlnéa on’ tht Stzigtugg aof Problems

e Almost any problems can be of luletest Lo some sludenls. Studies Wt

types of problems students preffr indicate no selationship of these *
preferences to prublem-solving [success. (Gohen, 1977; Travers, 1967)

® Many persons have studied the ditilcuﬁﬁy level of problems by usiug
such techniques as factor analysis, in which the computer manipulates
data on students' answers until the data cluster into a number of
groupings, or by ascertalning the relativaship ot the data from any v
factor tu wverall success., In gencial, such factors can ‘be clawsifled
as mathematical, reading, aud reasvunlng factors; anoiher categorizagion
is by order, digital, and process variatles,  (Cromer, 1471; Jerman,

/72; Luftus, 1970; webb, 1979) : . : {

Bllowloug a sciles o erxpluoiat Loa. 0 the difticalty tevel of a lacge
number of variables, it was report.d that no one of them accounted fou
a significant portion of the variance, but the syntactic coumplexity

ot word problems is a detinite contributor (e.p., Beardslee and Jetman,
1973 The studies sagpest that mathemat ical dehievement factuors
accowit fur the must vdarian.e. \5agivk 1978; Webb, 1979)

® As most wl ous recognlze, problows contaralag o alttancousd
tion are more difficult ond take wore time to solve thaffproblems with
WBiegen, 19/2; Blankcaship and luv’it ]976;

no extraneous data.

Fafard, 1977) A i
Q % %‘ ]f"‘"" A '

Aruitoxt provided by Eic:
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theﬁ the lergeet pfopnrtien of correct’ reepeneee;
;ee euee tn the proeedure or 0peretion thet cen

n,en key words’ eppeeredzee. ietreetnre, indieeting en inenrreet operetien
‘_nr preeedure- CNesher. 1976 Wright, 1968) T :

F

I milerity beeed on’ “the™ preeence ef
eemmon meeeureble quentlty, eneh ae ege or weight) ’

L (:The pereeived eelienee ef mezhemetleel et'ueture ‘was elgn i ntly related
oA L £ problenseelving eempetenee (s ' i : .

| az'leﬁive neteriele, pietures, diegreme, end 51miler elde :l¢
P bebility of e,problen being- understood and solved enrreetly.
Sherrill, 1973 Suydem and ngglne, 1977)

jg;The‘uee of
'__eﬁhenEeﬁ ‘T
sﬂ(Celdwe11,1197S Neleon 191,:

‘ g he upper elementery level, etudlee do nQ nd1eete thet»reedlng ie as .
bl g a’ deterrEnt ee.ls commenlf belleved . There:. efe? of - eouree, some N
.- 'studiés which report a positive rElatiD"Shlp between reeding and - -success -
“on pfoblem eolving, but it may not -be’ of eufflelent magnitude to be an. T
_»'Z:eeeufete predictor orzpreblem—eolving success (e.g., Harvin and’ Gilehriet
- -1970)7 “In one ‘S udy, ‘poor 'reading was not .a Eeeter in the case of. half
; ,hef Ehe standardized test prebleme enlved inenrrectly, on further anelyele,,;w~

-‘m

A IB pefcent eE the errnre. Studente whe eeuld reed the prebleme elmply
enuld net eelve them (Knlfong end Holten, 1976 1977) S

i;!\Ei e eueeees hee been fnund in develnplng 1netrue§10nel eequeneee to
e methemetieal reeding ehnllty (e.g 5 Henney, 1971)¢_..

o A;,'y' R S ' L
o Einﬁinge,nn Pfoblemeeblving HenrieEiee!or.Stfategiee*

R ) Reeeareh ,rGV1dee etrnng ev1denee Ehet preblem—eolvlng perfermenee is ,
' ""‘jenheneed Hy Eeeehing etudente to-use a verlety ef strategies or heur;et;ee,"
~ both generhl and. specific. That 'is, - stiidents using a-.wide range of -

“ strategies were ‘able to solve mare probleme., (BleEe, 1977 Greham, 1978
Pennington, 1970 fWebb 1979 Wlleon, 1958) :

. -!ifwhen heurieﬁlee are epee;fleally teught they are then ueed more,‘and o
© students aehieve correct" eelutlene more frequently (Fowler, 1978
Hell 197E Kentnweki 1977 Lee, 1?78 Vne,,197 —

e,Tra;ning on a vaflety of heurietlee is neeeeeafy ‘80 thet etudente have a .
repertoire from which they ‘can draw.as they meet the wide- variety.of
-probleme that  exist; diffefent methematleel content evokes. different.
strategies. Certain ones’(e.g:, enelysie and eyntheeleg are used more-’
‘frequenzly Ehen_nthere (Brendau end'ﬂneeey, 1979) S
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EVarinus stratégies are used ar different stages in sulving prnblems.~
. Thus, training on bnth inregration (the" capacity to integrate’ remaining
_cnmponenrs in: a sequenue of operations required for: prnblem solution) - -
- - and evaluatinn seem to be required for solving problems, .when’ either was
-__absenc, the sclution rata did nor exneed chante., (Gallu, 1975) Lo e

_.iV?lexibility in prnblem solving is ‘a type uf learned behavinr, Studants
,-exposed .to a variety of problems.are able to makeé.a.smoother' transirinn»
.- to new probléms than thuse who are given practine only on many. similar
.. problems. - Questinning may also contribute to the develupment of ’

'iflgxibiliry in prubléﬁrsnlving behavinrs. (Cunningham, 1966)

e The use . ‘of. reguiar patterns of analysis and synthesis was. noted in the
"solutions-of higherusnnring students.. In many cases, these ‘regular
*;patterns were. immediately preceded by~a goal- -oriented heuristiuﬂwiStudents
~-who had no directiun ‘tended to establish as many facts as. p9551ble'whether
’Uthey were neuessary fur rhe solutinn or not; (Kantowski, 1977)

_;-__GADeduurion and trial—andserror patrerns were frequently fnund _nfa study o
o lwith general mathematics students.' (Dalton,;1975) ’ S e

. _'Either ‘a highly varied OoF a’ nnn—varied sequence (Sumagaysay, 1972)

.. has been suggested that prnbléms 1nvolving related theorems should be a
";alternated-sn that students are made aware of the essential’ elaments of

" a theorem and do not. develup a-: sar" to use a particular thenrem (Smith,

’ '1973)

*i’ThE uumber nf times a student attempted to salve a problem was unreiared'tn_]
ﬁi-obtaining a ‘correct solution. - Changing the ‘mode of attack in solving:a e
...problem.was, - hcwever,—signifigantly relared to nbtalning a uurrect Solu=

fEion. (Blake, 1977) e o ) LT 1 oo e

u?:Students at differant &Evelopmental levels tend to. differ in. the exrent

" to which- they ‘use particular strategies; for instance; students at a for-: _
~mal. uperatinnal level (as defined by Plaget) used more means-ends heuristics.
_than 'did concrete .operational ‘students (Grady; 1976) - Formal aperational
students also used a larger variety of heuristics (Days, 1978) : They used
dedugtion, avaluatlgn, and systematic trialsand—error Srrategles on- signiﬁ-

_ficanrly more prublems._‘;-,

i'SEudents ‘who scored hlgh on- divergant type prablems made fewer genaraligag
Lions and usad Erial—and—arrar stratagies mnre afran.- (Maxwell 19753

. Problem—snlv1ng skills are improved by inunrparating them rhroughout the
_uurriculum that is, organiging the curriculum as a saquence nf problems

A i'Flener (l978) suggested. _ .
S -- Whenever passibla, gmbad a teauhing/learning experienca in a prablem—
et " solving format. Con e , _
' e Think in terms. of hints or suggestions -rather than absalute procedures
to be fullcwed R .




xpetiment by giving students less help thaﬁ usual

‘Q‘;ﬂDD not be mislad by the immediate benefits .of structural [axp051tory]
' 1taach1ng-=— the: lnng—range benafits nf teaching through problem
;sgiving may be highﬁr._:: :

a’ R i

s

e Thgre is no - one Dptimal strategy or heufistit fgr pfoblem solving But in
s 7;. his review which focused on the relationship Qf 1nstructional methad, -
L fiﬁternal tggﬂitive activity, ‘and: performance measures,’ Mayer (1974) :con-
. 1 .7 .cluded that little progress will be made until the émphasis.on "which.
© i 7 -method is best“ gives way to,.an - attempt to defina,:ahd relate to one: #
O anpther, (1) external faaturEs of iﬁstruttion, (2) internal featutes of
. subject thatatteristlcs, (3) activity during 1earning, ana (4) outcome
-erformanceLmeasuras.;; : . : . v

o1 : ,that téthniques whith attemp tg prngram the Solver tc fallnw
toa fixad sequence of “steps aré:not very effective. Experience and researth
: -sugggst hDWEVEI, thdt certain heuristic pracadutes which.will improve _
o " mathematical problem—sulving perfarmance can be_learned, —- ‘provided the -
~“'teacher illustrates how the procedures work; gives ample Qppgrtunity for.
: w_’ﬂdiscussian, ‘practice,” and reflection; and Suppgrts aﬁd encourages the .
’35_learner Efforts.A (Kilpatrick 1978 p. 191) - : S

“;¥§ Almost 40 years agg Browtell (1942) collated fram the rasaarch a 1ist EffA=
. ':5uggestians for teachers., Three ‘of . them seem particu}arly pertinant.; L

. To be most fruitful, practice in problem solvlng should not tansist
~in repeatéd experiences in solving theé same problems.with the same _
" techniques, but should consist of the solution of different ‘problems .
- by the’ ‘same techniques and the application of - different techniques - .*-
”";f?:t,ta the sama p:ablam. 1,,W}w,”,ﬂ,:,,Wﬁm”,;,tlti,wﬁ,ﬁm"",dm;,”;”_,ww;W””W

e A problem is nat necessarily snlvéd"'bécaﬁSe>the ccrrect rESpGﬁSé
. _ has been made. A probla' is not truly solved unless the leatrrer .
"~'under5tands what he or she has done and kﬂDWS why hlS or her actions':"
were appropriate. L T '“4 s f}

-

~?»Qb.;:!n~{fi Ins tead bf being ptéte:ted" ftam errcr, tha student shcgld many

t;més be -exposed to error and be encouraged to’ détact and to. demonaf'iAi
stra ‘2 what is wrong, and why. P . : ‘

s R
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| mine’ Pr@blem—Snlving Diffi;ulty gn a GomputersBaseﬂ Taletype.; DEEEEbEE :f;”.i

1970. ERIG_:zED 047.505.

jfﬂayer, Righard E. Learning to.- Salve Erchiems. Role of Iﬁstrgctionai Methad

and Learnef Activity.: 1974 ERIC.‘ ED 091 225, o :', S '*~'f'¥?

K Haxwall Ann’ A “An: Explora&ary Study ‘of Segandary Schcal Gegmetry Students.y,

“Problem Solving Related to Convargant-Diverg%nt Productivity.  (The ‘(J:?fﬁf.

: Univetsity of Tenﬁessee, 1974) Disserﬁa;iqqﬁAPg;racts Interna;ianal
~ 35A: 4987 February 1975 = R

" Moses, Barbara E. The Nature: of - Spatial Ability ahd Tts Relationship to
' Mathematical Probiem Solving.. _(Indiand University, '1977. ) Dissertatign
Absﬁragts Inﬁernational -38A: 4540 Februa:y l978_ - .

-

’Nelson, Glenn T. The.Effezts of Diagram Drawing -and Translation on Pupils
Mathematics Problem-Solving ‘Performance. (The University of. Iowa,. 1974. )
Disse:taticn Abstraats Interﬁaﬁlnnal 35Ai 4149 Jaﬂuary 1975 '

"Neshar, Pearlg Three De e ,iﬁants of Difficulty in Verbal Arithmetic e
Problgms._ Educatimn l 3, udies in Maihematics ;7:1 359 388; December 1975.

Eeluffb, N. Constructlans of Relatians and Classes and Their Use. 1ﬁ Ptablem
-Solving. Rivista di Psicologia Sggiale ‘e Archivio Italiano di

Psicolagig Genaralé e del Lavora' 36 +109- lAE 1969

~ _Pe nningtcn, Earbats Anmeil BEhaVlDfal and Caﬁceptual Strategies as DEEISiOﬂ
Models for Solving Problems (UnivEr51ty of Califotnia, Los Angeles,
1970.) DiSSertatiDn Abstfatts Internaticnai 31A: 1530 1631 Dctaber 197D

155




Robinaan, Hary L._

3 f':jnatianal Jaurnal af Mathamatital’Educatinn iﬂ Saianca and Iachnclqgi

Suydam, Matilyn N

' Taltan, Catalyn F

- tive and Af'activa’Charactar;atias 0! zpaad and ‘Poor - Prabiam Salvéta iﬁ
' Sixth Grade Mathematics. - (State" Univa aity af Naw Yark at Buffalc,.
1973 )is Diaaartatinn Abatfa, 3

,‘s,

anan, Richatd AL Tha Watd Pra@lem Pragtam.‘ Summativa Evaluatign. _July;>fﬁ
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;iiECALCULATaR R RTINS [ SR U
N "“WF@RMAT’@N 1200, Chambers Rd: . o
N S Columbus, Oho 43212 7

EFCENTER

Ul (Bl4)422=8509

ﬁRasearch on Caleulator Uses in Secaﬁdary School yathematics f;
: T ) F' ' 72{‘ 5 * - R R 7‘,';7 = c - . C. \} : : ‘!;-; ) -

L 'calﬁulatﬁrs came intn classfnoms., On - tha follawing pagss, 46 studies are .. - ;.
n;ir;sfllsted‘_ Five were 'conducted with desk calculators:[Aldridge, Cech, Gaslin, ‘
- :Keough and Burke, Ladd], ‘they .are included.since their. findings seam rele= .
s ;~vant. Thé remainder pertain specifically to handﬁheld Qalculatars_ : L
A Df the 46 studies, 35 ware experimental 10 were surveys, and 1 (Jewelll¥'51_
- was a. curriculum analysis.” The variance in. quality is great, as.with most: -
- ‘gets. of studies;conducted under- varying” conditions,. ;The’ mago:ity focused on *

'x;the ‘effects ‘of using ‘calculators for computational’ naads ‘as’ they arose; for - L

ﬁnly 12 were, zal;ulatcrgspecific materials develnped

Eighc Df the axperimental studie_gﬁare EDﬂduEtEd with genefal mathe=f
lv

’A?,matigs glasses, whiia aﬂly three invo algebra l classes.' _The dse of
£ 5 ‘to. have evaked

?;f, , mcre researah attaﬁ ian thap_;heir use With the ﬂallege=bound,;:é count: .
. A'_ind;catés that theré ware the follawing‘ﬂumber of studies at each- 1evel
S e - mp A
Cgrade 8. - 8 . v
'fggadéi_9;3= 20
" grade 10 - . ”
' gréde5ll - L, r
: LT o
‘-gradé~12‘ =
Almost na attentlan was given to prablem sclving exeegt as a. camp@nent '
Dgig standardized- ‘achievement test. Only two studies were focused on analy=”;f“
. sis of the leafning prggess, the rest were Ecncernad with the Variable of"
‘ achlavement , - ; o
b
'
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-~ Aldridge, ‘Wanda. Scott,
=7 " mént of Middle Schcal Remedial Hathéma,
oL ef. Geﬂrgia, 1976.)

L 4@78 January 1977

if:calculatar graup. Eighth gfaders in the -
: ,higher,than Eightb gtadars in:

'[AthiEVEEEﬂt Dégk ﬁalculatgr§; Elementary (grade 5) Juniaf high
,(grades 7—8) Remgdial Résearzh] _

-

'nderson, Lyle Euget‘le.£ The Effects ai Using Restricted and Unféstticted
. -Modes. of Presentation with Electronic’ Calculators on the Achievément

.and Attitude of- Seventh Grade- Pupils,. (UniVarslty -of Denver, 1976, )

Dissertatiaﬂ Abstracgs Internatlanal 37A 6321&5322 April- 1977

TthE sévgnth—grade.mathematlcs cLassas taught by ‘the ‘same teacher .
- were. ranéamly selected at each of-four schools for the 20-week. study..=
. Oné class in eacﬂgs:haal was permitted festriéted use of calculators. -
(fot chezklng paper-and-pencil camputatlan and as an aid in pfablem
salving}, a second:.class was. permitted unrestricted calculatar use;
“and a ‘third class ‘'was not permitted to use calculators. Pupils using
. - calculators .showed improved attitudées toward mathematics but no -
-?‘*ﬁfj'”*chaﬂge —in aghievzmént undérstanding ‘of ‘mathematical’ .concepts,; or T
) . computational skill, * On-an ‘untimed . prablem—salving test, pupllS R
using calculators salved problems EBfreetly at almust tw1:a the fate
ﬁf ‘pupils: not uging calculat@rs.' cm

5

[Achievament Attitudes Juﬂiaf high (gradé 7. Research]

Blume. Glendan W. and Hitchell Chafles E.\ The Caleuli;at Effect Qgri .
Children's Solution PfﬂCES§E5.~ Papet presented at NCIH 5 th Annual

- f'Heeting, ‘April’1979. ERIC: ED. 170 166

Three p:eliminafy 5tudieg and one éxplaratgfy main’ study investigaged
the effect of. calculator use on students. at-a-variety.of gfadé levels,
' For the 83 eighth-grade sStudents in the main study, there was a signi= -
 ficant association between calculator use and choice of the longer ‘
.solution: methnd_@n 5 of '7 items, The heuristics of simplicatlon and
- application. of a structure. praperty such as-distributivity appear to-
_ be’ aalculatarainhibitad rather 'than calculatgfﬁenchanﬂéd in the : 2;
. absence of specific instruetion designed to encourage -their use in ¢ -
E canjungtinn with calcula;af computations. The number of errors in"
FEE YA — ennﬁeptualizatian of ‘the p:ablem does not- appéar to be affegted by
- calculator use,- _

Lo ?f [Elémentgry, Reaearch Seccndary, Sﬂlutiﬁﬂ ﬁgthad ]

f.s‘- ’ : e

162




Eech Jeeeph Ehilip._ The Effeet the Uee ef Deek Caleuletere Hee on-
;Attitude end Achievement in Ninth—Grede Genefel Methemetiee

U 31ATe 278

'n;fMethemetlee Teaehef 55-_;

" calculator ‘efféctiveness invelvedgtwo ‘teachers each téaching a -

‘ methﬂds.

“for seven weeks. “Students.in the experimental group. were’ eneoufage

7 f1The Eeuisiene Szate Universi,y end‘Agfieulturel end
Mecheﬁ cal College,’ 1977 ) \Qissegtegion Abstra ts Internatleﬂel
: 1252& Nevember 1 -~ ! ' e

"No. eignifieent deferen”ee’in meﬁhemetleel prubl n=
Selving aehievement .or .in attitude: tewerd mathematics’were; feund _
" ‘between the two groups. .Strong positive ettitudee”teward‘the*use-i
ef eeieuletere—in the- ‘classroom- were found - Bl e :

[Aehievement Attitudes, Ceneumer methematlee. Reeeereh Seeendery
(gtede 12)] Co T e _

°

Cleeeee.

“(See else*i

183—186 Februafy 1972 ) 'lf

“The two main reasons for using eelculetefs with lew eehievefe in : :
mathematics classes are meﬁivetion and eehievemene. “This . study ef e

calculator section and a reguler section of geﬂerel mathematics -

but" not - foCEd to check’ enswefs with the.calculators.  All classes
were. given pre- and posttests of ettitude and- eehievement._ Results -

.. did ‘mot. support the hypothesis that studente using" eelculeeors weuld

" ghow positive’ gains in attitude toward methematies, ‘or increased

’paper—end—peneel cemputetlenal skill, ‘Studerits ceuld eempute bettet

-with the teleuletat than witheut it howeverpf'

:’[Attitudes, Desk - eeleuleters, Generel mathematics, Low eehievere, e;’”'k;

'Reeeereh Seeendery (g:ede 9)] :

.

Cheng, Lisa L;gTze .~ An Exeminetien iﬂto the’ Effeete of Celeuletorsf'

¥

Assisted Instruction onm 'the: Mathematics "Achievement and Attitude of _?

‘Seventh and Eighth Grade’ D;sedventeged Students. (Cornell Univer- -
e;ty, 1979.).- Diesertetlen Abstrette Intetnat;anal 40A._ 1323“13241-'

September 1979._ : T

;-f Students (n = 126) in, grades 7 ‘and" 8 were- raﬁdemly divided iﬂte tﬁo

- groups. For 24 weeks, one group had- .calculators eveileble during Cie
_lessons,. but- not on tests.or: for ‘taking home; the other group’ used -
‘only paper. and peneil No- signlfleent ‘differences betweert groups

. _were found.on compufatién, concepts, or attitudes; a highly signi-

. ficant difference on problem selving feveted the eeleuleter greup,
Use of eeleuletors ‘'did not seem to- affect the seventh gradefe in
imprev;ng their eré&e ef leafnlng dlffleultlee, but eighth’ greders

[Aehievemenﬁ, Atcitudee, Juﬁinr high (gredes 7*8) Reﬁédiel,,geeeafeh] B

,v v - -A N .; . lg;:!j : :“;



“1calculatarﬁmateri
did nan—calzuiato

-"[Achievement, De;imals, Esﬁiﬁation. .
. Pefcent_ Research]?f_ ' :

Fischmgn, Myfna Leah.
Ganaept Leatﬁings in

and Calculation.: (New Xark Univer51ty,=
atts lnternat;cnal 37A 774 775 Augusﬁ,

. PO A é sy L . . e
Gaslin William Lee. A Cgmparisan gf Achievement and Attitudes af
Stgdgnts Using Canventi nél;

{af:¥éfs&"*fNavEmber'1972 ‘
e - (See-also: Jaufnal for Research in Mathematlcs Educatian Em

95=1DB Harch 1975 _;%h -

_V‘UEE of units iﬁ whiah fraggianal numbers were canverted to . ,*. i
o ,_fiidecimals and examples then solved on a‘calculator was found. ‘to’. '
Voo . bea viable.alternativé"'to use of converitional textbooks o
: 7 (dneluding fractions) with or without. a ealaulatﬂr, for low~ - =
“ability or 1owaachieving Etudenzs.'fﬂ T o o A %_' o
"ZYIAlgarithmq ‘Désk. calculatcrs, Général mathematics, an achievers, o
K tional. numbers, Researgh $egﬁmdary (grade 9) Units] /

_ ~=;éallery, Hizhael Edward, Taaching Galculatar Use ‘and - Chaaking Agccunt L
R - Skills to-the Mildly Handicapped. (Utah State University, 1978.) - . .~ °~
T ,DlSSEf ration Abstracts Inte:natipnal :39A: 2866; November: l&?S A

: packages un calculatar skilbs and onéchecking account skills
,iWEfe evaluated with-38 -students ﬁ;am six: high Séhools and two. junior
* high schaols Eighteen students;, teéeived lnst:ugtlon on the packages,
~ while 20 students were “in the. cangral group . Aécne—way andlysis of - A
~varilance indicated that the difference between, group?gosttést ‘means- .o 7Y
'£8r both’ packages significantly £ vored the experimental group. _
Bl lHéﬁévéf, thg mastery ¢riterion was ﬁEt achieved on either gackage_! e

[Handicapped juﬁicr high Reséargh Secoﬂﬂary, Unltsj
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Graeber,. Anna O.; Rim Eui- Da' and Unki, Nancy J. A Survej of Class-
room Practices in Mathematics: Repart% of Firgt Thlfd Fifth and
Seventh qudE'TéJFhéTS ;ggpejgggpé New Jersev, and Penﬁsvlvaniai
&

Philadelphia:

In a survey in 1977 of 1,343 teachers in grades 1, 3, 5, and 7,
questilons on calculator use were included. vhé pefcentage of
teachHers who had used calfulators was: 3.9 perdent at grade 1,
8.4 percent at grade 3, 19.4 percent at grade 5, and 25.6 pe:cent
at grade 7. In the first grégé, calculators were used most fre-
quently for drill: the next~three most frequent usages were for
checking, motivation, and remediation. Use of the calculator for
drill decreased with grade level. Above first grade, the most
frequent use was for Ehecking, with motivation and word problems

Research for Better Schools, Ine., 1977. ° - _%

[Attitudes, Research (survgy)i Roles, Teachers (gfades i, 3. 5, 7)]

RS S

Hopkins, Billy Lynn. The Effect af a Hand-Held Calculator Curriculum

in Selected Fundamentals of Mathematics Classes, (The University
of Texas at Austin, 1978.) ERIC: ED 156 496, . y

This study investigated.the effects on achievement and attitude
resulting from use of a calculator-based curriculum and calculators

in niath¥grade basic mathematics (in which students were at least

two grade levels behind in mathematics achievement), Twelve
classes from three schools were randomly assigned to either
calculator (n = 83) or non-calculator groups (n = 84), For four
weeks, teachers used guides prepared by the investigator to teach
estimation, computation, and problem solving using the four opera-
tions with whole numbers. One-half of each group was randomly
selected to take the posttest with calculators available, while
the other half did not have calculators, Data were adalvzed by
analysis af cavariance. Students using aalﬂulators in instruitiun

5D1ulng ‘as the1r peers not uging tglgulatcrs. Ktiltudag veére ﬁuL
slgnificantly different. Students using calculators on the post-

test did significantly better jin'poth computation and problem
solving than students not using calculators.

[Achievement, Attitudes, Basic mathematics, Estimation, Mixed
operations, Problem solving, Research, Secondary (grade 9), Units)

Hutton, Lucreda Ann Williams, The Effects of the Use GfiH191~C§lgulg£u;§

on Attitude and Achievement. in Mathematics. (Indlana University,
1976.) Dissertation Abstracts International 37A: 49343 February
1977, i -

A 4-weék unit on powers, roots, and radicals was studied by one
group of ninth-grade ‘algebra students whe had traditional instruc-
tion'with no calculators, a second group who had traditional
instruction but could use calculators during class, and”a third
group who had speciil calculator fnstruction plus access to calou-
lators during class. No differences were found when groups were

compared on achicvément or attitude,.
[&éhiévEEEﬁti Aféehfai Attitudes, Powers, RESEEFCED Roots,
Secondary (grade 9), Units] 1 ,

i



K.07

Jamski, William Donald., The Effect of Hand Calculator Use on the
Achievement ‘of Seventh Graders Learning Rational Number-Decimal-
Percent Conversion Algorithms, (Indiana University, 1976)
Disgértatian Ab?EIq¢E$_IﬁEErnﬂt1Dﬁsl 37A:  4934-4935; February
1977,

(See also: Jamski, William D, The Effect of Calculators on Achieve-
ment., MATYC Journal 13: 52-56; Winter 1979, )

Three classes of students at the seventh-grade level used calculators
during a four-week unit on finding equivalent forms for fractions,
decimals, and percents, while three other classes did not use calcu=
lators. On an immediate posttest a significant difference was
identified between groups on items involving conversion from a
aimplified fraction te a decimal, No differences were found

between groups when a retention test was ‘given,

IAEhiEVEmEﬁE, Junior high (grade 7), Rational numbers, Research]
Jewell, Wallace F., Jr, Hand Calculators in Secondary Education!
Evaluation, Analysis and Direé¢tion, Unpublished doctoral disser-

tation, State University of New York at Buffalo, 1979.)

The purpose of this study was to analyze and evaluate present hand-
held calculator uses and materials and propose possible directions
for their utilization in the near future, Also included is an
analys of the usual high school mathematics curriculum of
elemengﬁ

and el

ary algebra, geometry, intermedi#te algebra-trigonometry,
mentary functions with regard to calculator impliementation,

ECurricglum, Research (review), Séiandafy]

Keaugh Joahn J,. and Burka Gerald W. Utilizing an tlectfaﬁic Célcu-
lator to Facilitate Instructiaﬁ in Mathematics in the 11lth and 12th

Grades. Final ﬁhpgrﬁ.r July 1969. ERIC: ED 037 345,

The group using ﬁaliuéﬂ;@f% achieved significantly more on a
standardized test than did a group not using them.

[Achievement, Desk calculators, Research, Secondary (grades 11-12)9

Kolpas, Skdney J. The Use of Electronic Calculators as In-Class
Instruaticonasl Alds fn a Ninth-Grade Arithmetic Program, Unpublished
doctoral disscrtation, University of Southern California, 1978,

Efghty uninth-grade low- and under-achievers {n four arithmetic
classes participated ipn this 20-week study. The two experimental
classes used calculators as Iinstructional aids and,as the sole
solution-source for 50 pertent or for 75 percent of each in-class
assigument, while cwntrol classes (frum another school) did not
use calculators. The Comprehensive Test of Basic Skills was giveu
as the pre- and posttest, and a researcher-constructed test was
completed twice (first by hand, then with calculators to correct),
No significant diFé?fEnLea were found on the atsndafdized test; .
significant ditfereness on the researcher-constructed test favored
the EXPéTimuﬁtallgEéa%S both with and without calculaturs,

EAChiévemEﬁti Low Achievers, Remedial, Research, Secondary (grade 9),
Tésting] N ' 4

ERIC - At

Aruitoxt provided by Eic:
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4+ .
Ladd, Norman Elmer, The Effects of Electronic Calculators on Attitude
and Achievement of Ninth Grade Low Achievers in Mathematics.
(Southern Illinois University, 1973.) Dissertation Abstracts Inter-
national 34A: 5589; March 1974, L - -
Two-hundred-one low achlevers were randomly scheduled into one of
five control sections or one of five experimental sections. All
groups followed the same lesson sequence, with control groups using
only paper-and-pencil for all calculations and experimental sections
using electrgnic calculatafs. SigﬂifiéQﬁE diFféfentes were féﬂﬁd on

bath graupq but no signifisant diffetentes in p@sﬁEEst mean sScores
- were found between gf@ups. :

[Achievement Attitudes, Desk calculators, Low aﬂhievers, Research,
Secﬁndary (grade 9)] « :

Laursen, Kay William, Use of Calculators in High Schoel General Mathe-
matics: A Study Comparing Achicvement, Attitude, and Attendance of
Ceneral Mathematics Students Who Used Calculators with Students Who
Did Not, (Brigham Young University, '1978.,) Dissertation Abstracts
International 39A: 733; August 1978, - !
From five schools with 18 general mathematics classes which had
classroom sets of calculators, nine classes were randomly assigned
ta use calculators while nine other classes used paper-and-pencil

methods of camputaticn. Analyses of varlance and covarilance using
pre-posttest data indicated that greater gains were made by
students using calcuylators, However, no significant differences
were found in attitudes or attendance.

[Achievement, Attitudes, General mathematics, Research, Secondary
(grade 9)) L -

o

i
Lawson, Thomas James. A Sctudy of- Eha GalculaLu; s aud Altered Calcu-
lator's Effect upon Student Perception and Utilization of an
Estimation Algorithm, (State UﬁivETEity ot New York at Buffalo,
1977.) Dissertation Abstracts International 39A: 647; August
1978,

Seventh-grade students from one junior high sclivel weire randomly
assigned to use paper and pencil, a fogr-function calculator, or

an altered calculater (with the funLLizn of the four operation

keys masked)., The four-day "interim work experience' was a 16 1iLem
computational rtask, Using analysis of variance, it was found that
(1) computaticnal ability correlated positively with ability 1o esci
mate, (2) the treatment had no effeci on estimation abi]itvr (3
students with low computatiunal ability made the greatest nawber ol
errors when using calculatorvs, and (4) altering the keyboard had no
slgnificant overall effect on ability to use calculators. Gidéﬂtép;
analysis of students working indicated that many did not use esti-
mation to verify aunswers. Tuterview information is also provided,

[E—ﬁtlnk;[lunvr_ Four tunctlion caloulators, Research, Secondary (grade ])_]
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Parks, Terry E. Calculator Sur
5

o K.09

Lenhard} Rodger William. Hand-Held Calculators in the Mathematics

Classroom at Stuart Public School, Stuart, Nebraska. (Montana
State University, 1976.) Dissertation Abstracts International
37A: 5661; March 1977. ' ' o

Analysis of at least eight tests taken by 125 students in grades 7

using and those not using calculators during the test on test scores,

[Achievement, Attitudes, Junior high, Research, Secondary}

Lunder, Denﬁis,A!' The Impact of the-Calculator on Test Anxiety for

High School Consumer Mathematics Students, (University of Denver,

'1978,) Dissertation Abstracts International 39A: 6607; May 1978,

Consumer mathematics students (n = 159) in grades 9-12 in three
schools were randomly scheduled into two experimental groups
(using calculators) or two control groups (not using calculators).
One expérimental and one control group used calculators-on the
posttest, while the other two groups did not. Analysis of covar-
iance indicated that allowing use of calculators on the posttest
improved achievement, The group using calculators for instruction
and the test scored higher than the group not using calculators
for instruction but using them on the test. Test anxlety was also

explored; use of the calculator did not significantly reduce anxiety.

[Anxiety, Research, Secondary (grades 9-12), Testing]

C ey, Shawnee Mission Public Schools.
Shawnee Mission, Kansas, 197
Results of a calculator survey on avallability of calculatoers to
K-12 students and on parent and teacher opinion toward the use of
calculators in the classroom is given. Data from both 1975 and
1977 are cited.

i

wWo

{Atcitudes, Elementary (grades K-6),. Research (survey), Secuundary
(grades 7-12)]

Peterson, Robert E. and Capoferl, Alfred. 19/5 /6 Fraser High Sclivol,

Macomb Intermediate School Disitrict Project: Sctudy on the Use of
Hand-Held Calculators in Pre-Algebra (Grade 1u7, Aig&b;a I (Crade
10), and Intermediate Algebr. (Grade 11). ‘Fraser, ﬂighiéuu;
Frascr Public School bistrice, 1976. '

A gencral project descriptfon I8 provided Data, obscrvattoans. aud
calculato. activicfes and protlews are repoited for each of the
mathematics groups.

[Algebra, Research, Secoudary {(grades 10-11)]

¢
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Quinn, Donald Ray. The Effect of the Usage of a Programmable Calcu~-
lator upon Achievement and Attitude of Eighth and Ninth Grade
Algebra Students. (Saint Leuis University, 1975.) Dissertation

The programmable calculator was used in eighth- and ninth-grade
algebra classes for evaluating algebrale expressions and for
solving linear, quadratic, and systems of equations. Findings
showed no significant differences in achievement when performance
of students.in the calculator classes was compared to performance
of those in non-calculator algebra classes., However, students ip
the calculator classes showed less '"anxiety-toward mathematics"
and had better ''self-concept in mathematics" than students in
non-caleculator classes,

[Achievement, Algebra, Anxiety, Junior high (grades 8-9),
Programmable calculators, Research]

Royce, George and Shank, James. Calculators in the Classroom?
Science Teacher 44: 23-25; October 1977.

The results of a student attitude survey among junior high school
students who had been allowed to use calculators to check mathe-
matics computations are reported. Significant preference for
using calculators in the classroom was displayed.

[Attitudes, Junior high, Research (survey)]
Rudnick, Jesse Pocket Sized Calculators Versus Seventh Grade Math

Students., Philadelphia: Temple University, May 1978. Mulcilitch
copy.

2z

proximately 700 seventh-grade students in two schools were randomly
assigned either to calculatur or control groups, Each of six
teachers taught two experimental and two control classes, using the
regular textbook, Students were "on thelr own' as to how and when
they used calculators; they kepr logs of when and for what opera-
tions caleulators were used., No significant Jdifference in compu-
tational skills was found between groups. Attitudes of students in
both groups varied little, Parcontal attitudes, however, changed:
while 50 percent opposed the use of calculators at the oulset, only
33 perceut were. upposed at the end. At the sta.t, 49 percent felt
that thelr children would become highly dependent on the machine,
while at the end this number dropped to 22 percent,

[AfLiLud:s, Junfour high (grade 7)), Resealceh)

l\u._!ult,}\! JG:‘AZ;EL,: AL anud }'\,L\All}%’ =] TS T Lhic Hindoaleulaowr, Lyorend
or Fou? Arithweti. leache. 23: 6..-65c; December 1976
The effect of the availabilitv and use of a ealculator du seventh

graders' mathematics achievement was studicd. Preliminary findings
on parental attitude toward the use of calculators and on student

achievement are Jdincussed.

[Achievement, Attitudes, Junlur high (grade /), Kesear.l)

g,
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‘Schnur, James 0, and Lang, Jerry W. Just Pushing Buttons or Learning?

—A Case for Minicalculators, Arithmetic Teacher 23: 559-562;

s

A study of the effect of the use of caiculatafs on student computa-~
tional ability is reported. Results showed that the treatment groups
using calculators gained significantly more whole number computacional
ability than control groups not using the calculator, Sex of
student and calculaflor usage interaction was not significant,
nor was the interaction between ethnic/economic background and
gain in computational abilirty, '

‘[Achievement, Elementary (grades é;é), Junior high (grades 7-9),

Research]

Shirey, John Reginald. The Effects of .Computer-Augmented Instruction on

Suydam, Marilyn N, Electronic Hand Calculators: The Implications for

Sfudénﬁg"AchiEVEEEQE and Attitudes, (Unlversity of Oregon, 1976.)
Dissertation Abstratts Internarional 37A: 3386-3387; December 1976,

Tenth, eleventh, and twelfth graders in consumer and businéss mathe-
matics classes were randomly assigned to receive computer-augmented
instruction or a low-cost alternative using tables and calculators
to complete inquiry exercises. The instructional unit covered nine
days. Results showed that the calculator group did significancly

.more inquiry beyond the minimum required than did the computer

group.
[Business mathema#ics, Consumer applications, Research, Secondary
(grades 10-12)]

Pre-College Education. Final Report, Grant No. EPP 75-16157,

National Science Foundation, February 1976. ERIC: ED 127 205

- (full report); ED 127 206 (50-page form).

Szetela, Walter. A Study of Ratio Councepts, Skills, and Problem Solving

Using Calculatcrs in Grade 7. 1978, Xerux copy.

This study was concerned with the use or non-use ot calculators by
39 students In grade 7 who used specially designed lessons to
increase involvement 1in measuriug actlvities. There were 11 dayvs
of i{nstruction, On two tests on ratioc skills, concepts, and prob-
lems and un a test of attitude tuward learning ratles, no signifi-
cant differcn.cs were found, oOn a test with unfamiliar ratio
problems on which the calculator class used calculators, they
scored significantly higher than the non-calculator claas,

Keseavrch]

[Junior high (gradé /), Ratlesn

¥
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Szetela, Walter, Hand-Held Calculators and the Learning of Trigono-

metric Ratios. Journal for Research in Mathematics Education 10:
111-118; March 1979,

The investigator and the regular teacher used specially designed
materials for teaching trigonometric ratios to 131 students in
grades 9 and 10’randomly assigned to groups using calculator~based
instruction or not using calculators for 13 days. Students built
their own short trigonometric tables using measurements of specially
constructed right triangles. On a quiz one week before the final
achievement test, the calculator groups scored significantly higher
than the non-calculator groups (.02). There were no significant
differences on the final achievement test or in attitude toward
learning ratios. '

[Research, Secondary (grades 9-10), Trigonometry]

Toole, Betty A, Evaluation of the Effectiveness of Calculator Assisted

Curriculum and Instruction in Ninth Grade General Mathematlcs Classes.
Paper prepared for A%RA Meeting, 1979, '

The use of a supplementary calculator-assisted program, used one day
a week in six different junior high schools (N = 400) for ninth-
grade general mathematics was compared with non-use offcalculators
in that course. In the six-month period between pre-~ and posttest-
ing, the experimental group gained 8 months more on the total test
than the control group did. On subtests, the experimental group
gatned more than the control grbup in computaction (7 months),, con-

cepts (5 months), and applications (1 year).

) 1) . e s
[Achievement, General mathematics, Research, Secondary (grade 9)]

Townsend, Cloria Childress. The Effect.of Programmable Calculator Use

on Probability Estimation Acﬁievement and Attitude Toward Estimation
of Studénts in Second Year Algebra. (Indiana University, 1979.)
Dissertation Abstracts International 40A: 1936; October 1979.

Three second-year algebra classes used 10 days Lo fuvestigate 4
series of probability exercises. The student-programming group
estimated answers and then wrote thelr own programs to verify their
estimates, The teacher-programming section used the teacher's
‘programs tu verify estimates, while the control group received the
results of o« hypothetical experiment to verify estimates. Some
difference in estimation achievement was noted for the student-
programming group; attitudes were significantly becter than in thLeo
control gféup.

|Achievemeul , Algelbra, Attitudes, bollwat lon, Frobabllivy, Fuowo

gramoable val. ulators, Research, secondary (g ade 11 ]
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Vaughn, Larry Richard. A Problem of the Effects on Hand-Held Calcularors
and a Specially Designed Curriculum on Attitude Toward Mathematics,
Achicvement inm Mathematics, and Retentien of Mathematicwl Skills.
(University of Houston, 1976.) Dissertation Abstracts International
37A:  4938~4939; February 1977. © )

(See alsq: Creswell, John L. and Vaughn, Larry R, Hand-held Calcu-
lator Curriculum and Mathematical Achievement and Retention. Journal

for Research in Mathemat;;s Educatjon 10: 3§é=367; November 1979.)

Four -ninth-grade Eéﬂefal mathematics elasses used calculators as they
studied decimals and percents for eight weeks .in a specially-desicnegd
curriculum, while four other classes received Eradltlona] instruction
. with no calculaters, Results showed that the calculator groaun scored
significantly higher than the ne-cpleulator sroup on an achicvement
test, but no differences bhetween groups were found with respect to
attitude or retentlon of mathematical skills. '

[Achievement, Attitudes, Decimals, General mathematics, Percent,
Research, Secondary (grade 9)] -

Wajeeh, Abdullah. The Effect of a Progrmg of Mcanlougful and Relevant
Mathematics on the Achlevement of the Ninth Grade General Hathematir%
Student. (Wayne State University, 1976.) Disscrtation Abstracts

International 37A: 2801-2802; November 1976.

The group of ninth-grade general mathematics students using an
inveatigator-developed unit plus calculators for 15 weeks scored:
significancly higher (p<.,05) on a standardized computation test
than the group using only the developed unit, but there were no
significant differences In attitudess

[Achlevement, Attitudes, General wathematlcs, Research, Secondary

(grade 9)]

Ward, Dennis Elliott. The Effect~of the Electronic Calculacor on
Problem-Solving Achievement and Atcitudes Toward Mathematics of
General Mathemacrics Students. (University of Southern Califurala.
1978.) Disscrtation Abstracts Interfational 39A: 4038; January'
1979.

Ll the first scuester ot 1977/ /8, Y2 geueral wmathewatlos atudenta

wene randomly assipgned to two caperiumental c¢lasses (using, calcu-

laturs) and two cuntrol classes (not using valculacers). Ko

5 slgnfficant difrerences {n problem-solving achlevement i argd

) tudes wore onmdy noe ggndgL el fecl was tou,d. Better sealéetls
tended to score higher en problem solving botl, with and withoo
calculators,
[Achievement  acultades, wendos | Goneral watbematle s, baollen
solving, Resa.rech, Seconuary (gr.de 9)]

Weaver, |, PFred; Blume, Gleudon W., aud Mitchell, Chaitles b
F%PIuFdLLDﬁa with Seventh Grade students: Some Calculato.
Instructional H4E5r1315 Qﬁﬁggyéggpns, aﬂd Tnu&stl&_tlan; “Technical
Report No. 497. Madison: Wisconsin Research and Development Center
for Individualiced Schooling, July 1979,
Qo 4
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Weiss, Iris R. Report af the 1977 National Survey of Science, Mathe-

maties and Social Studies Edutatlﬂﬂ, ‘Final Report, National

Scien:a Foundation Contract No. C7619848, Research Triangle Parck,
North Carolina: Research Triangle Institute, Center for Educa-.
tional Research and Evaluation, March 1978,

A national survey conducted for the National Science Foundation
included questions about the extent of use of calculators in
achools. For four grade ranges, the percentage of schools having
calculators was: K=3, 28 percent; 4-6, 36 percent; 7-9, 49 percent;
10-12, 77 percent. Rural schools are as likely as suburban schools
to have calculators, and both are significanctly more likely to have
them than schools in small cities or urban arcas. The percentage

of mathematics classes using calculaters increased wicth ‘grade level:
K-3, 6 percent; 4-6, 14 percent; 7-9, 30 percent; 10-12, 48 pﬁFCEﬂE.
Mgst K-3 teachers indiLatéd that calLulatGrs are not nEEdEd in 4-=6,
44 percent indicated they were not needed, while 39 percent needed -
them but did not have them; for 7-9, the z@mparable percentages were
42 percent and 28 percent; for 10~12, 33 percent and 18 percent.

[Elementary, Research (survey), Secondary] \

[

Williams, David E, The Effect of the Use of the Mini-Calculator and

Wl

an Asaaciaied Curriculum Supplement on Camputgziaﬁal Skills and
Attitudes Toward Arithmetic of Ninth Grade ‘Non- College Bound
Students., (Temple University, 1979,) Dissertation Abstracts~

International 39A: 6610-6611; May 1979.

This year-long study was conducted in five junior high schools (o
Philadelphia, with threce teachers each teaching one class using
calculators with the regular ggneral mathematics curriculum, ohe
class using the regular curriculum with calculaters and 5upplef
mentary calculator materials, and a comparison class not using
calculators. Calculators were not used on the pre- or posttest’
(California Achievement Test). Arnalysis of covariance and t-tescs
of correlated means were applied. No significant differcuces were
found in computational skill, while attitude differences favored

the calculator groups.

[Achievemeut, Attitudes, uencial wathewatles, Kesecatdh, beécondary
(grade 9)] )
llgma! Lavid ol J.uLalug Ales ainde L‘lall.;.l\.ll,hi.é Lol wdeulatet

Progra... Maihem.tics I.acher 71: 471-472; May 1978.

Keaultls riomed survey of 413 ooty Leachiols .te Lol O
ized. vwuideliies wer. develiped and a buoklet 1or (eachers prepareaa
The crtect of usfuy caleulators and b curric.lum suppleme.t has

bee,. studied 10 five schools. \

[Attitudes, kesearch (sucrvey) weOndasy, leavhero)
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* YWilliams, S. Irene and Jones, Chancey O, A Survey of the Use of Hand-
Held Calculators in Advanced Placement Calculus Courses. Princeton,
ce

t

New Jersey: Educational Testing Service, 1979.
' " The questiennaire was sent to mathematies department chafrpersons
*at the 2402 secondary schools that had five or more students taking
an Advanced Placement examination in May 1977; returns were received .
from 1547 schools (64.4 percent), with 1403 scorable. About 89 per-
cent indicated that they permitted some use of calculators in
calculus courses, Slightly nmore than 10 percent had modified their
courses to include special techniques particularly suited to the use
of the calculator. In only 20 percent of the schools are calculators
supplied by the school districts. An overwhelming majority think
that student performance (on AP examinations) would not be signifi-
cantly affected if calculator use was permitced.

[Calculus, Research (survey), Secondary, Teachers, Testing] ‘\

, Wyatt, J. Wendell; Rybolt, James F.; Reys, Robert E.; and Bestgen,
Barbara J. The Status of the Hand-Held Calculator in School--
Implications for Parents, Teachers and Administrators. Phi Delta
Kappan 61: 217-218; November 1979. , :

Yvon, Bernard R. and Downing, Davis A. Attitudes Toward Calculator
‘ Usage in Schools: A Survey of Parents and Teachers, School Science
T and Mathematics 78: 410-416; May-June 1978,

i

Two-hundred-fifty parents and teachers of grades K-~9 replied to a
12-item questionnaire about the use of calculators, They were
‘. {ipncreasingly more accepting of calculator use as grade level (3-6,

- 7-8, 9-12) iincreased, with teachers significantly more favorable
than parenti.at the two lower levels. Both groups were moderately
negative sbout the use of calculators for homework and about whether
skills with calculators will be essential to future success. They
wvere accepting of the use of calculators for enrichment, motivation,
and games. While moderately negative replies were given about the
use of calculator to replace paper-and-pencil skills, they were very
accepting of the use of calculators along with paper-and-pencil com-
putatior. ' ‘

[Actitudes, Elementary, Research (survey), Secondary]

Lepp, Raymond Andrew. Reasoning Patternms and Computativn un Propoertions
Problems, and Their Interaction with the Use of Pocket celculators in
Ninth Grade and College. (The Ohio Scate University, 1975.) Disser-
tation Abstracts International 36a: 5181; February 1976, -

One-hundred -seventy ninth graders and 198 (ollepe treshmen were
classified as having high, middle, or low ability in sclviug pro
pDFEiDﬁS. Half the students in each ability group were glven
calcularors to use while working on a programmed unit in linea:
interpolation, while the rest of the students could only use papér

and pencil for their computations. No significant differences werc
found betwern performances of students using calculators compaeed

to those not using calculators, nur was there anygsignificant fnter
action of use of calculaters wich abilicy to solve proportions. The
hypothesis that students could understand a pfﬂp@fLiDﬂél train of
thought better if the bar?iergfcampuiati@nqigafemavedwagnatbgrngéut.
: [Achievement, College, Ratlos, Research, Secondary (grade 9)]
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. . Special Bulletin
' December 1979

Selected References on Calculator Uses %
- in Se;@ﬁdafy School Mathematlc Instruction

Aldala, Greg@ry Calculators: Their Use in the Classroom. School

Science and Mathematics 78: 307-311; Agri1'1978i

eighthagrade class is described, Suggasti@ns aﬁd recommendatigns
are included.

£Jun1ar high (érade 8), Problem solving, Recommendations]

-

# Albrecht, Bob. Caltulatars for Beginners, CalﬁulaEGfS/CDmBUﬁEfS 1:

21-26; May 1977.\ 1: °75-82; October 1977. 1: - 3 December

1977.. 2: 61-66; January 1978, 2 Qlagéi March,1978. 2: 23-28;
April 1978. 2Z: 87-95; May 1978.

This set of articles is a serialization of a self~teacHing student
workbook about four-function calculators and elementary computer
programming. The articles cover: (1) Basic addition, subtraccion,
and multiplication; some computer-like notation for writing programs
to solve problems; and directions for playing NIM. (2) Multiplica-
tion, powers, and mulﬁlplicatlun game, (3) Division. (4) Mixed
operations. (5) The change sign key. (6) A calculator versiocn of
the game Krypto. (7) The concept of memory and keys for manipulat-
ing numbers in memory, : :

[Calcula;&t keys, Calculatoer memory, Four-function calculators, vamezs,
Mixed operations, Powers, Prublem solving, Programming, wcfkshegt ]

# Averectt, Dorothy M., et al. Using the Mint- =Calculator to Teach Mathe-

maticg. Philadelphia: Curriculum foice Instructional SEFVlCES
School Ditstrict of Philadelphia, 1977,

:

Calculator activities are presented four Lhe folloviug tuplcs: place
value, roundiog off wumbe:s and esllmating answers, whole nuﬁbéf5§
égcimal fractious, common fractions, number patterns, powers and
oots, algebra, geometry, arnd advanced topics. Other sectlons cove.
selecting a calculator fu. classroorm use, creparing to use the cal-
culator, types of use, the keyboard, 'u;rd=nuibc:"
problems, and additional source materials,

displays and

EAQtivitlas_ Elementary, Sggandary]

]

lhese Feleteuaces ar. [, ouydawm, Maclya Caloulabog as AL b

Epfl;td (nmpllatlan f References. Columbus: {I(/SMEA( 1979.

They al %ni}ppeq[ on bulletins ﬂtVLlupEd for the Calculator Iﬂfnrmatluu
a

Centor, . =

=
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* Aviv, Cherie Adler. Pattern Gazing. Mathematics Teacher
Januafy 1979,

‘Worksheets on patﬁern searches are pf ovided.

[Integers, Pattern searches, Secondary (grades 7-12)]
Max., Calculators in Secondary School Mathematics. -
71: ; 405- 410; Mav 1978,

T

“fects of calculators on education, including discu

ial strengths and weaknesses, are described. Spec

“tions for needed curriculum development are presented,
n

72: 39-4

* Bell, Max; Esty, Edward; Payne, Joseph N.; and Suydam, Marilyn N/

Hand-held Calculators: Past, Present, and Future, 1In Organizing
for Mathematics Instruction (F Joe Crosswhite, editor).

matics, 1977.

1977 NCTM
Yearbook. Reston, \lrginla -National Council of Teachers of Mathe=

An overview 1s provided for each of four reports dealing in whole

or in pa
. ep

"t

o
m

Research and Development on Hand-held Calculators in School
. maﬁic ). Activities in several school systems are also cited.

% rt, the status report to the NSF on calculators in pre-
college education, and the repé't on the Conference on Needed
r
s

lementayy, Pros/cons, Research (needed), Secondary,

335*@;!5,_%_

rt with calculators (the NACOME Report, the Fuclid Confer-
o1

Mathe=

,d Dax id Problem:Solving with Falculators.

# Billings, Ka%en and Moursu
Salem, Or e

ng, §fksheets]

# Billstein, Rick and Lott, Johnny W. When Does a Fraction Yield a

Terﬁiﬂati ng Decimal? lecglggptg/ﬁémguters 2: 15=19; Janua.y 1978,

L arning Cente er, University of Oregon, 1978,
vin _

A two-hour module used in a Calculator Usage in Elementary Schools

class for teachers is presented; it s appropriate for use in grades

7 and 8, Using worksheets, students cunvert fractions to decimals
using any four-function calculator, Jo the prime factorization of

~, the dqnumlna;af and fL.d pdttﬁfng trorwed by the denaminatur ot

fractions that are ngmiﬂutlﬁg decimals.

LJQDLDE high (grades 7-8), Rational vumbers, leacheis (preseivice),

& Units, Worksheets

x Bltter, Gary G. Cufyficulum wonsiderations ftor Use of the Hand-Held

. Calculator, Calca

Differeat logic s\
. declmal representa
EiDn order of Dp “add-o

205 on'
visiou bv zero, the negative sign,
5

[Selectian] ) I

O ¥
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and consec-
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ems, rounding, convertiung fractions to decimals,
ot a fractivn, overflow, underflow,

[

Y J

lators/Computers 2: 15-16; September/October 19/8,
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.
Blume, Glendon W. A Calculator-Based Unit on Exponential Functions and
‘L@garlthms The LGmputhé_TEaLth 6: 47 48 May 1979 =

LilLulatDr nged ﬂLELVlElP& are prVldEd wlth worksheets on p®§u=

[Activities, Algebra, Fnnctions, Secondary, Units, Workshe etg]
. . S :
% Boldue, E, J Us iﬁg a Minicaleculator to Find an Approximate Value for
s Science and Mathematics 77: 689-691; December 1977,

Geometry and a hand=held Qalculatar are used to find a value of pi
accurate to five decimal places. : ’ :

[Geometry] )

Bourjaily, Bill and Radachy, Marc. Mathematics by Calculator. Berea,

Ohio: Berea City School Districc, 1977.

This year-long course for Mathematics 9-10 1is designed to assist
students who have had difficulty in-mathematics as well as those
who are unmotivated. Computational skills are applied in practical

situations. Number, operation, space, symb@ligm relation, proof,
and approximation concepts are included as‘well as skills in Gompu-
tation with wvhole numbers, fractions, and decimals. .
[Cau:ge d25¢ripticn, Mixe8 operations, Remedial, Secondary (grades
9-10]

Burt, Burce (. (Editor). Lal;ulaLuL% R:dd}u&e from Lhu ALthmﬁELL
Teacher and Lhe *mthggfg’ s Taa;h;i Reston, Vl;glnla Nat;nndéf
Counvil of leachers of Mathematics, 1979. T

&F
% Caravella, Joseph R Minicalculators in the Classroom. Washiugton:

. lculators
wacianal Education Association, 1977. ERIC: ED 134 474,

The positive contributions of rthe calculator to basi. educativu ate
explored. f{he introduction discuases questions educaitors ask about
the use of the calculator. The first section briefly des.ribes uses
of the calculater in the classroom, discusses research on calcula-
tors, describes NoIMM involvement, aud presents the NACOME recommen-
datfious concerning calculators, The second sectlon covers the
implicacions of the use of the calculator in terms of currtculum,

teacher In-service education, classroewm management, i{ustruclion, and

teating and evaluacton, The (hird section gives guldelines for
gélgctiwf and using calculators. Lhe final section includes class
room actlvities keved to the varitous tunctions of the calculator.

[AgiiulLLg;, Llassivom matag.ewent , Rglési Ssl:;ticn, Slatus L;QG:LJ
. =

; Dean,, 6 Richard A.; and Tradewell, Theodore N.
wal %?tgrs: tipw to Deal with Atithggtic 0 the
" 3an Francisco: W. H. Freeman & Co,, 157$:

The calculatue s ggcd 43 a teachitn, ool uth arithmetic prow.oses
developed through the .se of the cal. ulétgf A variety of real-world
applicatépns and machematical recreations are included.

[Acﬁiviciési Mixed Qperatiaﬂsj

1;5
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?iDubisch Roy and 'Hood, Vernon R. I
o Calculaﬁar A WOfk Text ﬁénla

with Hand ~hedld

. Benjamin/ °

2 V - . .
This worktext is for. s;udents atieg;haf seéandary or college level.

Y - . ’
[Basic mathematics, College, Ségﬁhaary]
. e )
+ Ercolano, Jo segh Fra,tlgﬁal CDmpataéﬁans on.a Calculato Mathematics \
Teacher 7t -591-592; November 1979, : S

Ffen;h D@;g . A Square Root Al ér,thmzz Mathematics Teacher 79: 35:
June 1977. - L ’

““An_algorithm for calc clilating sﬁﬁééélfcats on the Gasio Memory 8 :
cslzulator is givan_' ' ' ) ) : 1

[ﬁaatsl

* Ffiedlanderi Rig”afdaj.

, Mathematics fleacher lACtGth 1978, i?
Abfief”d?ﬁiussimn of cgicuLaEGF lggic is followed by descriptions
of efficiént algarizhms ‘for fecipracals powérs, and parentheses,

[Algarithms Ethul EDf lagiE,gPGHEEE Reciprocals ’

x GﬂadSQn, Bobby.
EDES/CGEPUE’?S 2: ZD—EE;:Nggem'

= e e

Where They Belong. Calcula-
iggber 1978.

[
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ﬂ
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juare roots, geometry, factoring,
cussed. 'A worksheet on finding a
square root and a éfGESUGfd'puzzle developed by a-ztudent are given,

”%f;tivitiesi Games, Junior high, Workshee s]

* Greenwoad, Jay. A ?taduézlgf Our Times. Mathematics Teacher /U:
234-238; March 19%.°

Accivities are described in which the Laiculatar 15 used 1lu a

discovery learning situation for exploring numbe¥ patterus in
multiplication exercises, &

[Pactern searches]

~ heury, Loren | An Lavaluabl. Add . unde. .. auding Mathemat i, 4
Hand-Held Cai.ul.tqor. Sc ,,Tgi le.ce and Mathem.tics 77: 585-

591; November 1977, ; R

lastruct ional L;chﬁiqugd afe glven for the use of caloulatees 1n
EindLﬁg prime numbers, s.lviug trigonouetric equacions, and solviug
polynomtal equations, ' '

[Activities, Secondary] ' ‘

a

Q. oL B : : "

ERIC S

; . . . -
Aruitoxt provided by Eic:

2

I



V-generalizing, spécializing, inventing symbdlism, ‘and ‘proving con- .9“
jectures) ahd the taléulataf s role as an’
pracgss are. dis;ussed, # An example

f-area of a cirﬁla
HEEEEhEEE for student

A mathematigal'rﬁquiry method (making and j;ganizing observationsih-

\ mportant tool for. thi&
,§;given in which the eancept S
-be investigated with ;he calgulator, and a ..

if prvidEd < szi;,;___  e e

.;%

EGeametfy, Rﬂlés, Segandary, Worksheetsj

“** Hiatt Arthuf 7inding A:gas Under Cur é with Handsﬁald Calculagors_ _
B Hathématics Teacheri 71- 420 423-'Hay LQ?B . , ) ;;_:ﬁ :¥;

=tE§bbs, Billg’Fa'and ,uffis Chafles H.. Hinicalculatars and Repeatiﬂg o
:DEﬂimgls. Arith etic Tea:he; 125 18-2@ Aptil 1978 - 3%”: _.f"”

g

t Humphre’ P Casey, et al. Galﬂulator Coakery. Hinneapalis* Hinneépéiié‘
,Publir; SﬂthlSi East Area C‘.urricul.um Office, ¥977. ERIC-J “¥D 146 009.

{?wDIVShEEtS wera desigﬂed far use w;th law—agaievlng ninth and tanth _3=
7;graders, Ehéy are also’ apprcpriata Earxseugnth and g gh;h gfadéf% .
~Activities are” 1ncluded on: introduct;an to: the.. calcu%&ﬁor, games,ﬁwm ; i
- exploring algarlthms patze;n seafgh, éstamatian and f31nﬁargement

e of Baskagcamputatians. zansumer applicatlpng, and- socleta; appllca— BAEE
.f[ﬁ tions,: Notes for teac ers ara included with. eaghggﬁ the lassons.;,v,’

xi_{_ LA;tivitiés, Lew azhiévegs: Sezandary (gfades 7-13;t Wafksheets]

?"i};* Inwa Problem—Solving'PrajEtt (ESEA Titla IV—C) (Jo Qyéa; Geﬂfgé e
L T rzeel Eatl Ockenga,’ John' Tarr, and Jatk Wilkinsﬂn) Cedar . . f:_’
Lol o Fal g' ity ci’Nartherﬁ Iowa, 19?8 s P

7Tha purpose of Ehis pfﬁjéit dis EE‘dEVélOp materials ta improve the .
ma;hematical prmblem-salving abilltles Cu51ng calculatars) of : oo
qutudents in grades 5=3, Thé materials are ava;lablaflﬁ classraam H;.f‘;ff
Sétsgfaf experlmentatlan ."1: te#cher’ S'Editlnn with teacth sfn@tas,”“" v
gecord’ gheets,_*rgaeté;'ﬁnd testsi 15v' pil caplas af skill baaklets R
o (apprcximately 30, pages),:and IDngatd yroblem deck, Hodulas PR :
“include:’ Problem. Salv1ﬂg _;g .-Using the CalEUlEEOf}ruSing Tablés. .

:"sting Guesses,,Using nesaurces. Using che Calculato ;(Ecok II), -
oA Using Caléulata' Codes - (Baaks 1. and. II) 'l\; ;vi;;! R 3”'$'
' ,Eménzafy (grades 5&6), Juniﬂr high (grades —ﬁzﬁ Prnblém snlving,‘,, %

ﬁnits] P - . N ]

e Lo ST TN
llﬁgﬂ%'.. e




'jgﬁéﬁé; Rﬁéséll.?gj'P:o 1em Salving with the Calculat@r. Phgenix

G  ) ,1$§§§§5 ?ubl*shing Co,," Inc, 1977, - . :-#,.A o 7
@.i;:This boﬂklet 1ﬁcludes calcuiatar exercises for whnle numhérs.'ll
":,decimals and Efa:tignﬁ, percent, and’ supplementary activities

(mggic .squares, numbek Ericks pclyganal numbers,_square fo@t. B

A]and regééting daﬂimals)

ii’[Aativities, Elemgntary (gfadé E) Juniaf high Pfablem sglvingj v

"

;.='~fJam5ki ‘Willian" ,,'
?*fﬂ'l“A Hathemati:s Teac,er

359 352 Mav l979 .{;

Wnrkshegts praﬁlde axpla:atians af the felatianship between simple= b

- and’ ‘compound interesgi;' *. Lo -\l’ S SR

[Activities, GansuEEf applicatiﬂns, Warksheets]

- David “: Calzulata,
SQ—SE- Decembér 1978

;85-' _ 7 BT
f”Faur camman abusés af the calgulatnr are. nated-é :alzulatians Ear na;

;with no- appaEEﬂt mathematlcal objective- mystical buttan pushing,

.- .7 and checking ahswers, A variety of ‘examples. in:which the ﬁalgulatafﬁkf i_€
;'~ﬁk;'ng‘§3§ be ‘used éffecti,ely are extgnsively discussed ' o f?;'“"
: “: ;[EAccivitiEs, Prcslﬂans RQIEs] 'i-::.5:"75’f-,‘".;v3:f-4 i;ﬁ;Tﬁff'g
: ‘f* Judd Wallaca, Gamesigmficks. andggg:glgsgfgfga Hand Qalculatar. Sl o

:€;='JifA Henla Pafk Califafnia'- Dymax, 1974, T av-Kl,»:ﬁj,ﬁ_[_f

Games Calculatars Play,? ggw:Yéfké Jwargér.BapksiilQTif;'

Ul Judd W Dagfigﬁt‘and Hare Gamésﬁﬁéiculgtﬁrs Pl,g;‘””’

Vo Baaka, 1977. i
o GSEES and cthar activities with calculatars afé pfavlded , R
EGames] ' ’ i :
;' : B = = ) B o N . .
2 Judd Walla.:',. ‘Problem S@lving Kit. for Use with al(;"aﬁi;gi ator. .Chicago:: -
' SEiEﬁce Resear:h Asscclates, 1977 R fi§_7 1, _ o .
-1This classrcam kit includes LZ prablemasalving seczions, each Qf '?f 

<% - . which: szresses a different’ prnblem—solving technique or area. Iﬁ_ S

A Q;_f’additian to the student.workcards. and. record falders,‘the kit con- .

o ',tains EpifiE masters for évalua;iﬁg studenE achievement and ‘a vA.j;? . _
o Kéllef Cliﬁtan,' Using Iables to - Teach Mathematics;_*Eggééég;iggf'_21 : 5Ef§
SR Ieacher 71: 655-556 Navember 1978 e e BN . ;.‘; P
- Yse" Qf gal:ulatars is suggésged as. an aid 1in pérfﬂrming Ehe calcu— o 5
IE ‘lations involved ln pattern searches, . L S : |

‘_:EIntegersﬂ(Eégiptéz;lS) Pattern,searghes,_Se;andary] N _‘-3'> ‘
R B I S ot .
_-‘,: ;§.< : B ‘, . ) . E ¢ ; T y ) ‘ e . I g o




CU1iLLGGT

: ﬁ; : N o R L.
J:vi Ladd Nafman E.. ngking with tha Calculator in Eag;nni g Algabra., T
-1ﬂ15kakia Illinaia-: Natianal Tagtbaak Co., 1976, - X

& Z

1.:; This: wafkboak 1ﬁcludaa axafaiaaa on’ fnrmulaa, aﬁpanaﬁta, evaluating e
‘ axpraaaicna, aparatiana with iﬁtagars and’ fraatians, sglvlng aqua-f‘-'

J_‘Eians, prime- factafa, GCD ‘and LCM, multlplylng and factotring poly
- nomials, linear aquatiana. irratlonal numbers, Pythagorean . Thaar;
7 v{distaﬁca and midpoint fgrmulas, and the’ quadratic farmula.A*A
.:_gtaaahaf s guida with answer kay 15 -included, By 7 o :
*j[Algabfa.xSaaandafy, Warkahaata] 7:35-’::'=-"‘fij- %fi'f; _;nj;:}ffi_fiA
Lichtanbarg, Danavan Ry Hinicalculatora and" Rapaatiﬂg Daaimala..
Hathamazica Taaahar 71: SzéﬁSBD Saptamb’” 1978, .
Tha calculator is. uaad to datarmina rep ting daaimal s3 sa?aral ST
4 e EhEﬁrema‘and a;amplas a:a pravidad <;a;;,awg&q_ajgban,ww?ﬁ:m;::”MTf?wi;;
[Da 1mala] 7‘ R S st
H:Hala, Thamaa J. and Wi;aka Paul T, - Calculatinn .and- Calau1atafa,i‘f
7 Raading, Haaaaahuaatta' Add;aon—Wealay Publishing Ca., 1978 '
g [Activitias] S ' '
Hcﬁhartar. Eugana W Tha Small Elactronie Calaulatcr." S € ifia 7
American’ ' 234: :88-983 Harah 1976 IR A L e
’Lgf’.Dataila are givan aancarn;ﬂg the 1nnar wafkinga af thagglac:ronic :11-5:{
e :calaulatat._j?’~ T oo T e R :
[Building] ' )

S Hichalaw. Jaima $. -and Vagali Bruae R, Tﬁa New WorldraflCalaulaéaf_ R
PV S ;Fuﬁctigna. S:hual Scianca and Machamatiaa ~78¢. ZQBéESQ;JMarahlLii.ZW:Wi,w
o 1978. = - : . . . SRR . -

;_.'q A ! oLt . e
" The- impnrtanca af funatlana is diaauaaad and a@acifia i;luatratiaﬁa .
“of. the Ealculatar -as’ a fuﬁctian ganafator are, ﬁresantad e : '

'.i[FunctiDna]
-* Miahigan. Uaaa of. Eha ga;culatar in Schoal MathamaticaJ K—IZ.- Hono—ff

: graph No. lZ ‘Lansing:” chhlgan Counc11 of Taachara af Hathamatlcs,
",Harch 197? ' :

Lol . Lo : . . . . . §='-5=&___’

_hPart I aavara daalrabla faaturaa Df cal:ulatars far alaaaroom usa,

_:ﬂbaai: aaaumptlans on claasroam use; . and :urrlculum canaarns. Part iy
Q;'II iz 'a. callaatian a§§a;t1v1tlaa, organized under the: allawing

. catagariaa . Grades K=3, Grades 4-8 (numbar-ﬁumafatlan, whole

" number basic’ apafatlana, ‘common fractions and decimal ftactlgns,>,‘ L

_ iatagars, and aapplamaﬁﬁafy materials), and ‘Grades 9-12. (pras T e
-+ algebra. and algebra, geometry thraugh higher- mathematics) ';gaﬂ'x‘
'f:‘bibliography is 1ncludad e : - ».' I

S §§ [Activitiaa, Elamaﬂtary (gradaa kséﬂ %;%&es‘_Saﬂondaryi(g?adea.7%12)];a~,

T .”}, .

s

=
i
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‘ o o IR ' R o Jﬂlsug
BEES : - oL T jwf a ’
T ) Hiller, Deﬁ. Celeulatef Expleretleﬂe and Freblems.: ‘New Rochelle, New . - .
' Ygfk' Cuisenaire Cempeny of America Int.. 1979, ;H{g";”;{ G B
“(See ;alse: *Miller, Don. Celeule;e; Explereﬁ;ppe,, 'SE;}Cleud,“' e

Hinnesete Den %iLler, 1977 ) ;“ﬂnv.ed~=

The eetlv1tiee in thie beek ‘ware dESlgﬂEd te make the eeleuletet an
- integfel ‘part. of thé methemet1eel wdeas’ belﬁg explefed Many use

"~ the eelculater to . generetefdete which suggest intereeting number .

peﬂtefne that lead 'to further dieeeVeriee and geﬁetelleetlene.-,z o

- Others use the. eel:uleqet to provide immediate feedback to - .

impruve estimetion end mentel cemputatlenel skllls.

[Activiti s, l entefy (gfedee 4—6), Seeendary (gredee 7 l?)]

Hille?, Williem AL end-Hezekemp. Deneld W
“Hethemetiee Teacher

Celeuletef Gfephing.

Three werkeheete prevlde experiences in eeing eeleuletore te
_eeﬂEute equeree,_:ee;proeele, and square. réots, plus roued;ng
. numbers to. the. neereet hundredth, ploﬁt;ng pelnte, end drew1ng
) :grepheﬂg'":' o R . : : :

- C) s A d : ¢
[Suﬂier high (gredee 7- 9) Reeipreeele, Rebte. Seeendefy, Herkﬂ T U
=;:t'51 jeheete A_ . ST ,;:, RO ._i o ey Lo ey

I

M;tehelL anfléth Ereblem 5eleng & RPN Legie . ihe;CQmﬁﬁting‘ﬁ
: y 35 36 Meyf1979 s S - -

A eeleuletet uelng RPN legle ‘is 1ntegreted ;nte 1ne§ruetlen Qn preblem5 - .
. eelv;ng Speelfle ;11uetret1nne are, 1neluded '=_ﬁ - o 3j7 f’.‘

'ﬂ'[Celeulatﬁr 1egle, Junler hlgh (grede 7), Preblem eelvlngj

. Preblem Selvin’ uith Celculeters.; A:ithmetieve-_
2&—26 Apfil 197Ei.- e =

_  75 i vitiee ueing feufafuneﬂlen eelen,etefs are . eleeeified by purpose*
.f-te explore number petterﬂe, Lo’ dlseever feletienshlps and develop.
heeﬁeepﬁs,,te pfeetlee mentel estlmezleﬂ, to. relnfnrte inveree rela« )
v tionships, to solve application pfebleme,.te devélop the gueee Ehen—,3
. check" Eeehﬂ;que, end for ifidividual exploration- and enrichment. o

- [Aetiviciee. Feurafuﬂeziﬂn eeleuletore Preblem eelviﬁg]

NCTH Hiﬂieelculatere in- Seheeler_ Arithmetie Teeeher 23: 92 74- -'
_Jeﬁuery 1976 '“ethemetlee Teeeher 69 92—94 Jenuery l976

This repert ffem the Y NCTM Inecfuetlenel Affelre Cemmittée preeente B
~ nine juet;fiee&;ene fer using  the handaheld eeleuleter in elass— T AR
" rooms, with ‘some- epeelfie examples of" eurrleuler epplieetieﬂe.,: L

. A

ig[Aecivitiee Reeemmende;iene, Rolee]
Ck HCTE. Eee%tion Szetementei= Uee of Hinieeleuletere.' He;ﬁe@eéieef

’ 71:  468; May 1978, _ ERTEII

The 1974 NCTM Eeerd of Direetefe peei:ibnrebetemeﬁcteﬁeee1EQie;ofe"'”"'f“
is feprinted L T R T T :7."

[Reeemmendesieﬂsl .




.;t NCTHi Hini;alﬁulatgr Iﬂfarmatign Resau:ces. Restan, Virginiai '
:Natianal Ggunell of ‘Teachers of Maﬁhematics.‘ ;L .5”

o This EEEE IESDHTCEleEﬁ ;;tes articles bnaks, ﬂéwsletEEfS, and
j"jf= ‘émedia, plus ‘information on calculaﬁcf -models’ apprapriatg for , o
- . .school use. It is’ updated at; 1ntervals.'“‘j~; N “ ST |

[Refe:ences, Seletcianj

w NCTH Hathematics Teachef. rﬂew Praduets APfagfams Publiﬁatians. ﬂ : E.ifffi

SIn this manchly feature of. ‘the’ jﬂurnal. gsléulatafs and materials . )
- for use with Ealculatéfs ;n the :lassrucm are ffequently feviEWEd.__ﬂZ;f

ESElectianj

ﬁeufeld K Ailen._
,,;fﬁgﬁdmanton.m Alber'q;L fff;,,w

EAcgivitiesj ‘;"i:'.=f, -;{f :;if_?ff"zﬁ;;:

on Haﬂd!Held ‘Calculatdrs in. School Mathematics., \atlgnal Instl:ute "ﬂf'ai
.,'af ‘Education and Nazlonal Sclange Fauﬁdaglan, 1977 ERIC.Al a e
- ED. 139 665 : : : s

‘Résults af the ganféfence, 1ntended to pfﬁVidE a. well defined ffame—ﬂ

work for future research aﬁd éevelapmént efforts, are repsrtedi‘

.. Twenty-one,- -recommefidations. .covering the development of an informa-

. tion, base, . currlculum devalopmanﬁ, research aﬁd Evaluatlcn, teachar
educatian.'and dissemination. ar% dlscussed -

‘; %* HiE/NSF. Repart af thé Eaﬁference on Weeded RESéarch aﬁd Devélapmént

[Re;gmmendatiang,:Researgh.(qegdeg) Bﬂles] i'gg’_ﬂx'} R .
E N@:thWCaralina.n Calﬂulatcr Inservice Kiz., P ep aréd by Hathemat;csi;;fi_éiJ 
~ Division, North- Carolina Etate DePaftmant of ublic Tns;:ugti@n,;=‘,-
-;}Q?S o _‘;ﬂ; R o S : R S
'”':Iﬁ ‘this- ng;ébé@k kit are transparengy masters, calgulatat games,jJ
-, ‘caleulator activity cards for graﬁes 5. Ehfaugh 9, aﬂd calculator N

S problem card. decks for- téachers._ ; : ; : L
. _*[Elementary (gfades 5-6) , Junior high (g:ades 7+9) Kit Prablemi RS
;u‘;sﬁgalving, Teachars (iﬁsservice)] _- ! S oo

ER D:kenga, Earl. Cslculator Ideas for the Juni@f High Classfcom. "
Arithmetic Tea:her 23: :519-522; Navamber 1976.: '

;Activities and" games for Cémputatiﬂﬁ ‘and. estimation measufemént -
and. geamézfy, funcﬁiﬁns, and" prablam sclving and applicatians are f,-
described. ' A _ : )

_ ‘ [Activitigs, Juniar high] o i o T j,:v.b'> IVE‘ R
J'“'  * Qakenga, Eafl and Duéa; Jéaﬁ._»léaasg' A:;thmeti: Tea:her' 27% '28é32§f'
ol Januafy 1979. S f-- 777, , RN ,

T Games faf addiﬁian! subtractian multiplizatiaﬁ,-and divisian are - .
":presentad the objective is to pr@vide pfaCtiCE in Estimatian.. -
E_’[Elémentary (grades 1-6), Estimatiun, Gamas, Junicr high (grades 7 8),»
. Mixed aperaticng] S S ‘ Y
.24- 7 e - :  e . o .
o 3 ‘ o

g




11,160

Elﬁ;ﬂiéﬁﬁ, Melfried. 'Using Calcu;atgrs to. Stimulaté Canjeﬁtufés aﬁd .
"7Algebraic Prﬁgfs. Hathematigs ‘Teacher . 72: 288a289 - April 1979

" rand. ‘that lend” themsélves to. an’ algebralz proof.: ~ The. calculaﬁaruza Iy
anenable -students to test cases which “would have been ffuitless, if -
“zggt impassible, withaut the . calculatar. e : . oo

) [Algebra} . N S S . , _
Pagn1,,Dav;d:Lj‘ Numbef Theaty for' SEE?DdaEy Schcgls? Mgﬁyématigs ' ;?* TN
- Teacher 72;: 20 22 January l979 - Sl Coo e .5 -
Ly Ty g U R
.7+ % .Pollak, Henry 0. Haﬁdaﬂeld Cal;ulatars and’ Patential Redesign of the S
.. "School Hathématits Currizulum Hathematics Teachef 7D- 293=296, S P
_;Apfil 1977 ’ _ v = . R R
e e e Ihe cgntent and teachiﬂg of- secaﬁdary—s:hgal mathematigs in the "%i?ﬁ??”f
) ‘ealculatar era .are diSEusséd- ’ : » S
AR E 7 e e
[Cutticulum Rales, Seaandafy] J , SO L i—?iA e

o Radé. Lénnaft and Kaufmaﬁ, ‘Burt A. Adventufes with Yaur Haﬁd Calcu—'

lator, Staakhalm, Sweden: - Eiblinteksfarlaget, 1976, sc.,ngis, .
,Hissaufi CEHREL Int., l9?7 L S et ,' L

. ‘Eart Qf Ehis baak contains ZG prabléms which can bé sclved or
'investigated with a calculat@fi Parg.II pravides a commentary . :
-+ or each’ of these problems. AlthoughMfplutions are not always . =~ °
g pfaviﬂed ‘the commentaries often presant ﬁgw situatlans whlch .
'ffexténd the ideas -of the Drigiﬁal pfnblem.' : :

e Riaiﬁg, Gerald R.,.iri Betty J., and R éSEh ‘Carl. Usiﬂg Calculatars

'?”fs “in M Hathématics ‘Na zignal In5:itute of Educatian C@ntract Noi 400~ 7S-T”TW*

;f; - 0013. Buffala._ S ate: Univefsiﬁy nf New Yark at Euffala, 1978
e ?Xefnx copy. ' ; . .

. This preliminary set cf materials incarpnfates the use Qf pfegram—-
' mable caléulatars ‘in the standard mathematics curriculum in .grades

11 ‘and 12- (fallaw1ﬁg the New York State" syllabus) ?hé_first draft o
'ﬂw(ChEptEf% 1= 8) is avaiﬁgbla §2: expérimental use. ' : TR

'[Caurse descfiptian, Pragramm

Tl le calculatafS, Secandary (gfadas
: ‘-? N 11212] : .

Raberta. Edward M. ’F;;géféip;ﬁath:: Dﬁllas‘ Teias Iﬁétfuments; iQ?Li

- Tﬁis bﬂek explaiﬁs how to ‘use a hand*held calculatar effectivaly.

[Aztivities] Lo
Rﬂuse; Williami - The iner ch* A Salutlan to Calculatar Lagistlcs
“ga§§§¢ati;§;?§§;§g;” 72: 516 517“ Dctaber 1979 '

ree examp;es are gilven that can be used to stlmulate cnnjectgresigﬁ'”
n



Lk Rudalph William E and Claassem A D TﬁéigéigulaE%E=EQQE;.
- Houghton Hifflin, 1975 Lk S
[Activities] o

Russakaff Andrew.‘ Calculacar
188 Harch 1979.;_ :

Using ‘the - calculatar far graphing che felations for equatians like ;

X Y= 5a is presented
[Algebra, Se:nndafy] )

R Mew York: - -William Morrow,, 1975 T

s:hlcssbersg, E, and Erm:kman J. .The Pa:'icea Calﬁl_jlacaf Gamé EDQI{

1

b rg, Edwin and’ Bfackman, Jﬁhﬂ.? Ihemﬁii‘
e Booki Véw Yark- William Hafraw,}1977

Sﬁhlﬂssbefg, Edwin and: Bfaekman, Jahn. The Packet Calcula; T Game MZL:

‘ Bagk #2 Naw Yark* William Harraw, 1977,

[A:tivities, Elementary (gradas 4-6), Games, Juniar high (gradeg Z*&)l*;f;

. AR .
<. £ = PR *

A Schulz, James E ’Héw Gal:ulatcrs'@i#e'RiseAtn é.ﬁéw ﬁ&éd'faf'Skiilé;‘

;ngebfuary 1978 . _.“1 e

in- Algebra. School Sciéﬂcé and } athematizs 78; 131&134;i:2

‘Boston: =

,guia:iéﬁsi HSEhemati's.:eagﬁet”ffgg_i:{'*'

fIllustfaﬁiaﬁs are. given @f hcw daing certain algébraig maﬁipulatiéﬂs f€£L 

fdaing ;alculatians can. aliminaﬁé unnecessary starage af

EA_lgabra] L H R

. % Secott, Douglas E, Finding Rsats wiEh a FauraFunetia Cal:ulatér.j‘
JCalculaﬁérs/Computers 2:- 77-81; January l978 o

- The~ prEat capability éf mast faurufuncticn Ealgulatafs is used
- -in an algcfithm o find aﬁy 1ﬁEngal roo f’f any number. =

*[?aursfuncticﬂ :aleulatgrs, Raats]

e Sharp, J Harman C. The CalculatarAEoﬁkng. %Dbﬁ‘ﬁillgéﬁcﬁtgfiﬁgu
‘ AddiaaneWasley Publishers, 19T7 . R PR
[Agtivities Juniar high (grades 7 =8), Eit]

* Shumuay, Richazd J. . Hand Calculacafs aWhere DQZYég Stanﬂ? iAriﬁﬁé-
- metic Teacher. 23' 569-5723 Nﬂvembef 1976, - s

. :}ArguEEﬁts f@r aﬂd against the ugé of Eaﬁdﬁheld aalculatérs in y'A

»>

[Pfﬂs/cans]

e Smizh Gerald R ) Rapeating Decimals. Galcglétgﬁé/ﬂgéﬁatéfg"Z:fJS%;
‘El' Haf:h 1978 . S . o T 7= . :

DetEFmining fepéating dEtlmgis is éxamined in Ehis article, with
Vl?zhs, 19ths. 23rdsy 315&5. and 4lsts- suggested far ‘eXploration. -,

[DE:imals? .;_;f-ff: ST ?f ;--’:f ;{?’

Lf

.



:;3ys 1zh Susan.‘ Ea]cu;ating Grdgf.>AHaEheméfigs‘féééﬁgfﬁ;ii;y siégsgigif
o ;tSeptembEf 1978 ) , N - PR :

i

"ngksheets prﬁuidé A calculataf expefiénce develnpiug and f&in—AA_ ,
,Eercing the ccﬁtépt ai afdef of. aperatians, faf students in grades
. 7-10, T : : : . o . A

: f[Hixed npefatigns, Sagandary (grades 7#10) ﬁérkshééts}x 
_TA"Snnvgf, Stephen ‘L. -and: Spikeli Hafk A Pragrammable Calculata:s&{VA.
¢ - s;iA': Facilitate Simple Salu;ians :a Hathematical P:Dblems. January? 

1979, ERIC: ED. 170 115. o o
Ptablems whi:h can be used with calﬁulatcrs af¢ prSénEEd

[Pfablem salving. Pragrammable ﬁalculatatsj

w;;;mgﬁ;gngver,~SEephEﬁ L.. and Spikell Hark A. —Thé Role- af PfcgtammablawW?f;;Q";;;ﬂ

fcglculata:s and Camputers in Maﬁhematigal Prgafs. Mathematics - - ~°
'Teazher 71: 745-750;. Decembar l978 o col 7'77 R S

L . Since. numétaus passibilities can be éxamined in a relatively shgft
“‘pJ - period of time,.calculatdts and computers, are ‘powerful . data=". ..
i gathering instrumenﬁs. ‘How:: Ehey ‘¢an-be used- in prnnfs is expl@réd

" with-a. simple pfablem ffam number theory. . : B S

f[Callege Pfagrammablescrlnulatars Pfaafs, Seccndary]

1§%ﬁ Snnve:,_Stéphen L. and Spikell Hafk A Generally, Haw Dg Ygu Sclve ,i

~Equatian5? Hathematics TeacherA 72 325*336 May 1979. _A: ’QS IERET

:“7’ f:niterative techniqués tq solve. various types of diEfiEult problems

[Flgw chafts, Itgfaticﬂ, Numerical&analysis, Pragramming,
'”Prngrammable calgulaﬁars, Secandary] - -

;*ASﬁDvEf Stephen L. Eand Spikell Mark A. Haw ta Prngfam Ycur Prcgram-
... . mable Calculat@r Englewaad Gliffs, Néw Jaraéy. Ergﬁtipeeﬂall

CTne., 1979., . s e

:@?Praeedures far pfagrammiﬁg cal ulaﬁors afé explained in détail
f‘with many spacific examples foy two types of ealculacnf logic,

[Calzulataf 1@315,_Cellege, Progfammgble talﬂulatars, Secandary]

,epheanJ.:Sydney and Trgeman, RﬂbEfE W, . Caleu—ﬁath Suffalg,

m:AChQite_Limited 11977,
- i

rﬁhis kit is a sa¢ cf activity cards and wérksheets designed to
“apply -basic skills. %ﬁd stress ‘éstimation and” prgblem salviug while
fusing a 5imp1§ fauf functian :alculatar.ij' : o S

,EA&Eivities,,Fagfffug:cian ;a;gulatcrsi KLE,VWéfEsheéts]

A

g

‘are pfeséntad ‘with sgecific examples, - flawcharts, ‘and prngfams.}~ O

New.York: Scholar's: Choice, 1977 Stratford anaria-”i§:hﬂL§E{§:A“.i



e Suydam, Harilyn N ElEEEEOﬁiE ‘Hand Calculaﬁars* The Implicaziéns faf
- Pre—College Education. Final Report,.Grant No. EPP- 75-16157, .
. _National Science Foundation, February 1976. ERIC ED, 1_2_7 205 i
“ (Full report) ;,/£D 127§§os (50-page form), e Lo '

fResearch is feported which was’ :anducted to pr@vide :he NSF with
"information on. the- exis:ing range ‘of ‘beliefs and opinioﬁs about:
"~ . the impact ‘of the calculator..on. pre-callege education, ' A literature
. search'and 5év§fal surveys of groups’ invalved in calculafar manu-=
vA“:fEEtUEE or in education were conducted. 'In. additi@n, ‘four pgsitinn ,
S pgpefs by prcmiﬁénc edu;ators .were obtained:  The body of the .
_ report preserits summaries of-information callected relévant to-
" - availabilicy ‘of caiculators,'atguments for and against théir use -

.+ - in schools, ways in“which- ;héy are now used in schggls, ‘and- reseafch
| “owo.. findings, Five recommendations related.to ‘study’ af ‘and préparatian i
. - <o =% I

Civmeeet— foE implenenﬁaticﬁ -of-calculator-use-are-mada. Appendices ~~~~ to-the: f~";gv*J
- report present an aﬂﬁatated 1ist of’ refgrences, the. detalled find—-‘ o
ings of=the’ surveys, and the pasition papgrs Immetzeel et. sl»w
“"discuss plausible- ‘instances in which to use calzulaﬁars- ‘Pollak-
‘_prgpases eritéria for r designing the Qufrlculum‘ Weaver makes .
" -suggestiogs for needed Tesearch; Cand - Usiskiﬂ and Béll pravide same,
HpeEEPEQELVEE on’ cqrricplum favisien.. g“v : : s

:[Curriculum, Pras/:ans, Reseatch (sufvey)]

o . I -
Suydam, Mar;lyn N Reference Bulletlns ffDm the Calculatar Information
C Qgpter : ERIC ED 167 426 SRR <., Do -
.'g f-, Suydam, ﬂarllyn N (Edlgnr) IﬁfoEaElDﬂ Bullet;ns fram the Calculatcr

Iﬁformatlan CEntEf.. ERICf: ED- 171 574

'77;Suydam, Mar;lyn N.E State Df the~Ar;rB§V;EWSj§Q;tbé:Qgéféf;§31§91§§9¥$};31friw y
+ ERIC:™ ED 171572, = . R - o

585

. ERICz ED 170° 134, Supplement._ ERIC*’ ED
i - - - : = .
’;.Suydam, Marilyn N.; Cummins, Eenneth Gibney, Thgmas' Hill Jahnny,
. Meiring, - Steven;: and Pikaaft, Len. Dh;gﬁgggipnal Conferences on .

“Mathematics Education: . Final: Réaaft.e (NSF—funded project.)
:aCslumbus¢ \%he Dhia State University, 1978 : ERIC .ED 164 328

,*Suydam, Mafllyn N-g Calculatars ' A Cazegaf dﬁrampllatlcﬂ Gf Referanass
l . .

kLT

.
The fePQrt includes matarials and, prnblems develﬂped for the Eanfgrs
-ences, desigﬁed Eufﬂglementary school Eeachers and supervisgrs,

T3 {Activities, Fﬂufﬁfunctian cal;ulatofs, Ptoblem salving]

i

* Teitelbagm, Eli Calculatafs fo Glassrnam Usg* Arithmétic Teachér'

26 18-20 Navembér 1378 SN o e o %;
Letﬁing inSEfuCtiéﬁ fccus on pfablem 1v1ng rathér than camgutatiaﬁ -
‘alone. is. the. ‘point of this article. ow calculators can be usaq to
-, advantage 1s described thréugh fDuf iliustraticns with comments on
LN Ehecking and’ on - cheating.-' o ,rﬁ% N o T
- Y
¥

. [E:ablem'salving,PBQLQs] L




[y

©OLLul

* Texas Instruments.A "The. Gfgg;ﬁlnternatianal Hath om - Keys Bank 7élié$§;f?-f
'-'Téxas Instfumen:s Learning Center, 1975 i,;~ T  -'-~  ‘,, o A‘

-
_'Sectians of this beok-’ CDVEf Eh? basic keys on a scientific Caltulatﬁf;
: how to ‘use: -the caleulator’ for coﬁveftiﬁg units of measure; using the
:al:ulatgr for prscticsl evefyday prablems, algebra, busiriess .and
'5finangg,'trigancmétfy, prabability and statistics, and physics anq
'xchemiscry ;and puzzles -and games far the calculataf.- : % .

Aq,‘

e

; 1[A¢tivitieS, Sziéntific calculatars, Se:andary] ;élAa;;;:f ;iT >le

ngas Instruments. Understanding,ﬂalcu}atar Hath Dallas: '1éias

Instruméﬂta, In:.; 1976

[Aﬁtivigies] 7 '§§
Texas Instruments Fundaméntal

-ggthematicsi' Dallas* Tex 8" Instfumeﬂﬁs Inc., 1977 T e

{Supplgmentary materials in kit Eofm are intended to teazh certaini"

- . mathematics: csncépt’ uaing the calculator. Sigﬁed numbets,: a;ge—f s
, .braig logic,’ functiorns, graphings statistics, and prgbabil;ty aren

) .includéd ) : & , S :

;f[Activities, Kit,,SézanEary, Enits]

Texas Iﬁstruments. Mathematits Learniﬁg with Calculatnrs- Ihtggdy;¥ :'ﬂ',f '
|- tory Algebra. Dallas. ‘Texas. Ins:rumants, Ing., 19?2 N

oo Supplementafy materials in. kit form are intended to teach certain ' .
- mathematics Eéﬂ¢E§T§ using the calculaﬁ@f. CEv luating expressions, - -
_-solving equaticﬁs, signeg numbers, farmulas, and algebraic prindis
. ples-are iﬂtludéd S S - 5:'1, :

'[Activities Algebra, Kit. Se:andafy, Uﬂits]

Tath F:ank S., Jri Calculacar Expariments fgr Junim: High Calf ,g<f7:1
latafs/Cumputers -7 69=73; ‘April 1978, - oo VA

" Threeé experiments used with sevench graders are’ presented._ findé'
.'ing quetient| and ramaindEE, listing 10 non-zero multiples of a
" given numbe?, and Statiﬁg whlzh’af the numbers 2 ‘to 2 “are fa:tars
" of a given number. . . - : o -

'[Divisian, Junior high Cgradé 7, Huitiplic:ati@n] R @

', Tath Ffank 8., Jr.' Calculatcr Experiments fcr Junicr High (égntinued)
Calculatéts/Ccmputérs 2:°.69-73; Hay 1978, fL , .

”‘Ihis ar;icle, a Eantinuatian of one-in the Apri‘
- presents. one experiment for determining the GCF 2
'mining the LCM, usiﬁg :al:ulatars. c :

°’75~iséué; o
jone ‘for deter-,
'f[Divisiaﬂ. Juniof high (gfaie D, Multipliﬂatianlr tx_'~




Taﬁh Frank 5., Jr ' Calgulatgr Experlmenta far JuleI ngh/,leE‘CDmi';=:!fx
putlng Teacher_ 6 . 37~ 38 May 1979 'g'; e s

©An experlment Dﬂ prime Ea;tcrl; _Lun is pfthtﬂt;d it-Eled,bQ;us§¢;g§
77,év as basic - 1essan plan with seventh graders e JEL T
f VoL R
Junlgr hlgh (gradg 7), UnlLs] e -7

R * Hsiskiﬁ, Ealman.‘ Are Caiculatafs a Cfutﬁh’ Hathematics Teather 71é ;::"”
' 412-413; May 1978. T T T b e
That a cfutch 1s. a’ bad. thing is quegtianed, use gf Ehe cal:ulatar
as 8- useful :futch is 1llustratad C Lo e

[Rales] ‘f; -:g“

[AéﬁlVltles,

* Vervaart, Gerardus and Fasgﬂ DE.

?;Fublishing.c@;; 1977

xA three—part series ef ditta masters iﬁ whizh acﬁivities fazil;tate
. the use of calculators in’ mathematigs,_ ‘The seriES famillarizés -
... students with the :alculazgf as- well as its. usé 1n prgblém salving.-
- The. teacheg ‘guide pravides a ratinnale.ﬁ'“ - .

' ;[A:tivities, Pfablem sﬁlving, Wbrksheets] :’ ?ii'f§£f7I

Weaver J..F; A anadiﬂ Mbdule (1ias a Unary Uﬂit. Eraject‘Papéf .
77*5 Madison: : Wisconsin Repearch and Development Center for. = .
Ecgﬁitive Learﬁing, Universify af Wisaansin—ﬂadisgﬁ Deggmbe§25377 L

~ "ERIC: ED 161 670, ' ' :

- (See dlso: SWeaver, J. F. A Hanadi: Hadule Alias ‘a Unary Uni
Cal:ulatars/ﬂgmgucefg 2: 29 363 Apfil 1975 )

R :1: :
_jjThis m@dule is Excérpted frum matgrial prepared far ongclng Ealéu—;LL,ﬂ
- later explcfatians with a class of accelerated geventh—grade ,

" . students. ‘Greater attention is given £o dnary or monadic opera-. . ...
tions. s Relazianshipg and prapenfies to be identified, suggestians_lﬂ
- for the teacher, Qalculataf algorithms, and feaﬂrd sheets are R

provided.: i . . o - el o _15~ 5 R

-gif'[Agtivities Juniaf high (gfade 7),_Hixed ape:atians. jﬁitsl

Weavef T F Sﬂmé Haﬂadipiﬂyadic Cambasi, PféjEEt Faper 77~ S ]
o Madisaﬁ,. Wisccnsin'i Wisconsin Research and Dévelapment Center
e “for Cagﬂitiva Learﬂing, December 1977, . ERIC: 1161 671

L " (See also: . Weaver, J.F. Some! ﬁanadia/Dyadiz Cﬁmbas. Galgulatarsf

v , C@mEuterg ) 2 7‘3 83 Hay 1978 D) _; ,,,,,,

Ihis madule is an extension Gf Ffaject Paper 77—5 Caﬁd the article .
.'{n the April issue of. Calculataﬁs[CamDutérs) It presents matef‘:
V'ials to. extend’ 5&udent$ Uﬁdefstandlng of algebraif Dpefatiaﬁs
- with thé use of. Ealzulatcrs -Reference sheets, recafd sheets, and

directions 'are ‘included to. aid studaﬁts in fa:using on- mcﬂadic/ o

_dyadic Qpetatians e . o T o=

fA;tivities, Juniaf high (gfada 7), HiTEd Dpetaticns. Uﬂits]




"i?

aver, J. F; Calaulatnrs and Pglynamial E%aluatian. fdisan"
- ‘Wisconsin Research .and Devélameﬁt Center for Iudlvidualized
'>Schaaling, Thé Bﬂivérsity af Wisccnsiﬂ, ngy 1978 ERIG-‘ y
ED’ 155 475, ’

.. The intent gf this papaf is to suggest and illustrata haw’
‘;calculatafs,:especially ngnprogrammable. ones with limited

.- . storage: capacity, can be used to advantage by studants inf:MA
‘. s .particular aspect. of work with pclynomia; fudetions. - The -
* mafhematical. backg:cund upon which calculator a ﬁllzatlaﬁ 5
‘. .1s summarized, ~Along with one ealculator algarlthm for palyﬁomial
AA'evalua;ign thaz is. relaﬁively iﬁdépéﬂdent af calaulaﬁcf type, ‘eigh

. other algarithms that illustrate variety of cal:alataf tyﬁas,f_“
‘gharacteristi:s, and* featuras are given. Do !

[Algebfa ‘Algnri;hms]

<

et e e e re tm H o

A Wncdburn, Dﬂuglas Can Yau Eréditt the REpEtéﬁd’r%
- .69: 675=578 DE:émber 1975 o

‘: 'chfksheets are p%avided f@r an activity invclvingr 1 2 ¢
o fgalgulatcr in discaveriﬁg patterns when 2 numbér is divided by 9
- 99, and 999. L , e

R ey e TR S : o sz R
* - A : s, . .

S E'[Eattern searchés, Secaﬁdafy, dnfkghgets]

DlVlﬁg fopu-
P 45@ 437

WDodwafd Ernest and Hamel Thomas. Calculatcr LESSDH‘
latlaﬁ Inflatlén, and’ Enefgy Mathematlcs Teacher
Septamber 1979. s

;;:

TWQ lessens ShDWlng th a calgulatq; can be u%eq te help students o oo
discover the ."rule of 72" and usé it to 1nvestlgate prablems fo=- oo T

. 'vglv;ng pgpulatlunﬁ 1nf15§¢cn, and energy are presented-» I I T

Lo T - N . T ) ; —f' o o -7 '_ : " A T - 'i

B

Yvan Bernard R. and Dcwnlng, Davis R. Math Explarat;éns w;th the Slmple ’7>L'i

- Calﬁulaﬁarﬁ Portland, Malﬂe © J. Weston: Walch 1978 "A s

_ Thls ‘text, apprcprlaté for Ehe elementary and junlgr high Schaal D ow .
: 5tudaﬁc presents games, puzzlas, prablems, and exerﬂlses for- the oL
i four= Eunatlnn :alculatari : - . . .

: f*’ﬁi [ACEiVlElES, Fbuf quCtlQﬂ calculatar, Games]

ERI

Park, Cglifarﬁia'A Addisan=Wes;ey,,l§78

K. Ealculatars/CcmpuEETS' The First Thﬁge Issues in Bank Fafm yéﬁla

[Accivicias]?

__; T ﬁ g}'f. :A: _:iA'{,‘ Awivz‘,"f,




\.G‘ALCULATQE‘ R R ‘zgg,ufgba;;bg,fmﬂgm o
vC‘ENTEE‘ B R SRR R
of (BH) 422 asns

i_ : A T *:"-3;: {"AAVH~ Iﬂfarmatiun Bulletim Ns.ni L
LEADING A CALCULATDR WORKSHDP - 00,4 December 1978 . A
L 4: ‘ ‘ "

The uSE af ﬁaléulatafs in the mazheﬁ%tiss classrnnm 15 af grea% iﬁgefést tQ~ ”§.;;

~Agghﬂﬂl staffs and sehaal cammuﬂizy gfauﬁs. W@rkshaps andvln‘EEIVlge programs ;;
Fen ig ctgd:inntespénSE;ta this~intgreé¥ej?‘

Eh,éiffé are. ‘.

2 These are not-
L really in;en&ed as riggraus behﬁviaral ijectlves ﬁgf the " warkshop partlcipants .
" to master or to be pretestad artd pasﬁEESted ‘but; -rather - these abgéﬂtivesrafe o
. to hélp yau*in selééting agtiviﬁies and ‘ma 'flals far wgtkshap pafticipamts to .-
~fuse.a These abjecﬁ;ves,may lnelude._,;i‘l ~ . - :,,,--~;
' e

:B)W'Tg demanstraté :alculatgf QEtIVIEies fcr Sﬁecifig tapigs, Suih 3.f ’ )
as aamputatiaﬁal skills, géamecry, ardér ‘of aperati@ns, and pfob12ﬁ -

:fﬁ) :TU beaame familiar with hﬁw t@ plaﬁ and :aﬁdugt!inssarvice pragrams
. ou calculatar use.. _,;;’ C T ~‘ q.‘,::A

~3A ',

_ Dﬁce you ve selectad y@ur chEEELVEs, yau can ;Qnsider ideas, aﬂtiuizies, and
'*'maﬁeridls tHat will: help you to aECﬂmFliSh them. - Fortunately, ' there are many'““
baaks, pamphlecs- aid jtask cards commercially’ available, as well §s attlcles in-
che liﬁerat,rei. See. ‘the Calculatar Infnfmahlan Cén:et Rafarence Bullet;ns far

= EEmprhEﬂSlVE Ilsts ﬂf thase resources. . ;3 ST v-';_€~§)~

S GETTING STARTED PR

I < . . . . -

e s

Shafe ycuf warkshap abgectives Ulth ﬁhe pafticigants. This is helpful far thé e
. participants and lets them know Wwhat to, expact to. have an appﬂrﬁunity 6 leafn.

‘It is' critical, haﬁgvef* to. begln v;ch activities' that are naﬂethfeaﬁenlng, '

1ow—risk far pa:ticipants and Ehat have a h;gh paténtlal far SUéEéss. - The. );

them wha aceapt 1t as a masgef cf course. Adulﬁ'.may snmeﬁimés bé reluctant .

. 1Ef inhibited§ S ome of che IEEEEEﬁﬁUmbEE aétiviiies are. apPEDPfiaEé as 1 G’ ‘:ff
N . o ) i:_’ig S . B .
a : . =) ’ : i & A
e . < f R o E -
. v : ‘ llji R : o :




" CLEAR/CLEAR ENTRY keys befarEféﬁ;ering a. prﬂblem shguld be demonstra

*ﬁ,hé 2 Hnw many differ&nﬁ ways can

- ?ﬁéﬁéfédé level Acterests and mathematicai backgrouﬁds of the yarkshﬂp pa;
.. ‘ticipants shduld h 1p yOu to: sele:t appfopfiate a:tiv‘ties far th;s.v,

S cuslf gh_

-

Activities like chis orte: an give th&‘novize_calculatar user

’ :he anjwer

:,—i_*.

; Additianal ideas and aétivitieé

. .¢~

E

ening practicé wi;h keyfﬁg in ngmh‘rs, géad;ng caltulatcf numerals? and’ gh,,
ing thé display: " A quick irtrodgction to addition, sgbtract1'= multiplii
ahd divisian gan Eollaw 1mmed1ately.anvw T . .

- ]" . r{'

Uhen an, apefatiau 5uzh as additiﬂn is intrﬁduced :"haw ta key in" additinnk
examples should .be dlSQﬂSSEd: -The.need for" using the- CLEAR and/or; ! T
CLEA a éd- Ith‘ .
is also ﬁelpful to’ start with an. Example for wh;:h partlc;pants alréady know .
-+ This’ wéy they can:vgrify for. ‘themselveés: that they are us;nggthe*i <
calculatar3cuff6ctly., Aﬂ examplé-su:h as thE 53116wing ;an bE used‘ ' L

E;ample.' 7 + & 5‘{?@':

Calculatnr Snlutiﬂn. 1_

-“,

After 1ntfnduaing haw to add using a Ealculator, léad part;eipants in prgb%,miz,;ﬁ

- salving or" explaratery agtivity requlring additian; Far example.;; T e
. B K ) ) Al ) . . ':__,; '.

1L Haké ycur calculaﬁaf display
aﬂd-keys o e * Lo

Lt s
ER . S m

‘as-the sum §E~primes,_

:Tﬁisvsame general prccedure aan be used Eé intrgduce thé gperatians af;subtfacf;;:
Ei@ﬂ—;@gl;ipliiatlaﬁ, 'and d;visian,gas:wall as.'how to use:special keys such as -

First,.inttoduce' the use of.the calculator with a problem’ ﬁﬁftlci=~A o~

i gants are’ apt’ ta know the answer EG (ycg “may’ want to, do, more than-one’ qf thesé)

SEEEnd, fcll@w'thls th'an™ antlv1ty ‘where the: use ‘of
poftant asset;far flnding the»saluﬁiaﬂ.

T8, 22 '-i

the :alculatar 15 nbvi—

_ hauld beiselecﬁed 50 th%y ilius;raté ycur
‘materials ciﬁed in Calculatﬂf Infgrmatinﬁ nte:
:lgulatgfsﬁ“%ﬂd "Boaks"'will prnv;dee-.

abjecﬂives. A revieq of t
Reférence Eulletins Qﬂ "Instru:ticﬂ with




"handaut“ for them to use.” This way they gan closely f
Eian and practice or ny cu; Ehé ;deas and atthlzies."

Lo

It'is also desizableflf participants have Ehaif own - ,iﬁi& al calculators.
If nc;, a. calculatérfaan be - shafed by twor or mcte eoplé.: In fact, yow may
Hant to use activltles that "dre. des;gned so only ane ;altulatcf\is required .

. for a group of two to four, part;c;paﬁts.q However, if you have acéess to a
- classrcam supply of.calculaﬁers, ‘by all means-. use them.: But-do ﬂot be sur e
!‘priséd if participants bring tHeir. owp calgulators tc?gse.A Th;s ;s all fig' S
and .in: fact, may even. be‘bettar. -

L ré‘apt ga ma,r .
: 1 3 . ,1t10n, Ehls can- pfov1de a blt Bf:
‘A“show and tgll" atmosphera and more partljlpang involvement in-the- workshop.
. Also, it pfcbides ‘an- cppo;tun1t§ Eéﬁi' ify. charaa;aq;stics of different . i

;_;altulatazs, since. some calculators. hay ‘Liquid Crystal Displays. (LCD) and oo
. ~others will hav nght Emltting Dlgde (LED) displays. ' Some calc ators havé S
ﬁ”spe:ial keys that do not appéat on.,most 51mpl%,fogf—fhnct1qp ca¥culators::. ) 7
v LE your: wotkshop objectlves include one-on calculator- Lechnology -you may want

_:to go into some. detail and indigate adv&nzages and dlsadvaﬁtagesAéf‘partlgulaf ﬁ;-é ﬂ?
f~feaﬁures cf :alﬂulatnrs. — Ve 3.- A., e RN . A SR
\ nninc YDUR WQRKSHéPT'%
TN IR EIR T Et by L F :

T AE- the canclusian of your W§rkshop yau migh; want to give partigipants a.

‘WCErtifiaate of Competeiice with the Calculator" o;jﬁi"ﬁ’ ense to Operate ab S
“Calculator.' /This-is: particularly appropriate- far participants-who have - Eém§ 4;1~1:§i
to their first: :aléulator warkshop.f Remeﬁber, too,. that. throughout the wark—A o xlél

shop. you have been a: madel\ggf wa to. 1ntraduca or use a calculator apprapfi—

ately.: Ihe certificate is ancther idea that partitipants may want tp 'use .in the
class:aom. “At- this peint you should. also- provide sourcés. fcr mcfe infarmatian -
Cer’ ideas abcut calculatar usegl Ihase mlght lntlude ;;;‘ T "
, l* How to get ol the Calcula;nr, ffafmatian_Ceﬁter maili'g 1ist,
, LS : ; [
2. Annauncemént of . gddicional workshops or Nat;anal Coungrl of féaghexs ‘

’ af Mathamati;s and-Affi;iatéd Group serv1:es,‘v, i Co.
Earticipants Should alsa have an'appartunity te Etaluage the warkshop.AfTth:,f
fcllawing is ‘a sample evaluati@n fafm you may want to use.f Ut Lo

e SAHELE EVAL "TI@N FDRH “ '
: s : oa
Topic/Title . = - - - A-Sfp%éékwérﬂ:dﬁégitént . Date v L
.o o . ST . “;(Circle apprapriate resp 1 }
I;A Were the ébjéétiyes;fbf this session clear? .. fClear 4 3 2 1 Vague Ty
: - L T et ~ , , -
© 2. To what extent were the objectives met? "4 . Fully 4 3 2 1 Little
3. HSW'HEI;VHQS‘EhE presentation organized? ‘A: Very Well 4‘\% 2 1 :VEry Poot

I B



7Read the. evaluatinn ‘form and camplle Ehe:fx;
“next workshop!
where apprapfiane. And. GOOD. LUCE’

"[;,;4 - .AFTER ‘THE W R SHéf_lffi?’ ; ',;ﬂ';,;;;:fé§_ gL

. Al : these. to: plan your TRl
'Hddify-df-make*changgs;ag%ﬁ n yrporate: the evaluatian results

! o : . . o . e @ o
_fi The fEllowing :hecklist ma}F help ?Du in YC#U \pl : }E% k} S “fﬁ f .

»Visuals_  ‘;;; |
-'Hadié'l_/f: | R R | |
. Display or sample gopies of matéfials available -;_“

Galﬂulataf'W'fkshop Cheﬂkli g‘.ff“ L

w
4 R

£

C lculatgrs;;f

Handﬂuts

%4

1uatiaﬁ fafms-L

Ihis bulletin was pfepared by Jane Doﬁﬁ%lly Gawransk
San Diega County, San Dlggé California.

This publicatloﬁ was prepared pursuant to -a contract
'6f Education, U.S. Department of Health, Education anc

. Départﬁent‘af Educatisn,,'

¥y

ith the Natianal Institute
JWelfare. Contfactogs o

.. undergaking such pftljét:ts under Government spansatship ‘are encouraged to express .
§reeiy their judgment. in pfcf2351anal and-tectinical matters. ‘Points of view or: .
agiﬁ}@ns do. ﬂaﬁ,vthefefofe. nacessafily prfESEﬂﬁ?@EflElal- Naticnal Institute’ o

of Education pDSlElGn or p0112¥ i’f
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JjZD Chaﬁhéfé ﬁﬂ?'f“~-r
A -Enlumhus Dhlg 43212

e INEORMATION,
CCENTER. .

' and 1ass,an issue.j Tgchnalagy has pfovided pralgﬁged battery 1ifa,

Vﬁgﬁléfﬂfé are S0. small'a azl ght they can—ba gazf;ed ar warn 33511y,-nu11ify {g;*_hﬂ

*’_

S e =
AN
i.IﬁlAP§i¥';780 t%e Natiaﬁal Géunc;l of" Téaghg‘é-éf'ﬁééﬁemégi:sifeleéséﬂva .;f
i. AB Ageuda faf Actlag.. Reca;méndaticns fo Szhaal Hathematlcs cflghe l?B&si}J K
:;;§ff%£§ié£ghﬁ fecémmEndatians addra%_ésfééﬁ ¢ vs prasented by computing te:hﬂdlogyiﬁ W
..5"Mathematics.g;§éfaﬁé must ﬁaké fﬁll advantage aﬁ the powér>§f calcflators and )
il ;02E?Eers'§t:all gfada 1aaelsi-i The introauéznfy ccmments pﬁeseﬁg a ratlanale 1T
BARE : _ L . _ o
. for tbis sﬁaﬂcef.%"’;y_ ‘ . . . / o ,,
o e ;--“ Dl c sl v

. 5"Beynnd an acqua;ntance with ‘the rcle cf computers and galculatars ;fé*
'~ in society, most students must obtain aﬂwcrkiﬁg knawiedge of hcw . 7 7
;,ta use Ehem . ;,;,__ 3,‘3_,,4L¢”:__: oo USSR IR A

R .

'ﬂie availabillty t:!f cg uEing aids,’ ;ntluding computers and calcuﬂf -
lators) requires a. ‘reeaminatidén’ of. the ‘computational- skills needed" S
by every citizen. ", Some of thede’ computatidnal skills. will no’ iﬂnger ~;}3g_
\_fetain Eh51f.same 1mpaftance,”’pereas athers w;ll bE%me;meE\lmefﬁant.~ B

3 - . : o . ! -
N Tt is recagnized that a sigﬁ.ficant partian of instrucﬁlon in’ the S _
éarly gradas must be dava%gd tD the dltECE acqu;31tloﬂ of number - -~ :
—a N R R SIS N RN
The fi:st annual review was pregared in Aprii 1978; the sécond appeared in * + 7
"Ma 1979 o . { L
? . ‘ * R 17‘-3 : V . PN -
P v - ) S o ' ' O M -ir .

.




tancapts and skills withoug EhE use - ég ca lgulaﬁars,_ HDVEVEI, when'
- the burden of 1Eﬂgthy campugatiun ou ;ghs the educational con-.
" tribution of the protess, the calc 1la tor shculd become readily
available. (p.,a) o _x-':_ ——37 /: i;§¥ :

- Recammendéd agtians ta

2;

'l;B 1 All student% should hava ac ccess
- . :am@uters Ehrsughaut th21r sc hoo

;'?calculators and increasingly ta
1»mathémaﬁlﬁs ptogram.; (p._g)

~ 3_2 The use of electranig too ls Such as ﬂalc*latars and’ camputersA: ';\5

'A: shauld be 1ntagrated ;ﬁt he EDIE mathe ”tlﬂs :ufrlﬂulum- (p. 9)

1
|
I
|
1
4

-
ﬂ .

op1
A glaasraams, aﬁE instructlanal EEJGCEIVES should 1nzlude'the ab;lity
PR R - determina Eéﬂsible and apprﬂprlate uses. (p- 9) S :_«‘v .

 ‘- Calculators and gomputers shDuld bQ used in 1maglnat1v§ ways fcr
explaring, d;scoverlng,vand develcpiﬂg mathematlcal concepts and
~not merely for checking- Eqmputag;anal values or. fcf dtlll and
pfa:tice., p- 9) . e a,*dh R
3.3 Gurriculum materlals that in;egfatg and, Iaquire tha use af thé -
culator a@d computer 4in diverse. and 1magiﬂat1ve ways. shﬂuld be;fig.
déVélaped and made avallable. (p. 9) c;g. . ~ '

ek ) T
L . Sch@ols shﬂuld 1n51s;,that matEflals truly —;Le full ‘advantage of
- g j* the immeﬂse ‘and vastly d;verse paténtlal Gf the new medla;;vg';’ I
.- Educatafs shguld take cara to ghaase softwate Ehat flLS the gnafr ,
or objéctives of the program and not’twist.the, gcals and develg men-i
.tal sequeﬂﬁe to” £1E the technology and avallable saf;ware. (p-.9)

b
3&f

fo her Subjects in whiah mathema i s plla Sh ig make °

’ appfapriate use af calculatar : d ampu;ers' (pi ll) .EurtHEEmafé  géaghéfs

" ’;a

1 " .
and administratarswafe gfged ;9 _lnltiateflﬂtéfacﬁlDﬂ wlth theipa

: maximum beneflt ko the stude,t E, m’égéfdiﬁ d home and schacl'use af camputers

e Eo achieve

. F

'- ané calculgtazs" Cp 1@)

h

Dther reagmmended a;t;ons addeSS the needs %f teaEhEﬁig pointinéfcutitﬁ t.

'colleges need to affer courses ‘on 1nstfuzt10na1 uses of c%lculatars far bat,

&

prSEfViEE and inasarvlﬂe Eeaﬁths aﬁd that certlficatiiy/standards Shauljf

: require su;h pfeparaglon Pfafessianal organlgaﬁlaﬁs should prov1de in

through medla aﬁd mgetings Df variaus types.; '; . /

v;BJ!;‘ | R ‘_ .. - ‘ ) "_ i‘ ; Jg;



o

aders . (Ewbank,” 1979)

e-éﬁﬁthe;tésﬂ;i,(iﬁ,éhémﬁéjof

sed ealculat

L3 o
) -

Data fram EtudlES.OE 1eafﬁ1ﬂg mat_ maﬁiés-ﬁith'galgﬁlatﬂfsi as well as eGiﬁ -

",_s . - . . o

g

denge_fi ﬁ the pfac;igal Experiencas af teachers, afE 51gw1y acgumulating, indi—

o

This type Df study on achievement comprises -about nwgeﬁhitgs,gf?éll s;udiésf : M
~reparied 'ESEud;es faaus;ﬂg Dﬁ the davelapm&nt cf specific'mathemaiiéal ideas ’

 ;.Whi1e dDEEDfal EEudéntS cantlﬁue to praduse at leasb EDA Df_ he fesearch on=
+ going investigaﬁians,afe belﬂg conducted by researchers in s:hcols~and calleg

' ) . ) . . i -

Q L S , -

Aruitoxt provided by Eic:

Ly
-
i

-
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uays iﬁ

Sunreys ,j '

1

:l;WBEE belief d attitudes are sugveyed how%ver it\bEEOEES

.;

obVious that -

.

learnlng.f Per=7:'

;;Tdepe‘d ptlﬁarlly cn the audience surveyad. Tha Pr=”

'PrajecthPRISH), :éﬁduzted ln l979, dEVOtEd abeut_

l{ ways in which educators at all levels frnm PI

g schoal baard members fael abaut the use’ af ca 1 ulataré,i Eﬂﬁeé;bré.ﬁgggqﬁuéh:

~suppgrtive gf increased use af calculatnrs than were lay personsg_ Cf‘
K . ;, : N SRR I .
o p:@fesgicﬂaL samplas but oﬁly 36/ af the 1ay samples wculd increase emphasis

';ﬁtham during the 19 D 'S tro ge

i; to 37(85/ and 74?, fespacfively) teachens at. all 1évels had mczerreservatianarﬂ

?_‘(suppﬂrt averaged SD/), and parents aﬁd schoal bcard members gave weak suppert tg

%fin;reased Emphasis!éE,and'%b almgs: all uses af calculatars ExQEpt gheck;ng answers.
PSR E e . T ‘ e N
The percentage agreeing with various gses=af :alcu}atats ngg;,“

_~Pf§féssioﬁal E ,_~,iéy--j -
_ Samples ~  Samples ... -

';checking answers. B ﬁ»,; . 193?" 'j ‘—L,;-'Bézz‘i. ,f'{
A'doing a chaln of . calzulatlcns I EQZV_‘¥'EFXZ_,a‘ ;f.fkﬂf-Jj’ 1AU
-_Eamputing ared . . . A i;_. ) © 8% AR _;i;;'; o .
making graphs . S 2! . {': ,'--”r*ﬂ ;?12 y oo - ",1;w
.5alving wafd pfablems- AR - . ,ﬂ: ‘:792  ‘! !

Ll

Ecl‘?in— Equatigns - ) . r% L T 702 . B ;'_‘, - -
- , . - . ¥ L .
idg why algﬁflthms work : e : 68% oL LT

1omework I T —  6b% : : 372;r
-de elcping ideas and concepts B o : ; 59% ' ‘H_'AQZ! ‘E A .
1earning basic fa:ts R ,': - S 51% R ‘ %!rv N

’taking a test ’ C ' o i"SDZ‘  ) : 227

\‘17" % : . . sy . . . . . i i
ERIC =~ o o o e T




: >67? sf the pzﬂfessional samples and SBZ af the lay-fzz

li Esmples believe that Ealéulatnr use shauld be pastpcned uﬂt11 afte: papa and' 'f

5,2@mmented that: B 1;‘ . ~‘“$!”

'i*Dnly QD/ of Ehé prafessinal samplas and lQé Qf

a

d putt;ﬂg stud

1et slow&r:sﬁudaﬁts use Ealculatgrs,,

e
\Au\

8 1ntn a_caléplatori

..1» e

hmples and 30% of the '

R o o : o, f
Other studles prov;de daca whlch b@ﬁh c@myaze and caﬁtraat w1th the PR S

1

data.> Cghen and Flless (1979ﬁ reportad Ehat over 634 Df the’ teaghers Ehey queried

= 2
-

favofed the use cf Ealzulatérs. Iﬁ a sufvgy cgnducﬁed“;n 1979 Reys and some

ccllgagues 1ntervlawed a randnm Sampla Df l94 classrgam ﬁeaghérs in te en sghagl r

o

s ; . fa

distf;gcs in Hissdurlg ’Théxrésearehérs teported.that; .

S ) / R =3

" The everwhelmlng feellng was that Calgulatars exlst that there - . -
‘¥are many appropriate places for using them at all ‘levels of the - )
‘-mathematjics curriculum, and that the type and extent. of this: usage .. . .. -

should ba ‘keft up to the diseretion of the 1nd1vzdual classraom e

teach&r. (Reys EL al., 1980 p 41) ; . ‘ ’

While 84? of the teachers said that talculatafs should be available to childteu

L
L -,

in gchaal iny 35/ had actually use' Ealﬁuiatgrs in mathemaslcs classes Cthe ;-

=

. data ranged from 14/ a; the primary l’vel to 52/ at the géﬂlor high level)

..S =’
v l

Anothér 42/‘531& they wculd 1ike to use’ calﬁulaﬁors. Teachers whq hadrusad them

1.
.. : . i

. not only could they work more problems if a calculator was -
_available, but ‘also they actually EDVErEd m@re*toplcsi  They ¢
“also rép@:ted dealing more with-concept develophent and less.
with campuzatlon during EhELf mathematics class. (Reys et al. s
1980, p. 41) A L . Y. o - . S
o I : o . RN ;

most of the teachers who had not used a calculator in the class—

room -seemed ‘aware of primarily two uses.. One was as a computational Ry ,-
device which they saw as defeating the major goals of school

-mathematics and the other as a tool for students: to check the paper7'

and-pencil computations, . . . the magor;ty of the taachefs were
- unaware of the instructional potential of the calculator; ' (Wyatt
et al., 1979, p. 218) .
Q . A P . .

3_. ) 1 (A_ i}c . ’ _ﬁ
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ruAn évcrégc'ofnéﬂi cf thc tcachcrs tclc ch1ldﬂ%§;shculd mastcr thc Ecur bééic;: )

arithmctic cpccaclcns befcfc using calculatars. (lﬁtcrcscingly, 76? of chcf; u;,;‘A
; _ N : :

pfimary ccachcrs hcld*thls vlcw, whlle 89/ of chc scuicr high schocl tcachcrs57'

N . Lo

did;): Indcca 43/ fclc thac using a calculator wculd ccusc scudcnts abllicy._f“

L -

tc ccmﬁucc to: cccl;nc. Tcachcrs genctally cgcccd hcwcvcr, chat slcw‘studcnts cr_:f”

sculcc high ccudcnﬁ% whc had ncvcr lcacnci to ccmputc shculd ucc a calculatcr ,?

bccausc thcy wculd pccbably ncvcr be ablc tc QﬂmputE;DEthWiSE

=

Slightly cvcr EDZ of the. tcéchcrs wantcd texcbocks with actlvltics;,ciug
cclculacccs_v Fcfty—thrce pcrccnt favoccd use;@f calculatcrs on’ problcm—sclving”;ff
F . i, .i L N ) 7 _:.: E . . } T .

' ’ticns cf scandardiccd tcscs.< e j - _,'f '“;“- 1:,}__,\‘§

i Four impllcacicns were d:awn frcm thc study (Wyatc et. al., 1979)

. L=

L Q) Thccc is .2 need fcr lcadcrshlp né dirccticn fcr ccachcrs rcgatdiﬁg
- !-calculatcf usc ln schccls.! ;ﬁg? . . : . St

(2) Training 1n the use cf calculatcrs as an 1nsccuctloncl tocl Ls ueedcd.g
,;;5X (3) Dissemlﬂation of currcnt 1nfcrmac;cn abouc calculaccf usagc is nccdcd R
' Co . th dispcl manyafalsc cc\nccptlcnsE ‘“7 > - : E
{4) Hatcclals whlch lnccgracc calc ul,t i nco chcﬂrcgular machcmatlcs
ot curriculum shculd be. dcvclc d d sscmlﬂatcd, '

© As pcrt\cf cn 1nvccclgac10n in whlch calculatcrs wcfc uSEd ;u clcmcutary :
- school mécﬁcmatics 1nstrucc10n Ccnucr (lQBD} surVeyed parcnts cf childreﬁ in klﬂ— !
-'dc tcn thccugh gradc 5 Pcfccntagcs favcfing what shc callcd un:cstt1ctcd" T

4

guse of calculatcrs as an lﬁstructiOﬁal ald rangcd f:cm lSé fcr thc clcmcﬁtary
Q L] ¥

leﬁcl and lEf for thc mlddle schcol levcl to Qﬁ-fcr thc hlgh schccl 1cvcl thn f?

.

she asked cbcut "rcgulatcd use, the pcfccncagcs rose- tc 83/ fcr the clcmcntary .

-lc?cl SO fcr the mlddle SChDDl level, aud Sl/ Ecr the hlgh schccl lcvcl

alka (1979) also found that parcnts were . ckcptlcal abcuc chclusc cf calcu-*

)

1-lcg§rs in elementary gradcs. Thcy ag%%cd that calculatcrs could bc uscd along .
; . R 7

with papcf;aﬁaepcucil ccmcutaticc, but strongly cbjccccd to using calculacc;S,inwiit
) - B i N _l * 7 b . oo s
'placc of papcfiaﬂd pcncil ca,mputatlgn » 5;’ o I

4 . %

Sucigésful intcgratlcn cf calculatoc uses in‘the machcmatics currlculum will
5 -

Q . d ; = :
; . B




féqﬁ»ﬁie f:;éraﬁﬂ ina'-tha'tgijgh- érz:;

3

ga provid% infurmation on how cale

&

é al skills

' 3 e
will stlll be taught.: This paint 15 clearly*made in Lﬁe NCTM’igenda for Ac 1,_f-fﬁﬁ

4 : f

T Hateriifs Whish iﬁte"ra;a the use Df calculators Eé. .  

o 1979) As has been tqu ever singe lég atars appeare

i; tthE is a ;aﬂginuing n%§§ far mata:ials-whlch develop '
' - T e

b

Eaﬂcludiﬁg Camment Tyl

N :
i ;q While suppart fram some gfaups fgr Ehe ‘use af calnuiators'*
'tdL iSuﬁEVEEtBElE hanging as peaple accept Ehe exiSEe ice éfvvy' 

1ives aﬁd in, cheyr Ehlldﬂen 11 es. Concefnraﬁntlnues tc r Qlié*éiéﬁgd“th&{

W hen the calculatar should be used in félatlon tg 1nstructian on b331c

fgggé and algnrithms the{g is feaf Ehat paper¥and pencil ;cmputa;laﬁai skills

v ¥

will be lost and achievem&nt scgfes will decline, despite the continuing reassuriﬂg

/ : £
Educazars ﬁagd'tg!cansidet Qarefully ways of

reseafch ev1dence on this point

i
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Eghéﬂ, ‘Martin P.-and Fligss, Rcbert F‘ Hinizalcula;cfs and Instruct;§ma1.
A Teacher: Survey“ Plttsburgh.: Un;versity af Pi tsbufgh 1979
ED 178 360 o .iﬁ;f R S e .

v tip: =,,né—Hald Calcula;nrs by Stu—;V
!f_ defits -in Elenenﬁary SEhDDl Research Mnnagraph #32. Ga;nesville, Florida
Hnivarsity cf Florlda W;nter 1980 _ Lo

| Canﬂer,rTcﬁsye J Aﬁ Investigation Df Lheg

E“béﬂkijw A.ﬁ Results nf a,Sutvey Carrled Dut in Dgtober,‘1979, of bhildreﬁ in
Grades 1-6, Upland Elementary -and. H;gdlezﬁcﬁaals and Hétthews Elementary ,'%1

Schaaf (Eastbrggk" ommunity. Schsals@ Indi na) Relating to.the Dwﬁershlp and
‘**“;l Access to a Pccket ¢ lculatcr. XE: X .COPY- November 1979 c .

Hnser, James M, Thé Effect of Calculator quplemented Insttucticn Upcnfthaﬁ:;'é
_Arithmetic’ Achlavament ‘of Second and Third Graders. . Techﬂ;cal Report No.

'502. "Madison: Wisconsin Research ‘and Development Center ch Inﬂlv;duallged o
' Sahonling, Septambar 1979%. ERIC; ED 180 764 *:’: R ' R
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Suyéam, Hafilyn N Cal;ulators. "7Cacegﬂrlzed Compllaﬁiqn. ' “Col-
umhus, Ohio® ERIC ‘Clearinghouse for- Sclenge Ma hematlcs,_and Enleonm&ntal
Education, Juna l979 ERIC- ED 171 152 ' ' R
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;Wyatt, Ji Wendell Rybolt, James Rays, Rcbert E.; and. Bestgen, Bazbara J. ]
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Teachers and Admlﬂ;StrathS. %hi De § Kappan 61 1
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Referencés -of lnstruc_'tmnal A:tlwtles Resear:h Reparts “ - :_,}-;.‘I 1
and Dthar Tnpncs Related 1o Calculatar Use,..l{ ’12 f;.‘, S

AGTIVITIES FDR STUDENTS L

‘- Avw C ehe Ad!er F‘attern Gazing.f Mathematncs Teacher 72 39-435 January1979
Wt:rkshéets on, pattern seart:hes are. ‘provuﬂed '{ R ' ) T e

Eillmgs, Karen and Mnursund Davnd F‘mblem Salwng Cal:ulatarslﬁamputers 2‘ o
~73-94; NQVEﬂbﬁ*DEﬁembgr 1978. Ghapter 2 from Problem Solving with Galéulatqrs o
is, given... How; to: tac:kle a v,x,rlety éf prablems ;Lst e:-;plamed usmg ngéﬁjeetshke e
: fﬁrmat : . , : . ’ e L EV

e Dublsch Ray nand Hoad Vern R Easu: Mathematlcs w;th Hand held Calculatm‘ 4’
A WarkﬁText Men,, Park, Eahforma Benjamin /Gummings Publishing Cnmpany, i R
1975. : Tl—us wc;rkte:-:t ‘is’ far Students at e1t_her secondary or callege IE\FEL R

; U"

chdscn Eobby Let's Put th Calc:ulatnrs Where They Eelang_-v Calculatarslﬂémputers
©2:.20-22; November-December 1978 Use.of the calculator in: work with square rc:ats,

_ gecmetry‘ factcring, and other junior: high topics‘is- discussed. A mrksheet pn finﬂmg
a Square ot and a crnsswcrd puzzle develaped by astudent a:e glven. SRR

‘@Gaudsan Eabby- Calculatgr Resauree Rewew.g Cal:u!atarsl(‘;omputers 2 32—33

_ cherﬂber‘ﬂDEﬂember 1973. : "Samg bggks of c:ah;ulatar a«:tivrties w}uch the authﬂr '; e

#

Hlatt Arthur A Easn: Skll]s \F T2
Febr‘uary 1979. Wl‘th the t:élc;ulatﬂr, Etucﬂents mathematmal thlnkmg shauld be : L
1mpr§ved as they handle rmn rc::utme prabléms 111 Wh_'lt:h a number af accu;-ate cﬂlcula; -

pfacess sliﬂls glven e :- , ,
Jurgensen " Mardinde." Méasurmg Tnangles. Ciéicurlati:r's /Corﬁgutéﬁéé" '2 5&-?2 R
_ November-December 1.978 A teac‘:}ung plan using calculators w:lth tha Pythagﬂrean B

Thearem 15 presemted mth a worksheet on, measurmg tnangles

Kel!er Cilftﬂﬁ“" Usmg Tables te Teach Mstﬁematlcs.'v Mathematiss Teacher ?1
'655-656; Noveniber 1978.°  Use of: calculators is suggested as.an a;d in perfgrmmg
the calculatmns mvalved in pattern saart:hes : . R ..

123—125 February 19793. A ”thmkmg persan s calc:ulater race” is deécmbéd wmh

sample questmﬁs ST i Co e Lo
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Qckenga Egrl and-Duea, Joani ldeas,, . B
+1979;" .~ Games for addition, subtraction, mult,lpllcahaﬁ, a;nd vision are preserrted T
WTEh thé ab;e;ﬁva af p:mﬂd;ng prac:tlce 111 estm:latmn A : - sl

1mpa551ble, )mt.haut thé calf;ulatgr
i - -
Reys, Rabert '; et af. l{eystmkes
. Addition. and- Subtractlah. Pglg A
Thls wcr}cbagk c 1

_Calcul 7_tcr At‘:th!tlES ‘FDF Ycurlg Student

ndrew. Calculatar Ealcula;mns. Mathematxc:s Teacher 72

rScatt Duuglés LE What Day of the Week oo &2
Navem‘ber=Dez:ember 1978, An algorithm fx:r det
an?,f da.te. is. glvén f::r Eaicuiatcrs (a BASIC._pragfa

Sﬂaveh EtEphen L and Splkell Mark A X Hc:w 1o F‘Fagrarﬁ Yaur Fragrammablé Calcu*
Jé s Eﬁglewaad Cliffs, New- Jersey: Pren ice-Hall, ‘1979, - PI"DCEduTES for:pro- e
gramrm;lg calculators are e::‘pla;ned in detall, v 't’h manjr spemﬁe ex‘a?plesp for two. .1

tyspes of f:alculatar 1;‘351'

7 ‘ 71k Jahn .L. A Shart Presehtatxcn in: "Caﬁputer theracy“ usmg Pr
Cﬁé'lt' ,x'jtars.}Caléulatarglcamgute@ 2.' 9*11 Navember-Ds:ember 197

',tllnes a one- 16%51311 '-

Pfggraﬂjs " : g

Wavrlk Jnhn J. F‘ragrammsble ‘Cald tars ﬁ:tr Elementary SﬁhﬂﬂlS- Calculatcrsl ~
_ uters -2: 53-55; NDVEmbér=December 1978. A ‘lésson on simplé P’rogranmmg
f@r studgn 5 “1_11' grades 4=6 15 prgseﬁted \mth several prmgrams included. o L

o . “vr-.‘v
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(* iné;c;ates c@ntact pequn)

“MQRE MATERJQLS;

‘Columbus Calculator. Fr
“and Alberta Myers, & L
theseé topics have- been’ de,velﬁp 1,
Daz:miai Cc:rnputatmn ‘Properneg,

on’ Fritz Ly B .J. High Ss:h@c:l Austm Texas 1975. Th:.s i

< fc:zr remedial ninth-g; rade students who have not mastared

‘thé fuﬂdamental Qpéfatmﬂs “The cDurse has been in the eu:rié'ulum er ffw .
£ ik

lcwa F’rabfém Sqlwng Frolect (ESEA'. Tltle V- C) Jaan Euea GEGFQE lmmerzeal P

Earl .Ockénga, John Tarr, and Jack’ Wllkinsan Pﬂce Labaratsry 'School, Umvers:ty :

of Northern!lowa, Cedar F'alls 1878. This prodject focused on develﬁpmg matenals - 4

to ff‘fnprave the mathematical’ prablem Scﬂ.\rinsf abilities.of students’in grades 5- 8,

using calculators. The matémals are \ava,llable in zlassraom sets for. é‘{penme:ﬁtatmn
B . ' e 4 ..

T . Ton : . o e ~
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" Kolpas, Sidney J. The Use of Elec:tﬁ:mc Calculaters as 4tn-Class’ lnstrux:tmnal Alds

in a Ninth-Grade Arithmetic Program. Unpublished doctoral dissertation, Umversnty
of ‘Southerfi California; 1978. Eighty ninth-gkade low- and underachievers in

- four” a.rlthmetm classes participated in this 20-week study. Thé two experimental

. classes used calculators as instructional aids ‘and as the sole solution-source for

©50%  or for 75% of gach in-class assignment, while control glasse§ (from another school)
did not use calculators. The Comprehensive Test of E:a;.n: Skills was g1vaﬁ as the
pre- and posttest, and a researcher- cor;structgd test was completed twice (first by
hand, then with calculators to correct). "No si nificant differences were fourd on thé
" standardized test; 5;gn1f1cant differences on the researcher's test favored the Etperr
mental groups both with and without calculators ) -
Lunder, Dennis A. The . Impact of the Calculator on Test Anxiety foz High School
Consumer Mathematics Students. Unpublished doctoral dissertation, Umversnty of
Denver, 1978, Consumer mathematics students,(n = 159) in grades 9-12 in three’
schools were randomly scheduled into two experi mental groups (using calculators)

.or two control groups, (not using calculators). One experimental and one control
.group used calculators.on -the posttest, while thé other two groups did not. Using
calculators for iMstruction and testing resulted .in high&#scores than not using .
, t;%lc,ulators for instruction.but using them on the test. West anxlety was also e‘{plaféd:
use of the Calculator did not significantly reduce anxléty )

coE

Mason,. Marguerite. ThE Hand-held Calculator in the Ele enta’ry School, An Explora-

tory Study of Two Issues: Dependency and the Effect én the Problem-solving Process. |
In Research Reperting Sessions, NCTM- 57th Annual Meetmg. Columbus: ERIC/SMEAC,

Man:h 1979. Pp. 49-51. Two pairs of students, matched on mathematics pretests,
were chosens at each grade level from 2-6. ‘One student from each pair was from an
experimental class which used calc:ulatorsr and 'the other from the control ‘class which
did not use calculators. Each student was given a set,of computational exercises and
five word proklgms to solve in once-a-month interviews. All students had a calculator
available. The mode used to solve exercises and problems was recorded. There was
no evidencé:that students became calculator dependent. Follow-up tests showed that
"it was advantageous. to have calculators ava;la‘ble for certain types of exercises (Eut‘;h

as division er third grader::)

Moser, James M,, The Effect of Calculator Supplemented Instruction on the Arithmetic
Achievement of 'Second and Third Graders. In Research Repﬂr‘tmg Sessions, NCTM
57th Annual Meeting. Columbus: ERIC/SMEAC, March 1979. Pp. 29-31. ° Parti-
cipants were children in- gfades 2 and 3 in eight classes in two schools.” One school
was 1mplerr'en’tmg a traditional curriculum and the other used the DMP-program. The
. calculatgr was ,uséd with the ongoing programs; teachers were given suggestions on

how the caledldtor could be used,. and kept logs which were validated by unannounced

visitations. Amoun} of use of c:ali;ulators ranged from 36% to 79% of mstru;t;onal
days, and from 16% to 48% of instructional minutes.

L ToA
5hin, Jase'ﬁ:h* A Sm‘vey on the Attitude of Schoolchildren Towards the Use of Cal-
culators in Schools. . Calculators/Computers 2: 39-41;-November-December 1978.
A. questionnaire given to.four classes (n ='152) of fourth formers in a Hong Kong
middle, school is presented.” More than 77% of the children had some experience using
calculators; 60% of them qr their-families owned a calculatbr. Over 76% thought that

calculators should be"used on tests, Other fmdmga are also*given, and thé value
of, calculator use i35 discussed

4
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Rising, Gerald R. ; Krist, Betty J.; Roesch, Carl; and Jewell, Wallace. Using
Calculators in'Mathematics. National Institute of Education Contract No. 4

State University of New York at Buffalo, 1978. This preliminary set of materials
incorporates the use of programmable calculators in the standard mathematics cufricu-

lum in grades 11 and 12 (following the New York State syllabus). Chapterg1l through -
7 are available to those especially interestdd in trying them .out. ‘

Calculator Inservice Kit. Prepared by Mathematics Division, North Carolina State.
Department of Public Instruction, 1978.  In this notebook kit are transparency
masters, calculator games, calculator activity cards for grades 5 through 9, and a
calculator problem card deck for teachers.. (For information, contact George Immer-
zeel, Iqwa %roblemeSalving Project, page 2.)

RESEARCH REPORTS (WHICH MAY ALSO CONTAIN-.IDEAS FOR INSTRUCTION)
Blume, Glendon W. The Calculator's Effect an Children's Solution Processes. In
Research Reporting Sessions, NCTM 57th ‘Annual Meeting. Columbus: ERIC/SMEAC,
March 1979. Pp. 59-61. In this exploratory study, the 21 seventh-grade pre-algebra
students tended to use different solution methods when working with calculators than
when restricfed to use of paper and pencil. )

¥

Downes, John P.; Jensen, Rosalie 5.; and ohnson, Hiram D. 7§C}u§$ti§ﬂs:fA
Synthesis of the Research on Teaching and™ earning Mathematics. Atlanta: Georgia

Department of Education, December 1977. ERIC: SE 025 422. One brief section

considers research on calculators.

Gallery, Michael Edward. Teaching Calculator Use and Checking Account Skills to
the Mildly Handicapped. (Utah State University, 1978.) Dissertation Abstracts
International 39A: 2866; November 1978. Two "packages" on calculator skills

and on checking account skills were evaluated with 38 students from six high schools
and two junior high schools. Eighteen students received instruction on the packages,
while 20 students were in the control group. -The difference between group posttest
means for both packages significantly favored the experimentdl group. However,

the mastery criterion was not achieved on either package.

Jamski, William D. The Effect of Calculators un Achievement MATYC Journal 13.
52-56; Winter 1979. This is a report of Jamski's dissertation research (completed

in.1976) with seventh graders. He concludes that the calculator appears likely to
be ‘successful with soue topics, such as fraction-decimal conversion, but not with

others.

Jewell, Wallaee . f: . Hand Caleulaturs in Secundar y BEduCatlun,. Evaluallon,
Analysis and Direction Unpublished doctoral dissertation, State university of Hew
York at Buffalo, 1979. The purpose of this study was to analyze and evaluate
oresent hand-held calculator uses and materials and propose possible directions tor
‘heir utilization in the near tuture. Also inc¢luded is an analysis of the usual high
school mathematics curriculum of elementary algebra, geometry, intermediate algebra-
irigonometry, and elementary functions with regard to calculator implementation.

Kobrin, Beverly. The Hand-held Calculator: Effects on Intermediate Grade Mathe~
matics Achievement. (Brigham Young University, 1978.) Dissertation Abstracts
International 39A: 3354; December 1978. In grades 4-6, the experimental group
(n = 75) used calculators for a year at least one hour per week on selected calculator
activities, while the control group (n = 141) did not use calculators. No significant
differehces in achievement were found between the two groups. ’ ’ '

00-78-0013.

\



© L4.05 o, : : L4.0%
Suydam + Marilyn N. (Editor). Investigations with Calculators: Abstr’actéjnd
Critical Analysés of Research. -Columbus: Calculator Information Center, January

1979, This document contains’ expanded abstracts of 36 research reports in which
the use of -calculators was explored, with. comments on each report by the abstractor.

_Szetela, Walter. Hand-Held Calculators and the Learning of Trigonometric Ratios.
*Journal for Research in Mathematics Education 10: 111-118; March 1979. The
investigator and the regular teacher used specially designed materials for teaching
trigonometric ratios to 131 students in grades 9 and 10 randomly assigned to groups
using. calculator-based instruction or not.using calculators for 13 days. Students
built their own short trigonometric tables using measurements of specially constructed
right triangles. On a quiz one week before the final test, the calculator groups
scored significantly higher than the non-calculator groups. There were-no signifi—
cant differences on the final test or in attitude toward learning ratios.

Ward, Dennis Elliott. The Effect of the Efectronic Calculator on Problem-Solving
Achievement and Attitudes Toward Mathematics of General Mathematics Students.
(University of Southern California, 1978.) Dissertation Abstracts International 39A:
4038; January 1979. In the first semester of 1977-78, 92 general mathematics ~
students were randomly assigned to two experimental classes (using calgulators) and
two contrpl classes (not using calculators). .No significant differences in problem-
solving a¢hievement or attitudes were found; no gender effect was found. Better
readers tended to score higher on problem solving both with and without calculators.

Wheatley, GCharlotte L. The Effect of Calculator Use on the Problem Solving Strategies.
of Elementary School Pupils. In Research Reporting Sessions, NCTM 57th Annual
Meeting. Columbus: ERIC/SMEAC, March 1979. Pp. 25-27.  Fifty fifth graders
were involved in this study; 25 were from classes that had used calculators’ for

three months. while the other 25 were randomly selected from two classes with no
previous in-class Palculator experience. Each student regponded to five selected
problems during 40-minute sessions which were tape-recorded, transcribed, and coded.
- The coding data were tallied to obtain frequencies of strategy use and performance
scores. Thestwo groups did not differ significantly-on the range of processes used,
time to solution, or performance.

Willioms @ David E. The Effect of the Use of the Mint Calculatur and an Assoclated
Curriculum Supplement on Computational Skills and Attitudes Toward Arithmetic of
Ninth-Grade Non-College Bound Students. Unpublished doctoral dissertation,
Temple University, 1978. This year -long study wad conducted in five junior high
~chools in Philadelphia,  with three teachers each teaching one class using calculators
with the'regular general mdthematics curricalum, vne class using the regular curricu
Lua: with _alculators and supplementary calculate: matertals, and a comparison class
not usiog celeulators. Calculators were not used on the pre or posttest (California
Achievement Test). N. significant differences were found in couputational skill,

Williams, 5. lrene and Jones, Chancey U. A . Use of Hand teld Calcu
lators in Advanced Placement Calculus Courses. New Jersey: Educa-
tional Testing Service, 1979. The questionnaire was sent to mathematics depart-
ment chairpersons at the 2042 secondary schools that had five or more students taking
n Advanced Platement examination in May 1977; returns were received from 1547
schools, with 1403 scorable. About 89% indicated they permitted some use of calculatuis
in caleulus courses. Slightly more than °10% had modified their courses to include
'_Dec;‘i;;%l‘ter:hniques particularly suited to the use of the calculator. In only 20% of

r
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the Schoals were calculatcrs supplied by the school d.lStI’lEtS An éverwhelmmg

Fna]orléy think that student performance (on AP examinations) would nat significantly
be affe::ted if c:alc:ulat:jr use was perﬂutted . /

L F

)
"MISCELLANEOUS ISSUES AND CONGERNS

D'Ambrosio, Ubiratan. Issues Arising on the Use of Hand- held Calculators in - -
Schools. Internatmnal Journal of Mathematical Education in Science and Technalogy
9: 383-388; 1978. . The use of calculators is considered from pedagogical and
sociological viewpoints. f‘f‘he effects of adoption of calculators in developing
countries and for deprwed minorities is noted and the rcle Df calculators in problem
solving is discusséd. : o

9

‘Free, John. Pocket Cah;ulatars for More Than Math. PDpUlﬁaﬁrfSt_‘JﬁenEé 214 22ff;
. Aprll 14
discussed)

Some features and some Wéa_knesses of liquid display calcllators are

Huff, Darrell. Calcu-Letter. Popular Science 214: 58; January 1979;:214: 23;
March 1979. . This bi-monthly column continues to present prgblems and discuss
points related to calculators. _ X I}

Usiskiri, Zalman P. The Future of Fréctif;ms Arithmetic T’éacher 27: 18-20;
Jaﬂuary 1979. The effect of calculator use on the teaching of fractions is among
the factgf iscusse ,d

of calculators available currently are “described briefly.

Calculat@rsg, ,Eusmess}Educatxun Forum 33: 28-31; January 1973. 'Varicsusit*y‘pe&.

Flow Chart$ and Calculators. In General'High School Mathematlcs Albany, New

York: State Education Department, August 1978. Pp. 58-64. ERIC: SE 025 300.
The use of calculators is.encouraged, along with the use of flow charts. Reasons for
using calculators are given. ' o ' ‘ C

Additional manuscripts have Leen recelved from Hutten and from bklll[llwﬂy el al. (un
research) and from Snover and Spikell and from Szetela (on instructional hactivities) .
I'hese and other references from newsletters of NCTM Affiliated Groups and from non-
S journals will be listed, along with references from Calculator Information Center

bulletins, in a forthcoming publication, Calculators: A Categoriced Compilation of

References (Marilyn N. Suydam, editor),which will be available later in the year
from LEIL

This bulletin (and all 0ther reference Lulletins riom the Genter} was prepared by
Marilyn N. Suydam, The Ohio State University -~ Direcior of the Calculator Information
Center. :

I'his publication was prepared Yursudanl to a contract with the National Institute ot
Zducation, U.S. Depaniment of Health, £ducation and Welfare. Contractors under-
taking such projects under Government sponsorship are encouraged to express freely
their judgment in professional and technical matters. Points of view or opinions do
fiot, Lh;fétuft‘ necessarily represent official National Institute of Education position

or policy. L

Copies of Calculator Information Center bulletins may be made for distribution.

P
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o “.“CENTER R

VKEALEULAT@E o - 1200 Chambers Rd:. ) M.01
‘ .Columbus, Ohio 43212 -

B \"?;7?' : ¢ .
B A\ B . I
; ) .. : (614) 422-8509
. . . AW ..
! : . Special
Suggestlanb for Calculator Selection . Information Bulletin .
b February 1980 ;
This is a synthesis of considerations and appropriate suggestions for ' - g
selecting a calculator for student use. Note that it {s importhnt that s
a calculator be selected in relation to anticipated curricular applicgations.

It is strongly suggested that cha way a particular calcdulator operates

should be checkex EESE the calcalator-before you buy to be

sure it will se: - :
. i

¥

ugge stions
The type commercially known as- "alge-
braig', which allows data to be entered
as mathemﬁFlLal SEHEEHCE% are usually
written, is most often recommended,
although RPN (Reverse Polish NDtatan)
is advocated by some for secondary
, ) C (e . school usé. . . : .
. 9 - - . ) - : :

Type of logic

Numbe# of functions | At: least +, -, x, and ¢ f@r elementary

- B Schnﬁf' those plus others as pptapflat

{ ~ for secondary school courses. TIf
‘trignometric, logarithmic, dagcee, radian,
hyperbolic, or other functions would be

’ : _useful in instruction for a particular

: < mathematical’ 'z.t:qut—_*ngé then t m{b—hDulél

‘ s ﬁ&bﬁlDuLly be considered.

E— .

{ . s

[ype wr de lual uvtation S Floating deciwal, polnt; unegativ

' that immediately precedes 8 uegative
number; check the way the calculator
\ rounds mumbers.

s
vetDlow e crfor ludlaaloy Glear i %EdLan el owhen Jdlapla,, Lopat
or procedsing limlt i3 g.ached, o. when

"illegal™ operatiun i;}és&d, )

\FD

Tvpe of Jlsplay (AL leasr) 8-10 dlgltﬁ, easily readable;
dcceptable viewing angle.

im pelieral | ea h key should have ,L))[lly

leLntafy dchoo! use,

o keys may have more

£ Ruloe o1 ke c
B one purpose for

g
g
I

&
for secondary sch
than one purpos

student) .

- ¥

u ﬂ

L
(dépending on level of

Keyboard format ;DﬂflhquLlun and slze ot keys should
facilitate accurate on-off switch

i
I
o’
L
la ]
Yot

=

o

7 o (%)
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Memory:

Soeleny DL
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Aruitoxt provided by Eic:

x factorial (x!)

x squared (x2)
reciprocal (1/x)

y to the xth power (vy*)
xth root of y (¥y)

x exchange y (xe3y)

two-key

uutatflon

s Lo L sovitz=l o anl

Sugggsﬁiqg; . ,

should be easily ackessible; keys should
give some response/when pressed. Note
the position of the numeral in relation
to the keys. :

Appropriate for the user
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is to be used will ald in
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user (for Lxdmple the +/- key is
rtant if you want convenient manip-
integers); generally, you
"trade"
others you consider more desifable
how the keys handle the procedure:

e
[
o

some features for
Note

U“

Stores (§IU) the Jdisplayed number fot
later recall (REGL): a useful feature
fOF users eved dat eatly levels.

£ - ® ® 4
Alluws functlons, uasual ly additlon (Mt)
and EULLFdL[lQH (M=), Lo Le perforued
ot the content of a MemoLry 1egister;
retention for later recall (HR)ﬂy
incloudes "memowy clear" (M),
could bE useful at upper levels,

wi(h r
which .

Helptal,
interpret the symbol (for example, an
"M" is easier tham a ".").

make soure that 1t Is casy 1o

Nule when and how 10 worthks (1L Dy Yluver

up' rtepeacing decimals).

Alk&h‘h L.L!“l\.‘h{l,lll' Luw oondinl g

which operations a constant applies,

¥
nwle FOT

;‘3) [ 2]
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Things to Caﬂsgggﬁ

»

Prggfamﬁing

Printout

Durability

F\

Cost

Reliability of manutacturer

Reliability of vendor /°

Types of Display

VTWD

and

LCD, (Liquid Crystal Disg

different types of displa g

*

LED
less expensive

most use 9-volt battery:
relatively short life

Jurable (depending ou the
particular calculator)
&

tlL ﬂ,_ilt,lllg3 wl :a;llhbulu

can be read tu dark

red vr blue/green numciula.
higher battery drain for
blue/gieen thau for red

ted numerals not readable
trom wide angle; blue/

green generally readabic

from wider angle

Suggestions
and the position of the number treated
as the constant--note also that it may

"bPEfaté differently with difggréﬁt

functions
Could be useful--but generally costly.

Not worth ,the current cost--but could
be helpful to some users if cost dropped.
’ pfint@ut may take agp un-

m--chéck how symbols appear.

Check on droppage, malfunctioning inci-
dents, étc., and weigh this in relation

‘"to cost.

Within the budgetag .. .
Adequate (12 month) warranty; repair
service

. =
B

Prompt, regponsive service
anptl, ’-f\é

avdilable: LED (Light Emitting Diocde)
Each has advantages and disadvantages.
L.CD

slightly more expensive
uses silver oxide battery (or
AAA batteries); hundreds

to thousands of hours of '11te

may be less stable (e.g., drop
ping may cause display to

shift or luse part of a symbol)

“inmediate” Jdisplay oo symbols

Jepends ou guod Leflected 115hL

Llack numerals on gray or yellow.
low battdry drain

vcadable ITTom wide ang lo klh
goud light)

[

w
b
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Section M2.1-M2.2 "USING CALCULATORS: HOW--NUOT SHOULD" DELETED
) DUE TO MARGINAL LEGIBILITY. : .
# -
A~ )
LY
i; R
£ N ‘.
S *

Aruitex: provided by Eric
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Aruitoxt provided by Eic:

of the fluid in the tank ot pi¢/pallon is

slven by ) . aﬂ

B.S x 8.3 & 3. lalb x 20 a 19/2 x ¢3/100

Nobe thal Lhe (xpredSatlon can be simpliticd . A
( . .
and then caleulated. ' . e
v«) i hd
LY ‘

; v ,V . . . 1
M3.1 : B . .
M3.1, A7 : . M3
: Vo
S \j,, , i < -
. Where Can the Use of the Calculater Lead 2 —
1 ’ . \\'Q
- ) ! . ) = . ’ = : e
‘g-fhe hand-held calculator can bd regarded as the K . N
v o C - . to .
GREAT EQUALIZER . -
. . ' ' & s
{n the Sense thHat now A L L can calculate. ; =
Reluctance. to 'use the hand-held calculatbr may well be analogous to
that of using any of the 'new" calculators-Jg algorithms as they were intro-
duced throughout hlstafy‘ Calculagtions werg in earliest times with the aid
of pebbles (stones, alculi" (Latin)).in grooves in ‘the ground or in -a’‘tray
‘of sand-or soil. Later came the various kinds of abaci and then algorithms on
numeriis _ Even alg@flthms have Changtd through the years, for there were.
times during ‘which 34 x 76 was done in the ways shown b?lawa .
R ERTE E
%, == §f?;'2; o
2 L fms 2534 , 18 14 ,
The one ‘at -the left is called tﬁg “a;:aL;huuL method" and the one at the right
rhe "gélosig" or "'lattice method. The latter led to the development of
*ﬂﬁapler s Rods" in 1617, Idter came the 5lldé rule and the computer and now
the calculator. : Would it be natural “that there was some resistance to Some
of these 7 Yet each otfered an improvement in some way over .the preceding-- *-
and our minds and skills did not ceaSe tu grow ! Indeed, Ehruugh their use.
. came new opportunities in mathematics. andyin problem- solving.
* I “
Problem: Howican the cateulatonr bLe used effectively.and not cowpromige
with understanding and competency.
Where caun Lhe valoulatol lead
g Lo Lnteiedecend iﬁ;illlf T Lhie cease ol il s Piobloma aced noet now
be made "Lo rder™ -- muie Mieal lite” prublems now !
Studeats «an alsw be cuneulaged Lo “sel up’
entire pooblens and to make simpiifications i%a‘_ 33
before using the ualgu¥aLgf --e,pgs the values

RS



M3.2 : . M3
. “An examﬁﬁé of a '"real life" problem whosg solu is made Qafier
now is to study the problem of how far to cut: at each cornerof a

" >fegtanglg in orde to make a box of maximum voll E === the use of
j_\§¥ table and a calculator ! o )

h) to Better ndtrstandlng of different kinds of numbers-- the rationals
as repeating decimals (parhaps an invitation to study periodicity of
the repeating decimal); the ideg of squarc root and cube root but
here to explore: ‘f % 5 = 25, ’i?%i = 5 but what two numbers (alike)
multiply to give 26 7 -- problems from our environment too !

. ; .
¢) to greater efficiency in estimation -- if used in this direction
. 12.6 x 40 eyuals about what 7 Let Us see !
.13 x 457 equals about.what 7 Let us see ! '
What number x 25 lies between 290 and 310 7 Estimate !
Check ! c .

d) to gain ear §‘id335 on ratio and the concept of (later to beg called)
grigonometric gatié.‘

. - el : v

\ A fightff?iangle drawn as shoyn and with the %
calculator one-can divide eachhheight by the <
correspanding base --- ratio always about the :
same ! Useful ---- or that can arise from ; l M )

i atteppting to find the height of a pole and i L.

the previous actiwity become a part of the ! b : t
problem-solving process! _Students can make O s e ;
thejir own "ratio tables” for different ' ’ =
angles. . o S - E <,

v ' : ! '

¢) to become more proticient in mental arithmecic. Why not "piv one's

self" apainst the cvaleulater !
E.g.
. 4 38 -
20 X 734 - 1
L] + i& -
[ B 24 -
2() n LEN
e I e a0 b osd R . Y PR TN P N S
atculacor can help s,

5 o gxplnggggwnﬂ‘un;hn Logd on e eta R T P S S PO P

sut.stantiated by algbhra. )
47w 4n 81 -~ B9 NV }
) . 9 o n 90 (lh)y
.2 A 78 D) - 3/ (Lé)é

ls Llieie 4 .'-,‘\tlx.‘\, de“ Les ot the answels Juat aliouve H CalgulaluL

ANBWOLS dre correcl hubt can we devise o wiay {algorithm) o per futm

ERIC. 7

Aruitoxt provided by Eic:



M3.3 . . , : M35

student to calculate
5)2 snd 1a x 16 ; (17)2

)

and 16 x 18 : (16)% and 15 x

)

ﬁLmultamEDugly (13) and 14 x 12
X 1

e .23 x 25 7 29 x 31 7 et

calculat

stj . . . B : - ~ ~
ter, can the above ''quick mefhods' be substantiated by Algebra 7

=

—
i

. g) to facilitate the estimation of roots as

: What whole Aumber cubed seems to be just less than 16327 just
‘bound dﬁd we have an upper bound.

- ’ * ,greater? ,Hence we have a lower
Can we find lower and upper bounds in tenths ? then in hundredths ?
Indeed here dre some important mathematical terms growing from
simple things: upper beound, lower hound, sequénce, limit-- and
students gain a '"feel" for these terms. Calculators can help us  §
V4 1 r=Jearn good mathematics vocabulary. )

5 E

/

‘m

gg ‘ideas of number-theoretic concepts: prime number, factor,
ization. Théfgaare e¥amples,of this-in various sources of
< 5 5 B -
d.uses of the calculator, -
@

h) to de
" fact

oy, T .
‘Cl
\l—“

ac 1 Z
te

"Lﬂ\
y_ym
\m o3
End

L6

L -1) to lead to the idea Df‘sglying'equatiaﬂs_

" What number ”wufKS“ in this expression =- cthat is, what number
‘mdkes. it valid (or makes up the solu -

e ST 5 L 6 ST

- & -
- =

i) to empluy algebr in a new settiug,

I

Althuoust the discussion should Pcljhgpﬁ' coneern the elementary
schowl, ¢t mlgh% be pointed ovut here that the atleupt to solye

#® t oG 43 ]
&

! by Ll s I Lhe valenlat.s td ‘made wasier b Lewgitiog The above as

=

ol [T A P PENETEIN tiian e o n . Locvgpd 1o VEdG. o

:

Albtlica b Lhie waloeulat.n b ol RI [ T O N A T L shiould use 11 @t Iu

5.t to devedop in o LLth;LLgé [ndeed on. us. p1 the

calculator ia fhe B tae tielp devise ways aund skills s L&

nse 1t less !

Compul etz gy e 0l pteat v .lu“‘gu pee et !l\’}nt%. Lrat
appatently the Suman roain alone is able to tack ! the subtler

A8Pecls ot croetbing an cffective ot L-l_’SP\HIL’lL_‘ilQL‘ betweon L_‘\g imal by

matical world el the world of cxperiment aad obscrvaljon.

L

Aruitoxt provided by Eic:

™
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ErY R -
) ! . ¢
- - l, oo J : éﬁ o T
-’ Dne the one hand, mabheﬁgtité iéaéﬁing should bé permeated with
concrete axamples, thCh give an impression of how widely and
diversely mathematical ideas penetrate into, human problems generally, ‘
including everyday, technical and Silénﬁ%fli matters.. ‘On the other

hand, it is®neécessary to tell &4t lecast one lengthy connected st&ry
of the application of mathematics in-real depth. This will amongst

other Ehlngs communicate the mESS%gE that
the whole of any problem mathematically.
of experiment and theory; there must be a

no=-gne can expect to solvé
1here must be an 1ntagraclan
combination of mathematical

investigation with inferences from observation and experiment and

from non-mathematical modes
teaching is a_ good reminder
can be carried out, and can
,aEEemptlng ‘the samj%ét other

of reasoning.

The best primary-school

of how effectively such integration

be an inspiration to those of us =
levels of education. ' '

O

ERIC

Aruitoxt provided by Eic:

13 . . = = N

v

-=Taken from Eh Pr eéldgntial Aadféﬁs v .
e of Sir James Lighthill, F.R.S, : .
as recorded in De glupment in Mahtematical :

Education,. Proceedings of the Second
;ncernaﬁlgnal Congress on Mathematical

Education (Edited by A.G. Howson). =
- N\ Cambridge at the University Press; 1973.
* pp. 95, 98. - : i
¥ . .
; .
-
.
: : ;
)
y
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1 - . [ 9
) M , , ) . - » M4.1
% " Using a Calculator in Seépndaryffgh Dl Mathg@atics‘ ’
) s - .. ] R .
troductign i . ) )

h The third recommendation in the An Agenda for Actloni Reécommendations for

h@al %athematits of the 19 's said ke full advantage

ta
the power of calﬁulatars and computers at ‘all grade 1evel'” Five years earljer v

e NACOME. prDtE stated that all students sh@ul,‘ﬁéve access to a calculator by the;

mé they reach Ehesnlnth grade. While there is some debate on the Fxtent to which

lculators Shauld be used in element’ary 'schoo thate is ﬁear unanimous. agfeemenr that

llmfts Dngcalculator uqage in thE secandary schoal The questlan is

Iere are no EES,

.,

't whether, bud how. - ’ . 3 .

:

In «£his aﬁtigiezwé explore some uség of a_simple scientific hand calculator. (such
. ghe TI-30) in secondary school mathematics: algebra, geometry, trigonometry, aﬁa;géis,
d a taste of calculus. While a few*rof the uses will be examined in detail, most will

"1in the form-of ‘suggestion which the reader is encouraged to pursue and to adapt to

®

b .
.8 own situartion. R e
The princip®l reason for uéing a calculator is to foster r realism 7
to solve realistic problems-with rea s;ic data’using realistic :1guzithms to

obtain reéalistic answers.

Iha'wa?s in which a ca¥eulator can bLe used in seégundary schoul wathewatics have
) : ) 4

en drbltraflly periLiunEd into si=x Caiégu e .
0 NN : .-

I. Af’ithmEEiLiialgulal}ii)ua . ) ' Ty -

[l. Data generation g

L11I. Concept hotivation and reinfolcewdit
i

thmmic and Trigonocmetile caloculallouns

vl de a tirjlt..nlgLuL).
2

v Algourithmic computations (you can perflotw wose i lactdualy
vl Algourlthmic computatiocns (you weuld Never perf.rw withuut o cal wlator),
& : : ;
[tieee LIs olearly a gfay area for ea.h valegor, . X“
. = - Y ) £

The most ohvious use of the hand catcalatur Je te perleow arlcifiecical L alcalatlona

e must be sure, however, Lhat there 1s a real purpuse in doing the calculaclon. Solving
a

15 illustrates the same puinclples as solviug the eguation 3,239x = 15.01

It

ie equation ix

lese the latter equation models some real situation,

A
£
With a caliulator we can deal with small numbers aud laige noumbers el "caleulactors

- e )
splav nuunbers between 10 1oo atid lQl(U)_ We can deal with more accurace physical values.

N éﬂiﬁ *
Q ETRN T,

[ERJ!:( - ' TN A . : ij%@;-

Aruitoxt provided by Eic:



‘- . . i g [ a2 - 7
= . - - ¥ - £l Rl ;
L #{! ' * B p DR L
d N ' - M4, 2
-. R . = ¥ iy, s . '-!”,Fv, =i owendt L ‘-_v e gl Lt e
ixampke. The! le aEan due to gfavizy g, isg appﬁaximately 9.8 m/ ec 2 , buta more
: L R
jccurate value is:gi ven by g\a‘s 70849 (l+ D05288 sin ¢ . 000006 51n2‘2¢)rwh2fe ¢ is
C . . ., ‘
-he laritude in degrees. 7 )
 We can find prime numbers and Pyﬁhagnrean triplés, ‘We can compute. bhe area. of a
_fiaﬁglé using Her@n s formula or A = .5 xy ‘sina . We can. egg;mgte b;ncmial coeffici Qts
ixample. .ﬁaw,many different a) poker (P), b) bridge "(B) hands'are possibTe?
T LI e : 7 - ' = c L . )
o = .
sglution ~ - ;% o T <,
N pew 22 _ 52 X 51 X SD X 49 X 48 N e A s =
) P= (5 ) = T i k2 x 1 .2»598,960 ﬁ -
— _ .52, _ 52 }:51 .;.Q{AQ;{QQ e aen 11 :
b) B = (LB) * 13 %12 x 11 ~ Kmi féétBEDl_x 10 4
. = . - - _ !7. ) N
by calculator using 52 (=] 13 [x]-1-[5]) 12 ---[&] 39. \
(actual vaLuEi 6350l355960@)
We can solve a

WE ‘Fan- Salve a puzzle with an untxpEELEd answer (sege F-33 # M9).

3

ealistic pfablem:‘”

,gi;

xample.’ Giyén a large (right) circular cylindrical storage tank, determine where to

wut .the graduation marks.

4

Lre

We: can even solve a classioow favorite.

xample. (Birthday Problem) Ty .
~Hamp_.e b . - . \

[ a rovm with 1 people, tind the probability that at leaSt twu of Lhem have the

. LB = B Py R e

jame bilrthday. « .
- : N . F . - L
olution., We fiud.l re. (no two peuple have (Lo sawe bLirtlhday) =

| _ 205 K 304 x...% (365 ~ 1ot 1)

365 = 365 x % .365.

!h_gi\}élug_,_x v VAL lwuus 1 oare

K } b .{ 1J U L3 \ e o

Proh w2y, 1 117 L4l 507 706 89,

vbe o las tag 104 Ei] TR [é\ S T P T .

shie Liaud valoatac... (e w 1_!11{/ Eoprhosogys bbb Y P e 2 ia we., Lk e LLJl'hL-L[LE
cpetitive wdalowalrions.  tu designing algorithms, w. oft.on try to .xploit this property.
ﬁﬂﬂkéﬁzi A rtumor (Allscans) 1s statted by one pergon whe tells three QﬁﬁzLa within 15
inutes. These thice peuple eiéh-tell three others within the next 1% minutes and so wa.
ow many people kaow the Lumof at the end ot 2.5 haurs? . ‘_-~..

g ' -~ ] ' 10
elutjen, A little féfiég}i@ﬂ shows Lthe auswer Lo be 5 = 1 + 3 + 37 ¢t E i
e
FEL "';g'_: d . =

O

Aruitoxt provided by Eic:



(1} Fnr which real numhers X 15 the quantity x: (x+l) (x+2) Cx+3) + l a square? :
T (2} Fur which integers n: is n. a factgr_nf (n— ,'? : '

‘(4),
Va«(S) Generate the Fibénacci sequence 1, , 7
| (SUH\ rE}{C.‘ \ lSUHl L EXC \ S What happ2§s to- ghé rat igs gf;suééessiyéif”'
tEtms_ 2/1 3/2, 5/3 8/5 - '7' _ » . ';_ ot
(6) Invesﬁigate prnperties of fractians represeuted by repeating decimals.= g
If*ﬁ%4< even, dividé by Z g

lways ﬁgﬁéined? Huw maﬂy trials,;
3

% 23 + 33 + éBfﬁ:}.:- uétify ycur answer.:’ 3

rfé";.€7) (An ungﬂlved prmblem) Take any iﬁteger n.

if n is=gdd, cnmputé 3n+l

L.’R}gipéat; - Is '

ar ;neadéd to. obtaiﬂ 1 fﬂr a given intégé

,  '1’(85' Flnd*thé ?attérn 7;'f.f :
D 13,713 § 23 13 43
_;,1+2 1+2+3,1

Camment. Ihls fﬂrmulation of a typi:al prgblem requiring mat%ematical inductiﬂn is far )
better ;han the ‘usual: _"Shnw A(n) E(n) for n > 1 uging. Mathematléal iﬂdugtiﬂn . _—
Guassing the rgsult flrst 15 a Wﬂfthwh;lé ExperiEﬁge. ' ' ' '

l ey Sore e Lom . . . .
B .
. i




'farcgment R

g

'III. ancept Motivaticn and

RS In adclit;ign to generati ,L:a tc ald ;Ln a seatch for pat;é é the calculator ‘

; can also be used Eo motivate and fGtEE EDﬁEE?EE,VEEpEﬂial y h se involving functigns.
_ A'(l{' The fact Ehat zhe damaiu of an_ inverse triganometric- unct i n is rastricted
':f;, : ;*q? 15 then fgrgottén By checklng ‘some. values on a:e Vléglator,r"a find thaE

L 1f f(x) = arcsin x, then i'i:“'- 'A‘_;f‘ . 11'7  ) Coe ‘;v; -J:_:‘ i

5% i;;rfﬁA ; f (2n/3) regults “in "Erra: and ';ir_ 3’i R  '?11 _A'i ?;;i~a T ¢;iv'”i

S ,':f(f (Eiﬂ(zﬂ/B) ) = n/3 sincde 27/3 is ot in the dgmaiﬁgjf' B R

g {-xfﬁjﬁjégf Err@r messages result in EryiﬂéﬁtﬁJéﬁéiﬁéféfétﬁéff?$“

o .v;fungtians outside gheir domalﬂs.__ .
: o  (2jﬂ'GnE way to, re;ﬁforca the eoncept Ehat ?1’15 tc-éhtérrén? ﬁpsitivé number - -
‘“a, then repeatedly calculate the: square rgct, that 1sif  ;1 SR n=f’r:= i

R axnra e SRR R

To study Fhe prozess more claseLy tn 1éarn sgmething about Ehe :ata at which

';:pawers ofja apptaach l and- ‘to leafn of tha 1imitatians af the’ calculatar,’we

"could ask

i’(a) for w ich i does it requi:e 20 steps to: reach 1?

(b)nwhat.is the maximum.number of steps for- any-a you céﬂ_dispiayzgn yQu:.--,‘

o %”ﬁ”4;7;'f”"calg r,tsr?¥:~+v+~ﬂv*V»ng~é—yﬁf~<~ >n~;Lwr - ,;A;[Tgf;”5,;f””m“ﬂ;_?f“;M;Jﬁ:;;ﬁ
v  (e) ‘what - ;1lustrate é;# 1 in some éﬁﬁefQ B

happens if we chause a < 09 Can we

Way.L‘a < O 7 o ; . .
. (3). The algor-thm in (2) alsa looked ‘the ideaé f %tion campositicn and
- for i ‘unctions other. than

;rate of g ownh §Eau cau investigate these id s

g (x) gi o - L : | | L
S | i) .A . L ' N . ’ . ._ ‘ ) L L T . ’
Ca)’Enter| 2 | ;2 x> o T i R T o

What- happens for different values of x? Why” g i“f;/~§$-q

| ":1;(b) WhaE is the largest x for which x lexpl [exp\ \expl does mot’ résult in S
B . "Error' (Note' Exp j \INV\\]n[ :"_;-7; fl,. - _ '
SR (E) What happens if. we enter X and calaulate.x \CO$7H rbS [ EOS\..i}i;b

fé)f To. intro@uce a concep;, it is ften affeztive to begin w1th a préblem.;'Such3;

tio and to use the calculator as well 15._’

“a problem. to introdug 'ra o
"Sugpnse Farth_jk rjpresented by a. Qherry—stﬂné '3 mm. in diamater.? Lécaté;ﬂ"

g _and find the apptopriate size Df the Sun. and the neatest star ‘(4. 3 light yeats_

away?"‘:’ B 4 »fzf;i,
}_ -_M-_ L - Egéh}; o | .

) ) | L i .. . 7 !




'51v;* .

 1ogarithﬁE and trigni§metri ;funzt;nns in .
' the bEEk Df e - baok The calﬂulator caﬂtalns thém tc'greater aacufacy. Mbst »alculators.

—fcan handlé angle measuréménts in degrees, radiaﬁs, and grads and can Emplﬂy cammon or ?

-;natural 1anrithms.‘

. ansWers. Rgundﬁnff Error is a tapic for discu551nn'7

fTrig namegrg

rEqu

: agcurate gfaphs EzThe addiﬁlon fgtmulas, the half andsaau

: are then usedaprimarily lﬂ solv1ng trignn@metric equatiuns.~

law can’ be used ff ivaly., We gan verify Taylor apﬁroximaticns.’;

vExam:lE., 

lxl 1,.a imate tha Errgr lsinsx - xl and ‘cos

Trigonomettic d tities :an ‘be” repnsed as trigongmetric Equationsﬂ

Exam le. Solve for X3 :;,‘ ’ f*Q3 Jﬁ.l;- 'ﬂnk l'! ; :i='i-f ';;: "fﬂ'l "v ' '“,f el

(a) siﬂ.ix -‘sin X _Q‘T

: }(b) '8 in\%$ R 2 Sin x %-71’4'”'

"'.;+ arL\ COE x i 2 sttt T . R i c e

1 Lo garlthms and Expanentials

. We can, 1f we w;sh gﬁe anly Qammnﬂ,and natufal 1ogarithms and’ show hat in most i

applications the basg we . choosa daés nut matter _ ;'; L f"“’f'”f_bg%iau‘f;1* ; ];-ﬁ**
EEEEELE* The world' s pnp;iation in 1975 was 4 blllion an%fdoubling EVETY 35 years.:'“”“
Whén wiil_the papulation reac *h ll billian* ' o 2 : : -

: Solution. P (t) =4. Et/35 héfe ﬁ' number of years aftef 1975iflThusﬁﬁe'muét:Sinéﬂfff‘ )
S - S o o T T

_L>£ L 2 t[35 :i - . :

;f : a5 o AOT Z 8 t/35 O\ T T ,'

-as";' 'fjfﬁﬁrif?

i 2N

. X 44715803) | tﬂg'gs'cl dzéslééjﬂ’

:.¢,21*Ff;ﬁ- 130103 -693T4T18

L

1

51 939939-* 52 p '~_51 989939'* 52
o1 gy

Sa thc logarithmic basa usei daes ngt mattar\ e can shcw why e, 15 the’ 'néturél“-base |

by showing haw the quantity (l + lln)ﬁ atises in “a compound interest prablem and then _ o

fiﬁdiﬂg values of (L + 1/:1)7:1 as n increases. “_flb ggii!."'
o - -, - T oo




fThe lefgest
.;If 244§497

44,497 Log 2*
'1;3,394,332‘

e) (1 Dl) X b) (l l) iy e};g__';v e) 1eg 3-;;', 41/-; fer ell feel X eN., : ‘

e, *Whet ie'the lergest pewer of e) 3 b) E E) 12A5’

_ (1n eeientlfie-ﬁetetiﬂﬂ)ﬁ . , |
: :Find the largest x so that O -.ﬁ_ AR Wﬁ- R 7' ST ’ ‘
| 1nl l,lﬂ‘ 1F 1n| doee not- reeulﬁ in® "EITDT S e o

[ [

;;V;"iAlEegiehmie Cemputetione (yeu eeﬂ perfofm more - effectively w;th a eeleuletor)

’(I} ?61yﬁemiel Eveluetien f’:"~£‘-7

The Reme;ndef Theorem givee us. a eenvenient ehert eut fer fi'ding the velue P (b)

i 4

eey‘ for it telle us. thet P (b)

R end R ie easy to’ eempute, T perferm ‘the div1eien»;if

celled for 1n the Remeinder Theerem, we uee eynthetie divieioe '
! ‘ 3 - 2 synthetieelly

Illuetretien l,_ Divide
.¢So "GOﬁ-- Form the errey, noting thetv

the coeffleient ef 3 ie eero. (We;nermekiy":)*

ce the "2" eeeoelete& with the diuieer x = 2 en the right)
. LA v L .

By . d et eemputetion we ;vf

-

The Juotiept QG0 = x® - x% < Zx <'3jthe rematnder R % -3.

I
1
e,

‘l\‘

“also find. ‘that P(2) f i A . _ L B
Syntﬁetie divi E 1e elee known as the nestead multiplieetioﬂ methed of evelueting _

pelynpmiele._ Coneider the. fifth- degree pelynomiel, evelueted et X = 31, o -_ ‘




“Eq;u?%%FQ

| the afiginal fnrm, 5 + 4 + 3 + 2+ 1= 15 multipliuatiaﬁs are required ?iﬁéﬂfiﬁéﬁu

Vadditians.. In Ehe nested fgrm, gnly five multlplicatiuns are requirgd plps’fiﬁe's51

:additigns, it is obviﬂusly the mare Efficléﬁt Eéﬁhﬂd.: 7 :
b ﬁiﬂa alxl f,ag and . b = + b l 3 fa? f;
Vel terms are . RO

rme& iﬁ exactly the same

1 '*theﬁsame thingi_

fIllustratign 2 iﬂg ﬁésﬁgd:mﬁlﬁiﬁliéatiéngithgmpalyn mial in Illust:a:; 71%‘
e 'P(x) 3% b3 ' SR bt i

R

:'  ;jﬁffg  # i'

S x [x (x (x-3))
co ".-,fz[z @2 (2~ -3)) +11.
-Wh, h can. aasily ‘be computedg

-3 'so0 that Pii)f%]ff  L ,
on’a calculataf by first stmring 2 and then worklng from.%>“l

:; Ent1ca1 te thesefin,lll l

the iﬂside out = the ealculatians are R
Nntica that summing the genmetrie ser;es 1 +'3 +'3=“+’;x.g+vB}Qifs%g;Sectlon I) Wl
_ 10 o i

ig- aquivaléﬂt to EValuating'the polynamial P(x) l +.x + xz + ;.i + x when x 3&

(2 ) Qgg@gatic Farmula }'1'”f‘ifw S - - . e
. To solve ax? ¥ bx e =0 o T e

S on a ;aiﬁulataf; we f£if ' 1§t ﬁ’%-bzwg-éac.;, :>;”_:i';xJ' S - Y

"If D - D, the s&lutiaﬂs are givenﬁbf:=fgu S ,' f'f“ EERERRR R e RN o

. ';-ie ",,”;Eb LS S
REh Za . 2a 2a. .~ .0 1

f:EétE that _ ':'

Cr +2(

.n-gf T

Q:This ralatlon suggests a pfagram,




a0 .
o

gj{'“ WE can chgak the salutinn T, ﬁsing ﬁesEedlmuliiPliééEiéﬁ;tD show-
{

t:hat is, . . .‘C e T 'f B R S VLA e R .

o

~;W‘é5%ﬁénts abéut?th pr gram.‘ Storiﬂg numbers ﬁhat are used several timES

;rcgt miis gaad PfactiEE, i; cuts the risk of entry ertors. With just one memgry
,fv

(3j xRandom dijit:

[ ‘_Dne prncedure for generating 5 digii?:g;: ﬁm ﬁﬁmﬁéfS:isﬁ :
(1) Eater .abede (e.g. .71632) IR e IR
L(2). Multiply by.137 . (93 13584) e .

7 '“7(3) Subtract the iﬂtégér pari of the reéﬁli in B) \98 13584) yielding anather

randam numbez ( 13584) Répeat.  - 1"}*; : .;_ , ﬁ’”g' o

[l fIhgugh this’ PIQGEdurE accasiunally fails,. t5ié;iﬁsE§ﬁctiVe.L§ithiﬁé;abgut'vhﬁ*it;;f
works when 1t dDéS. _T- _ u?ﬂ: . _.f;ﬁj' ”J_-: B R T R CELUNFEN TS
h ’Dth passibilities includé..“, » ’

.Sketﬂhiﬂg graphs by galgulating f(a + 11);?ﬁ.=jgi 1, Z; %g‘r;a
-calgulating 1imits - - : ‘ -
finding sums of finite SEfiES : ; _ .‘;: i:;f': _ﬂ;'b e

finding the Equation of a'"liﬂe of best JE4e" or 1east square" 1ine.j This ésﬁ,17

be done, even in Algéhra I, if we plnt _Qints Earefully and simply ayeﬁgll"':

the answar."

- One mugt exercise cautian, hawever, becaQSEnaf round—aff error. f_ ‘ii R

;E'imgle._ Graph f(x) Slﬂ ZOﬁx, = 1 ﬁ x <1y We wauld get a mistaken impressicﬂ of thlS‘
_graph if we, ca;culated f(fl,+ «1n), n'= 0, 1, 2 S o B

F;f,,, Elg. Fiﬁd 11m (
. X s _ . L : .
.,_Calculaticm gi‘ves S S Lo - T T o .
. 7 . 6 l cund ‘ g l 9 : . Cos P -
x§ . 10% | 10° |, 10° |10’ ) 10° | 100 - dy o o
L, 99995 [.9999 .999 1 .99 :[ 9 | o R LT ‘

'T‘he limit is 1, rgund-aff error affected thé# éalculatiahs for x > 105

[Kc

wll Toxt Provided by ERIC



i-f S Wé cnuld giveﬁa miﬂisgaurse in numerical analysis in this sectinn but we g

‘:Lrestrigt nurselvea ta twn nntinns*A (l) increased usa cf trial and errgr, and

terativ& methqu to snlve Equatians and 1inear syst@ms..;f f ”’E'7L' 3-,5;:» Ly

TriaI’and Er,,,'.f‘ ;‘;;__'3? : _t :;:f*f - . f_ IR e
,,,,,, or e s 1 _
Begause tha calculator allawa us ta perform a great many cnmputatiaﬂEAJn a.

c__lgsﬁ

) h'”t tlme a basig trlal and errﬂr'strategy is then practical and efflclent.

]q:Ex Ele. 1, ygu invast $10DD at an annual parcentagg rate cf 9 23? hDW lang‘will\
, ‘ A\

S ip taka you ‘to" ﬁriple your mgney? bi;,*:;‘ S et

"QTSolution. Th% problem ds.. equivalent tﬁ gnlving the Equatian (1. 6923}x~

 which Ean hé déna using 1anrithm5. However, a 7th grader caﬁ SQlVE tha

t:.qslng trial aﬁd error as- fnllnws

9921 5‘1‘0\- [RC.L\ . "7

':Shaws Zi{-i < 13%§\£urther ghecking ShQWS (1 0923)

2.2, - 3, 0149a ’;itzﬁﬁkééfi;‘

Vappfpximately 12.5: ‘years A _ _
.::'Eiagg;gg ‘The safe Lcad fag a beam af given 1eng§h varies jaintly as tha braadth b Vi;-V

»and thebsquare cf the depth (sea Flgufe ‘.. What is the appréﬁimate breadtb aﬁd
”‘depth of - the strcngest beam which can be cut from a cylindr}cal 1cg -of diameteE-ZE quii:;

j"r

73*SDluzlcn.i; - ;_f

C _ R - fi Figuré- _ o , . A 1 ‘
-8ine ce s varies Jaintly as b and d ‘we, kﬂ@w s E"'chc:l;‘r:; ‘The problem, ﬁéwstiS{tO';’ ’?

:;'Estimaié the values of b anﬂ d fc: which s is the largest; Wg_make_g_tébléﬂaﬁi; 
. praceed by trial and error. ' e 1  _ f 1_“ e o F':F; o

Co oy a = kbd?

I — - . S

<. 100 525 ;ugzsok_n_;av- s
o an | oses | sshdk
S I N T:F O W74
o a3 | ase | 5928k
oo T a9 0 | 6006k
‘ S0 s T ool 6000k
St | 369 | sgomk
RS YA N - R N 72E

The Pyﬁhagorean Thaorem tells as ' o ‘_" IR i
L ateas? bl 625 bz ® ’ I
' Lgcking at the table, we see th th a largest value of s o6ceurs whEﬁ 14 % b < 15

To get a more - accurste Estimate' e ake another tabié;(j

ERIC | & ome 7 s e




o 95'%:k§d2‘ o
| 429.00 | 6006.0k o .
426019 6009.3k
423,36 | 60117k
74200510 ] Te013.3k - o
"3'}417 64 | 6014:0K- e LT
Vatis | eoisox b SUR TN L
6012.7K 0
.7§oiiipg T
6008.2k
6004 ékv*‘~‘4{f;f
60D0 0k ST

0
T o

"'”&Gz 99‘
400 ou

T 1800
: By examining Ehis table, we
Cand d % 417.64 % 20.4.
. A Eylindrical

minimum surface aréa.”

5“Salutian_r This pfﬂblem

:»by trlal and e:tcr;_wﬂ a ,j-“f _~ =Jt_:_.=?

- *g‘ff;ﬂf55(E?f*"*f’

I
iy
H
-
+
%)
=
(2]
Fa
G
>
il
iyt
=l
"
I
g
(]
(1]
]
H
1
M
L

Il
=
L]
Lo

e,

. TRV,
i )
iy}
ot
=]

i

g

=
W

[

|

lﬂWhEﬂ f is small SA(r) 15 large and whé r is large SA(f) is'alsﬂ'lf,g, Thus SA(r) -
}'has a mlnlmum and its gzaph resembles Flgure l After a 1ittla che k ng, we make '

; a- table cf values for l 5 2 r £ 2 5.

v cosa) | 8o, 80 ]79.59 | 76.98 | 75.91 | 75.31. | 75.13,

I‘Figﬁféi . R "ﬂr_:f-vzgiifllﬁ;z,z>v R
L . S K B ToE an T R

g

—-aﬂétﬁéf?taﬁléiaf véldésifgf L

_obtain.a more- sccurate:answer. -

‘iz) Iteratlan S

: ' ’ : : : .
Our dls:ussign of 1tératian 15 given in pﬂrtiéns of seyeral artlcles R

' canaérning iterativa mathads in solving Equatiaﬂs (iﬂ one variable) and liﬂear?snd
non-lifear syétams;f We interject some pEfSDﬁal ccmments frcm time to time.:r -

i _ _ .
e —— - T n 3

LRy L e




‘;leed F‘cmt lteratlen—An- Inferéstmg \,Way ,ta
Begln a CalcuTus CQurse .

: nal approaches am;l whu:h is ideal far the ise L

ulamr as well. Fixed me Treration (FFT sométimes- called . Plcard

. , it-finding" algunlhm -discussed - in .most :lr;m@mary ‘nunie

. analysis buoks (e.g., 1. 3p and in:at least two ngwer calculus

< illustrate: our uppruach we examine, in.detail, one. :xamplg wh
first few days af lhe cnurse Wc co m:ludﬁ wuh a dlSEUSSlGﬂ af tﬁf; ad : ,nlgges Df lh‘

"‘”melhod""‘ B : T :

;_‘An Example B

- The falluwmg Qul]mg af a t:lassmam sccnana cavers lh fu‘sl f:" da
.SDmE paraphmsmg and condéﬁsmg have abvmusly be ]

' T‘EAquR Naw thaL lh: meehamcs nf the CDUI‘SE are &lcar solv
pmbl\:m : T : e e

o Pmb!em. : F:nd the roots af s; = 3.:? + l = O Hnw many rm:ts sre Lher:? Huw
could you find. lhem? e .
’-"VLASS Three mms Sketch t.he graph ‘The n:as are

S ﬂ{r,-il J{rﬁ:z ' ;:::;-»:—1

T'f How ccmld we find’ 7y to three dec:mal pia:e aeeuracy?
SC * Try the bisection method [or words to lhat gffecl]
+ Use your calculator to find - .

" Each student . perfgrms compmau‘bns o d:trsr’mmg lhal Fl 347 Dne such:
Gompumtmm L . ,
A ) S

L £

x 05 -3 a4 ,35 -,=i345 347 348 X, el ;,7 -1,5 .
x¥=3x 411V =375 127 ailzs ,Ecm 006 ooos - cms 5 1090333 - ~.791666 ..
o o o _ SRR 333879 . .1nff§k§.: S
. L R = o ce LT J3eT06 ¢ L 3mkel2 -
_ S L3H7105 .. .. 305855 -
) o | L7273 - . 34T7123
'T What if we. wamrsd six- placg accuracy? Is there a more a;:c-urale and efﬁclznl L3uT294 \ .311'?275

method? Let me suggest . one possibility: To fmd an x satisfying x’ =3x +1=0": =~ . 37ees N LRuTash

.. : 96 -
. is_equivalent 1o finding an’x satisfying x = (: +1)/3. Wuh yaur ‘caleulators, . L 73”?,975- o 333295 O
- choose ‘an initial; guc;ss xin: (D 1), m:»

i EEEEEA L
1té using xa(: + l)/3 and ‘see whal T
' ;hdppens L e - ;
WIlh x =5 for Example we nblam Xy= 5 ,r,, = 375 X, = 3509“ X3 = 347737
Xy = 34735@ X5 = 347363 Xy = 347297 X7 = 347296 Xg = .347296,

!:"i 51_85 I;- !;;:’

SRR . - o 2
_T: Notice thal we cap stop when two. consecutive iterates are u:ienm:al Whal Lk e
valu&s of x, could be LﬁGSEﬂ as the mmal guess‘? T - _ ok -15%3';?%
The students check several pass:b;hueagn thclr eﬂculatﬁrs Tablc: l ;lluslrﬂlﬂ mme \ :1a713§. i . -
af t cases, e : i} L _ Co 33 -2ei3isen -
T% Thus f o  root; ' T
us for :—J 85 < x5 € 1,50 (appraxlmalely) the iterates converge J0 lhe root; L7209k
Dlhéﬁ\"lse they dw:rge 1w +e& or ~ oo, These results raise (at leasf) twn qm:;— Coe . BTG
tions: _ ) W« 347290
8 ©o [ e
.1) Under whal candman(s) will this algcmhm vmrk? o e R
(2) Hnw can_we fmdnlhg mher lwo roots? . T _ - L . L




an mterva] of Jenglh (

1).

and apply g we obtain.

gug;s Xo = 2. we oblain the results in Figure 2 1
- Interval /) is four times as lnng as the.intervai of lerlglh l shmn 2’ !;
- s long. We observed thatan initial gu :
mm.;l gues; of Iu = 2 did nm - )

Ig(:o+r=) s(x‘dﬂ)l*ilé *
e ) = g (X €) ] e ih e e T A R R
R B 1 ) Bl (S ok L i ikl LT

B Af!er a bn:f mtumv: dlscussmn of lh: slgmf:caﬂce af l|m e——iD we make lhe Ty "

Deﬂnltlan. Th= magmf Tcation jaa:‘tar r:f g(:) a[ Jl- - *‘fu u
N .
R MF(E(IQ)) = hm —'g(; 0. E) g(:ﬂ E)

© L 2e

_Th:s deﬁnmon leads naturally le the e

Theorem. . The Fixed Pam( I:ergnan Algamhm canygrge: ;f' IMF( g(:))l { l farfji

"valugs of x near the initial gue ) _ .
T F'Qfg(;:)=-(x + l)/3 wehmi R R

| Mr(g(:o)) hm §(j‘:ﬂ+ E)‘l; (%n“‘z)x xé _ * .

sc: thst t‘:c\nvergence ;s guaramczd if xd< 1 ie, =1 < x <. Expenmgmally we

_saw th;n convergence “occurred for lht: k;nger mlenfal (— l 85 1. 5)

C)bvmusly the Mmagnification factor is one interpretat

prublgm a bit more before so damg e Lo
T: How abuut finding the other o rmts? S B o

C Dmde x=3x + 1 by x - 347295 and solve th: resuhmg equatu:m usmg the

quadrauc formula ‘
:‘\V_e gbtain =’ ‘ e
S A m ('~ 347296)(x? + 347296 x = 2.87939) .
mtha( o o o :J
EKC o = 153209, rae —187939, 797

wll Toxt Provided by ERIC

jvior, let us sée what happens Whéa !
,bgul x for. sever&l dxffgrgm Vijuaf;_- :

=5

If we m:w ' take -an mt:ﬁigl Gf lgnglb 1 abaut lhe ﬁE\V gusss, 375 ([ 325. 4251) )

If. 'on the-other hand, we perform a similar set Df cumpumuun wnth the.ini il

on of thi“first denvauve and :
we can make the formal -definition any time.after lhls pﬂml I pn:fer to- :xphlt lhi- .

‘Pigure 3

{1t may happen that g(xg = ) = g(;;,) and glxp + O < glxgd]

gt .



: W: musl n:wrne x3= 3: + ! =

) usmg o i:r cl;mce(s) for: ( ,so-lhm
5(;) dnd MF( g(x)) < 1 i e 5 x\i : _f(:)

; 5 a\nd .: nearmz Giow

(and pa;sxbly mh:rs) are. analy:ed and the rmls r2
- ': apprﬁpnalc ehmccs fnr g(:)

= befafe ltéf,tlﬁg.» Slmply rewrité Lhe
: ’), chaasa an 1n1tlal guess xD, aﬁ‘

"-ﬁ'd armthez way t;cn I'EWTELEE f(x) 0.. A
: : ﬁ the :

SR :W: rle dlscuss anathe' mgthad that is- Df gEﬁeral apphcabnhiy, and whlch alsD :
Ll lets us, dev:lop some nezessary theory; We begin with the aquatmn f(x).= 0, and *
o rearrangﬁ it mto an eqmvalent ExprEsSan_Df the Earm CTE 4

' _: L A e g(x) . such that lf f(r) ~g(r) P : L 1 ;, ; o _ :
Undf:r 'smtable condmcns whu:h we dEVElQp belc;w the algamhm CelE e
,v't i -A -:1 ) g(xﬂ)‘ ; 1 2 3’ ; ‘

wxll cnnverg«: ta a zgm cf f(x) Canmdefa smiple example. SRR .

;3 = -Jg 637 3 104,

. e . X N R = ) Cel it L -(_--‘j'ii" i ] {,
e i = JO208 = 3034, L e
' TR W 3.011, &f ’ . :

. R (T’hls is only one af many pDSSIbI: :eafraﬁgemems ) T'he vannus uerates appear to
i énnverge to-x. =3, . o ' ; 8 e

L The. equahpﬂ f(:c) = x? 2:: - 3 = ( can be rearrangsd in other ways alsa oo TR

"~ For exa_mplg, x=3/(x + 2) is an alternamre rearrangemznt pf /fcrm :.':) g(;) If : ’ o

3 .004.

l’.v

et . 71 & . o
e el - ,é‘ X3 - E - - =
P e ] :
: = w 4 v .
* . e " L WAt
.- 4 ) :
¥ £ # N
' ‘ * g' Py

Note that this converges, but to the root at x 2 :
rather than cqnvergs manatamcally o o : ‘

]

|
)
5
Ch
o~
=l
B
-,
—
=
L]
N N
g
B
-
1]
W
[=]
W
o
—
B
—
1]

'

4

Q "The: mGthDd’ls énllsd hy sam: authafs s; ,ply ":he methnd a?;g!ra jon® - ¥ o T
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' rFxgure Lll'.ﬂlustratgs the several Cases (a) ShDWS mnnammc cﬂnvergence
shows asmllamry mnverg:nce‘ andg(c) shows- dwgrgu:nc” For a fum‘:nan'
g(x)‘ the salutx_an is, .at the mters: ion of the 'line y, = X with the curve”
i ,lly m the curve ancf then hnrlzanmlly m o

le :IZ’E oL .
- | 3TIHM.00

enb:
u

"0aanNg .

i = 'x ya8>

('x)8 =

uammm "‘qﬂmwjp-ﬁnm
| Aew: poyati. ayy -aroN

ayi sfueuiesy:

m Syiaiadueires) 3

\
"M\m-]mj:nq_- ummﬂsz st poat

18 381aau00
Yy 101} JUISHIP 1001 B O

{“sorei Juarapip
DRELEIE

.

SN0 ‘!‘gwh P

e : . e , _
“Solve for x: .2 .cos 3 ' x = tan® x; *2}: ‘e
Railroad ‘track pro bl em (see" papérﬂ Fy - Suppase a S:LDDO font ; ‘ X
long railroad ‘rail- "is 'solidly- anchored ‘at both e dug"‘(}';o::e__x-' apsion

‘ II’I

I S

v;x:
€

, joimts)y - ‘When the. rail-. is hot, 'if’,’*ér';;paﬁdsxgby_;{_t £ CHOW T e

: S high.off the. graund; s the midpoint of:
Cor e (3) . -For which’ ‘real numbers b.does the equat
o v b)) 1.oe) 2 saluticﬂs'}s TE :

R ;5'-'?.,,,;_(4()%; Give an example of two parabolas.whose graphs intersect in
- exactly-a)0. b) L "’c); d) 3 e). 4 '

T

’I"T an’
Ll

i 7 We.nmow look -at "iﬁera ve methods for solwvir

Q o o - . . . (;’“_V;A T . 7 .

¥
PAruntext provided oy enic [N oz

o,



R solvmg syst:rﬁs of cquations. We~ slml
@ . .. .. - Atthe close of the scction we- shal
. L :hmmanan method and th
;W’( mlmduc; an.i

o Naw make a g‘ﬁe&s at the saluuan, say x
o ~Th¢: accuracy of the guess ‘

' ,:- = .+ approximation. We ¢ : l _ym’ % I (m ; l ,
: Y. substituge thfse=value to thc nght sxde of system (2)1«3 gf:t \ralu 5 ¢
’. § {1 o -

X, and z that we der

to s&s em (2) to’ ggt

hen subsu Euggc!__agéin ,

- P J 5(2) =1. 5 - ;yﬁ!) = _07’ 3(2“ 5.5 45 B
o v LT X . :
. 4 . = 5 By
s 4. " . The process is eptated to gc:t X0 J( » aid iz (3, Etc.: Repeatmg ‘the *
. 3 r ’non wxll undgr g:rtam EDﬁdltle, nge usa bettf:r apprcmmanmi 0

H_E;;GEEM 41, Let A be-the matr

' in n L*a’r?ﬂbls:i [f , .
- ','Iaii!’ >Z";_,!jl:,|_: '_ w/?éfé?»l: :‘ 1 ,_‘”25 . s fl ’ n i '{)- e a,-_; L5 ;-.
. L

u;"x a umf,mf' m/uimn and ”.YE zterrztz ve méllmd" o
converges tn this Hnique solution no muller, what ﬂalua are selected far z[;g
mzlrr‘z! quess. ’ . .

I!n n t/zr’ \]‘/E’"l ry’ H[Hz:z[lm

T hlus this e lh

lfir\-'@.s We see let the

ERIC™

r Cs T o



s

dva able varmus’sw:ftly ccm ::rgent mct]x@ds
l’:tquatmns ‘ C :

_rm::rr: T'lpld cnnvergence The lategt val'
- ;mt,a system (2) at Q“lCh Stﬁgt T

" 1 tc:ra:'t,_imi'

,‘:k
W

- Initial GUESS D DR

Al 05

2 C L6

T3 L7 T
L 2.024167 -
©.02.009167 - 1, nmags_

2:00143] =1<3c»0417 C

. 5

FULE 5 :

L6375 e L0125 - 6184375 4
- 2.034896°7 - - 1.043854 . : 5.993516
© 72018337 ¢ e — 101411 > 5,993584 ¢
' ,=D 998597 - 757999949 .. -
—0.9998945°__ ..6.000212" .

S Tables 4-1 .m;l lsﬁ. L; VL ll
Th('y 1llustmu the (m-nss ‘ﬁudi] r’mlhnd swnure l"’lpld f"Dn
i‘,“x;l,(.[éullillnn o . ‘. S e e IlﬁihMl}thﬂd

LT ;: N Gi’luss Scldd M

gt ]ts ul;l.,umd [ur Llus p.;rnuul’ar system.
vergence'to the

0.000417 0002625

D ODMBI ) el
) - 0.0001055  °0,000212 -

,much man rapld]y

i

feys : Cap e
,,?. i .

gé'mmgnc,s (1. TEL]JEIQH warks equally Nell

e b ‘Examgle

PAruntext provided by eric = : . = : . " . B =



' . ' ; -~ .
; . M417
(2) A flow. chart for sclv;ngi, 3 by 3 linear system#us ingsiteratiﬂn
(if-applicable) on a calculacur with a single memory and an exchange
key is )
th tial guess for =z

EXC ;j Repeat ;

_ompute =z ?;'

EXC o ‘ .

‘:“&s s - =
) ’ ‘— 4 N i £

Let us now compare the Gaussian eliminanon mtllmd with the
Giauss-Seidet iterative method. .

The Gaussian r‘!;mmaliﬂu method 1s finite and deads to a solution
lur-any system ol linear cquativns,  The Gauss-Scidel method conve rges
only for special systems of eqdations; thus 1t can only be used for sdch
systerms; /£ :

A second factor Df companson must be the efficiency of the two
methods, o function of the number of arithmetic operations- (addition,
substrae ﬁ‘un, maltiplication, and division) involved i each method. For

a system ol #n cquations in n vanables where the solution 1s unique,
Gaussian elimination involves (42 + 9n* —~ 7n)/6 arthmetic npmatinns
The Gituss-Seidel method reqiires 2n7 — n arithmetic operatipns per
ieration  For large values of 7, the number of arithmetic operatjions
‘required by each methad s, respectively, dppr()x;fmnmzly 27°/3 and 2n?
per iterationy  Theretore, 1F the number of iterations is less than or cqual
ter 2/ then o dferatee e g heod ricpres fower arithinetic Opions
As a specihic exaruple, consider a system of 300 equations in 300 variables
: Eliminaton requires IH}UE‘)U,DUD operations, wliereas iteration requires
180,000 epcrations per iteration  For 100 or fewer itcrations the Gauss-
seidel method involves Tess arithien | 1t is more etficient It should be
staled that the Gadsatan climination s thod s olves moveicont of daca,
ot examiple, soveral rows may tced o e tataichianged  This s tinoe
consumbng atd coatly un computers Inoaus, processes sollor noach loss
from this factor  Thus, even il the number of terations is more than nl3,
Herationn miay dgulre It as tumputer tnu
A tnallacton i the o ulll[hl‘l'i‘ihll [¥1 Y O T TTTENY FYRSY IS PR TR
ot the anethods Ronnd-ofl errors are mintnosed a the Gaoasian eliaana
non miethod by asing the prvoting te hiigue  However they can stll be

sizeable  The conos in the Gauss Seidel bl on the athes hand, aic

O
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SETS OF NONLINEAR EQUATIONS

As mentioned prevmusly the problem of finding the solution of a set of non-
linear equations is fuch more difficult than for tinear equations, (In fact, some sets
have no real solutions.) Consider the example of a pair of nonlinear equations:

5,

T ;
PrEes (224

ef+y =1

Graphu:ally‘ the solution to this system is represented by the intersections of | ’
the circle x? + v = 4 with !h: curve y = 1~ ¢*. Figure 2.4 shows that these
aré near (-1.8,08) and (1, ~17). We can use the meth?&_‘:ﬂf iteration 10
improve these approximations. Just a in Section 5, Chapter 1;We rearrange both
equations 0 a form of the pattern x = f(x.y), y =.g(x.y), and use the method af
iteration on each equation in turn. Under propet condmons these will con-
verge. For example, if we rearrange Eqgs. (2.24) in the form v

r=efl-y, (= signfor leftmﬂs.t rmt),

£

y=l=¢,

RSN |

L}
oo o

1%

#ut J

Figurs 24

O

) . ’ .
| ;

- xvalues:

™

we get the following successive values, beginning wuh v, = 08 in the first
equation; |

=183 -1815 o
7N 200N /‘
y-values: (.8 (.84 08372

—lﬁlél . -18162
08374
When we beginaty = - 1.7 to find lhE root to the right of the origin, we et

1 ] Oﬁ 0.743 1669 -
AN /0N 2N
=17 -1.857 -1.102

Imaginary value

~4.307

e,

The equations diverge! (Bcgmnmé, with x = LU in the SEL‘Dnd equation is 1o
help. This also diverges.) However, with a dlﬁcrcnt rearrangement of the ongmal

equations, such a .o
1=l - y) o 4 025,
N 23
y=a/d = (= sign for rightmost root),
We get |
o 0993 1006 LOOI y 10042 10042
20N 72N P VN
gooLT M6 -1 o179 o179

The pair of remranggd equations in (2.25) comerges.
Some of the difficulties with sets of nonlincar equations are apparent fro
this simple example. If there are more lhan two equations in the system, finding

convergent form of the equalions is increasingly difficult. A criterion for o |
vergence (sufficiency condition nn}y) is as follows:

The set of equariohs .
= flapa ) yEglona ) e by
will converge if. in anvintervul about the roor ¢
IARAIARAEIE S
‘gxl |gy| gzl ! = L ':«) | )
BEC R S o
<1

L the abuve incqualitics the subsciipt nutalivin Jeslghates patual deriy
tin:; Cr,i b liﬂg all Lhe parligl dEl‘iVﬂ[iV:s .:md knuwmg where the ool is !

cﬂrr&sp@n’_lngly dlﬁ"lcull
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Theﬁﬂause That Jack Built
» Jason W. Brunk
R . . ... . DOhio University.

On_any given job the EaglAyuu are most- likely to need is qﬁt one you left

’ at the gha (Brunk's Fourth Law). Of course, if all you own ake a hammer ‘and

*a screwdriver you can forget Brunk's Law. Just bring your whole Sth Unfor=
tunately. that won't work for me. I am so intrigued by, man"s 1ngenu1ty in
dev1siﬂg tools that extend his capabllltles hat I'11l buy a new tool at the
drop of a plumb bob. My wife says ['m a togl addict. It's true. Irget with-
drawal E?%ptams if T can't find my retracting tape measure.

As you acquire more tools you make any jOb pmtentlally easier, but you
also increase tﬁe risk that you will fall VlCtlm to .Brunk's Law. Like Murphy's
laws, Brunk's®laws are natural laws; they can't be fepealed; All you can do
is aceamm@date yourself to them. This isn't really so difficult. The trick is

‘to develop a certain flexibility of attitude--a problem sclving orientation.

You stop thinking narrowly of a hammer as something to drive a nail or of a

"screwdriver as something to turn a screw. Rather, you concentrate on the de-

mands of the®task and ask, "Given the resources at hand, how can I best solve
this problem?" Of course, as any craftsman will tell you, i€ is better to use
the tool designed for the job. But we are talking here about emergencies.

Three years ago I decided to design®and build an energy efficient house.
[ am neither an architect nor a builder. But I discovered Early on that you

can do almcst anything if you are willing to wgrk at it (Brunk's Third Law).

-

[ncidentally, it seems to me that the WDfld is full of paapie who are in-
timidated by machines, mathematics, new ventures, ‘dnd anything mysterious or
unknown. They seem to develop little anxieties about these things and build
themselves into p%ychmlaglcal playpens. Playpens (underline pens) are fine for

- roys, put they offer a q;;iuugly restricted environment and limited opportunity

for explcfatlcu and growth, as any ten-mohth’ bld?infant will effectively inform
you. .
®
Anyway, 1 set out to build my digam house, and voe of my flist etlforts
was to add a few new twols o my shop. Now my wife was not too disturbed
when she learned that [ wanted to putchase a new hammer, a crowbar, and a
50 foot Lape measure. Nor was {t very difricult toe convincee her that I nceded
a new purtable power saw. But when T mentioned yeeding a calculatur- with
square root, yet--she objected., Nobody builds houses with square roots.

It's hard (o rebdl the polut. | have ovbacCved many oafpenlérs ol WOTL

and L've never Seen one employ the square 1oot algorithm. Yet they still build

heuses because they know little tricks. such tricks work (though the carpenter
may not know why), but the tricks are limlted and intlexible. If the carpenter
faces a problem he has never faced betore he may be defeated. I'11 tell you

more about that later, The problem at the mument is not squadre root but square

dttitudes.

O wossrae . bovan bulld a house withoul o caleulator U can Jdilve a nall
witte a plece of oue lach pipe If no hammer (5 avallable, Lol & hoammer wares 1L
casier, and | can do a better job. A calculator makes the job easier also, and
vou never hit your thumb'with it. ' '

a" ’v,:,“
- .
[
O
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Well, I got the calculaﬁéfsggquéte root é@diéll, and, as it turned out,

the calculator was probably the mdst valuable addition to my shop that I could

have made. I used it in every phase of planning, building, and accounting.

In determining needed materials, for example, I had to calculate (1) quan-
titites, such as number of bricks and concrete blocks, (2) linear measures,
such as perimeter (e.g., drain tile around base of house and termite shield),
length of electrical wire, and length of water pipe, (3) drea;“such as roof;
floor, and walls (for plywood, wallboard, and psinc)* (4) volume, such as con-
. crete and insulation (concrete is sold by the cubic yard but is gsually placed as
" covering an area to a spacified_ﬁhickness)g ’

1 also had éa make other kinds of calculations. There wete problems in- |
volving (5) conversions, such as in buying lumher. Lumber in quantity is sold
as board feet (a piece of wood one inch thicdk and twelve inches square or the
equivalent).* (6) lay-outs for foundations, rooms, staircases and roof angles.
(7) formulas, for example, calculating heat loss through walls of different
insulating values and amount of insulation needed. (8) financial matters,

I used all four basic operations, algebraic equations, the Pythagorean theorem,
square root, decimals, reciprocals, percentage, ratio, and conversions.

In thé following paragraphs 1['ll describe in detail a number of examples
of tﬁe above applications and attempt to illustrate the versatility of the cal-
culator in building as T used it. No doubt the reader will think of numerous
adaptations of these examples.

One of the very first problems in the agtual construction of a new building
is laying out the foundation. In designing the house the square corners are
achieved with a T-square.and a right angle triangle on a piece ot drawing paper
on your kitchen table. ;In making small projects in the workshop an 18" x 24"
carpenter's square is a good tool. But when you walk out onto that big grassy
field to stake out the cofners of your dream house--a house that you fully -
intend to be perfect--you want the rectangles to be true and the coruers to be
square. But how? There is no giaut T-square available. T could have measured
oft the rectangle approximately and then measured the cuiuers diagonally until
the two diaggLalé were 5qualx=a very cumbersome tiial and error procedure.. More
ovet, in addition tu the main foundation, [ would )

Qi é.

e - Lasabink
) S

1 [ ST SR I O S [_)LlL\,.h;b_ FEYUYY S R f o (R T T S O S S S

5 e urae, | okoow ol the 34 5 rule Liat calpentels 3 . Thi. tule cv 1 ilck 1a

#An elght rovot leng Leard twe loches thot b oaod Lo btos hes wids won B vontaly,

5-1/¥ board teet. 2" x 47 x 96" .
lé;é;” = 1 331 foel,

O
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simply a particular application of the Pythagorean theorem.

2002 2

3"+ 47 = 5 or

an? 22

307 + 407 = 50 .
=
-

Having established the correct §;; tions of two sides of the foundation,
you merely extend the sides to the correct length. Then you continue with the
3-4-5 rule at each of the two other corners and thereby complete the four sides

. with 90° corners. : : '

This procedure is generally empluyed and the small error--probably several
inches=-1is ignored. [ was not willing tu accept the prubable error of this
method. Therefore, | chose tu use the Pythagoream theorem as calculated in
figure 3a -

R
[ Ny *"”*K4‘E 5~
; | | |
|
mj;; F~,.<2’ — _
: ¥ .
/5 S 7
) .
FLGUKE 3a
, - 63
3/ ¥
<
~
, , | ]
¥ 7 T
. Vo o !
D |
JYRE st Lo T !
I
4012 48uvy l
[T I I (73 R ?
i [, i [ E S ST PUURS DI | T Loy Lo I | 1
AR} l#l

ooy s o [ A B S S ve o0 s e, [ L T e T T ¢ i . cLoa e

o v lative.  There s always 4 .me 1o The nque . cion s siaply bW vuch erte,
i ) § 2l
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ERIC -

Aruitoxt provided by Eic:






T o
po

is tolérable.” [ have lived in houses where the corners were so crooked that
kitchen gounter tops would not fit without making them cra?ﬁed also. 1've

had houses where,_because the floor was not level, the file Qab;néﬁ drawers .

would ot stay closed. In one house T put up a shelf in my son's bedroom for
his Loys. The shelf was level but the ceiling was not. Since we tend to

om is square, plumb, and level, it becomes the frame of refer-
tl the shelf fEEéafEd to be going up hill. It loocked bad.

W

Y,
it-- mike it unlevel=-so it appeared level. And his toys
1 :

When planning a co -
to calculate the number Df bl cks or bricks you need. You do
out becauge, at least with bflcks‘ you may not be able to mat
ther The supplier doesn
S0 you h;ve wasggd matarials (l st ney) plus the problem of dis
surplus. . . . .

lt's a straightforward problem, however. Calculate the area in square fe
C of wiiduws dunra or wallE of other material %uth as wacd Ta
g k

Ly
[nn
P

g B
a EDDE Qf wall), Ruund up tu Eha nearest thuusand and Dfdar Ehe
ck re's a little more to it if you have a brick chimney or some other
ture, but the principle is the Some masons are more wasteful than
er it

[T El 2 ot
=
o

fea same.

others. decided to order an extra thousand bricks to-be safe. 1 figured.
['d build an outdoor fireplace with ihe excess. As {t turns out my original
estimate was almost perfect. But I haven't had time to build the fireplace.
Calculators don't help you much with that problem

Une vl my most interesting problems was building the stajrcase.! Oue ut
the carpenters recommended that [ get a local lumber company to prefabricate
it. I called one lumber company and found that it would cost about $800 for
the staircase (1978 estimate). Maybe they planned to use silver uails, but
T couldn't see $800 for one staircase--especially when 1 needed two of them.
I decided to do it myself. [ had never made one and didu't know huow. Never
Ehﬁlé%s, [ purchased three 2 x 10's, each fourteen feet long, for about $27.
[ laid vue 2 x 10 acruss two saw horses and plotted the appropriace cuts.

Now thal la aun lnteresting problew Huw many sleps ate Lhere Lo be?  How
high Is each step to be? How deep should each step be (1ronc to back)?  aud

how Ju yuu get the whele thing to ome vul even and level?

Pliao, | tigured (hie sngle that the warilage (the 2 4 1O Ui Lot e
fadivtdual steps) should ve. Tuen | figured each step -iche riser aad the Lread
dimensions (see Figure 4). [lhere 1s an old (ule (hat says the rise of /the seep
plus the depth ot the step (the Liecdd) oshould equal atout 17 laches vonsideriig,
the Jdimeusions had to work wiLh*-flgul-tuﬂflugL lo fixed- -1 deteramined that
eact riser would be /-11/16" with 14 steps, which is close to optimal, and that

—

‘would give a tread-of 9-1/2"

1 h;%xn the Llayoub uslog the I otbhiapotcan theosem Ly gul the angles al 10N
Luo tn checktog wmy work | dis.oveied how Lo uue the cuarpente: 's Lyudre (o @0 Lhe
juh iU ds wuth siaple, So Lodidn't need Lhc Ldl.uldLUL for LhdL jul. afte:r

“all, but 1 Jdidan't tell my wife. When yuou dun t ueed numt[hin uu ve bou ht
¥ b i} B J - bouphil
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‘ The pr@blem [ had the most fun solving was that of determining haw to
insulate the walls. There are really several problems involved in this deci-
sio ‘Every kird of material--bricks, wood, plasterboard, air, and fiber -
(8 glass, for example--has some insulating value, usually expressed as an R value
R stunds for resistance to heat loss. 1herefgpg, the higher the R.value the
rt of the material. 'R values are usually expressed
7 r. square .foot ef area, except that manufacturers
of batts and roll type insulation usually give the total R value for the parti-
;ulaf thickness being sold (e.g., six lnch fiber glass batts are rated R-19.

The? asgo;;ated R value per inch of thickaéss is tlerefure 51 ghtly over three.)
: S

re many types gf al in%ulstiaﬁ available. They have dif-
. lu . LS irements. Selec-
he. ¥best” lDSUIaELDD therefér:-is very ;Dmplax. ﬂEDE ex,iple, urethane--
as an R value of 6.5 , it of fiber glass)--is not ofly flammable
ea off a deadly gas when burned. Some insulation may corrode copper
ipes and some thulatlu shrinks, leaving uninsulated space. Standard
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a ?nl/é” hollow space wheres insulation is usually placed, but there
thing except expense Lo prevent you‘from mdklng this space bigger. The
I e ils duwn to what kind and how much., . )

i /

[ fi
cellulose. Then [ calculated for walls of differdnt thickness (1) the cost DE

=

irst narrowed my choice ot insulation to two kinds: fiber gla and

t of the insulation installed
lls will fepay'that cost. A
es more than five years to get my
because I plan to move before that

l;a fs to calcula
GVEf which éévln; i
for example, "If I

o

uel savings, [ won't 4nsu

tline." ;

L .
When you bulld a Jdream house, you dou't plan Lo move, so 1 used a ditferent
approach. [ almplj calculared Ehe cost of money (lﬂtefésﬁ) spent as tbgugh ‘the
lodan were never to be repaid. As long as 1 own the houge, 1t is costing me the

. lnterest (eitiier in money borruwed or {n lost %dviﬂgs)L‘ This approach wWwurks best

on items that are durable and that generally requirs maintenance, such as

insulation. 4 used it because 1t simplified. the ?alru]dtlun of cast. For
cexample, 1t 1 spend $100 on insulatidn and bourrow money at 10 per cent, the

insulation 1s really cositing me 510 a year for as long as | own tte hoase. it

I tepay the loan theun L can't fuvest the $100 1 used to tepay ic and am lasing

the LuLLthL twould have gotteu,
¥*

lhie Tlial step, theu, 1o Lo waldo ol vte Ll b ate Viteese b U oaeald L
cilings . flours, windows, and dours, [hen yo. must caicalate tie hoat loa.,
lor each I Lhese areas. added up the, conatitate the total heat loss for that
[ I caliulat, vuly enterior walls L walls adjdgcent Lo an unbeated spuce

sitce he t lust-Lo an adjdcent hgated space is ool really a loss.

He ot Lo tht vl L waa L] J(,E;L.lul; T A T O B S Lhe srwea of tbe wal L)

FesiStance to heat lpss ot the warl, and thé Jitter. e Letweon che cemper.

Lol o= oaaf Lhe Toside daua wut .iJg,‘lef the .11 Hoeve 1= the totmalas
S | RPN [ETO Lawatih \bl“”) =

- DI [[;‘iupLLJL\ALt- S B A AU T S PR L S SR SRS SN S SO S O N R T Y

9 = 24 )
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r. example, if your walls have a heat lDSS ‘are
tal R value of 14, and if it is zera dggf ées

a of 300 square feet and a
outs
0° inside, the Equatlgn is - T %

0
0 ide and you want to maintain

~dl \r‘T

(1/14) x 70 x 300 = [500 BTUH. : ,_
ince ohé k}}nwatc hour (KWH) pradu es apptnximately 3415 BTU's it would cost
500 . ot Y :
Ll of whatgver the current CGSE (- electricity 15-=appruxlmately LBe In

(¥
R

-

Athens, Ohio August, 1989--ta replace that loss ising an efficien
heating devige! " That is about 2.5¢ per hour in the .abov L’ example.

H
\ﬂZ‘

electrical
V¥ . The formula can be set up several ways, dependlﬂg on what you want. T )
o oget it up on a manﬁhly basis like this:
... _ BTUH | , . . .
vost per .month = iZT? X 5.6¢ per KWH x 24 hrs. x 30 days
uusLy this can give only an Sppr@xiﬁatign since the temperdture outside
ry considerably. Also, opening and closing doors and windows, as well
he number of people and heat producing equipment (e.g., lights or dish-
in the room will affect the outcome. For example, I built a pantry off
kitthen and put a smal]l baseboard heating unit in it. 1 also put an auxil-
refrigerator in the pantry intending to use it only duri g the summer
hs. But I found that as long as the refrigerator was operating, I°didn't
the heating unit on. So we had the use of the refrigerator the year round.
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differential for the coldest expezted weather so as to be sure
have sufficient heating reserve powgr to maintain your desired inside tempe
But in calculating heat loss costs (u&lﬁg my- perpetual interest chagge meth
r

1 he heating equipment requirements you would probably us
temperatu s be

[ used an gve age differential temperature because the coldest day differential
“would causé. distofted figures.” Using this average temperature differential:
_ompared two types of insulation and.three thickness of wall cavity, 2 x 4,
4 x h, and 2 x 8. Although the differences were sometimes only a few geunts per
month, | chose the x 8 construction with cellulose blown in under pressure
(Lo prevent settling). Extra insulation has several advantages other than
simple fuel cost savings. One advantage is that the overall temperature of the
roum ia more unitorm with good -insulation. fn a puurly insulated rvom the dif-
ferenCe between the temperature at the celling and at the floor might be as
much as 10%=-say 757 at the ceiling and 65 un the flowr. When peuple have
wold fect, they teel culd all vver and turn up the thermeotat. S50 even though

Lo

[

Fedd

e dverage Llemperaturs fo say 70° the effte.t 1s tnat of a lowe. Lemperature,
A Hcgund-advantagé i that mortgage {ocerest 1s usually higher than savings
decount luterest.  In wther words, (he cost of losulation money will probably
de' rease when the motcgage is paild ort, while the cost of tuel will tikely In
Tean My conclusion is that speading more on insulacion now will be repaid
ofi- 4 rising curve basis over time and not on a straight line basis. A final

\dvanugr is that some fuels may become exhausted or scarce. 1t may therefore
be.ome necessary tu gel the most el!{cicnt use possible from vhat fuels are
avallable gggard};gg ol cost.
A ]
Cthas this heavy 1nsulation pald oit. I have uo Jdoubt that 10 wild AL
present, for example, [ am heating threc tloors- a 1500 square fooul bascuent,
2 1500 square foot first floor, and a fiuished attic of about 1000 square feet

d!'l with one wood stove in the basement using about six cords of wood a season,
. A
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the lE?Q cost of which was ab@ut $350.° I had purt, the wood ‘stove in for a .
ba ksup heat;ag source. It has turned out to be entirely sufficient in;ltself&

One final situation where the calculator is very helpful is in determining

the amount of concrete to order. Concrete is sold by the cubic yard, and for
_basement floors, pativs, sidewalks, and driveways it is usually placed abuut -
tours.inches thick. Twenty seven CUhlL ydrdq w;ll amvgr 81 square teer atr.
& inchesd Jthiek. - IR 2 . ;k‘f
. 27 cubic feet x 12" = 46656 cubic inches.
= * B . - ) .
. A'tuble foot of concrete four inches thick is 12" x 12" x 4" = 576 cubie
inches.
46656 _ : , '
Therefore, C5 81 square feet at 4" thick. '
Divide the total area &f concrete by 81 to fifid number of gards needed.
‘A basement, 30"*by 52'8" would require about 20 yar®s of conerete.
30" x 52" 8"  30' x 52.667' _ 1580 _ 19.5 Y .
81 81 s 81 )
AY 23
But-yuu would probably oeed to order at least 20 yards—=the ground is u
even, %and the calculations are usually approximations. Also, it
have too much than not enough [t is a gooud idea to have a place
excess concrete, such as a sidewalk or trash can area
.o A , - .
There is no doubt that the caloulator saved me a great amount of @ime in
making many, many computations. It alsu surely reduced the number ot errorvs
L would have made by having to compute cverything with peacil and paper.
N But there 1s another bonus. Some oI the compuLations would have been so
cumbersome without the LalLula,gr that they might not have been made at all.
L ve torgotten how to do square root and would prubably have-fallen back on the
3-4-5 rule without the calculater. Thercefore; the layouts of the foundation
and of the various rooms of the house are no doubt mure accurate, than Lhey
~ AY
would have been 'without use of the calculator. \
[
atmilatly, the tosulatilon [J‘%ul:lgmj Would Loy o Lo v athivn ld!\hgaluh
withoutl the calialator, 1f only because of the man, times 1 Hay o ul\l e
Lwo egual luns (,cLLalnly, I would have beoen tempted to fuvestigate ‘fcrwe:.
comb Indat [otia
But theoo 1. onE luporlant e bt Lo bo et Wl ot L can b b T hes
ottews.  Being abtle to carry oul othetoise (edius cowputations quicely .uod
svvuratery allowed we to adopt a moce open, searching, E%‘Lgbl\:m selving attiv.n
I began tu look for prublems and novel =solations. It became a surt of game Lo
challenge the old conventions and to scck better solutions. s .
) 3
Sellel baies the wld wayas worthed bLoeost ) soch as uslog the xél,yt,.ul_gf‘»:; E e yes
Lo laying wut o uls for the .tairca.e cat, bage.ns. But those situations prVEd
tu be the exveptions. Generally, | vas able to 1ind better sdlucions -better
>\u e, at least--and 1 ohad fun doing io.
iih;a result, theretofe, may well have beeo the most lupoctant ooe ol oall
B . = = - - - 5,
- . i) .. :
) . Pl
$ : j" 4)
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ols make any job’ easier. If they can*a

to t ls :
chal enge,.they apen the way for more creative behavior. 'In add;tlgn to
i ons

t lutions to old problgms, they may ltad
pétsgngliéﬁange toward a\méte canstrﬁctive,.pf@blem solving attitude.
. The nld ways may sometimes be best. But if no one had ever been challenged @
to strike out in a new direction, to search for a better world, we'd all still
be writing on the cave walls: N Y 7
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| First law.
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Genere1 mathematice, ee ueed in th1s peper refere to methemet1ee if:

i

aitﬂ epursee 1n gredes seven end e1ght and to npna1gebra a1ternat1ves in gradee

s n1ne through twe]ve ThTS set pf mathemat1ee1 exper1eneee is- expected tp

N Coa

perfprm ver1ety pf funet1ons 1n the mathemet1ee eurr1cu1um

(1) breeden1ng, enr1ch1ng, and f1na1qz1ng the pr1ne1paT1y L
.. arithmetic. program: pf the e]ementary,¢ L T

‘”**tehtff*(zjtpreperet1on For 1nd1v1due1'e*spe1e1 reepons1b1]1t1ee 1n~ RN

o 1SDCLety,:;.,;i' ) o
_?h:-pi(S)fexten51en oF eepab111t1ee fer‘meet1ng pewepna1 end voeet1on§1 -
RN ;_needs, ahd .:_; S ;!; o L R
=~ f;i(é)afprme11eat1on of ar1thmet1e and noner1thmet1c underetand1ngs ‘g'_ !:‘f;i
. las preparation for traditional: eeadem1c eoureework eeeee1eted T
' W1th proFese1one1 oppprtun1t1ee o S L
-3ff;': Funct1ons (2) and (3) from th1s 11et pr1mer11y ente11 app11eat1en of
B mathemet1es tp ree] 11fe needer-en area pf merr 1nterest et the present
» Theee funct1one can be further trene1eted 1ntp the Fo11ow1ng etudeht goa1e an*?

: coneumer effe1re, se]ecting end us1ng goods end eerV1ce5 w15e1y=—"A .
.'choosing and buying personal -items,” products fpr a home Fer a
':;fem1]y,_pr fer a ema]] bu51nees,._-, : o . .

(b)

: -f-(e) tp poeseee requ1s1te mathematiee to enter 2 pr e1tuat1on=:hh¥.'
.. 7. . appropriate background, learning skills, and attitudes that
©.0 Y7 .. additional. job-related epp11eet1one of: mathemat1ee are _

1earneb1e with re1at1ve ease; and . L -1gg%k;

E

j(e)jte use 1pg1ce1 reeeen1ng and prpb]em 501V1ng in reeeh1ng - _
- -decisions’, weighing ev1dence, end 1nterpret1ng data to arrive o
z,at sound eonc1u51en5 e C TR e e

) Aeh1evement of theee etudent goe]e requ1ree underetend1ng end
-Vreesenab1e eompetenee 1n*ar1thmet1c eomputat1on; 1ne1ud1ng ere1 ~ paper-
,1pene11, and ee1eu1etpr cpmponente=asuppprted by est1mat1on and epprox1mat1on;

'i_sk111e, understand1ng and use. of e1mp1e eTgebra1c fermuTas, abilities tp l ;
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'% geamatr1c forms and 5pat1a1 ra1at1unah1ps, underatand1ng and Use of meaaurlng '; ;

£

‘=jfinatruments, 1nc1ud1ng the re]ation of" gaomatr1c and numer1caT Eancapts as
-“the mathemat1ca oF maasurTng 1natruments, and prab]em 501V1ng and 1cg1ca1
b111t1as rang1ng From sk111 w1th 51mp1a word prab]ema tg mara comp11catad : fi;

E;fana1yaas Df s1tuat10ns requ1r1ng an. awaranass of productiva rea j q tachn1quas_

39"9”31 mathamat1ca has genera11y not raa112ed thasa studant outcomas fiVl

Fa:des1ra The purpas

: ,qatimost educatora and aome"o,
"ith1a paperﬁ1s to exam1ne some undar1y1ng causas far th1a 1ack of succass
',and to affer soma racommendat1on5 for strengthanTng th1s araa Df the mathes o
;#;fmat1ca curr1cu1umgAr ia’:;-z 31;=; : 7i ; ¥jLi§ I:{:;};{';a Ef‘;{ ST
g A Quast1on Qf D1rect1ﬂn and Purposa
H15tar1ca11y, genera] mathamat1cs began to emarga around tha turnr

Df tha century as ar1th@et1c moved down From tha acadam1es and h1gh sahao1s

1!»?ta become an a1amentary achoo1 subject Mathematias was: gradua11y be1n§‘

' parca1ved Iess aa aﬁ 1nstrumant to deva]op the menta1 facu1t1es of futura
prcfesa1ona1 peap]a and more as a ut111tar1an tooT for tha 1ncraaa1ng numbara
==Df 1nd1v1dua1a going on to secondary schoa11ng Dur1ng th1a t1ma 1nstruct1on -;

 was chang1ng From 1engthy exam1nataons of 1nva1ved prDbTems requ1r1ng comp]ex L

man1pu1at1qna, memow1zations and theoremaprocf approaches to a more frag— o

-mentaa fact and aub5k111 apprDach

. e L e
Genara? mathamat1cs was g1van 1t5 f1rat ﬂational 1mpatu5 in 1922 whan y“
'tha Nat19na1 Comm1ttea on Wathamat;ca1 Raqu1ramants advaeaéad a genara1 mathea
a]f-mat1cs pro;ram Fcr tradas 7 9 wh1ch wou1d 1nc1uda top1c5 from arithmetic, ;
'?a1aabra, 1ntu1t1va geametry, ﬁumar1ca1 tr1gonametry3 graphs and dascr1pt19a l

| stat1at1cs The avo]vang Jun1or h1gh SChD01 w1th its ph11osophy on axp]arat1gn

prcv1ded a ready means for this- recummendat1an to be 1mp1emented in gradas

fsava and elght. Howevar the more cansarvat1va pcstura of h1gh achoo1a pre—

p::"f’



ey

e

-3j as an extens1dn of 1deas in grades seven and e1ght‘ A]gebra rema1ned;then Q;f}= -

most trequent aFFer1ng w1th generaT mathemat1cs p]anned and taught as s;,?]g?-; D

1ower 1eve1 a1ternatave to a1gebra rather than as a cant1nuat1dn dF a;;fl

J'Lbrdad1y pianned general mathemat1cs pregram

The 1nf]uences ot thn Dewey and the depress1dn brdught more pressure e

lggi{for change 1n the h1ghi§chDDT Curr1cu1um < An 1ncré§51ng demand for'matheﬁ

’ 7’mat1cs tor vatat1ona1 and persona1 needs 1ed td sdme deemphas1s at fequent1a1
"*'ceurse wdrk Th1s was aceompan1ed by draps 1n enro]1ment 1n aeadem}e subjects

f]am1d cr1t1:1sms that many tdp1es had. 11tt1e or no ut111ty fOT thé Q}"Era1 St”de"t

_ Ey the end df wor1d Nar»iI ceneerns wh1ch surfaced dur1ng the 1nduct1dn -
'SQEand tra1n1ng df draftees prov1ded further support far mathemat1cs 0 p1ay a’ s
'2;more 1mportant ra]e in genera1 educat1on and an the vecat1onaT and persdna1 (

f;needs of students Teachers respdnded by ra11y1ng abaut ‘the ndt1dn df

ot

' f}fenetlenel eamgetenee tdr graduates.x Such eempetence was)penera11y gauged by
?”1129 1tems 1dent1tied by the 1945 NCTM Commiss1on on Post Har Plans. : Mathemat1ca1 B

';311teracy was e1ted as'a necessary sk111 for effectave c1t1zensh1p 1n a demdcracy

In Thes1s 12 df 1ts recammendations, the Post -War Cdmm1ttee tdak great

= ~

'pa1ns tD emphas1ze the 1mpdrtance of genera1 mathemat1cs at grade ntne as a :1,2”_

V=worthwh11e edurse that fdeused on campetente 1n app1y1ng mathemat1cs td a
: e ' ~
. d var1ety of tdp1cs It warned teachers to EVQTd st1gmat121ng gen ra] mathe—

'imat1cs as the pena]ty fdr taI]ure 1n a1gebra and tQ ava1d;p; pagant1a1ng
irundu1y tdr a1gebra _ | _ i“ N 7 ) |
| | Hdwever eftorts tD p1ace generaT mathemat1cs on: an eaua1 and para11e1
,p1ane w1th a1gehra went 1arge1y unrea11zed as the number of students ednt1nurng _’;
‘rthe1r edueat1an 1nto h1gh sthdoT swelled dramat1ea11y, w1dentn§ a]ready _' .
' ex1st1ng abt1aty range d1fferenees_ The divi 1on between a1gebra and genera]
,-mathemattcs.was.Further,hetghtened by the post—Sputn1k era of the sixties when

; tremendaus resources and attent1ah were ngen to- strutture, forma11sm, and
Q . : : S _ 3;J . S :




tp 1nc1ude pusiness methemet1cs, consumer mathemet1es, voeet1one1 methemetses,

. and s1m11ar1y named cpurses prever en 1ntegreted genere] methemat1cs

s

‘_: profess1one1 cpmm1tment end enthusu_

grades These

1nsert1pn oF upper 1eve1 methematf?a]:1dees Tntp:1ow{u

purricu1um 1nnovet1ons were essoe13ted w1th strengthen1ng thpse aspects pf 'f’!

the prpgrem wh1ch 1ed—te epedem1c cpursewprk at the h1gh sehpo1 1eve1

;S1m11er -

E efFort and resu1t1ng prest1ge were npt g1ven to genere] methemat1cs nor tp

;!”any‘resu1t1ng expans1on ot such eiternst1ves beyond grade n1ne. ‘:1;3="% i

Sinee the s1xt1es, schoo1 consp11dat1uns and 1ncree51ng awereness pf ‘_%35;;

the needs pt students whd w111 11ke1y term1nete the1r edueet1on w1th h1gh

sehpp1 stimusted some progrems tp expand the1r oFFer1ngs in genere1'methematics fﬁb

=

prpgrem hes st11] npt emerged New courses’ in genera1 methemet1cs genere]]y

eontinue to be regarded as thpse fpr the 1ess sueeessfuT and 1ess w1111ng.;-tad

Emergenpe ot pre—a]gebre cpurses and cpnt1nued exper1mentet1pn w1th a1gebra o y

as an e1ghth grsde e1ect1ve 1end further support tp the not1pn that: ”eTgepres

Al

11ke" eourses are st111 the pest cho1ces fpr thpse students who "ean ach1eve.";37-

=

Desp1te the gopd 1ntent1ons and ter s1ghted recomm ’ndat1ons of prom1nentl37'ﬂ

A grpups of educetors thrpughput the h1stpry df genereT mathemat1es deve]ppmentrf .

VA

‘Nt hes never~ech1eved a»we11—def1ned, independent rphe 1n the(methemetTCs

eurr1eu1um Rather genere] mathemet1ps prpgrems epnt1nue to be hodgepodge fa!t ]

cp11ect1pns oF remed1e1 e]ternet1ves generat1ng 11tt1e student 1nterest

A Quest10n pF Instructipn ' o
The Thorndie 1nt1uence on mathemetics 1nstruet1on (segmented dr111= :

werk on- subsk111s) eont1nues td eheracter1ze meny genereT methemet1cs prpgrems

Mpst 0p1ps are presented as tasks by examp1e. Teeehers and students a]1ke
seem o @ﬁew mathemet1cs Tearning as sma11, 1ncremente1 steps in wh1eh it 1s_:

the teecher 's. respons1b111ty to present a new teehn1que to be preeticed and .

the student 5 tp parrpt these actions in neer1y 1dent1ea] s1tuet1ons - "Show . .

. R ) I M
R N o LS : - ‘:) -
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. me; hew to de th15 set ef prebTeme, den't aee1gn toe many, and then g1ve me

e1aee t1me to" de them." Furthermere text metePTeTS are ergan1zed as 51ng]e R

':f,Aconcept 1essons requ1r1ng 11tt1e more th Irete 1ike respeneee te generate

k':vsat1efectery anewers And few text mater ,]5 cene15t of prebTem baekgrounde -

.

£‘~7;or epp11eatiens thet etudente ean 1dent1fy w1th ;?' Qj;ef~f ce ‘ﬂ ;ﬁ €Af

This 1netruct1one1 p1eture though not un1versa1 déee uﬁfeftunete1y"‘ 

‘e

s ;eharaetekizeltue many programe. But-'eaeone beh1nd aeeeptenee Qf such ]ew—

"Mﬁ1eve1 teeeh1ng 99315 are m1xed

() teaehers are we11—meen1ng, but are frustrated by uneucceesfu]
ettempts to prev1de a]ternat1ve epproaches,A‘ . .

A‘Zfe(Z) teaeher preparatTQn pregrame have 1arge1y 1gnered or net Eed V
s ~time ‘to prepare prospective teachers with the ek1lle to hand1e
: ;generaT mathemet1ce coureee er etudent neede,ﬁ -

f(3)xeb111ty rangee in sueh ceureee are so0- w1de thet TGwer 1eve1 R
* " “instructional -outcomes . are’ easiest -to- achieve, end perheps, o
r_the on1y ones pe351b1e For some. etudents, e A

(4) studente heve deve]eped ett1tudee abeut methemet1ee and them- e

selves in previous courses-that strongly influence the kind . - .. i

nﬁ;;ef Jdnstruction they. expeet and w111 eoeperate w1th

A=
S

’;(5)”;eberetory exper1ences neeeeeary te euppiy coneeptua1 under—

standings Underlying.many applications are difficult or o

- impossible to organize. due to limitations of space, t1me,
;:etudent 1eed reeeureee, and-tea: hinq preperat1en,

";(6) teaehers are’ net e1way5 ‘aware of etudente true eb111t1ee and _
_ may lack the evaluation techniques and “instruments to accurately
. assessythe’ extent te wh1eh etudeﬁte ‘can use the1r mefhematfce1
uv“~5kj115, e o ~~_ # . - - .

"(7)Adue to theTr preparat1on, some’ teaehere are pred1epeeed awey;

. from: general mathematics and are, consequently, not highly =
motivated to commit the requ1red teaeh1nq energies Fer eourses
werk they deem to- be remed1e1 - A _ .

:(S) converee1y, ethere make an henest ettempt to sa1Vage etudente‘
- for the "good" academic courses by etreee1ng prerequ1eite
. eemputat1ena1 ek1115,e‘ P _

'foF knewledge, ceneepte, epp11eat1one and preb1em se]v1ng in _
enab11ng students to° be ‘able to use the mathemat1ee they possess.

A Inetruet1gne] meizjfoing1es empToyed 1qvm05tfgeneraT:mathematlee

*

L



;=art1f1c1a] v1sw aF haw mathemat1cs 1s |
ﬂL stuaEnt has no axpasure ta tha camprehens1va pracass af addr2551ng a reaT

"iifprob1am ana1y21ng 1t mathamat1ca11y, empTay1ng prab1sm sa1v1ng sk111s, and; |

Th A

sed to méet raaT prab1sms

R E

‘ J1nterpret1ng ths rssu?ts 1nta parsana]?y méaningfu1 dec1s1ansi He therétare f?7j §

nl = B

ti  1$ ab1s ta draw 1Jtt1s assat1at1an batwaan cTassraom act1v1ties and ths

,‘f?psrsana1 nsads hs fases outside ths t1assraom

A Question of Dutmmes O R

Gensra1 mathsmatlcs studants usuaT]y know more cnmputatiana11y than

:;-theg are- craditsd w1th know1ng or that they raa11as a]most aTways knaw 1esslﬁfg:;?

'-':about us1ng the1r knaw1adge and sk11Ts than 1s prasUmad by ths1r teachers,

and perce1ve mathemat1cs as an act1v1ty you do 1n a c]assraam

‘-isx1st1ng pragrams ta ass1gn th1s Qaa1 a h1ghsr pr10r1ty 1s qu1ts pass1b1y

1 n'- the réal

,wor]d yau TEarn and use athsr means to-cape w1th prgb1em5_ f,%j'fi .

Thess Qasarvat1ons, supported by assessment 1nfarmat1an and tha

.ifexpar1snces nf veteran master tsashsrs, h1gh11ght tha naad to placa mara f#

ramphas1s an mak1ng mathsmat?cs know1edge aparat1ona1 The Faiiure of many

”i’fagpraduct DF a bs11sF in a ]1near h1srarchy af studsnt 1earn1ng outcamas

CSKILLS & PROBLEM
_CONCEPTS | APPLICATIONS o TUSOLVING

ax

Undarstand1ng QF cancepts and mastery w1th éﬁ%ﬁ]s, mnst?y cnmputat1ona1

; ‘bare perce1ved to be the rsquas1te far any furthsr app11cat1an of mathemat1cs

”;same 1mpartanse, but pr1mar11y, as vah1c1as to praet1ce sk111s

—

Thsrsfars a magor1ty of t1ma 5 anssumed’to be Just1F1ab1y spent on deva1op—

ment af sk111s wh1sh are. daemsd unsatisfactory App11catians are ass1gned

H?Thsrsfors, ;:7

t‘FETevanEé DF app11sat1an s1tuat1ans to. students “réal: 11fe prostmsv1s nnt i

=,

’ CDHSTdETEd as essent1a1 as packag1ng tha app11cat1an s1tuat10ns 1n sma11

naugh tasks tn assure camputat1ana1 attask

L.Q,;_,




Preb]em sdTV1ng 1s perte1ved as anfinte11ectua aCtJV]ty that many LA

i

?_;genera1 mathemat1es students are ndt abTe to undert e-in. any forma1 sense,~
*{ffdr want oF prereqU1s1te baekgrdund weak 1earn1ng sk111s, and peor att1tudes
?iHepefu11y, deve1aement eF a,strang sk111 background and WQrk W1th some, ;2“;j1?;':

”ﬁfadmatted1y centr1ved app11eat1dns W111 perm1t studen;s te transfer the1r

“f;knewledge and ski]]s to ”,; 1fe needs as they deve1op. And p'rhifgg,;fufﬁ': o

. ;ipreblem se1v1ng deve10pment ean”be undertaken byﬁother teaehers 1n ether eourses.:

The 1aek eF sueeess w1th th1s appreaeh to genera] mathemat1c fnstruet1en fw

‘5'¢¥§ ev1deneed 1n eencerns vo1eed dver assessment resuTts, by batk td bas1es
Af»_er1t1esg and by eencerned emp]eyera In pTaee of the 11near mode] fer ]
:*,*student outeomes, a more cemprehens1ve v1ew Ts needed to assure student use ;;13"
let what they 1earn It is: essent1a1 td have re]1ab1e assessment 1nfermat1on‘
ff_wh1ch aceurateTy reF1eets student eapab111t1es, so that 1nstruet1un 1s not 1f;,;3:}
;ivfm1sd1rEEted ndr dVerest1mated It 1s necessary to have parentaT and cemmunity
eri:1n|:u.1t as to the1r eeneerns, expeetat1ons and needs forﬂnathemat1ea11y pre-’ T
thared graduates And student Feedbaek mer1ts earefu] rev1ew eencern1ng |
att1tudes, pereept1dns, and expectat1ons_ Th1s 1nfermat1on then needs
de;earefu1 reV1ew by mathemat1es teaehers and ether edueators ceneern1ng the _.:=V
v

téyro]e that mathemat1cs is expected te p1ay 1n students teta] edueat1ena1

,1;fpreparat1en and how best to aeh1eve thﬁs rQTe 1n,the mathemat1es pregram. :

5o
%!
s
Ly




o

- know]edge mastery are 591?

?J mathemat1cs br1dges the gap betweenrc1as§raam and rea1'11fe act1v1tTEs. -

t1me, and thcurrent-develament ; Nu aspect nf 1nstruat1on shou1d be 5acr1—

‘é_,’ .

Lx .

To assume cherW1se 15 to ?15k the change ?;;3 :

reTevant taxstudents N1th1n these s1tuat1cns, the com t1Qn of ab111tiés :fff

requ1red ta app1y mathemat1cs w111 hatura11y cqme THtB p1ay P]ann1ng and

ia,indepth th1nk1ng'become a necess1ty M0t1vat1on and reason fcr 5k111 and

And transfer beco;} 1ess nebu]ous as’

i ',a';-'g.

RecammendatmnS :t i;."

Far genera] mathemat1cs prggrams to béttéP meet the needs Df the 'j=5~4*

N StudEnt aud1ences they serve, changgs are needed in: ph11@sophyd 99315, e

:ontent methodo1hg1es, and eva1uat1ﬂn. The fa119w1hg recammendat1hns
el o

,v_ address snme QF the problems 1dent1f1éd 1n th1s paper ;h :} 'h;;

1

..i]i Genera] mathemat1cs prggrams need a cgmprehens1ve reexam1nat1on-.j.a

© * that.considers:" (a) their. roles in the total $chool and: ‘athe- -
“matics curr1cu1a, (b) community expectations.concerning student

:'f-‘{_*f competencies; (c) student learning characteristics'and modalities;
- - (d) instructional ‘techniques and methodologies; and_(3) breadth and

‘depth -of - QfFer1ngs as part of the tota1 mathemat1cs and schoo] Cr
A curr1cu1a .- L . S B

’IEEQ'fProgram exper1ences shou1d be des1gned as an- ﬁntegrated seqUEnce '
.of instruction from grade-seven through high school that assures @

‘balance -in.program goa]s, student outcomed,: and . 1earn1ng act1V1ties_';

. .Running throughout. each course_ should be a cont1nu1ng regard for -
_ the problem solving skills necessary to app1y mathemat1cs to
relevant. and rea11st1c student S1tuat1ons. -

3. Every effort should be made to preserve the 1ntegr1ty Qf genera]

' ~mathematics offerings as desirable and parallel alternatives to -
traditionally "academic-type" courses, differing pr1mar11y Jn -
goals.only. If courses - that are pr1mar11y hemed1a1 in character

B

i’%:,
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* = LT = i
f "=-L" . - ,_ .

'if;f 'f, ere requ1red to meet student needs they shnu1d be deve1eped B
R essseparete ent1t1es of the total- mathemet1cs eurr1eu1um rether(=
e, T then pert of .the’ genere1 mathemet1cs prngrem ’ S

X

Regu1ar assessment nf prngrem act1V1t1es‘,heu1d occur at severa1; o
. levels~- Each course: should be" monitored against- its pert1cu1er AT
" goals.. The: total program mertis review.-in terms of success L1
_ eeh1ev1ng exit competencies- {not" restricted. to: min1nmms) “And.
e 1engitud1ne1 studies. are: des1rableitn reflect changes in- course
) -and :program eFFeetiveness thet s1gn1fy the need for curr1cu1um
T rev1s1nns ff-ff- - s', S R o 51 o

R T = .t = teee :, .. - G

f»Prnf1e1eney requ1red w1th cnmputet1nns wr1tten end mente],suws;:,;,?i,n;

~warrants -extensive review in, light of accessibility of"hand :
calcuTators, changeover:-‘to metrjc: measuremant; and ways that -

methemet1és 1s nsed 1n cnntemporery sneiety.-_ ‘__;fiv__ :

LH .

Im

"=Teechers need tn work together mnre frequent1y 1n assess1ng, : :

.ﬁrestructur1ng, end«carryﬁng .on-‘the general’ ‘mathematics. curriculum..

”’Geoperet1on ‘can’ improve artjculation of effort, provide ‘necessary
manpnwer for” study end ehenges, end enheﬁ e the nvere11 1mege nf
the prngram.. - A : A

o Summary

: NEahave seen a F1urry of ectivmty 1n the pest few yeers thet hestv
‘surfeeed the k1nds of concerns thet are mnst frequent1y eddressed w1th1n
the genena] methemet1es prngrem NTE Ees1e Ski]]s Cnnference, Net1nne1
S Assessment inFnrmet1on; NCSM Pns1t1on Peper beek tn bBSTGE movements, L
. end m1n1mum cnmpetency coneerns._ But is- 1mpnrtent tn nnte thet the need tn.

E-renrgenTee and strengthen ‘the genere] methemet1cs nregram is. h1stor1ce11y a Z}:;i
. _

-f} ftoncern nF 1nng stend1ng end net a new nranem.( Dn1y, the ser1eusness nf -g;;

”=fnthe need fs perhaps, made mere eceutu sy the demend fer greater methemet1cs,-

“11tereey as see1ety becomes more enmplex end p]eces mnne demends upnn the -

;'71nd1v1due1 Fer ?ersnneT CDP1ﬂ§ 3k1115 L =

o
. ‘Uw’

}



',:!PUDTTShQFS a? gena‘ ‘mathemat1cs texts have" réspaﬁded 1n vary1ng deqree: tn'
' cbncerns. for more. emphasis.on Tife-related skills and-dpplications.. The
following textbook- reviews' of-some of the major- generai mathematics’ bcnks
currently available have been prEpareg to assist you in makwng textboak
| .selections appropriate- for your needs. Highlighted in thése reviews are - ,
: .;thg emgha?eiathch patt1cu1ar texts: give tg prnb1em SDTV1ng, app]1cat1ans,-"";
.. and calculators. S .

© This text is. de 1gnea for a fifét ‘course’ 1n general mathematlcs. o
"Emph351s is..on basic mathematlcal skllls, with consumer .and’ caj—ér*iA
:-_appllcaticns that reinforce these skllls Thé—bqak is djﬁlded lnta f
o _haptgrs each The taplcsrlncluded ,_these unlts"

;Afifhmétlévqfrwhélé'ﬁﬁmbe}é:_ R N T
D221mals anﬁ the metric ystem ‘.J ' ;7511 }”A i A

; equatlans,;and graphing S,
iPerlmeter, area, valume the Pythagarean rule,,and C
: trlgonémétrf PR ; ; . . AA,_1$‘s

;Vle a@ngl Each Qhaptér algo 1nclude Dne puzzle type prablem as a
"pbreak time. There seems:to be a good balance betweer skills “and
. appllcatlon . The chapter tests cover both aspecte" "At the end of
- each- uﬁlt there is a pagé of calculator exercises. - These optional-
‘- exercises. involve skills taught.'in the unit and can be done.on a..
f,glmﬁle faur—funetlon calculator vaa e A R
_’The huoﬁ folluwe an -‘open ﬁ@rmat, and many pages are~1ilustraﬁed with"
-.photﬁgfgphs ‘End-of-book materials include answers to{pddéﬁgmbered '
?'exérc1aéd, table;,: & careers chart glodsary§ and lﬂdéxg'
_The tea;her'F Edltl@ﬂ has aﬁgwers to. exercise overprlnted ;n a Second )
color,. alang w1th L8 pageﬁ of* notes and tests. It-also states: an '

L DbJEﬁflVE figr’ -each less ‘Other supplementafy materlals include a.
* separate auluﬁLDﬁ key and dupl;&at;ng mast&rﬁ for tests and reccrd
‘keeping. - - . L : . * -

. The -index contains numerous TEIEFéﬁEES to. problem"gélving_ However,
the authﬁr appaféntly cons ldEF problEﬁ 5@lv1ng to be a gynonymxfﬂr‘
"apglicatianéi_ NG expllclt ln;truct;on in problem solving gtrategles

_is given. : o

e




7--\1 s = Tt [ S

ff; Thls text is- recommended for a flﬂal cgurse An’ gen&ral mathemat;cs

(fcllGWIﬂg Mathematies-in Llfé), or for a general caurse 1n Eonsumer~i;

f E mathematlcqa» Emph551s is on the mathematlcs needed in EDnsumer and
L career égtuatlans, lncludlng a review ofebaslc~ killsi '
six uﬁ;ts Gf threa chaptevs eaﬁﬁ"’The taplcs of these

g malntalnlng a b me_ﬂ .
- 9. Taxes, insurance,. and 1nvestments
. éi-APurchaSLHg and budgetlng,;_gzg

_fA

The chapters Df the flrst unlt EmphaSlZE the mathematles ltSelf wniié,

_;the ‘other Ehapters treat varlous Eppllcatlons of mathémat;cs ln
‘realistic” Sltqatlans.- Each Df these later ehapters 1ncludes |-

'ii"skill; tuﬂéaup page that ‘is pure Sflthmetlé dflll-_i _ 3'.-  o

mEvery chapter ha g page Of (DPthHﬂl) Ealculator exeréi;éé."Tﬁesé “

~"and all of themrcan be done on'a fcur—

2T 1- m fqnctlanﬂcalculator. Each e
‘chapter also includes. a review page and a chapt

2'test ’ Another .

f“lﬁteréstlng feature of! chaptera b - 18 is the dlscus sion- of various =

- careers in Wthh math_gklll .are. ﬂeeded _

v:wadt pages have a two—column fcrmat illust ad w;th many tables,
:_'dlagramg, sketches, and photographs.' The ‘twS=color: prlntlng high-
- 1lights key 1ldeas on-eath page,' Endscfsbaak materials include a- skllls
iflle of additional. drill exercises, tables ‘for taxes and measurement
a. career chart glos sary, Selected an werg, and lndex.;

Quppleméﬁfary materlals 1nclude a teacher'ﬂ Eﬂltl@ﬂ, con51 tlng of the
fstudpﬁt edltlon ‘with answers DVEfprlﬁtEd in red, alang with stated
PbJEQthEa and wWATrm-up ' exerclses for edch lesson. This ﬁeacher s
“edition algo contains kLO. -pages: of’ notes and a minimum cgmpetency est .
. séparate s0lution key -and dupllcatlng mas térs for _consumer forme .
.:find tpﬁfc afé dlﬂn avallable e A

Ho egplic t“gttéptibn’is paid;toiproblem'sdlving.

1

Aruitoxt provided by Eic:

vexercises usually-involve. numbers that make ‘hapd. caleulatlons ted;ous,'




Bregg,vSedle Ceuelneg Herryg Gllbert Glenn end M’K;llup; Wllllem,;1;7e TR
Gegerel,Methemat;ce- Skllle end Applleatlene Silvér, Burdette, 1979, 472 p.A
, : 2 o S s e .

7 methemetlee text Seet;oue in eeeh ehepter on

ing’ ekllle,vend "Somethlng Different"(games, j
turee.; Four eeee etudl’e (e g, Dr1v1ng a Truek
ere* ) : o - :

Whele Number, g L e
4.+ Adding and Subtreetlng Dee 1s' .
. Multiplying .and DlVIdlng Deelmele'

- Fractions’ :
A;Meeeuremente i A
Ratio ‘and Proportion
‘Percent i .
:Geometry e Tl T
*Stetletleefend Probability

=

. {Ek Preteet oh ekllle o ' ’
s 2. -Skill development ("Sherpen Your Sk;lle")
3: " practice ("Practice Your Skllle")
© k4, “Post-test on skills :
. 5, -Problem solving skills - s ’
6. - Applications - (Seet;on titles 1nelude. Sperte, Foed and Cletbing,
?fWheele, .Jobs- and Careers, Envlronment end Ecology, Beereetlen, Trevel
" © Money Metterg, Earnlng a le;ng, Meneg;ng a Heme) S S
1§T;feChapter test ~~¢f—efﬁr~;fv,r-~r—wrf e r':~"fﬂﬂrv*~1 R

-The Applleetlone pertien cenetltutee 5@ pereent of eeeh ehepter. "Using Your
Calculator" and "Something Different' are interspersed throughout. . In-addition
f“tarthe cuetcmery'ﬁilll exer21eee§ there are magic equeree, cross ‘number puzelee,'
. ete. to practice skills. The. ehepter teete, thever, de not- refleet the heevy

"_emPheef% on epplleet;ene. _ _ : -

' "Using Yeur Caleuletof 1neludeg reutlnee for ‘cartain eelculetibne (e.g.. eddlng‘
two ffaQthﬂa)g guessing numerical curlee;tlee prebleme 1nvelv1ng large and
- small numbers, and thej like. 'Fourteen gfoblem solving; skills (e.g. estimating’ ,
- the. .ariswer, draw ‘a p;eture, use a teble) are discussed. Probleme w1th 1neuffl— ;
'elent -and E:{‘tfe,nec:iue data are’ 1neluc1ed L e : C

=,The beek is v1eue11y etunnlng. Multlple eelere are used to hlghll*ht lmportent
; po;nta:(ae many as Seven colors are used on & elngle Pege)a phetogrephe are
‘used exteneively in the AppllcatanS sections as are ehertg’ tables, maps etc. . -
. contairing real.data: (e.g. EPA Mileage Chart for Subcompact Cars). "No minority
. .group of*any klnd eeuld pDaSlbly be: effended ‘as, stereotypes are eengpleueuely
j_ivelded . : ‘ : e s
e o N P - . ; e o
The teeeher'e edltlen,eonelete ef the atudent text w1th enewere overprlnted in
- blue and. margin notes on (1) ‘teaching hints,- (2) activity suggestions (e.g. bulle-
tin board, field trip), (3) background dnformation on epgllcetlen topics, and.
. (4) information.about the. photographs. . Diagnostic tests, competency tests,
a. euegeeted t;metebLeﬁ and "’ 1nformetlon on other resources are also included.

B



- dvities and 1nterest1ng games, the students. may -be confused by the sequence

Cla ksoﬁ;;bévid‘ﬂ
= iéanlﬁggkiﬂém'anyif¥;’

C e I - . Tha skills, such»
o 'dlvldlﬁg by mult;ples Df 10" are idEntlfiEd in the teacher 's" Editan by .
:,ghapter and page. Chapter. titles failew, R ¢ gt
+ 7 ".'1. :Organizing Factg ' : o ;»Maps and Coordiﬁates g;~‘ff -
2. Basie Opéerations. ‘Areas’ aﬂd Volumes - - . = .. =
3.  Measures ar d Rates * Chance ‘and Predicxion T W
4. Lines: and- Aﬁgles S ;f!Unusual Measures = oo L
“'Ratip aﬁd Pfapartipn o 3= - . - 137 Math, and Ecolagy o . ;'_i%"
Graphs. and "Charts: - ., . A’*_14lfj£01ving~quati@nsl IR
7. ‘Shapes and Cﬂnstructians cor 7o 15, Indirect Measure @ ¢ o
A‘;Signed Numbers' ) - s ' Lol T ’

A.The text is unusual in maﬁy ways The flfSt sEctiGn 15 abauﬁ metric méasuté,,
which is ‘used thraughaut the text. Each chaptEr includes. several projects,_Ar
experlmants and gamas along with explanati@ns and sample prablems.v Regret=,:

;Jthe student t@ “do. much independent thinkiﬁg The chtEnt of the problam set
Elﬁgs are 1ntaregt1ﬁg, amphasizing ‘topics such as data on nutrition’ -and ‘gar
dESCElpElDﬂS and ddta. Althgugh there are many impressive subjects for a

- of activicles : then it appears that tha applicati?ns havé dictated the S
”;saquénge T Lt S , P ‘

An Appendlx sact;an ealled "Calculatgr Workshop" has 20 calculator activ;—u
‘ties but most have no apparent Educatlanal gaal . Except for ancther game in
‘the. bady of the text ‘fo real use - af calgulatarg appears.'vjACA- '_,*

A,iEven if the bgak is not selactad as a tEKtL;a teacﬁer might find 1t useful
as a reference - o : - . . T
ﬁA sgzgnd”fevigw 6f[§his’péck_failoﬁgij'




Genera] Mathemat1c5p

i - = = %

"jiflrfi*;; 

’Vdf the same s1tu§t1on_f
_of the same

as from previous “applicati

' ;;STtUEtTOn unthout any mode]r111u§trat10n._ Intersperesed througho

Dne ur more such 1essons on- ¢ \:
“Rracess ‘may, fo]]aw A related practice Tesson

'Ng;., :¥ork o

ons.

fi;are also projects and- experiments which require. students to. generateior:
~.collect the1r own-data, urganlze and interpret it, and summarize their

yesults. Interesting gameq, are’ occas1ona11y\\nc1uded which- app1y chapter‘-'-3fﬁ=:

f;cuncepts 1n cumpet1t1ve si

- o %

ations v

1?:A1though text.1essons are p?ed1cated an;pr1ur student 1n5tructiun with con—"
.~ cepts and.procésses, to be appfﬁed prnv151on is.made for addressing. missing.

Uf-:prerequ151t1ve 'skills. Each. chapter is.preceded by a checkpoint: sect1on'wh1ch

“i;:pF§3~;“sses student concept.and:skill levels to be used in that chapter.
" “An.extepsive appendix- sect1%n conta1ns driT] TEssons keyed tu each 1dea of

'thhe che kpofnt section.- s e

P (-

“The append1x a]su cons15ts of a 10ap§ge_ca1cu1atur wurkshop and a 4 page i

" summary of career information in mathematics-applied fields. -Occasional

- ?ruh1em 501v1ng is-not spec1f1caﬁ]y stgted as a. goa] for the bouk nor- are .

fso1v1ng appruach

. ,Chapter topics are dece1v1ng]y suggestjve of a more trad1t1ona].content L :
"_;;organ1zat1@n than. the app11cat1on5 aupruach they encampass

] Drgan1z1ng facts-v-;v.
j.Ségg;, Basic. operat1ons Lo
" =73 Measures -and rates . -

"4, ‘Lines and angles. .-

5. Ratio-and  proportion

6.° Graphs and charts -~ - P L

%‘* Shapes:.and. constructiuns e géz;uj
9
10

&, Signed pumbers . " T
9.  Maps and cgordinatles
). ‘Areds‘and volumes \_ .
11. Chance and predictign
- 12. -Unusual measures -
13. "Math- and.-ecelogy—
- 14. Selving equations, S R
« 15, . Indirect measurement. I .
A few ear1y ]essuns 1ntroduce the ca1cu1ator through f1ow
" “calculator-use is optional and. referrgd to 1nfrequent1y
501v1ng questions are -presented and these aE‘%nr1 hment pu
cuss1an @f prcb1em 301v1ng strateg1es 15 - 1@de .

. ?aﬁ,_
e

o oany 5ect10n5 explicitly devoted to it." However, thé underlying structure of . ,
" the book is’ prob]em—ur1ented therefpre, the buok 15 conduc1ve to a prob1em ;éf'-‘

chértin§,=therééftér,-

Very few problem
23135 No d15—

:calcu1atur and’ occuuat1una1 referenEe“pages a1so occur throuqhout the text. ¥f-i
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Aruitoxt provided by Eic:

Dlllé?a‘c yde A. and Rucker, Walter E. Mathematics: AMDderg;ggncepgg'anq

Skills.\ /Lexington, Massachusetts: D.C. Héath, 1974. 406 p.

est aspeg¢t of the text is the large number of pr@blems==nat exercises in-a
given problem type but a variety of word problems.
Chapter titles follow:

1. Numeration Systems

2. Number Theory

3. Estimation

‘4. Algebra

5. Ratio and Proportion

6. Measuring Lengths and Angles
7. Geometric Figures

8. Area

9.

Three Dimensional Figures

10. Algebra with Real Numbers

1. Probability : -
12. Statistics :

13. Consumer Mathematics

14." I[ndirect Measurement

andard topics of general mathematics, such as taxes, interest, and com-

Tha sta

putational skill, are covered. More impressive is the inclusion of algebra,
geometry (5 thpter%') probability, and statistics--all topiés often denied
te gsnerdl ‘mathematics students, vet of practical value.

As the authors claim,
"Active involvement is stressed throughout this textbook.. Each
concept Is developed intuitively by rélatlng it to an appfuprlaLe
model. Also, projects are included so that students ¢an explore
mathematical -topics on their own." . -

Extensive use (s made of artwork, color,.graphics, and cartoeuvn characiels.
"Thbught clouds' are employed to explain the thinking behind calculations.
There is no mention or use of calculators. As a matter of fact, problems ap-
pear to have been developed -to control caretully the calculations involved.
rplementary worksheets and LE%ES are available as a bLook of duplicating mast-

(Jdittw sheets). Most teachers would find these 78 masters useful; however,
the number of copies from each master is llmlLed This reviewer would rather
have a set of the supplementary materlals ptlﬂtEd on paper so that theimal

masters could be made as needed.

5
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JAruntoxt provided by exic I8

Lewis, Harry. Mathematics for Daily Living. Florence, Kentucky: McCormick
Mathers, 1980. 534 p.

The text might be described simply as a financial survival kit. Each chapter
is 'an analysis of a major component of personal finance, Chapter t@picagare
the following:

1. Automobile Ownership

p 2. Commercial Transportation
3. Purchasing Consumer Goods
4. Personal Income
5. Income Tax
6. Banking
7. Banking Services
8. Small Loans
9. Investments in Stocks and Bonds

10. Insurance
11. Retirement Income.
12 The Cost of Housing

Chapters consist of from 2 to 7 units which prVidEéigyiggk book" description
of how to do the calculations for a subtopic. For é&xample, the first chapter
includes units on the loan, insurance, depreclation, operating costs, reading

a road map, determining average speed, and travel costs. The chapter "Small
Loans' includes units on the small loan agency, the pawnshap loan, the credit
union loan, and thercredit card loan. Discussions within units provide a brief
overview of the topic and an explanation of how to solve a particular type of
problem. A grgat many exercises follow in which the same format as the sample
problem is usi@. :

. Alsu, a supplementary workbook is 188 pages of exercises
in the text.

keyed to those

The exercises are very practical and realistic in the sense of using reason-
able data or providing adnswers to questions useful to a consumer. Much of the
data is taken from real life situations but the result of inflation may require
very frequent revisions to maintain this characrteristic. Problems, as opposed
to exerclses, are nonexistent. Also, no mention is made of using calculators
even though arithmetic exerclses, such a= thuse with dally Interest rates
carried out tu the seventh decimal place, would seem to justify thelr use.

.
lhe Ltext appears Lo be awatl appropflate 0T the teimlual student 1o the seulos
vear, whe will s.00 have to become concorned wich persovnal finau. e,

L
-
T o
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Pr1ce Jack; Brown, D1ene, Charles, Michael; and Clifford, M1r1 m Lien.
Matheman;sifpriEverydaifL1fe, Columbus , Ohio: Merrill, 1978. ? 415 b.
v
- The emphasis in this text is on applications of mathematics in. daily life
activities. Computational and other related subskills are presented as key

*skill sublessons within the overall framework of app11cat1ans or1ented lessons.
Chapter topics are:

Tables and schedules

Reading and cgnstruct1ng graphs
Working with data .
Reading measures

"Useful calculations

Buying a car

Buying a house

Comparative shopping

Student supply store

10. Insurance

11. What's the angle?

12. Constructions

13. Polygons

14. Surface area and volume .
15. Energy

16. Energy and conservation

17. Science and the environment

18, Health and nutrition

19. Mathematics in spérts g

e T o BRI o SIS - S N W% B

Thé‘test is characterized by ﬂ01grfu1 visual presentations that use pictures
of real-life materials (e.q. forms, tool readings) in lessons. The self-
contained nature of individual 1essons provides optimum flexibility to the
teacher in selecting and using app1icat1cn topics. Career corner pages in .
each chapter provide short glimpses of mathematics applicatigns in real jobs.
Interwoven throughout many lessons are 1nFDrmat1ve ideas and insights about
consumer decision-making.

Fach chapter is accompanied by pre- test and student self-test. The teacher's
edition also includes diagnostic skill, chapter, and semester tests. Each
lesson in the teacher's edition has student objective, answers, and suggestions
overprinted in red. Daily assignment guides, unit introductions, chapter
averviews, and lessun discussions make up a Separate teacher's guide section.
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Price, Jack; Brown, Olene; Charles, Michael; and Clifford, Miriam Lien.

- Mathematics for Today's Cansumer w1th Career Applications. Columbys, Ohio:

Merrill, 1979. 416 b.

This text is a special edition created by cqmbiﬁing units from two other
Merrill general mathematics books, Mathematics for the Real World and Mathematics
for Everyday Life. Topics chosen from these books deal with consumer

decisions. The result is a text devoted to the mathematics involved in
consumer education. Chapter titles are:

“Earning money
Checking account
Savings account
Credit cards ' Py
Income tax
Buying a car
Buying a house
Comparative shopping -
Student supoly store
10. Insurance
11. Tables and schedules .
12. Reading and constructing graphs
13. Working with data
4. Reading measures

IV o w T B o o T o T Y T N, )
« w w om e o ow e

16. Length and d15tance
17. Other common measures
18. Ratio and proportion
19. Area.

= 20. Volume

Chapter 6-15 of this book are identical to chapters 1-10 of Mathematics for
Everyday Life. Additional chapters from the other Merrill general mathematics .
book provide an older emphasis to the daily life applications of this text.

"It is probably better suited as a consumer mathematics text than a general
mathematics book.

Therefore, the tormal, fealures, and supplementary sectlons of (h1S bouk
are similar to those or the preceding Merrill book  Howeve:, the few
lesw0as using calculators are delayed until chanter 13, and problem sovlving
is not Jdirectly addressed in cither discussions or uarichment problems.
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Price, Jack et al. "Mathematirs for the Real World. Columbus, Ohio: Charles
E. Merrill, 1978. 416 p.

=

-~
g

.The text is organlzed into 4 major units with 5 or 6 chapters in each, as
* follows: N o
Money ‘amagement -Statisties and Probability
1.\ Earning Mongy ' 11. Cathering and Displaying Data
2. Checking Account . 12. Describing Data
3. Savings Account 13. Experimental g#obability *
4. Credit Cards 14. Sample Spacgs
5 Income Tax B 15. Using Statistics and Probability
. . LY
% ﬂggsufemﬁS} and Estimation Patterns in Mathematics
6 Length and Distance 16. Patterns in Mathematics
7. Other Common Measurements 17. Operations
8. Ratio and Proportion 18. Number Théory
9 Area : ' 19. Solving Open Sentences
10 Volume' 20. Problem Solving
L;. 21. Sequence and Series

The pretace, to teacher's guide indicates that the rext ",..provides a comprehensive
course in general mathematlics. The approach is based upon educational research

of the senior author along with research findings in the general math (sic)

area.'" This reviewer doubts the validity of these statements. The text was

found to be entirgly skill oriented and completely \Jevoid of any problem solv-
ing éxpéfiengéEEE§VEﬁ in the 12 page chapter entitled "Problem Solving." Some
of the sections of this chapter are: Formulag, Problems involving Multiplica-
tion and Division, Ratio, and Percent. The selt test for this chapter has 30
"problems.'" Nine are formula "'plugging” (e.g. d = rt given. Problem 3. r = 55,
t = 3%: "evaluate" the formula.) Another 8 of 30 problems .are '""Solve the Pro-
portion" (e.g. 14/b =-//8). Another 8 are percent exercises (e.g. "30% of what
qumber 1s 107") The remaining 5 problems have words (e.g. 12. Find the cost

of 3 ftems which cost 27¢ each.) The longest "problem" follows.

"30. A supercharger will inurease Lhe hursepower on Tom's car by
20%. 1f the current horsepower is 150, how much can it bevincieased
by luastalling a SUPELLhdLL%EE}" ([_’L 372)

o vaall the teat containg little explanacion o1 wathewmsct. o nor ol the teal
wat 1 It wntains hundreds aod hundreds of exoiclises which make o reviewe.

grateial he is not o student assipgned this text!

ERIC

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

.maﬁhematlcs is most beneficial

Shulte, Albert P. and Petefscn, Robert E. Preparing to Use Algebra
Forest, Illinois: Laidlaw, 1978. 493 p. w

(2nd edition). River Forest, Illinois: Laidlaw, 1978.

This text is designed for (1) students n@tready for a first course in

:algebfa ("contains all the basic mathematical content required for ...

success in algebra') or (2) students who may not pursue a college=mprepara-

tory program ("emphasis on caqp%natlaﬂal skills and practical uses of
%%D these students'"). Topics included are:

Simple sentences
. Solving open sentences

Ordered pairs and graphing ¥

Number theory

Operations and their pEDpEfElES

Operations with fractions

Operations with decimals 1

Integers

Sentences with integers
10. Problem solving
11. Ratio and propoftion
12. Indirect measurement
13. Rational numbers
14. Using élgebra
15. Approximation and measurement
16. Square root (optional)

WOTE s T W B R D e

Each chapter contains a vocabulary and chapter review, a chapter test, and
activities, with speclal toplcs interspersed. An application of mathematics
in a career (flying, photography, space travel, typesetting, air conditioning,
power lines, plumbing, police work, etc.) Is included at the end of each
chapter (1-2 pages).

The problem-solving chapter focuses on writing eéﬁétigns and making tables.
A brief introduction to each chapte. sometimes cites problem solving, pre-
sumably as motivation. Thus, the introduction to chapter 1 indicates that:
"Before solving problems, a guod problem-solver needs a set of mathematical
tools, In this chapter you will learn when to use some of Lhose tools ..."
(p. 1) Chapter 7 begins: "This will enable you to use decimals when solviug
some OfF the problews you meel every day' (p. 190). No uther explicit atten-
tion {3 glven o problem solving.

=

Lhee Lofflal 1o wpen, with wlear tllaetial s Lhieo penetal poocedure Invulvea

4 gilven instance (z.ample), statement of a rui., m.re examples, and practice
exefcises. The exercvises are cvoded four oral, written or optional extension,
and optional lessons are noted ("fo: flexibilicy™). rhe teacher's edition
counnists of che student textbook with dnswers overpitinted In red, and a
separate se.tion with performance objectives, comments, and some suggestlious
on.what to point out Lo students.

Moo relevetiee Lo Laund vy Lhe Use o culouluatoise (o vombutl el o)

= Ty
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Aruitoxt provided by Eic:

Wells, David W.; Shulte, Albert P.; and Choate, Stuart A. Mathematics
for Daily Use. River Forest, Illinois: Laidlaw, 1980. 544 p.

The primary emphasis of this general mathematics textbook is on
computational skills and practical applications. Topics included are:

Using tables and graphs
Making graphs
Equatians ahd f@rmuias

Maasutament

Plane figures

Scale drawings
Consumer skllls
Solids

Chance and estimates

o 00~ Mo P b

&

sk

A "computing skills refresher', containing exercises on (1) whole numbers
and decimals and: (2) fractions and mixed numbers is included.

o

" Special topics, a '"career cormer', and a 'consumer corner" are interspersed.

Each chapter includes a test, review work, and a preview test for the next

Lhaptef Chapters bggin with a ”picture preview” of applicatiaﬁs of mathEﬁ

also lncluded in an attempt to pravide a "highly visual' readable' text
with ”pra:tiﬂal content and a variety of appl;catluns of mathematics to
everyday problems"

F

o o @
The lessons generally take the form of (1) illustration plus questions
followed by (2) examples and exercises. Instance-rule-examplec-exercise

is thus the pattern followed. The teacher's edition consists of an anno-
tated student textbook plus a manual with ba:kgrguﬂd information, teaching
aids, tests and answers, suggestions for organizing the course, and brief
comments on each section.

Teaching of problem-solving strategies Lls uol apparenl, nor auny allusions
to the use of calculators (or computers).

.12



P1.1 - Fl.1
) 1980 Ohio Regional Conferences '
R T ‘on- ’
' . Mathematics Education
’1;.
Sharing Ideas with Colleagues
# - > Y
) Dominoes”
The 1980 Ohio Regional Conferences on Mathematics Education are supported

y a grant from the National Science Foundation as a project in the program for
"Dissemination of Information in Science Education." The purpose of such pro-
grams 'is to provide information to educational leaders and decision makers. The
conferences themselves are not in-service activities tor teachers, Rather, the
intent 18 to reach superintendents, principals, supervisors, . teacher leaders such
as department heads, and college mathematics educators Our goal is that this
cadre of able pEDplE will reach the many teachers serving in Ohio's schools.

The plan is that participants in the conferences will conduct some sort of in~
service program for teachers in their own or nearby school.systems., The Con-
ference Development Team has attempted to assemble a packet of materials and to
develop g@rk-sessians during the confewgences that participants can use when they
in turn, provide information to their colleagues.
= k] G =

The purpose of this paper is to suggest some vehic
use to disseminate the ideas and resourc the g
leagues. In this way the prQJELE’is d,s’gned to hav

reach

e
paftielpdnt transmits some uf tﬁe LDHEEFEHLE idea5 to 10

ci
t

her.:i

hlL!,

pants can
heir col-

3
=
i
[
[
-
=]
3
2

Ain Ohio.-

more
thousand teachers will be reached. Sume conference participants have

the position and abtlity (o teach vne hundred or two hundred teachers--that is

ehe chal lenge!

Ihe oo bvt ot s Lals hiave beet dmsemb . 1 0 a0 o1 1o prots L1, pant.. o

0t

ches olan and conduc b lo-service activities, Yoo may tind one or more papers

shich vou con ase Jircctly as they are wiltte,. . ther.. may be thors

thal yo

want to moedil, fu; the special sitwation o voue schoel. the major point is

that Uhe pacselsd wore ansembled Lo be used. Participants shoold tecl
use, modity, or adapt the packet mateciala,

H,l‘,'-‘,L, Lo, LJ”

What can osoa s a0 pantiolpant do gt b cOOTeren. o Tt

Froo. t

[
Llasting of =ome ol Lhe activities conterenc, pacticipants aa,ht o nsider o

oo dlssinilaatle e as Livew Pind amscful froag the cunberon e,

El{lC ; ( -

Aruitoxt provided by Eic: -
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Aruitoxt provided by Eic:

3

P1.2" : C . P1.2

chool

ndicated that théir

W

ring an in-service sesgsion. In

ntation. We suggest that you carefully
or 5 that you found interesting

:

oy
e
[a]
o

opportunity in the near future to conduct an
'might be able to review packet materials and
compile a small packet of materials for your col-

uuld make arrangements to submit small

-
'3

vis might establish a resource center for
tea;hers, Such a center might be a fil
ute ldeas, problems, or papers to be used by.evarygne, A department meeting
to discuss the resource center might be a vehicle to help establish it and im-
prove its ut zé -

f~
=
-

. Faculty Meetiugs

Pethaps thie mathemallics Lacully of o school could w8BL tgg e Lo consider
1

whkit Cin be dune Lo improve problem solving abilities 1u dll Or se

de know vne schovl where the principal has Jdevelopel the schedule so that all

mathematics teachers have the same planning period. These teachers meet almos
da

every school to wurk wu luproving the program and iodividual courses.

Dlﬁguuj{uu W LL¥§2

Lo Dacall,y mecttnfgS v bt beasti b Lol o tastan Licado e, e bde
cotal discussion meeting--. veoy Informal ses.ion for fa, ulty (o ¢ nsider a

L
é:LEchA tupi.

Thiemme ool or e, AR A A S S NN TR FYRT FRvEe wlo oo .‘quualhlllll-q wlll,

bepe tullv, want to tr. some activiiies out 1n their oon classes., Afte. a few

¥

Ery wuls they mlght eftecti ely dissemninate some of the things theyv have learned

tnvililoeg orhen Loachers Lo o visit thelt lhasstooms dacing a problen solviog

1

ers and that thev would have
se meetings. We would sugpest that

[
ps "Problem Solving Ideas'" or a "Calculator

rin
nse two days of cornference meetings and 300

rs or parts of papers to dis-

“over page explaining what is attached and how -
re copies pof materials to disseminate. If your
u

o = .
e drawer where all teachers can contTib-
[ =

3

I

b

or caleulater class.  We belicve that seetng students In classroom settings using

'
N

s f
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- new ideas is the 'best stimulus for making any modifications in a program. -By
. .opening your room to observation, you may be able to open a lot of doors for
other teachers to try things.

Alternative techniques to demonstrationg in your class are (1)
- strations in other teachers' classes, (2) videotaping parts of your clas
" other teachers to view or (3) describing your experiences in the classro

with other teachers.

Action Research ) .

: Some teachers like to try new. techniques, curriculum modules, or instruc-
tion strategies. Often they can develop a mini-research study to ascertain the
effect of the special treatment compared to a control group. Such evidence can

The suggestions in this paper are only a part of what can be done. Fol-
low-up of the 1978-79 Ohio Regional Conferences (Problem Solving and Use of Cal-
culators in Elementary Schools) proved that participants can devise ingenious
;ays to share ideas and disseminate confeérence materials with their colleagues.

e = : @ )

£
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Aruitoxt provided by Eic: - A



prepared outlines of several appropriate workshops. Two of . ?

)

the workshops are designed for junior high school teachers (an 8-hour work--

¢ .

shop and a 2-hour workshop) and two are designed for high school teachers

The only difference between the junior high and high school workshops is

=

blems to be used.

o

in the select

W
e
i}

C 8!

on of pr

"

11 cases the problems were

iy

selected to illuifrgﬁg a wide variety of problem solving strategies. The

problem lists are, of course, merely suggestions. You should feel free to
substitute vour own favoriteg.
The differcnies between the shoit and lung wothshops dare 1 the numbetrs
. \ ’
of problems to-be solved and in the inclusion in the long workshops of time
B -

for participants to tey out some of the ideas they have learned by leading

wlhier parll lpanta in Pf@blt;lﬁ' :ul\!ll!ﬁ seas Lo Ilhicse sesstons should then

be discussed ln Lerms of the teaching skills iutludugEQ\during the workshop
’ F
Toivat p,ntiu“;:;utf:s ahiouald, ol couroc Lo awate that the wuihkshop will uot

:

b .

ke Lhen caporls in tea. hlng the Yyooblom sulving 1w pogs Al Lot 1L Can

. N &£ <
helgiien vhelr awareacos o0 problom 80lving stiategles lolfeoduce thew Lo
Leachitng behaviors that will lucioase Ehe prabability that thelr wtadeats will
Lot La swlve pl,ulélt;lll?i, And wos carage Lhe o by ceade,, Lhici LE::J,;hiuH gl\nglié

B Lo Lude ot Lew e Ll .

.4
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Aruitoxt provided by Eic:

Outline of an 8-hour Workshop ‘on Teaching Problem Solving

For Junior High School Teachers : e ’

a#
roduction (15 minutes)

What is a problem?

1. Blockage. .

2. Acceptance by students. .

Why teach problem solving skills?

L. NCSM and NCTM 1%5ts of basic skills.
2. National assessment and results.

Schedule of workshop and purpose of each ac vity.

lving problems (2 hr. 45 min.)
Handshake problem - Suppose that 10 people meet for the first time
and that each shakes hands with each other exactly once. How many
handshakes will there be?
(Some appropri e ‘strategies that can be used are: do an experiment,
draw a diagram, make a 1 impler but similar problems looking
for pattern, logical r

eatest number that can not he
hat you have infinitely many

a
rctboard problem - What
QLEd onn this dartbmard
res

(oLt ateglea, wabke a Lable and louvk [ur o Pattern, deductive Cedsulilng)

Loule rthe Cambler - Louie the Gambler tovok his:week's paycheck tou
Lthe casine, He pald the $2 eubrdnce tee, lost % of his remaining
mone A dand then tipped the hatcheck glrl $1 on his way out. This

bad luck persisited; the sawme sequeiRe of events happened eact, day
Fur the wexl 4 Jdays At the end of Ehé tifeh day he had §9 after
he teft the asinv. what was the amount of his weekly paycheck?

(Strategv: working backward)

Vsing he diglea I, 4, 6, 7, and Y Forw o 4 Jlig

it luteges and a 2
Jivite futiger whose product 15 a latge s pussibl, .
(Attacegles:  sAvalenatic trlal aad erooc, cahausting 11
poonsalb il
Qakiug Bodw pr ot ol I T Y S O O S Y TV R
RN HR SO the Fierd most th, fa.wmor make .. ha e 1aked

3 | : :
o f 5%5 o] 43 sbwwn o the tlgure

S A - _E_EJT
- . T T SRt s vnc ol o vitow (Neo L, o
Pt el i b nsider the alwa Lhat s been CAR. 1 01 suy CFas

t
thot from tie origlo.l area. Using anther point of view 1s t. consides

1
the areas of the unraked roec ngles after cach full ound of the rake.)

s
i




P2.3 A P2.3 i

III. Teaching problem solving skills (4 hrs. 39 min.)
- A. Objectives '
1. Seldcting objectives Ehat involve the use of problem qalv;ng skills.
2. Assigning priorities to objectives,
“B. Reinforcing students.
' 1. Reinforcing acﬂzfﬁing to objectives. . ‘
2. _Reinforeing apptoximations of final behaviors. -
C. Testing problen solving skills. -
1. Testing the ability to use seléé%éd strategies. _
2." Testing the ability to choose appropriate strategies.
3. Formal and informal evaluation.
D. Providing help = asking questions.

1. When to help. 3 .
2. Giving as little help as possible. " !! '
3. Civing help without guiding toward specific strategies or solutions.
4., Waic time after asking questions. :

k. HDldlﬁg review sessions after problems are solved.
1. How was the problem solved? ;
2. What made the solver think of his solution or method of solution?
3. What are the advantages and disadvantages of the method?
4. 1Is there a different method or different solution?

F. Practice (micro teaching) sessions for workshbp participants.

[V. Classroom ﬁfganlzatlan (30 minutes)
A. Teaching a unit on problem solving and then applylng the skills
' regularly.
B. Using one day a “JEek for problem solving.

Skill centers.
Using a problew solving appruach as a basic tedvhiug strategy

[

ERIC

Aruitoxt provided by Eic:



P2 .4 Qutline of a 2-hour Workshop on Teéihingﬁérgbl§m=écl%éﬁg

Pre : s 5
_ _ Cor K , . P2.4
. ; = For Junior High Sghéékilgazhéfg. : 5
. L
< T
‘x .

I. Intfgdu%tig (15 minutes) . q
is rol . ‘

A. Whafw

1. : . ;
2. AL epzan;a by students. % )
B. Whyﬁﬁeaghgpfcbl m solving skills?
' ; [. 'NCSM and NCTM lists of basic skills.

2. National assessment results.

C. chgdule of wgrkshap and purpose
Solving problems (1 hr.) T
A. Handshake problem - 5up§ ose thatted ‘i
that eagch shakes hands with each
ghakes: will. Ehéfé be? : St
*»experiment, draw ‘a dagram, make

—
o

i lems lobking for 4 pdttern, ﬁedu

‘B. Using the.digits 1, &, by 75 a

" 'integer -whose-product is as lafg
trial, and .error, -exhausting all’

L]

e
p

[1t % rategies (5D mluuLab)
ﬁ%gvza that 1ﬁ§ Jve the use of problem solving skills,
2. A% igning prLer[léE to objectives ’
B. Reinforcing students. Yy \\!
l.” Reinforcing according Lu:ébjﬁgLiV§5. N ’
2, Reintorcing approximations to tinal bLhdeurd.
C Testing problem solving abilities. i .
1 Testing the ability fo use selected erachigg.
2. Testing the abilitv to select appropriate strategilea.
3 Formal and informal evaluation.
5] Providing help - asking guestious.
1. When to hely. :
2 Giviag as little helpras pussibl.c !
} Giving help without guiding studeats Covard specill Lisaccgles
UF suvlations ..
. M;xt tine after askihg qu;;llgﬂé.
flotding 1evivw sessions after problew. a1 ol
L. HC} theszpiroblen gulved? ¢
2 "15, 1o Re solver think Or (he s0la b o i et L0 s b
5 Wi grg’;dvpntdgeH or di.advantagis or toe mothod?
4 Lo Lite 01 tiILu[ wethod o different solution?
\ T L N ORT I G (VRS N PR A |
AL e bilng 4 tunit wa oblem solving auad thes applyiog thie okdiea
tevalan by ) )
o Al e e 0 week P07 Loablem solviag
[ wlll [ELF S ) AN
J Loluy, *,'r;if)lw.i el Loy g‘-lj;]:‘l}.l"l{ Ao L. Cooe Dby, ey,
’4 = £
x i
¢ 2/ ;
Q . . - 3 LY



1., NESH and NCTM lis
%atlaﬁal assessm}

lS;ﬁplEF bLt Jimllaf prchlems ) : o
- Raking- hay roble Gi en a hay fleld EDD_m“long and EDD-m w1de,’

ffhaw many ¢i & raked'
CLRE TS

Tt -

¢ Write and salva an equatianij/QStrategleS,3 Draw a plcturef_ t:
5-;Apélnt Df view. . Note:  One way to do. the, pzpblem 15 to .consider

'fthé area that has been, faked/and substract th from:the ofiglnal
aréa. .’ Usipg another point of I r the ateas’of thi
unraked fectangles aftenieagh full rgund o : _ékégiaf _
number of pléces 4into. whlzh an Drange Ean'bev
-(Strathlesi‘ 2xper1ment, s;mpler butA51mllare,

P
RS ¥y
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Tasting problem aalvlng akllla { BT S, S R
x 1. Tastrﬁg the ability to. use. aalactad s
‘A_f“._;g; ~Testing the .ability to choose: appropriate o
Jr T8, Formal and"‘,nf_ormal evaluation. = - . . .. T s
; ; Prav1&iag ‘help ﬂ;aaking quaat;ona. T
: . s .1, When ‘to Balp.,.'_ e ' ST
Wt 2.'=Giv1hg as littla‘halp ‘as- pcaalbla..;.f;- R _ -l s
‘w0 3. . Giving help ‘'without guiding toward specific strategies or solutdions. -

oo % 4. 'Wait.timé after aaking qquestions, ., .. ., . w0 R

L e;“E;g’Hgldlng ravlaw saaaiona after prablams are alvad - ?fiv I
';-i:f,?y;ﬁ. 1. - How: waa ‘the’ prgblam so0lved? ’

. “'What mdde the solver think of his agl tion or’ mathod of ablutlon?
~What are the advantages and disadvantages of the method? T

“1s there a .different method or different solution?. - e
actlaa (miaro Eaachlﬁg) sasalana far warkahop partlc ip

W

Glassroam organiaatian. ](BD;mlnutaa)

Ag-:Iaachlng a unit on problam aolv;ng and than apply o the oki T
~regularlyy - - [

- .Using one day a: waak‘far pfablam sa1v1n :?
C.0 Skill. aaatara.-'

, . S S N p fﬁiﬁ
D. ﬂUa;ng a prablam aolv;ng approach aa a. baala~ﬁaaching atratagy. B .
v oo | e ’ .

P ¥ . . =
i o= L . ’
. = L] 2
y 4 & ) ‘B :
‘ | i { * f
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& 1 i -
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.7 Dutllne ﬁf a 2 hour Warkshap on Ieaching Ptcblem SDlVlﬁg

Fnr ngh Schcnl Teache:s -

Introduction (15 minutes

» 1. Blockage. -

What is ‘a prmblem?_

2. Acceptance Ey studeﬁts.r "
}Why teach problem salving Skllls?

ool . NCSM and NCTM lists-of basic.
V:*E=* National® assessment results.’

: ;Schedule af workshcp and purpase

.SQlVng problems (l hf ) : S
’ ‘How many games . are played in a 51ngle elimiﬂatlcn tcufnament w1th

275 entrants?
pencll Expe’
“"lémsL )

af_éazh=gétivity;,~

.
o

(Strazegles that can bE!uEed include; paper-and-"

1mplef but Slmilar prob= L

" Painted’ cube prﬂblem - Imagine thaE a large wamden cube is péinted
black and then, cut into 100 congruent small-gcubes.

‘How many of
face painted? ' : o
-solving simpler but Elmléifr;‘;
ccuntlng ) . S

. the small. cubes have: 0 faces palnted? 
J (Strategies “experiment
iar prablemsi make a drawing, systemaf'

Calculate ~

Jz +J

-CSLfatégLeS:— wcrklng baakward and laaklng far a paﬁter

‘DbjegtlvesL

5 (30 mlnutes)

1. .Selecting ijEEthES that lnvolve the use af problem sclv;ng skllls.-f
‘2. . Assigning prlcrlties ED abjéctlves . : : L

.Rélnforclng students .

i " Reinforcing’ according to DbJEEElVEE.
" -2. ’Reinforcing apprcximat;nns to final behav1ers.

‘Tégting;pfoblem solving abilities.

‘1;“7fésﬁiﬁg7§§é ability toé use seleétea strategies.i.4
~2: 'Testing the ability to select apprapriate strategies
3. .Formal and informal evaulatlcn. ~ e S

B -
PfQVLdln *,

help 4'ask1ng questlgns

o lin5When o help. . .
S 2.7 Giving as 11ttle help as p0551b1e ) : : .
3 Giving heIp w1thout gu;dlng studemts tﬂward Epeclflc sttaEagies

la%%fﬂom organl?atlon

ot : qolutlmns

e

5 -

(3@ mlnutaq)

- Wait tlme aftefrasklng questlons.

-”What made the solvef ‘think of the solutlon ar the method Df sclutlnn?_

Dldlﬁg rev1ew sessi é after. prcblems-are salved
_How was the préohlem solved? . S
’What are the advantages or d;sadvantagss of the method? .

Is thefe a dlfferent mefhad or dlffEféQt solution?

Teaching a unlt on prublem %oLVIng ﬁnd t'en applylng the skllls

P;Egulafly

.- *Usging one day a. k ﬁot prblEm sa1v1ng 7

C. - 'skill centers. :
U%Lng a prablem :clv1ng 1ppfga:h as a b331q‘teach1ng strategy
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WQRKSHOP EVALUATIQN

=

'Eva;ﬁaticn:gnghégéfcbnE rénces

.. "The staff cgnductlng the 6 reglanal canferences a:e §‘> -:;""
lntérested "in' the part;clpants' reactions to. the conferences. - '
. Each participant w1ll bé asked to complete 'a qu%stlcnnalre,_"
(pink. form) which 1ncludes a set of multlple EthcE qé%stlans_-ﬁ-f.
and -a sectlon far Dpen réspanses- A LT s

The goal of the ganferences is: tc hélp the partlg;pants
«wprepare to.conduct: warkshaps or.. ather in-servic rit es‘w1
* teachers ‘in their own.or nearby: dlstrlgts, o
'you later® to see iE ‘the conferences resulted in. suﬂh wqushmps._'
(This is an- evaluatlan of the effectlveness of the Ohio Reglgnal
‘Cngerencas,) ‘At tHat time you may have other: suggestlens fcr
ithegstaff ahﬂ we "hope y@u w1ll send: them. o -

Evalua t an of E llcw—up Actlv t' 37’F7f=;

_ If y@u p:esent a wgrkshcp or . ﬂther act1v1ty fér teachers,
you may want ;to use the evaluation ‘form ;n thlS se;tlén (whlte
farm) Answer sheets aré available frém, . : o

{:Len ‘Pikaart’

- .Ohio Un;vers;ty N -
' .. College of Educatlcn R

) ..l McCracken-Hall ™
% : . "_Athens, Dhm 45701

-The anﬁwer sheets w111 be’ prav;ded.free (as léng as thé
: b5). .We.ask® th®t you regproduce the guestionnaire

ZA-Ltselfi Plrease request your, best estimate of the number of. ansWer

- sheets’ needed and. return unused ones so they will -be available -
for athers.‘ We will score the. answer: sheets and send’ you.a '
camplete analys;s if. you w111 ‘permit-us to- 1nclude the dataa

From yaur pragram in our summary data ool

. We. emph831ze that no 1ndlvidua; Wcrkshcp or act;v;ty w111

" be identifiable. in.any report of analysis we c@nduct. We. would.
1like to’ examine. the reéactions. to-all ‘the’ prcgrams conducted as a:
‘result of the ccnferenzes tcdetermlne if ‘we ‘should use- -the same

. sort of canfEIEnce format in the future—=thus,'we warit to evalu-f
ate us=anat you. - Positive’ ‘results would have great ;mpllcatlans
for. ‘the Natiorial' Science, Foundation (supp@rt;ng this. prgject) '
‘and perhaps “for the Ohio State 'Department of. Educat;én; (Nega- Lo
-t tlve results wauid have 1mpl1catlgns ta@') . f,i' T
: L Wes hgpe yéu w111 dec;de ta usé the evaluatlgn form and to
share thé data with us.v; : : : S :

T o

- R S



TEACHER IN- SERVICE ACTIVITY el

EvaTuet1nn Form ?:z

Seieet‘the e1ng1e best ‘answer Fer yeu te each queet1on and merk aTT enswers en ;;?"
the anewer st 'et_ I the QUESfTDn s; net apprepriete 1eave it b]ank L :

1. Are yeu‘ SR
yTeeeher gradee 5 9

-

A, :
;,B;']Seheg1 .teacher,. gredes 9 12
- €y School" pr1ne1pai R
*D. School system adm1n1strater )
'-E!.yDther f‘ e S f
This aet1v1ty Fecueed on , Yo _ o . St .
,A P‘;Db!l em: 501\,7 ng 4, >- v- e < - Tra e s s B b S st e e s e
Bi " Using ea1cu1etere SR ' e
‘€. ‘Both problem solving and caTcu]ethe , S T e T
: -~ *D: "Some .other topic but referred te prDbTem 501v1ﬁg or to ca1eu1etere
+ _E. JSeme ether tep1c : _ L e
,33’;The_ebgeet1ves and’ purposes sl o
" - A. Were clearly outlined. from the beq1nn1ng
-B..- Became-clear as the activities developed. -
. C. Became eemewhet clear as the ecb1v1t1ee preeréseed .
“D. Were reféerred to only 1nd1ree;1y L
:_E_"Nere never made- c]ear

4. The agreement between the anneunced purposee of the aet1v1ty and whet wes :
' ctuaTTy preeented was - ) . , e
“A. - Superior. _ S o R o _
CBuAbove average, vl i e B e e
¢, -Average, eooTal T : R L T
. D. Below Average o ;
E. Pcor N -,:*;,= oo
5. How well was the eet1v1ty organ1zed?
A, It'was extremely .well orgenyégd and 1ntegrated
© B. It'was adequately organ1eed \%g o
. €. 1t had less organization®than wou1d eem- de51reb1e;
0. 1t had‘no apparent organization. - -
E: It was too tightly organized; there was not eneugh fTex1b111ty to meeto _
part1e1pant needs end desires. : L i : ,

..E

6 Hew we]] d1d th15 act1v1ty EDﬂtPTbUtE to yeur prQFess1ena1 ﬂeec:!s‘?l
"A. Made a- very important: eentr1but1en '
.B.. Was valuable, but not essential. 5 S S
© C. - Was moderately helpful. e S S
- D. Made: ‘a minor contribution. .. -, - . T
E. -Mage -No; 51gn1f1cent eontr1but1en N
7. How would: yeu rate ‘the useﬂh1ness of Ehe mater1e]e on Preb]em So1v1ng?'
- A, Extremely valuable. - ; B
By :Very useful, o T R
" C.  Useful. - [
4 D. May]be oF use, o TR _
E. Uee:ees | ,;.‘ o 23&4;} s




'8 . How weu]d you rate. the usefu1nese;o the

AL ExtremeTy veTueb1eg Cod
- B.- Very useful. o .o,
© G, .Useful. e T L
D.: May beof use, - L .0 T
, EC Use]ese T ’:- S
9. . How;c]eer]y were your respon51b111t1ee dur1ng th1s ect1v1ty de*F“lned'?l :
AL, 1 always knew 'what was ‘expected. of me. - . e S _
. B. "I usually knew what was.‘expected: of me.>*. =~ .~ ..
€. .usually had a géneral- idea-of what was. expeeted of me
- D. -1 was often in doubt about what we,nexpected df me,. -
E. _I-ee1dom knew whet was expected f me e ,

Longr
‘*‘-.s

ing ‘to .give personal help?.

AL -1 felt welcome to seek pereenaT he1p as dften ee T needed 1t
B, I felt free to seek personal help.: :
-C. L. felt he or she. would give pereone1 he1p 1f eeked
© D, I felt hesitant to seek personal help. S :
i ‘E;_LI felt’ that -he or ehe wae uneympethet1c end un1ntereeted 1n pert1c1pant
. preb]eme ' o _ : gea s o v
. wdu1d ydu recemmend th1e cenference to a gcdd fr1end whose 1ntereets and
. background are similar . to ydur57 o ; - L A
=“_ A.-. Recommend highly." S S '-,. ' :
" B.--Generally recommend.. S
~ C. Recommend with reeervet1dne v
‘{’De_ Def1n1te1y net EER ",_j. N A B
. , ; b o T

2. How would .you rate your understend1ng of the use" of E_pb]em eo1v1ng s et

- a result of ‘this conference? "~ . - - . - . . T _,j:”ﬁ;,;w.efw,;
A Ilearned a lot. -.-* - TR L T TR
B. -My understanding improved. "
- C. A few ideas were new to.me.. e S e
"D, I learned very little. " j. G e e L
E I learned almost neth1ng e e e e T

3. Hew wou1d your rate your underetend1ng of. the use df ceTcu]etors “in: echoc]e
_-.as a.result of this conference? .

A. 1'learned a'lot. - e A aj"' {~ﬁ'e7“1d.
'B,. My understanding Tmproved o - ST
" C. A few ideas were new to me. . e o
“D. 1 learned very little. . S
- E. T 1eerned eTmoet noth1ng ¥ y
) o .3 . - S
4;’,Hew_weu1d yau rete the, aCtTV1ty 1n genere1? R B
. A;);Dutetend1ng -and. st1mu1at1ng ST .
B, Very good. . :
- €. Good. . . ' :
Di:aAdequefe but net 5t1mu1et1ng
: E;i-Poor -and 1nedequete - -
» SR )

CORO3T

10.. CQHSTdEVTHQ the'size. of the QrDUpavdD you fee1 thet the 1eedere were w111s B
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Se1e:t the s1ng1e bes% answer Far you ta-each quest1an:and mark aTT answers
Dn the answer sheet If the qu'

tion. is not appropriate, leave it blank. -

Lo

Part1c1pant Pos1t1an i:-'-’

CanFerence Dbject1ves and Purpasé%

e A Super1htendent

Are yDu

S%pervisor
.:*Pr1nc1paT CEl '
Mathemat1c5 Educatign Coliege’geve1);
Teacher ' e ATl

Y

20

"m'-n:nf ) m >

How c1ear were the Dbge§t1ves or purpcses Df th15 (:cm*Fer‘ént:e'?3 The ob-
_fgegtTVES and purposes: , L Lo
. A.-Were clearly outlined- from the BEQ1nn1ng
- - B. "Became'clear -as ‘the conference developéd. :
- C. ‘Became- somewhat clear as the canference pragréssed
S D. Were referred to only: 1nd1rect1y I S
- E. Mere never made c]ear ,
V_S.V-The”agreement between the. anngunced ﬂurpase Df the canference and what o
-~ -was dctually pres&nteq was: : : : s
A, Superior. : : ;
~“B. Above average. -_" L .
~ €. Average. ' . . ff T e L ;_ B
-D. -Be1aw‘Avera§e T
E. -PQDP T
‘ ! ) —
Drgan?zat1an :
fHaw we]] was the anerence Drgan1zed7

.The conference was - extremely well Drgan1zed and 1ntegwated
" The“conference was ade uately organized.
~ The .conference had 1e§g organization than would- seem de51r3t1e
{iﬁTbE conference-had no-apparent organization.

The conference was too tightly organized; there was not enough F1ex<
ﬁ 1b111;y to meet part1c1pant needs and ées1res oo

,



ai e

CQnFerence Content :;J;; - ”J"‘

. Cancerning the m1xture af part1c1pants dG you th1nk::,i

n1cnnmuwz>

The mixture was about. right. ,
‘There should -have been more 5uper1ntendents
_There :should have beén-more supervisors.

_;:The groups shou1d ‘have met separate1y

a 5}

Mmoo W >

mMoow>

f Moo m> T

' Made a very important contr1but1an
“Was valuable, but not: essentia1
. “Was moderately helpful.
- Made 'a minor contribution.

e ' . ,-A'

.. Thére -should have.been_more- classroom. téachers S LQ L ’uigg

How. wgu1d vcu rate the usefu]ness of the Resgurce Packet mater1a1s Dn .

Prob]em SD1v1ng? : o . S C .-

“Extremely valuable. .- o e L
-?’Very usefu] ) -

- Useful. o

... May be of uée S T o
.~'Use1ess g '_1‘; ;%z\f’ ‘!‘f‘_Qa” S ,;}; o ::,; :

ow wou1d you rate the Resaurce Packet mater1a1s on Ca1cu1ators?
“Extremely Valuable. _ R , ;
~Very Useful. - 7 oo e
©oUseful. , - o oo
‘May be.of use.’

; Use1ess '

AP U

L

Mmoo >.T,

DW c]eariy were yaur respon51b111t1es in this. conference deF1ned?

I always knew what was expected of me: o -
“usually - knew what was.expected. of me. o
usually had a general idea of what ‘was expected of me,
was.-&ten in doubt about what was- expected- DF me,
seldom knewlvhat was E‘?"p’ec:ted ch me ‘

L e B I ]

:How we]] de this- canference contr1bute tc ygur profess1ona1 needs? fj‘xlf -

fMade nD S1gn1ficant cantr1but1on ' 'ftﬂﬁhvn‘ 'jgjil*;*j;*fff?**:”7=*”“f*

Part1c1pant Part1c1pat1on S ;; .. S
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Presenter Part1c1pant Re]at1ensh1ps ‘ *;f?;.'::_:_’ .f ¥v_ J'Tf-f f: .=i'f'; .  ';af!_f

10, De yeu feel that the presenters were w1111ng tD g1ve personaT he1p 1n T
: ’*f%fth1s conference? = - R
AL 10 felt.wélcgme to seek persona? he]p as. then as I needed 1t
o0 LBl T felt free ta seek: persena] help. . L G
*_v;C - I felt he or™she would give personal’ he1p if asked R ?,:f? -
E

-

. 1 fel#™hesitant to seek’ personal help.. :

S 1 felt .that“he or she was unsympathét1c and un1ntere5ted 1n par—:_;
~ t1c193nt prQbTems \ L _ -

© 11, ;Freedom of part1c1patﬁen . canference meet1ngs égeetiens.aﬁd}cpmmehte : e N

o were ' _ S v ,,' R T L

“Almost a1ways Sought ;ffii' S BRI

» - Oftensoughts - R

T'*”C Usua]1y a]Tawedlif'ff ST e

- D, Seldom allowed? = -~ - =~ ', .7

E; Usua]1y 1nh1b1ted - o

Cenference Effect1veness’,3", -“*;ﬁ:‘n,_: P L ;!-.;~f;ja . ;,f“; N

x1;i. Did the cenference ne]p prepare yeu ta 1ead'1n 5erv1ee act1v1t1es Dn

i reb]em solving and- caTcu1atDrs?", W AR

. :Def1nfteﬁy o e p’-_i: - e

It was a ‘help-on both ?f"_g ol R e e T o
On one’of the topics. ~ . ° U n'K;;.'f~{f;:'

- It was 1ittle help. : S AT e fg.5g

‘iIt was no, he&p

: rvr‘u ol m':ru-‘

73;f7N0u1d yau recommend th15 conferenee te a geod fr1eﬁd whose 1nterests;:" I
’ " -and background are. S1m11ar,tD yc;mrs*;1 S SR SN SO SN
© - AL ‘Recommend highly.” : T T T T T
B. .Generally recommend.. e L S o _
- €.~ Recommend. with reservat1ons e D SRS
:’Dg Def1n1te1y net L . LR

14. How wou]d you rate your understand1ng of Prob]em So1v1ne as a. resu1t 0? A <n1
= " this conference? , i . ,
1 learned a 1Dt

My understand1ng 1mproved
+ A few ideas twere new to me _ e :
I.learned very 1ittle. - - o 0L
S I 1earned i1mest noth1ng L - T

rrr =k mi:

-15: ”HQw weu1d yeu rate your understand1nq of the use QF Ca1eu1ators in B

schQQTS as a result.of this CDnFerence? o . I
‘I learned.a Jot. - : o o oot T
My understand1ng—1mproved

A few.ideas were new to me.

I learned very little. :

I Tearﬁed;é?mast.nething! .

™o ey o =

]

a. N S R
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o -A. “They were well aware of the 1mpertent proe1eme

B
C.
D.
E
o AL Dgtetending and et1mu1et1ng - LN
B _
C..
D
E

How' weu1d yeu rete the preeentere een51t1v1ty to what yeu cons1der to be:vf
the:important. prob]eme in 'school mathematics? - o

. Would yau 11ke to. attend canferenceeean other (11ke these:
_.th1e geogreph1c area? _ : _

Mmoo ® >

. ow- weu1d you. rate the ueeguf 1n5truct10na1 med1e in tn1e eanference? o

They were aware of these problems.:

‘They .had a general<jdea of the problems. . S S,
" They -had-a vague knbwledge of some prgbjems S o -

They d1d not: seem nformed of 519n1F1cant preb1eme

oW wou1d you. rate ;he preeentet1one, 1n genere ?

Very good. oo w e
Good. -~ - - A e e

‘Adequate, but not et1mu]et1ng e
Peor end Tnedequete -,[, , . B

: Defiﬂ1te7y o ;;u] L
;.Yee, but in- a b1gger c1ty;~ f-
-1t wou'ld 'be a geod idea. &

. ;Prebeb1y not. L e
g Def1n1te1y not :'1f ot ?1:«

i The-uses of media were almost always effect1ve o Ty

C.  The uses of media were sometimes effective.

- The uses of media were seldom effective. R R -
The uses of medie were:never effect1ve oo e T

H
- A
~B.  The ueesqefvmed1e were usually effective,
- C
D.
E.”

fDe you be11eVe ‘that +he conference he1ped eetab]1eh (or ampﬁaée)'pée1t1Vé’____
~ linkages .between echee1 syetem perecnneT end eo]Tege methemet1ce eduéetore?

_Def1n1te1y _ S Lo S . S :
Somewhat . Cooe 'f’ ..'f_y SP I IR

D.  No-improvement. '
=, The 11nkagee ehcu1d not. be esteb11sheg

- By
T CoVery Tittle 1mpravement
b A
E
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1r *Best features of the ccnference were' ' *;Aé.
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Were. there mater1515 on d15p1ay that you wou]d 11ke ta see 1nc1uded 1n the :,11727

Resaurce Packets? A(wh1ch anes?) SO - ,f!f“f; LA

s

; Do yau feeJ yau are’ p;}b d ta 1eaﬁ 1n 5&rv1ce act1v1t1es on prab]em 5Q1V=~
ing and/or calculdtors/for teachers? . Can you tell uswhat act1v1t1es you ' -
expect ta arg;njzg? FDr how many teachers? Nhen? ‘ : , _

s : Ea

IR

= - L. ca = RN S - S - - .
- I K s . HEA N . - e
o A coe e : 2 . : Lo L.
- sl 0L L] L s . A Cae P e =
L e s St e e s F . B
' I s ' . . - -




