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T ' Ohio Regional Conferences
on Mathematics Education

N

Purposes of the Conferences .

Based on the need to prepare for current ~nd continuing improvement in
curriculum and instruction for elementary school mathematics, six regional
conferénces were held. The purposes of the Dhio Regional Conferences cn
Mathematics Educaticn were: L

a. To provide direction on the use of the hand-held calculator
in the elementary school classroom

b. To stimulate a realistic, effective approach to problem solving

' c. To explore the interaction oI sblem~-solving goals and the
expanded use of calculators g

d. To establish linkages between supervisory personnel and mathema-
tics educators in the State of Ohio

e. To evaluate the organizational structure as a model for dissem-
inating information to elementary school teachers.

One focus of the conferences was on the hand-held calculator, a techno-
logical tool with potentially vast implications for redirecting the thrust
of elementary school mathematics. Strategies, applications, and guidelines
for the use of calculators were explored. -Included in this exploration
were ways to improve instruction on basic skills through the use of cal-

culators.

The second focus was on the principal goal of mathematics programs; problen
solving. Too often it is considered a distant goal, addressable only after:
computational proficiency has been achieved. Problem solving should be
considered as an on-going objective: how to teach children to attack real
problems whose solution requires mathematical thinking. Tne interaction

of problem solving and calculator use was discussed specifically. The
conferences considered practices and instructional materiails for use with
calculators and for teaching problem solving. "what is'" and "what should
be'" served as thrusts. i

Partjcipants .

Five conferences were held during Spring 1978 and a sixth conference during
Fall 1978. The dates and locations were:

15~17 March Chillicothe. (Holiday Inn)
22-24 March Toledo (Quality Inn)
25-27 April Kent (Kent State University)
9-11 May Middletown (Miani University, Middletown Czapus)
17-19 May New Philadelphia (Holiday Inn)

1-2 December Columbus ~ (Ramada Inn)

]
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A brochurec announcing the first five conferences (see Appendix A) was
mailed in late November 1977 to all county superintendents and supcrvisorg,
to LEAs in exempted villages and cities, and to colleges with mathematics
educators. The brochure for the sixth conference was :.:iled in October
1978. Application forms were included and appropriate persons encouraged
to submit applications. Follow-up letters were sent, and phone calls were
made to all school districts in two regions. The phone calls, however,
gencrated few applications at much expense of Staff time, so they were’
not made (systematically) for the other four conferences.

While it had been anticipated that participants would be selected ™ the
basis of (1) category (supervisor or mathematics educator). (2) .<gion or
district, and (3) interest, in practice only sufficient numbers of persons
applied so that all could be accepted. [Unfortunately, December 1977 and
January-February 1978 were poor months for Chio schools. For instance, some
schools were open only five or six days during January due to weather con-
ditions. (Every Staff meeting scheduled for January was snowed out.) In
addition, monetary limitations preciuded some districts from participation.
Federal funds provided lunch and materials; districts, however, were expected
to provide transportation costs. For many, Ohio schools, tlgbt budgets
precluded such expenditure.]

The first five conferences were-held in five diverse geographical regions
of Ohio, determined on the basis of school population distribution and so
that they were within commuting range for all participants. The sixth
conference was held in the central (Columbus) areca, so that it might be

accessible to anyone in the state. -

‘To reach the vast number of teachers in Ohio's 600-plus districts directly
was deemcd impossible; even selecting one teacher from each district would

" virtually.elimirate a participatory conference. We therefore focused on
supervisory persoﬁhel who work direc;ly with teachers, in order to gain a
"multiplier effect'. Many districts sent ‘principals or teachers, as the
persons responsible for conducting in-service activities with teachers.

To provide these supervisors and teachers, who frequently do not have a
mathematics background, with linkages with resource personnel a group of

mathematics educators was also selected. :

For each conference, attendance consisted of:

Anticipated Actuality

Approximately 40 supervisors Chillicothe 17

or other leaders of in-service Toledo 25

activities in schools Kent : 32
Middletown ' 25
New Philadelphia 26
Columbus 44

Approximately 10 mathematics Chillicothe 5

educators from colleges and Toledo . 6

universities Kent .. 5
Middletown 10
New Philadelphia 5
Columbus 2

ERIC
P oo _ : v . . ‘4
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Staff
_The Staff consisted of:

Kenneth Cummins, Professor of Mathematics, Kent State University
Thomas C. Gibney, Director, Division of Curriculum and Instructicn,
) University of Toledo ‘
Johnny Hill, Campus School Teacher and Professor, Miami University
Steven P. Meiring, Mathematics Consultant, Ohio Departmernt of Education
Len Pikaart, Robert L. Morton Professor of Mathematics Education,
: Ohio’ University
Marilyn N. Suydam, Professor of Mathematics Education, Ohio State
University (Director)

Planning meetings were held in October, December, and February. Preceding
each conference day, the Staff met to discuss_evaluative comments and to

plan for the following day.

Schedules’

The conference schedules were planned to include a variety of active and
more passive activities, in large-and small groups. The Staff used a team-
teaching approach. A sample schedule is found in Appendix B. The first :
day of each of the five Spring 1978 conferences was planned for mathematics
educators from colleges and universities, to discuss questions related

to their functioning as linkage personnel both in the conference and in -
the activities to follow in individual schools and districts, and to provide
a setting in which mathematically-related questions beyond the concerns and
background of the supervisors could be discussed. The following two days
were planned for all participants, involving them in a somewhat prototypic
in-service session. The sixth conference ' consisted of only the two-day

plan.

Resource Packets

Resource packets were compiled by the Staff, and provided for each partici-
pant for use in the conference and for use in work directly with elementary
school teachers. Materials were drawn from a wide variety of sources, includ-
ing precjects funded by the National Scienée Foundation and other non-com-

mercial and commercial sourcés. In addition, many documents were prepared

by the Staff to meet particular needs.

The packet is included in Appendix D. As it is included here, it is not

fully complete, for it includes only references to some print:2 materials
which were included in the packet but could not be placed in tiis report
due to copyright restrictions. In addition, videotapes were prepared; these
were shown and.discussed at the conferences, and made available for parti-
cipants to use when conducting in-service activities.

!



Evaluation

Evaluation was conducted in two phases, immediately following each con-
ference and in a follow-up questionnaire sent in Fall 1978. The immedi-
ate evaluations were helpful in planning for the following conference;
the follow-up form gives some indication of the extent to which the

dissemination goal was met. -

Immediate Evaluation. Evaluation data are reported in

Appendix C. ¥For the multiple-choice form, some data analyzed

by computer are included, indicating responses for each of the
questions by type of participant by coaference. For the free-
response questions, a synthesis of participants' comments is given.

\

As can-be noted, the response was positive, with many helpful comments.

. Follow-up Questionnaire. This was an open-ended form, asking
-, participants to.specify: ’

1. Have you had\br are you having a meeting, workshop, or other type
of in-service session? If so, when? Where? Number of partici-

)

pants? Teaching level of participants? L

2. Have you done any newsletters, news items, or other forms of
dissemination? If so, what?

3. How have you used the resource packets?

4. Have.you'additional suggestions for the ORC Staff?

Sixty-six participants responded. Of these,

e 51 held meetings, workshops, or other in-service activities.
involving 2000 participants ‘

e 33 used written forms of communication or dissemination

.

s 64 indicaééd that they had used the resource packets

El{[C

Aruitoxt provided by Eic:
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Appendix A:

Announcement and Application Forms
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The Ohio State University ERIC Center for Science,
- O Mathematics and Environmental
: : Education
Room 310
1200-Chambers Road

Columbus, Ohio 43212
Phone 614 422-6717

The National Science Foundation has funded five Regional Conferences
in Elementary Mathematics Education for the State of Ohio. The major topics
of these conferences are the ro'es of the hand-held calculator and problem
solving in the elementary mathematics curriculum. The purpose of the
conferences is to instruct representatives from Ohio school districts to
use resource packets on these two areas for in-service work with local teachers,
and to help them to form links with mathematics educators in their region.

Enclosed are conference brochures and application foriis. We hope that
you will identify the appropriate persons in mathematics education in your
institucion and forward these materials to them.

We appreciate your cooperation.

Sincerely,

Marilyn N. Suydam
Project Director .
Professor of Mathematics Education

teven P. Meiring (S;
Mathematics Consultant

Ohio Department of Education '

B

MNS/lcs

. o) )

Coliege of Education .
Academic Faculty of Science-Mathematics Education
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AFPLICATION FORM . T

Ohio Reglonal Conferences in Elementary Mathematics Educatlon

.. sponsored by The National Science Founddtion and ‘The Ohlo S:ate University
Name ’
‘Title/Position :

School/Office ' Phone . /
Address - Street :
. Ohio i Counfy
City : - State Zip -
Home Address -, ’ ' . B " Phone - [/
- Street .
- 2 fbounty
City State - Zip, . -

-~ ~ =

I would like to attend the-Regional Conference in: kselgt} one; see map on back

" for counties in each region) N -

Chillicothe — March 15, 16-17 .+ FIRST DAY OF EACH
) e ,CONFERENCE ‘includes
Toledo - March 22, 23-24, 1978 . MATHEMATICS EDUCATORS onlv;

Kent - April 25, 26-27, 1978 =~ ' SECOND AND THIRD DAYS

- T ~ - -3 j Y
Middletown - May 9, 10-11, 1978 - Mﬁ%‘gﬁggg%})égggkgr‘d
New Philadelphia - May 17, 18 19 1978 ?

'Hll

H )
, -

What type of in-—service experiences have!you had with.elementary teachers? .

- i

S

~ . »

How would you use information from the.conference?

1

— R P

I would be interested in obtaining one unit of university credit. [::l

Return by January 20, 1978 to: ,Marilyn:ﬁ..Suydém, Director
S . - The Chio State University )
- : 1200 Chambers Road ¥ .

‘[ RIC.: Cplumbis, Ohio 43212




-

-

rd

-

, ' The Ohio State University ERIC Center for Science.
’ Mathematics and Environmental
- Education

Room 310
1200 Chambers Road
Columbus, Ohio 43212

Phene 614 422-6717

10 February 1978

(S

1t is with pleasure that we accept your application to attend the
National Science Foundation- sponsored Ohio Regional Conference on
Elementary-Mathematics Educatlon at New Philadelphia on ay 17, 18,
and 19. The meeting will be held at the Holiday Inn. A map is
enclosed pinpointing the location.

“The conference will start at 9 a.m. each day, and will end Dby 4 p.m.

©

[

at the latest. Lunch will be prévided for vou. (&s you realize, no

other costs can be reimbursed.) You will also receive a Resource

Packet on problem solving and on calculators, which we hope will be

useful to you as you conduct 1n—serv1ce work on mat hematics education.
. \

If you éannot attend, please. contact me at the above address. If 1

don™t, hear -from you, I'1l assume that I'11 see you in New Philadelphia.

I apolegize for the delay in sendlng this acceptance: I know that you
realize the problems that the weather has been giving everyone ¢ . .

‘S1neerelx

Y/}Ma.lmﬂ&..«.'{clm«/ -

Marilyn N. Suvdam
Dircctor
Ohlo Reg}onal Conferences

R

14 o
~ College of Education o - ‘
Academic Faculty of Science- Mathematzcs Education

v

s
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OH10 REGIONAL CONFERENCE
ON ELEMENTARY MATHEMATICS EDUCATION:

New Philadelphia

" Wednesday, 17 May 1978 .
8:30 ~ 9:00 Coffee
g:00 - 9:30 Introductions . % .

Rationale and purpose of the conference

3:30 - 9:50 Your needs anc perceptions
9:50 i(lO:OS ’ Review of,problemAsolving packet
> 7 B IO:OS - 10:20 Review of calculator packet
10:20 - 10:30 qufee
16:30 - 11&45 Issues concérning proE}em so]ving
11:45 - 12:00 = Bréwsfng~+ ready%ng for ]unch‘
12:00 -. 1:00 Lunch
1:00 - 2:15 Issues concerning calculégors
» 2:15‘- +3:15 Possibilities for preservice education

3:15

4.00 Opportunities for using this project's outcomes




‘OH10 REGIONAL CONFERENCE
ON ELEMENTARY MATHEMATICS EDUCATION:

New Philadelphia

Thursday, 18 May 1978

8:30

9:00

9:45
. 10:30

L i0sk5

12:15
1:15
2:60
2;30

4‘»2:45

3:30

- 9:00

- 9:45

- 10:30

- 10:45

- 1145

:FIZ:iS
- 1:15
- 2:00
- 2:30
- 2:145
- 3:30

- 4:00

Coffee
Introductions: to the conferénce and to each other . .
Why problem solving? Why calculators? |
‘Contents of the Resource Packets

. ?
Goals of problem solvingvin‘thé elementary school
Coffee/browsing |
Problem solving activities and strategie§
The evidence cn problem solving
Lunch |
Problem solving with children
Problem solving in the-p;Imary grades
Cof%ee/érowsiﬁg |
Teaching'strategie§ for.pfoblem §01ving

Planning workshops for teachers



OHIO REGIONAL CONFERENCE
ON ELEMENTARY MATHEMATICS EDUCATION:

New Philadelphia " .

Friday, 19 May 1978
8:30 - 9:C0 Coffee
9:00 -~ 9:15 Reviewing yesterday and starting today

9:15 - 10:15 The use of calculators in grades K-8
10:15 - 10:30 Coffee/browsing m _—

' . 10:30 - 11:00  The eifects of calculgtéf u;ebz

i

-

11:00 - 12:06 Activities with calculators-
12:00 - 1:00 Lunch X "f =
1:00‘—_ 1:45 Children using calcpla;oféz some:techniques-
1:45 - 2:30° Using the calculator+ia pro?leﬁféﬁi&ing
T 2:30 - 2:45 Evaluation of the conferencz )
2:45 - 3:00 Coffeé/bro&éing’f T
3:00 - 3:45 Planniné workshopsméor.teachers:/ .
3:45 - 4:00 In conclusion . ... o s
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A. Elementary School Supervisor or Consultant.
B. Supervisor of Grades K-12. '

C. Elementary Schocl Principal.

D. Mathematics Education (College Level) .—

E. Other.
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2. How clear were the objectives or purposes of this conference?
The objectives and purposes:

A. Were,clearly outlined from the beginning.

B. Became clear as the conference developed.

C. Became somewhat clear as the conference progressed.
D. Were referred to only indirectly.

E. Were never made clear.
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The agreement between the announced purpose of the conference and

what was actually presented was

3.

"
4

Below average.

AbOve average.
Poor.

Sunerior.
Average.

A.
B.
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4. How well was the conference organized?

A. The conference was extremely well organized and integrated.
B. The conference was adequately organized.

C. The conference had less organization than would seenm desirable.
D. The conference had no apparent organization.

E. The conference was too tightly organized, there was not enough

flexibility to meet participant needs and desires.
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5. Concerning the mixture of participants, do you think:

A. There should have been more supervisors than there were.
B. There should have been more college teachers.

C. The mixture was about right.

D. The groups should have et separatelv at the conference.
E. The groups should have separate conferences.
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6. How well did this conference contribute to your professional needs?

A. Made a very important contribution.

B. Was valuable, but not essential. o
C. Was moderately helpful.

D. Made a minor contribution.

E. Made no significant contribution.
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How well would you rate the usefulness of the Resource Packet on

Problem Solving?

7.

Extremely wvaluable.
Very useful.
Useful.

A.

B.

C.

May be of use.
Useless.

D.

E.
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N2

Extremely valuable.
Very useful.
~Useful.

May be of usev
Useless.

B.
C.
D.
E.:

How would you rate the Resourcé Packet on Calculators?
A.

8.
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9. How clear¥y were your responsibilities in this conference defined?
A. I always kneﬁ what was expgcté&’of me.
B. I.usually knew what was expected of me. .
C. I usually had a genéral idea of what was expected of me.
D. I was often in doubt about what was expecped of me.

E. I seldom knew what was expected of me.
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10. How would you rate the conference effectlveness relatlve to your
i 1nvestment of time and effort°

A.'}Véry:high value for my effort.
A B. High value for my effort.
. ; C. Moderate value for my effort.
" D.  Low value for my effort.
E. No value for my effort.

. N1oO
COUNT 1 :
RAYW PCT IVERY KIS HIGH FOR MNNERATE ROW
ChoL PCT 1M FOR EF  EFFCRT FOR EFF  TCTAL
10T °CT I o1 2.1 3.7
N2 202020 e | [mmm———— [==——————- {
1. [ S 1 iz I 0 1 19
CHILL ICOTPHE I 47 .47 1 52.6 I 0.0 1 111
I Q-? I 15.6 I ').O I
1 Se3 I s.2 1 cC.C 1
—f e [ e = (e = ]
2e 1 15 1 g I o 1 24
TOLEDRC I £2.5 1 37.5 I c.C 1 14.0
I 155 1 131 1 0,0 I
T 8.8 I 3.3 1 0.0 1
e m—————— e 1
i o 3e 1 15° 1 is 1 3 .1 32
KENT 1 86,9 T 43.2 1 Sas 1 138.7
I .15.5 I 21.9 I 20.,0. I
1 S8 I 3.2 1 1e3 I
—[——————— [~ me e [ — e —— ===
: 4 o T 19 | SR B I 4 1 34
MIDDLETOUWN I 55,9 1 32.4 I 1te8 I 19,49
1 1.6 I 17.2 T 4C.8 1
I 11 et I 6o 1 2.2 1
-l ——————— e ———— [-—————=1 N
5. 1 It I 12 I 1 1 24
. hck PHTLADELPH Al 45.8 I S2.0 I 4¢2 I 1440
I 11,7 I 18.8 1 1C.0 I
1 6ot 1 7.C I 0eH I
————g———— == I -
. €e 14 .28 1 g8 1 2 1 . 38
ccLuUMayS 1 73.7 1 21.1 - T s, 1 22.2
I 28,9 1 12.5 1 20,0 I
= . I 166 8 1 447 1 12 I .
PN —fm———————— [——————— ———————— 1
COLUMN o7 64 10 171
Tan\L : 56107 37.4 508 < 100 -O
—




11. Do
in this conference?
A. I felt welcome to seek personal help as often as I needed it.
B. 1 felt free to seek personal help.
C. I felt he or she would give personal help if asked.
D. I felt hesitant to seek personal help. .
E. I felt that he or she was unsympathetic znd uvlnteres ‘ed 1n
participant problems. -
. L
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12. Freedom of participation in conference

comments were:

A. Almost always scught.
B. Often sought.

C. Usually allowed.

D. Seldom allowed.

E. .Usually ‘inhibited. -
Vs
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h {
13. Did the conference help prepare you to lead in-service activities
on problem solving and calculators? o .

-

A. Definitely.

B. It was a help on both.

C. On one of the topics.

D. It was little help. o

E. It was no help. , o
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14. Would you recommend this conference to a good friend whose interests
and background are similar to yours? .
A. Recommend highly.
B. Genexally recommend.
C. Recompend with reservations.
"D. Definitely not.
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15. How would you rate your understanding of Problem Solving as a
result of this conference?

A. - I learned a lot.

B. My understanding" improved.

C. A few ideas were new to me.

D. I learned very little. .
E. I learned almost nothing.
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16. How would you rate your understanding of the usc of Calculators
in schools as a result of this conference?

A. 1 learned a lot.

B. My understanding improved.
C. A few ideas were new to me.
D. I learned very little.

E. I learned almost nothing.
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17 The presenters seemed:
A. Alwaysé%repared.
B. Almost always prepared.
C. Usually prepared.
D. Frequently not prepared.
E. Never prepared.
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18. How would you rate the presenters' sensitivity to what you
consider to be the important problems in elementary school

mathematics?

A. They were well a.:are of the important problems.

B. They were awarc of these problems.
C. They had a general idea of the problems.
D. They had a vague knowledge of some problems.

E. They did not seem informed of significant problems.
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19. How would you rate the presentations, in general?

A. Outstanding and stimulating.
B. Very good. :

C. Good. :
D. Adequate, but not stimulating.
E. Poor and inadequate.
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20. Would you attend conferences on other (like these) topics in
this geographic area?

A. Definitely.

B. Yes, but in a bigger city.
C. It would be a good idea.
D. Probably not.

E. Definitely not.
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21.
A. The uses of
B. The uses of
C. The uses of
D. The uses of
E. The uses of
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How would you rate the use

of instructional media in this conference?

media were almost always effective.
media were usually effective.
media were sometimes effective.
media were seldom effective.
media were never effective.
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22. Do you believe that the conferance helped establish (or improve)
positive linkages between school system personnel and college
_mathematics educators?

" A. Definitely.

B. Somewhat. P
- C. Very little improvement.
. D. No improvement..

E. The linkages should not be established.

.. N22 ‘ .
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Following the 22 multiple-choice questions were five open-ended
questions. Responses to the first four of these follow; the fifth
question asked for participants' plans for conducting in—s%rvice
activities. ST e T -

The respénses on the following pages have been roughly grouped.

The number in parentheses indicadtés the number of persons. giving |
that answer or ole very similar in wording. :

It <is hoped that other persons may obtain some clues.about conduct-
ing in-service conferences from these reactions.
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1. Best features of the conference were:
The resource packets —- most valuable/excellent [35]

Abundance of materials for in-service = [8] 7
Including both background literature and classroom act1v1t1es. [2]
Ready-to-use ideas; many items that are useful in the classroom. [5]

The-fact that all the materials used plus the talks are 1nc1uded
for future reference. [3]

The presentations were correlation’ w1th the packets. [3]

Organization, integration and presentation of concepts and ideas in relation
to goals. Nlce blend between thecretical and practlcal. [1]

Discussion of issues and research relative to raticnales. [5]

Enjoyed each aspect -- gained much through lectures, discussion and
activities. [5] - - .

Broad scope covered, with up-to- -date, concise information: excellent
overview. [6]

Continuity of subject matter as well as 1nuerest1ng topics; openness and
ability to voice an orinion; also stressing that there is not just one

correct answer. [1]

=t
Experiences with problems and problem-solving strategies. [24]

Not being afraid to tackle problem solving! [1]

The problem—solv1ng examples and presentatlons were outstandlng. Both
days moved quickly, with ar idea shown, practiced, and wrapped up. [2]

Helped me to realize the 1mportance of problem solv1ng being presented
by teachers with the emphasis on a variety of solutions and not just
one solution as too often presented in a textbook. [2]

The problems worked, the educatlonal phllosophj —— EVERYTHING! (2]
Experiéﬁces with calculators. fl&] i

Just a good conference overall. ﬁ{Z] B ‘ - L

_Handé—on approach (problem solving by participants). - [11]

Openness and willingness of high active involvement of participants. [13]

Selection of manipulative devices and materials. [1]

Mix of partic1pants. [6]

EXChange of 1deas/1nteract10n with others from dlffereﬂt areas,
background._ [15] e

—
e

input to share. [2] T
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Opportunity to partieipate. £3]

Regional (and thus easy to attend). [Z]
Evidence of good planning, clear objectives. [8]

Hign degree of organization. - [9]
, KN o :
Time schedule observed a#nd everyone moved quickly and efficiently. [8]

- Presentations kept on target. [3] ) .

 Entire conference had good change of pace. [4]

It was organized and xept moving. I had little feellng of "when
will this be over", even though such an all-day session ‘should be

tiring. [1]

The conference seemed to relate to actual classroom problems and sltuatlons.

[2]

We all seemed to be workiang to the same end —-— worthwhile in-service. [1]

Displayv of materials. [4]

" Research information. [3]

‘Videotapes of students. [8]

Food, meeting place. [9]

Good variety of presenters aud presentatlons. .[10]

Stimulating presentatlons.. [4] .

Presenters all very well organized and prepe:ed/well—informed. [15]
Wide _scope of opinions and knowledge presented. [3] '

The obvious: preparatlon done by the staff ~— and the staff cohesive-
ness —— seeing a need and trying to meet it. [3]

The preparation and concern the teéam exhibited for the.conference. = [2]

Excellent/outstandlng staff. [5]

Dyramic personalﬂtles of presenters (good‘blend of humor and academic
presentatlon) [4] .1

The expertise of those conducting the workshop. ThEy were marvelously
prepared. There was such good humor throughout -- a great working
atmosphere. [2]

Teamwork: the coordination, preparedness, and delivery techniques of
the presenters. The sessions were lively and stimulating, moved at a
good pace, and with a beautlful example of team teaching at its best.

[2]
The dellghtful personalltles of some of the presenters ‘and the friendly
banter which added, to the accepting climate. [1] - '

44
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Excellent conference staff — blended well -- represented good }
cross—-section of mathematics education ~- appreciated the 1nput
from the 'wide background of experlence. [2] g

It was GREAT! The "turn-over' of presenters kept the conferean
progressing at a motivating and stlmularlng pace.. [4] '

Enthusiasm of presenters. [11]

-
. -

Everyone was so friendly and enthusiastic -- each presenter
- communicated -the idea that they believed in what they were doing. [1]

Fr1end11ness and w1lllngness to help. [10]

Openness to ideas — shar1ng of ideas and everyone working tozether-
- on problems and ideas and seeing the many dlfferent ways of solving
them. [1] :

Enthu51ast1c presenter/presentatlon which exemplified " method of
presentaticn in structuring an in-service and for teachers in class-
rocm situations. [1] '

Rappor*/c0mpat1b111ty between presenters. {43

The 1nteract10n between the participants and the progect team.
It was. great' [6] ~

s

Friendly, relaxed atmosphere —- pleasant, informal, fun-filled? non-
threatening. [13] :

Wermth and humﬁr/Jokes. 2]

-

Varlety of people ——\reallstlc in thelr attitudes to day-to-day experlences
(not in "ivory tower" of what "ought" to be instead of what "is™). [2]

Points of disagreement between presenters were most instructive. They "~

provided balance and a realistic attitude seldom found in such conferences.

2]

Ken Cummins. [13]

-
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Worst aspects of the conference were:

-

Too rushed — 2 great deal to accompllsh din a limited time —- couldn t

digest a11 the information. [15]

\§.

"

The fee11ng of belng rushed when explorlng some problems. {7]
Too time~conscious — we were always clock—watchlng. [2]

Not sufficient time for interchange with’ presenters and other
participants.. [8] : . =

Needed more time for reflection and discussion. Another day cover-
ing only the same amount of material may be useful. [3]

Two days could be devoted to a single top1c.ﬂ [l]

I did feel hurried -- wish this had been a four~day: conference. [1]

Too short a time -- a week in summer and we could have taken this
in creative directions. [1] .

Length of time together with driving time. for three days. [1]

Too much repetition of the first day on the other two days.. {1}

It dldn t last longer! [1]

The first part on philosophy and issues. [1]

Occasionally getting'enmeshed in unimportant (to me) disagreements. [3]

Repetition of same concepts. [1]‘

One seemingly poor preparation. [1]

Sometimespconferees were confused as to what was taking place. [1]

Packet organization. [3]

i

Overwhelming number of handouts. [1]
D1d not go through packets and dlscuss 1nd1vidua1 1nc1usions. [1]

Didn't part1cu1arly care for research results. [2] o

Introduction ‘to calculator use was fuzzy. [1],_

Little help in setting up 1n-serv1ce programs, part1cu1ar1y for those new
to tbe game. [1]

-Insufflclent room to work at the tables. [Zj

Seattng not posltloned for comfortable v1ew1ng of presenters. [1]

Sitting time. [7] L PR

-~ . - /

0 ; /

Large group. [1]

- “smemtem

Nametags are good, but a get-acquainted activity (not Just’ 1ntroductlons,
more than the rope problem) would have been effective. [2]

.45
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There should be representatlons of administrators —— in particular,
elementary pr1nc1pals, dec151on makers in 1nstructlon, school boards. [2]

Not including more classroom teachers. [1] . "

Unfortunately, some of the districts-that need'help didn't send representa-
. tives. [l] .

- K
- Communicating information about the conference to the schools. Since I
did not see the notice, the purpose was different from what I thought it

would be. [1]

Could more emphasis be given to help supervisors with weak math back-
‘grounds? [6] - ) :

Assumption that all parf1c1pants were expert mathemat1c1ans, espe—
cially in the use of the calculator. [2]

e Some problems presented were far beyond some elementary students.
More needed in rudiments for those with slower learning rates. 3]

Quél#ty of videotapes (noise, equipment quality). [4]

Film on protlem solving. [2] - ‘ ‘ .

Many tragsparencies could have beeﬁ clearer, more readable. [2]

None -- it was the-best I've ever atténded/l'havelgg complaints. [&4]-
That it's over!m<tl]

[There were also comments on the rcom temperature, meals, and dates.]

ERIC
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3... I would suggest the foilowing:

Either fewer topics or more time. [4]
Shorten the conference (less time per day or only twe days). [3]

© More time to consult with presenters. [2] ‘
More interaction in small groups. [5]

Some demonstraticns by participants. [1]

Take a wee bit more time to enable participants to do -- and there-
fore cut back slightly on amount in presentations. [21]

Occasionally too much time was spent on individual activities. .
You mlght tailor materlals to flt time a little better. [1]

So_that everyone would have ‘more time to work with one another,
expand the conference .to.three or four days/a week. [2] 2

Scme people seemed to feel rushed. I appreciated the effdrt to keep on
schedule and to "pack in" as much as possible. [2] //D

Follow-up on these two topics in- the nearufuture. [2]

More conferences of this nature throughout the years. [3]

Additional norkshop5'with smaller doses of information, with .time
between for classroom use. [1]

~ Have this type of conference ‘as an-annual event to deal with "t 1me1y"
topics. [1]

Present a similar conference to persons working with superv1slon of
high school math. [2] .

¢ Hold a follow-up session with a college oerson.from our region. [2]
Include more classroom, teachers. 16]

"Get teachers and principals to attend. [3]1

"Communicate to administrators the need to send people to such
conferences. .[1] '

Involve more elementary specialists in your plamning. .[3]
v Involve legisiators in sessions! [1]

Continued communicatlon between presenters and us —— on new thlnklng,
research, meetings comlng up, good books and products, etc. [3]

Follow—up by coordinating this into development of courses of'study and
curriculum guides. [1]

More time to look at materials ~-- plan presentation of them with evalua-
tive comments. “[4] . ‘

More detail on the actual organization and management of an in-service
workshop. [5] v



Better organlzatlon of handout materials -- 1rdex or table of contents,
number pages, ‘notebook blndlng. [8]

Perhaps a more selected group of handouts. [1]
More materials on lower elementary level. [5]
Give a variety of problems with dlfferent levels of difficult so

part1c1pants can be more comfortable. [3]

Slnce many could not handle the material presented, it would be
appropriate to mention to participants to remember ‘how students
can also ea31ly feel "lost" in math. [1]

I would have enJoyed a little background on the. development of th° calcu-

lator and its operation and use.’ - [3]
Provide a collection of calculator activities coordinated with a
typical K-8 mathematlcs program. [1]
Description and differentiation of calculators appropriate for
various grade levels. [4]

Fewer problems with more alternatives generated per preblem. [3]

Answers to the problems. [2]
Define the types of problems and grade levels better. 1]

Perhaps create problem ceaters, and let participants move to each
center rather than passing out problems. [1].

" The problem-solving film should be Specifically‘scheduled. [1]
Tittle less ﬁse of videotape. [1] 4
More_videotapes ofuclassroom sitcations, [1]
More emphasis on individual inclusions from packet. [1]
More philosophical discussion_(debates)”on the twc.issues. {2]
ﬂo:e practical problems, leave most theary out. . [1]

Have participants give their expectations/reasons for coming. [1]
Tell how the project came aboutr, who people are, what “is expected
of participants. [1] ' .

Objective stated for each session was not always clear. [2]
. ] .

: Iemper the missionary zeal just a little. [1

Keep up the good work. It s great to really go away anxious to get back

into the classroom full of enthusiasm. [1]

No changes, the three days ‘were great! [4]
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4. Were there materials on display that you would like to see included

in the Resource Fackets?

Yes, but cost would have been prohibitive. [9]

Perhaps some books could be available for purchase. [4]
Sample:pages from several books and curriculum guides. [2]
Illustrations of problem-solving str;tegies and tecﬁniques.d [2]

I'd like to own the booklets from CIC! I'm especiélly happy to have the
sheets I can duplicate for my kids to do, and to share at home. [1}

Cited specifically: books or activities from books by Burns [3]
- in-service handbook from NCTM [3]
Immerzeel's cards [4&]
the two NCTM yearbooks (1975, 1978) [2]
SRA kit (Judd) [3]
Western Springs booklets [1]
Creative Publications kits [2]
locking cubes [1] :
commercial catalogs (1]
NCTM membership blanks [1]

A conprehenslve 1ist of materials on display, with sources and prices,

as well as film sources. ([11]

A critique sheet or_evaluation of the (commercial) material available. [2]

‘Latest updates on materials from free sources. 1]

Uses and special features of calculators. (11
. ) T p -
More information on calculator research. [1]

More materials and information on in-service presentations. [2]

Packet is fine as it is —- seems to be sufficiently representative of the

materials available. [2] 7
1’ ll have enough problems plow1ng through what I have. -[2]

- [l7~exp11c1t, plus many blanks]
I have not had a chance to look closely at the materials on dlsplay. [11]

You've done enough: let us do something for ourselves if we're reallz
interested. [1]
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OHIO REGIONAL CONFERENCES ON MATHEMATICS EDUCATION
Problem Solving Packet

Contents .

National Council of Supervisors of Mathematics P051tlon Paper
on Basic Mathematical Skills

Problem Solving in the Classroom

Roles and Goals of Problem Solviné'

An Overview of Problem Solving in Elementary School Mathematics
Problem Solving ip the Primary.Grades | |

Abstracts of Selected Current Articles on Problem Solving in
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Al

Application for Free NCTM Materials
Student Strategies for Solviné Problems
Research on Problem Solving at the Elementary School Level

Selected Abstracts from Resources in Educatlon (ERIC) on
Problem Solving - e

Unified Science and Mathemarlcs for Elementary Schools (USMES)
Sample Materials

Oregon Mathematics Resource Project (MRP): Sample Materials

" Mathematics Problem Solving Pro;ect (MPSP) : * N
Sample Materials, Calculators _and Problem Solving T\\
. LN
. A Variety of Problems ) : ~

‘Excerpts from Berea City Schools Scope and Segquence
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'NATIONAL COUNCIL OF SUPERVISORS OF MATHEMATICS
POSITION PAPER ON
BASIC MATHEMATICAL SKILLS

INTRODUCTION

RATIONALE FOR THE EXPANDED DEFINITION

The currently popular slogan “Back to ihe Basics™
has become a rallying cry of many who perceive a need
for certain changes in education. The result is a trend
that has gzined considerable momentum and has
initiated demands for programs and evaluations which
emphasize narrowly defined skills. _

Mathematics educators find themseives under
considerable pressure from boards - of education,
legislatures, and citizens’ groups who are demanding
instructional programs which will guarantee acquisi-
tion of computational skills. Leaders in mathematics
education have expressed a need for clarifying what are
the basic skills needed by students who hope to
participate successfuity in adult society.

_ The narrow definition of basic skills which equates
mathematical competence with computational ability
has evolved as a result of several forces:

1. Declining scores on standardized achievement

tests and college entrance exarainations,

2. Reastions to the results of the National Assess-
ment of Educational Progress; ’

3. Rising costs of education and increasing de-
mands for accountability;

4. Shifting emphasis in mathematics education
from curriculum content to instructional methoc
and alternatives;

5. Increased ‘awareness of the need to provide
remedial and comgensatory programs;

6. The widespread publicity given to each of the

above by the media. .

This widespread publicity, in particular. has gen-
erated a call for action from governmental agencies,
educational organizations, and community gtoups. In

responding to these calls, the National Institute of

£ducation adopted the area of basic skills as a major

~ priority. This resulted in a Conference on Basic
Mathematical Skills and Learning. held in Euclid, Ohio,
in October, 1975.

.The National Council of Supervisors of
Mathematics (NCSM), during the 1976 Annual Meeting
in Atlanta, Georgia, met in a special session to discuss
the Euclid Conference Report. More than 100 members
participating in that session expressed the need for a
unified position .on basic mathematical skills which

- woulid enable them to provide more effective ieadership -

withintheir respective school systems, {0 give adequate
rationale and direction in their tasks of implementing
basic mathematics programs. and to appropriately
‘expand the definition of basic skills. Hence, by an
overwhelming majority, they mandated the NCSM to
establish a task force to formulate a position on basic
. O :matical skills. This statement is the result of that

ERIC
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There are many reasons why basic skills must
include more than computation. The present
technological society requires daily use of such skilis as
estimating, problem solving, ‘interpreting data,
organizing data, measuring. predicting, and applying
mathematics to everyday S&ituations. The changing
needs. cf society, the explosion of the amount of
quantitative data, and the availability of computers and
calculators demand a redefining of the priorities for
basic mathematics skills. In recognition of the
inadequacy of computation alone, NCSM is going on
record as providing both a general iist of basic
mathematical skills and a clarification of the need for
such an expanded definition of basic skills.

Any list of basic skills must include computation.
However, the role of computational skills in
mathematics must be seen in the  light .of the
contributions they make to one's ability to -use
mathematics in everyday living.” In isolalion,
computational skills contribute little to one's ability to
narticipate in mainstream society. Combined effectively

" with the other skill areas, they provide the fearner with

the basic mathematical ability needed by aduilts. .

DEFINING BASIC SKILLS

The NCSM views basic mathematical skills as
falling under ten vital areas. The ten skill areas are
interrelated and many overlap with each other and with
other disciplines. All are basic to pupils’ development of
the ability to reason effectively in varied situations.

This expanded list is presented with the conviction

" that mathematics education must not emphasize

computational skills to the neglect of othercritical areas
of -mathematics. The ten components of basic
mathematical skills -are listed below. but the order of
their listing should not be interpreted as indicating
either a priority of importance or a sequence for
teaching and fearning. i
Furthermore, as scciety changes our ideas about
which skills are basic a.so change. For example, today
our students should learn to measure-in both the
customary and metric systéms, but in the future the
significance of the customary system will be mostly
historical. There will also be increasing emphasis on
when and how to use hand-held calculators and other
electronic devices in mathematics. '



TEN BASIC SKILL AREAS

-

Problem Solving

r

Learning to solve problems is the principal reason
for studying mathematics. Problem solving is the
process of applying previously acquired knowdedge to

new and unfzmiliar situations. Solving word problemsin

texts is one form of problem solving, but students also
should be faced with non-textbook problems. Prob-
lem-solving strategies involve posing questions, analyz-
ing situations, translating results, iltustrating results,
drawing diagrams, and using trial and-error. In solving
problems, students need to be able to apply the rules of
logic necessary to arrive atvalid conclusions: They must
be-able to determine which facts are relevant. They
should be unfearful of arriving at tentative conclusions
and they must be willing 1o subject these conclusions to
scrutiny.

Applying Mathematics to Everyday Situations

The use of mathematics is interrelated with all

computation activities. Students should be encouraged

{ to take everyday situations, translate them into

mathematical expressions, solve the mathematics, and
interpret the results in light of the initial situation.

‘Alertness to the Reasonableness of Reéults

_. Due to arithmetic errors or other mistakes, results of
mathematical .work are sometimes wrong. Students
should learn to inspect all results and to check for
reasonableness in terms of the original problem. With
the increase in the use of calculating cevices in society,

this skill is essential. . .

- [y
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Estimation and Approximation

Students should be able .to carry out rapid
approximate calculations by first rounding off numbers.
"They should- .acquire somé simple “techniques for
estimating quantity, length, distance, weight, etc. It is
also necessary to decide when a particular result is
precise enoygh for the purpose at hand. '

. Appropriate Computational Skills

Students -should- gain facility with addition, sub-
traction, multiplication, and division with whole num=
bers and decimals. Today it must be recognized that
long, complicated computations will usually be done
with a calculator. Knowledge of single-digit -number
facts is essential and mental arithmetic is a valuable
_skill _Moreover, there are everyday situations which

fractions. . o

< er ” - . .
¢ . récoqgnition of, and simple computation with,
cE MC1 g ( P P . .

" situations, that

Because consumers. continually deal with many
involve perceniage, the ability to
recognize and use percents should be developed an<
maintained.

Geometry

Students should learn the geometric concepts ih2y
will need to function effectively in the 3-dimensional
world. They should have knowledge cf conceptssuch as.
point. line, plane, parallel, and perpendicular. They
should know basic properties of simple geometric

figures, particularly those properties which relate to |

measurement and problem-solving skills. They aiso

. must be able to recognize similarities and differences

among objects.

" Measurement

As a minimum skill, students shouid be able to
measure distance, weight, time, capacity,. and
temperature. Measurement of angles and calculations
of simple areas and volumes are also essential. Students
should be able to perform measurement in both metric
and customary systems using the appropriate tools.

Reading, Interpreting, ahd Constructing Tables, Charts,

. and Graphs :

Students shouid know how to read and draw
conclusions from simple tables, maps, charts. and
graphs. They should be abie to condense numerical
information into-more manageable or meaningful terms
by setting up simple tables, charts, and graphs.

Using Mathematics to Predict

Students should learn how elementary notions of
probability are used to determine the likelihood of future
events. They should learn to identify situations where
immediate past -experience does not affect the like-
linood of future, evengs. They should become familiar
with how mathematics is used to help make predictions
such as election forecasts.

“ - &£

Computer Literacy S .

It is important for all citizens to understand what
computers can and cannot do. Students should be
aware of the many uses of computers in society, such as
their use in teaching/learning, financial transactions,
and information storage and retrievai. The "mystique”
surrounding computers is “disturbing and can put
persons with no .understanding of computers at a
disadvantage. The increasing use of computers by
government, industry, .and business demands an
awareness of computer uses and limitations. =

o ', . R - <
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BASIC SKILLS AND THE STUDENT'S FUTUHé

DEVELOPING THE BASIC SKILLS °

Anyone adopting a definition of basic skills should
consider the “door-opening/door-closing” impiications
of the list. The foilowing diagram iliustrates expected
outcomes associated with various amounts of sxill
development.

Scope of Expected Outcomes

Skill Development

POTENTIAL
LEADERS
Employment and edu-
cational opportunities

wil! continue to
EXPANDED SKILLS increase as mathef
Mathematical! skilis ma::cal skills continue
beyond those describ- to grow.
ed here plus adasire to |.
learn more. i

EMPLOYMENT VERY

LIKELY )
Employment  oppor-
tunities are predict-
able. Doors to further
education opportuni-

BASIC SKILLS

The skills described
here.

ties are open.

MINIMAL SKILLS

Limited skills, primarily
computation. Littie
‘exposure to the other
skill areas described
here.

LIMITED
OPPORTUNITIES
Unemployment likely.
Potential generally
limited to low-level

iobs.

"\

MINIMUM ESSENTIALS
GRADUATION

FCR HIGH -SCHOOL

Today som ' school boards and state legisiatures
are starting to andate mastery of minimum essential
skills in readin¢ and mathematics as a requirement for
high-school graduation. In the process. they should
consider the potential pitfalls of doing this witlioui an
appropriate definition of “basic skills.” ! the
mathematics requirements are set inordinately high.
then a significant number of students may notbe able to
graduate. On the other hand, if the mathematics
requiremenis are set too low and mathematicai skills are
too narrowly defined, the result cou!d be a sterile
mathematics program concentrating exciusively on
learning of low-level mathematical skilis. This position
paper neither recommends nor condemns minimal

. competenc:es for high-school gradyation. However, the

ten components of vasic skills stated here can cerve as
guigeiines for state and local school systems that are
@ ‘ering the establishment of minimum essential

tion requirements.
C 1 quiremen e
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certain purpose such as entry into the job markat. T-

- R
Oneindividual differen%e among studentsisslyleor . .

way of learning. In offering opportunities to learn the
basic skills. options must be provided to meet these
varying learning styles. The present “"back-to-basics”
movement may lead to an emphasis on drilland practice
as a way to learn. _ )
Certainly drill and practice isaviable option. butitis
only one of many possible ways to bring about learning
and to create interest ‘and motivation in studeats.
Learning centers, contracts, tutorial sessions, individual
and smali-group projects. games, simulations and
community-basgd activities are some of the other
options that can provide the opportunity to learn basic
skills. Furthermore. to help students fully understand
basic mathematical concepts. teachers should utilize
the full ‘range of activities and materials available,
including objects the students can actually handle. ‘
The learning of basic mathematical skilis is a
continuing process which extends through all of the
years a student is in school. In particular. a tendency ta
emphasize computation while neglecting the other nine
skill areas at the elementary ievel must be avoided.

EVALUATING AND REPORTING STUDENT
PROGRESS 3 ,

Any systematic attempt to develop basic skills must
necessarily e coricerned with evaluating and reporiing
pupil progress. A

In evaluation, test results are used .o judge the
effectiveness of the instructionzi grocess and to make
reeded adjustments in the curnculum and instruciion

“for the individual student. In general, both educa.ors

and the public have accepted and emphasized an
overuse of and overcenfidence in the resu'ts of
standardized -tests. Standardized tests yield
comparisons between students and can provide a rank
ordering of individuals. schools. or districts. However,
standardized tests have several limitationsinciuding the
foliowing: - )
a. Items are not necessarily generated to measure
a specific objective or instructional dim.
b. The tests measure only a sample of the con:ent
that makes up a program; certam outcomes are
. not measured at all. ' ‘.
Because they. do not supply sufficient information
about how much mathematics a student Knows,.
standardized tests are'notthe bestinstruments availgble
for repoi ing individual pupil growth. Other aite: n2tives
such as criterion. tests or compatency tests must be
considered. In criterion tests. items aregenerated which
measure thee.specific objectives of the program and
which establish the student's level of mastery of these
objectives. Compelency tests are designed to determine
ii the individual has mastered the skills necessary fora
re
is also need for open-ended assessments such &s
observations, interviews. and manipulative tasks to
assess skilis which paper aid pencil tesis o not.
measure adeqguately. : ’
R~ports of pupil progress will surety be mada. But. .
while standardized tesis will probably continue to
dormrinate the testing scene for several years, thereis an
urgent need to begin reporting pupil progress in other
terms, .ach as criterion tests and competency

’
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“measures. This wili also demand an immediate and
extensive program of inservice education to instruct the
general public on the meaning and interpretation-of
such data and to enable teachers to use testing as a vital
part of the instructional process. .

Large scale testing, whether involving all students
"or a random sample, can result in interpretations which
have great influence on curriculum revisions and

" . development. Test results can indicate, for example,

that a particular mathematical topic is being taught at-
the wrong time in the student’s development and that it

might better be introduced later or earlier in the

curriculum. Or, the results might indicate-that students

are confused aboui some topic as a result of

inappropriate teaching procedures. in any case, test

results should be carefully examined by educators with

speciai skills in the area of curricuigm development.

-

_ present and future.

CONCLUSION

ot

The presant paper represents a preliminary
attempt - by the National Council of Supervisors of
Mathematics to clarify and communicate its position
on basic mathematical skills. The NCSM position
establishes a framework within which decisions on
program planning and implementation can be made.
It also sets forth the underlying rationale for
identifying and developing basic skills and for

“evaluating pupils’ acquisition of these competencies.
The’ NCSM position underscores the fundamental

belief of the National Council of Supervisors of
Mathematics that any effective program of basic
mathematical skills must be directed nct “back™ but
forward to the essential needs of aduylts in the

You are encouraged to make and

distribute copies of this paper.

The NCSM position paper was prepared
pursuant to a contract with the National
Institute of Education, U.S. Department
of Health, Education and Welfare. .
Contractors undertaking such projects
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T : PROBLEM SOLVING IN THE CLASSROOM
Ohio Regional Conferences on Mathematics Education

March - May 1978

Improving one's effectiveness in teaching problem solving skills
requires consideration of many components that affect the success and
richness of such learning experiences. Grouping of students, mode of
presentation, external and internal variables, realistic modeling, and
avoiding pitfalls are some of the lmportant elements that will be dis-

cussed in this paper.
Grouping

Three kinds of basic grouping situations can be used effectively -
in teach1ng problem solving: large group imstruction, small group
instruction, and individual learning. Each has advantages, disadvantages,
and a role in helping students develop broad problem solving skills.
Large Group. Large group activities are effective for introducing
and practicing the application of a new problem solving strategy like
"construct a table"; for examining .a variety of different methods of
solution of the same problem; and for discussing general aspects of
problem ‘solving such as initiating strategies and looking back strateg’as.
Large group instruction has the drawback that individual problem
solving growth may be difficult to foster directly for any but the
quickest students because individuals respond at different rates to
problems and in different ways (favor individual strategies). Therefore,
a quick student may solve a problem posed to the whole class before other
" students have had a chance to consider it thoroughly. Moresver, the wide )
range cf '‘problem solving abilities-may make a problem appea: trivial to some
) .student.s and impossibly difficult to cthers. For these reasons, discussions
about problem solving are possible with large groups but the Erocess of
solving problems may be practiced by very few of the group.

Swall Group. Small group instruction makes it possible to yroup stu-
dents according to problem solving ability and interest. This makes the

., - task of selecting problems of zn appropriate degree of difficulty much
easier than with large groups. If the group is not too large, students
also have the opportunity to engage in group problem solving efforts. In
such small groups, students can generally selve more problems than those
who work alone, but the groups may take a longer time on each problem than
for pupils working alone. Group discussion-in order to reach agreement on.
how to proceed has been shown to produce significantly better achievement
than teing told how to solve the problem.

Disadvantages cf small group problem sclving include .he need for a
large list of preoblems of varying degrees of difficulty, classroom manage-
ment procedures, and dlfflculties in determlnlng individual problem solv1ng
growth.

I dividual Learning. Problem solving by individuals hkas the greatest

: potent al for developinz pr»blem sclving skills that can be both easily

- ' ascert:ined ard measured. Tie individual, left to his own resources, can
progress at his-rate, use s:rategies that are comfeortable to him, and
‘experience the "aha" feeling wholly on his own. And preblems can. be selected

Ut
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for individuals according to their needs, interests, ané abilities.

Here again, however, monitoring progress and providing individual
assistance is limited even more dramatically:, Furthermore, one must be
more alert to motivation needs, stress CONCETrTS, and incorrect procedures
than in small or large group efforts.

Mode of Presentation

Real life problams come in a variety of formats and under a mélange
of circumstances. Consequently, teaching efforts should be directed
toward varying the mode in which problems are presented for solution.
Such variety will improve student capabilit’ .s to transfer school learned
skills to practical problem situatiomns. ’

-
>~

Teacher Directed. Teacher led problem solving in which a particular
strategy (or computational process) is applied to a group of very similar
problems is the most common fo-m of school problem solving activity.
Although the customary procedure is to use this approach to practice and
refine computational techniques through word problems, variations of this
procedure can be used to focus more directly on the problemysolving process.

Rather than working problems through to completion, a class discussion
of a problem set can be restricted to a thorough talking through of each
probolem to assure an understaiding of the given information, constraints,
and problem task. Students can be asked to restate a problem imn their own
words in order to determine whether they fully comprehend the situation
posed by the problem. This activity will help- students develop the skill
of clear identification of the problem task and help them differentiate
between relevant and irrelevant information.

Asking students to describe the problem situation without reference
to specific numbers can also help them to generalize the problem situation
and processes involvad for solution. 1Ir this way, student attention will
be focused on the problem process, away from the specific amswer, enabling
an appreciation of the wider application possibilities of the solution
process. ' ' '

Another teacher directed technique with a whole class is to use a
problem approach to motivate the need for fu;ther,mathematical knowladge.
By posing a relevant ané realistic problem situation that students cannot
solve (or solve only with great difficulty), a teacher can motivate the
need for new mathematical techniques by answering before it is asked the
question, "Why do we need to know this stuff?" And frequently, the new
process can be skillfully developed within the context of solving the
motivation problem. :

Teacher directed probler solving efforts with small groups or individ-
uvals call for less direct involvement by the teacher as the problem solving
process shifts to the Student. After posing a problem of suitable difficulty,
the teacher assumes the rcle of "silent partner," monitoring progress care-
fully, and reluctanatly asking directive questions only as a student exhausts
his resources or wears thin his patience. This is the most critical point
of che instructional process. Acting too scon will encourage the learner to
be dependent upon the teacher. Acting too late will produce anxiety and
defeat-—the. precursors cf mathophobia.

Srudent Generated. A most overlooked opportunity for problem solving
instruccion arises out of situatiomns that come from students. Using situ-
ations that are student generated or revclve around student activities can
help bridge the chasm between school practice and actual 1ife applicarions.

23
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For example, suppose a student - g
observes the phenomenon that stand- A ’
ing atop an object and looking down ,'
appears greatly different than stand- ‘ ' s
ing below and looking up at the ob- ", ‘! How much is the
ject. He asks whether there is any i ! difference:
physical explanation for this common o hy ]52 ’ i .
observation. ' / i h. - h -

A great opportunity for problem | : 1 2
solving is at hand! By throwing i
this question back at the class and . i
asking them what kinds of strategies ! ;g !
they might use:{listing them for re- L
view) to resolve this problem, a
very rich albeit unplanned activity - _
‘can result. Students will see a reason for what they have been learning and
discover how to go about applying their skills to a question that intrigues
then from real life. . .

Similar opportunities can be drawn from student activities. Many
' examples of relevant student situations are found in textbooks. Abstracting
these situations from a book format and casting them in a familiar lecale
with real people will not only enhance the interest level of students.

They will aiso generally find such situations easier to comprehend and be
able to transfer the solution process more easily to related problems.

Irdirect. Solving a problem is perceived by most students as a chal—-
lenge. This permits a teacher a third mode for problem solving—indirect
presentation. Having established a "place™ where interesting and challenging
problems are located, students can either elect to use some of their undirect-
ed class time to use the "problem place" or be encouraged to that resource
by the teacher. ) ' ' ’

Such "places' might be -an attractively decorated bulletin board with
The Problem of the Veek; Sleuths Cormer (or table) where a problem resource
is located; stations where problems and equipment or materials useful to
solution are gathered; or simply a resource file, cards, or other collection .
of prcblems in a selected place. (including texts -or other resource books.)

An advantage of indirect problem presentation is that a student has
flexibility in being able to choose problems which he finds interesting
or otherwise appropriate. Amnother is that he can experience the £full
problem solving process at his own pace without the threat of failure.

Problems posed for the teacher by the indirect presentation method
jnclude establishing a reward (reinforcement) system, student monitoring
and evaluation, and matching student ability with problem difficulty. These
concerns can be resolved, however, through mean: such as indexing groblems
with point values related to their difficulty or use of class problem progress
charts that identify the problem, solver, and strategy used.

External and Internal Variables

Associated witl. problem solving instruction are several factors that
affect the learner's. ability to solve problems. Some of these factors are
external to the learner and are easily controlled through the teaching situ-
ation. Others are internal to the learner and are therefore less easily

influerced by the teacher. -

5
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Externai\variables. Time is a primary consideracion in teaching problem
solving. The student must have the necescary -opportunity to mull a problem
over thoroughly: time to understand fully- the task and conditioms, time for
incubation and illumination, and time to “think about the solution. An impor-

~—————tant task for the\@eacher is to encourage students to extend the amount of

&

‘time they are willing to-work on_a problem before "giiing up."

" All of these féctors clearly demand more time frcm the curriculum;
teaching for problemisolving is not as efficient §§ teaching by rote. There-
fore, rearrangement df some teaching priorities may be necessary. Or oppor-—
tunities to teach other subject matter through problem solving may need to
be utilized. ) ' '

Learning style is another important external consideration. Iearmers
respond differently to different stimuli. Some students may need tactile
aids to understand the posing of a problem. Others may not. Some students
work well independently. Others need more structure and direction. Some
students may find certain problem solving strategies more productive than
other strategies. Otker students may disagree with this list. _

Teachers also vary in their uses of instructional -styles. There are
usually some problem solving approaches that a teacher feels comfortable
with and others that he feels less skillful .in using. Generally, a teacher

*s is well advised to use methods that utilize one's strengths while giving

time to instructional approaches that!one feels less expert with. This
will wicen the range of problem solving experiences for students, capitalize
on a te:cher's known strong areas, and give the teacher the opportunity to
expand :is expertise. ' ,

Mo-ivation is both an intermal and externmal variable. Most teachers
are qui:e adept at bein3 able to present learning situzations in a highly
interesing way. But in problem solving the motivation problem centers
more arcund the need for continuing motivation that ic sustained through
teacher aad peer recognition and reinforcement of accomplishments. Cne
goal of problem solving instruction is to encourage studentshcomwomk;gpre‘
indepeni.ently and to expand their ability to deal with frustration. There="" "
Yore, i becomes very important for the teacher to recognize and reward
efforts toward this goal even though a successful problem solution may not

be immeciately forthcoming. - N

In_.ernal variables. A problem is not necessarily solved when a correct
solutio . has been found. It is not truly solved until the learner under-
stands ‘recisely what he did and why it was appropriate.’

Th .s is one example of what we mean by an interhnal consideration—

a variasle that describes the extent of understanding within the learner.
Ceneral .y we can describe certai elements that are related to this process.
- 1. Being able to recognize important.features of a problem and assoc—
iating :hese features with promising solution steps is an important problem
solving skill. : L : _

2. The process of understanding a problem is .related to zhe ability to
réstate the problem in an appropriate representation. Fox exanple, many
problem; can be classified as subtraction prbblems because subtraction is
the nec :ssary process required for solutiom. Eowever, the problems may
pose di ‘ferent structures within which that subtraction will occur. Choice

- of an a-propriate numerical sentence to describe the structure can ald in
the und :rstanding of the problem. One might choose Irom the fcrms |

c—-b=272 c - 2?2=a2a or a+ ?2=c¢c

each of which leads to 2 subtracrtion solution.
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3. For a learning situation to be\appropriate for problem solving
development, the techniques necessary fof\;ts solution must be well within
the student's range of capabilities and experience. -

4. Meaningful problem solving experience should not he restricted to
repetitious practice with the same technique applied to similar problems.
Such experiences should consist of some practice of different approaches
applied to similar problems and the same technique used to solve very
different problems. J '

5. Protection from errors is not desireable in problem solving.
Students should be encouraged to be sensitive tc reasonability of results,
to detect errors, ané to explain where a mistake lies.

" 6. Skills and understandings are most useful in problem snlving when
they have been developed through problem solving. | S

7. Excluding lack of knowledge and limited mental capacity, there are
known factors that cause some problems to be difficult to solve: :

: a. misleading incorrect solutions - the learner halts his problem
solving efforts without realizing his solution is wrong;

b. difficulty in selecting from given alternatives - the learner
is not able to systematically reduce the number of possibilities for problem
solution; ' .
c. response having low priority in one's range of experience - the
learner's background causes him to assign a low probability to productive
problem approaches;

d: requirement for generating an unusual response - the problem
solution deviates markedly from the solver's past similar experiences; .

e. moving too quickly from idea-getting to idea-evaluation - the
learner spends too little time generating solution possibilities before
trying onej; ‘ : :

. f. difficulty in identifying surmountable obstacles - the learmer -
£3ils to distinguish obstacles to problem solution that can be overcome from
T . those that cannot; ) .
77 goo-motivation . factors

h. degree of stress

Realistic Modeling

The goal of problem solving instruction is to develop the capability of
students to apply successfully school-learned skills to problems arisirg in
real life. However, past experience indicates that transfer of school skills
to life. situations is not anr easy task. The degree to which classroom
activities can realistically model real life problem solving is related to
how successfully students can make this transfer. Therefore, one of the
teacher's tasks is to be aware of realistic problem characteristics.

1. In a real situation, the task to be accomplished or the problem to
be resolved is usually well understood. The problem may need to be recast
in an appropriate representation, but generally there are no difficulties
with interpreting the problem task from given information as is the case in
school story problems. ‘

2. Real problems frequently daal with tactile materials and/or real
people and situations. Being able to see the problem in terms ¢°~ = crete
materials or to associate it with specific persomns or situations - the
probler easier to understand.ig;

v
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, 3. Real problems have a built-in motivation factor. The successful
_solution,of the problem accomplishes something for the solver. He can
immediately appreciate his success or be penalized for his failure until the
problem is dealt with. He is therefore willing to wrestle with a problem
for a considerable time period. This contrasts to a school situation where
a student either moves on from an unsuccess®ul problem attempt after a frief
effort or seeks help from the teacher. ' .

4. There may not be "the" correct solution to a real problem. Many
solutions may be acceptable in terms of the specific needs of the solver and
the given solution. Rather than requiring an exact answer, it may be suf-
ficient to be "close enough." For this reasom, estimation and approximation
skills are relatively high in importance in real problem solving.

5. There is no preferred strategy to the successful solution of a
real problem. The sole criteria is that the prcblez be successfully solved
in an efficient manner to the problem solver. Therefore, trial and error
might be judged just as satisfactory a method as a careful, reasoned problem
attack if it solves the problem.

6. Real problem situations frequently reoccur for the solver. This
gives the problem solver the motivation to find a solution strategy that
will accomplish the repeated task most efficiently. Ee therefore has a
reason to look for more than one solution process to the problem. '

7. Real problems are usually cluttered with a lot of irrelevant infor-
mation or may even be missing some necessary data. One of the solvers first
tasks s to distinguish between pertinent and nonpertinent information and
to decide whether he has enough information to generate a solution.

8.. Few real problems are purely mathematical. The problem may consist
of many nonmathematical elements. The task of the solver may be to restate
and sirplify the problem to pathematical terms. Or a mathematical solution
may only be one component to the resolution of a larger problem. Affective

. considerations frequently play a role in real problem solving.

Obviously, it is not possible nor desireable to simulate each of these
real life problem characteristics in classroom problem solving. However,
an awareness of them should enable the teacher to occasionaliy model such
situations, making the transfer between school and life skills much easier
et for students. S

‘Avoiding Pitfalls

- In problem solving, as for most areas of instruction, there are a meshing
of more than one set of objectives. That is, we pursue problem solving not
solely as an end unto itself but in conjunction with other goals and objectives
such’as refinement and maintenance of computational skills.’ In txrying to
‘accomplish more than one goal through an activity, it is easy to lose sight
of the main objective or to occasionally get jnstructional goals at cross’
purposes. The following listing contains frequent pitfalis irvolving problem
solving that might arise in this way and that should be avoided. -

_a. Overemphasis on verbal cues such as equating the word "of" with

"ri{mes" should be avoided. Such a practice may lead students teo misinter—
pretaticns for given circumstances as well as focusing attention to early

on the parts of the probleam before he gains a grasp Zor the situation wholly.

b. Do not inmsist that a particular procedure be used in the solution

of a set of problems. If the intent is to practice a particular procedure,
then the obiective may well be computazional rather than problem solving.
Q c. Try not :o imply to etudents that one strategy of many which can

62




be used to solve a problem is the “best." The intent is to increase the
number of such strategies that a student has command over. And what may
be best for one person may not best for another.

d. In working with large s;roups, avoid instructional practices that
involve a designated learmer——that is, a class representative that does
the talking, thinking, and actual problem solving for the class with no
measure of how many other students understood or participated in what
occurred,

e. Comsider problem solving as an activity suitable for all students—-
not just the more capable ones. ’

f. Problem solving should not te withheld from any group of -students
until they master a certain set of basics. It can and should be an instru-’
mental activity in the development of basic skills.

In summary, the task of teaching for problem solving development can
appear to “e an awesome task. But like most complex activities, the goal
1s well worth pursuing. However, in this case, the task is not as difficult
as it might first seem. Most of the components for good problem solving
~ instruction are ingredients for good teaching of any mathematical topic.

- And many of the aspects discussed in this discourse on problem solving are
common tools of the good teacher. '



Roles and Goals of Problem - Solving
in the Elementary School

I. Introduction

John Dewey (1909) and his followers were perhaps the first in American
education to attempt to cite problem-solving as an important goal in the
curriculum as suggested in Dewey's How We Think. In 1918 Kilpatrick urged
the "purposeful act" as the major item of curricular concern. In 1925
Collings reported work on using situations and activities in the lives of

" boys and girls as a basis for topics in their "content subjects." Kilpatrick

commented

<

Our highly artificial study of arithmetic, geography and physics
has too often meant that the child lived but meagerly in and
through the school studies (1:109).

Kilpatrick taught that the "wider problem of method"---that is, problem-
solving=== is synonymous with living or similar to the '"moral problem of
life itself." (1:3). Learning, he urged, should help engage students in
living now and not be looked on solely as preparation for later life.

In 1932 came the Eight-Year Study (thirty secondary schools) in which

the curriculum was planned around problems arising from various aspects of

“  present-day (1932-1940) living. This was followed by the development of core
curricuvla by Alberty =2t al in the 1950's. Still later in the 1950's, with
concern for problem-solv1ng still in mind, there arose the '"essentialists" as
Bestor and Rickover with the philosophy that different disciplines have
different techniques of problem-solving~-- that the inquiry process differs
from subject to subject. Indeed, some thrusts went so far as to encourage,
it seems, that the best preparation for life was to take on the style of the
researcher and, in the sense that students should explore and make conjec-
tures. there may be some point to this suggestion=--it is wrong, though, if it
means early and hurried abstractions before the student is ready. In the
fifty years of thought and development many had forgotten the early tenets
of Kilpatrick that 'education be considered as life itself and not a mere
preparatlon for later 11v1ng” (2).

A
. Although points of view appareﬁtly changed from 1909 to the present
there always seemed to be concern with '"problem-solving'" no matter what the
name. That this strand is of present-day concern and that educators see the
continuing need for a problem-solving curriculum is stated by David Ost as

follows:

Probiem-solving and related skills have long been of concera to
education planners . . . it is becoming increasingly clear that
problem-solving abilities are essential for an evolving culture.
As a result, increased effort is being made to incorporate
problem-solving situations into the educational process (3).

But while we have traced the attention to problem-solving as an
important curricular strand in the past years, we may yet ask, "What is
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problem~solving ?" Some answers:
We first think, "Solving problems !"
"Problem-solving is a search for alternatives (4)"

Problem-solving is a way to employ or apply cognitive skills to
answer a felt question about a situation

roblem-solving is a process

Problem-solving is creative and reflective thlnklng brought to
bear on a situation

Elsewhere we shall no d?ubt'perceive differences between exercises and
problems and so We will not dwell on these here.

Roles of Problem-Solving

-

By "role" we shall mean "what part should it ‘play ?" --"what part in the K
curriculum and in the classroom ?" It seems to the writer that the spirit of.
"solving problems" or the atmosphere of eagerness and challenge to try to usg
various strategies of problem-solving should always be present in the class—
room. Of course there must be time for skill development (perhaps per se se /in
various modes), for diagnosis and remedial work, for practice on the ordlnary
text problems and exercises and/or problems on developing skills from ' feal
problems" or variations of them previously done. But in nearly every;class
the students should be in exploratory and conjecture-making stages om some
problem which arises either from the ongoing development of the mater1a1 of
from sources connected with the life of -the~ student. ‘

‘
’

Problem=solving in all of its aspects is one of the main '"reasons" for
mathematics. Mathematics "came to be'" as a "problem-solver' and, in its
infancy, it took on probiems of business, commerce, navigation, engineering
and many other facets in the lives of people and it is still doing so as it
continues to riegn as the ''queen of the sciences !" 1In one of his talks
Morris Kline suggests that ''the beauty of mathematics does not justify
mathematics (instruction)" and neither does '"the inteliectual chalienge"
but what mathematics does and can do justifies it. Hence prcblem~solving

should play a big role !

Spec1f1c311y problem-solving can be an effective dev1ce for motivation
and it can give valuable and continuing experience in the "art of investiga-
tion" and, while applying strategies, mathematical skills and concepts of
various kinds are deve'uped and created which enable us to attack more
sophisticated problems.

Goals of Problem-Solving

Although the various strategies of problem-solving will be discussed by
cthers one immediate goal of problem-solving is to acquire skill in the use of
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various approaches and to perceive which methed might be more applicable.
These skills are of '‘higher order" than mercly those of using the basic
operations in mathematics but, of course, the basic operations and much
more are useds " We will call "acquiring skill" goal (a).

Other goals, just as important, are:
”"

a problem is the most natural intellect ectivity. It is an
awareness that something needs to be di4ferent, improved,
modified. (5) Teachers can encourage the ''sensing of
problems" in the classroom by an exciting handling of subject
matter and by helping the student recognize problems which
arise in the ongoing development or the subject itself. Not
all "problems"” need come from the "outside."

X, .
(b) to be able to sense a problem. Brunersgsfgests that "sensing

(c) to be able to determine the scope of the problem and to
delimit it to a level which can be handled by the student
with skills, materials and information readily available---
this does not mean that one will not attempt to develop
new skills. '"'Delimiting" is sometimes urgent and most
desirable for sometimes the ''gravity of a problem produces
inertia" (Morris Kline).

(d) to develop flexibility a- to entertain the possibility of
attack by several diffcs .t strategies

(e) to tend to try the simplest strategy first --- try common
sense. X

(f; tc 7.sclop the ability te suggest variations on a problem

(g) to live in anticipation of other paths or turns a problem
might take

(h) to be looking for problems and '"eyes open' for relationships
--- sensing sources of problems in our surroundings: social,
environmental

(i) to have a spirit of adventure, creativity, anticipation,
excitement and a (humble) feeling of CONFIDENCE. Wo
suggested strategy should be an object of scorn or belit-
tling or embarrassment. ''Nothing breeds success like
success itself."

IV. Beginnings on Achieving Goals

-—-START NOW with ongoing development in the classroom--- helping the
subject grow by sensing problems

--RAISE QUESTIONS in a casual way-- questions which give rise to or
introduce considerations from which grow new concepts




-=-INTRODUCTION of interesting situations which come from problem sources
(as the packets assembled for this conference) and whxch employ "problem=-
solving strategies

-=BECIN WITH SIMPLE THINGS ~-- simple ideas perhaps also in physical
settings as 1/3 "+' 1/4 by means of fraction cards (6). Big ideas
often come from little questions and little situations.

Dwight L Moody has said, '"When God wants to move a mountain,
he does not take a bar of iron, but he takes a little worm."
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SOME GEMS FOR TEACHERS

"Begriffe ohne Anschauung sind leer.' .(Kant) . : .

"...mathematics 'in statu nascendi'--in the process of being invented--has
never before been presented in quite this manner to the student, or to the
teacher himself, or to the general public.” (Polya)

"The investigator himself...does not work in a rigorous deductive fashion. On
the contrary he makes use of phantasy and proceceds inductively, aided by
heuristic expedients.'" (Felix Klein)

"The premise here is that education has a great teaching facility which as yet
is unused--the student.'" (Ohio Statec University Educational Research Bulletin,

XXXIX: 6, September 14, 1960).

"Learning can be decpened and be made more genuinely human as well as beneficial
as a human act if it appropriates tue procedures of bot* the creative artist

and critic.”" {Meland)

. ..it is first necessary to arousc his (the student's) interest and then let
him tkink about the subject in his own way." (J. W. Young)

"Nothing is more important than to see the sources of invention which are, in
my opinion, more interesting than the inventions themselves.'" (Leibnitz)

"The most natural methods of advance is a series of successive approximations

to logical rigor, and, in fact, this is the way in which the subject has
actually grown up." (Saxelby) -

"...the teacher should "lead up to an important theorem gradually in such a
wav that the precise meaning of the statement in question...is fully apmreciated
...and furthermore, the importance of the theory, and indeed the desire for

-formal proof is awakened, before the formal proof itself is developed. Indeed,

much of the proof {of the theorem) should be secured by the research of the
students themselves." (E. H. Mocre)

"In our mathematics classes we ought to concentrate less on covering a certain

body of knowledge and more on thinkirg about what we have done, how that can

. be generalized and applied to cther problems, how it can be changed into new

Q
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problems, and how to go about finding general principles. (Willoughby's

"Discovery." The Mathematics Teacher. January, 19Y63).

""No matter how mecdern the mathematics program, it will suffer a miserable
death if there is no creativity or imagination in the classroom. On the other

nand, the most traditional program can become most coxciting 1f somehow the
’ &

student, if in a small part only, relives the discovery of mathematical ideas
and the clashing of minds which have been a part of its development."

"'Covering pages' may deaden, 'uncovering ‘deas' enlivens the classroom."”

"Non verba, sed res." (Comenius)



""Quod non fuerit priusquam in sensu, non -rit in intellectu." (Comeniut)

. "The mathematical experience of a student is incomplete if he has never had
the opportunity to solve a problem invented ™ - himself." (Polya)

"This intuitional direct vision method is intunded, not to take the place of,
‘but to prepare the way for a more rigorous analytical study of tke subject."

(Saxelby)

The student "n each new advance is to begin with the concrete object, something
which he can see and handle and perhaps make, and go on to abstractions only
for the sake of realized advantages.' (Durell) .

"Most of the footprints in the sands of time have been made by workshoes."

"What is most important for teaching basic concepts is that the child be .
helped to pass progressively from concrete thinking to the utilization or
more conceptually modes of thought." (Bruner)

" _..concepts are formed out of experiences, and hence the classroom "should be
arranged so.that the children learn mathematics in much the same way as they
learn most of the things they know--by manipulating actual objects.” (Dienes
mentioned in Arith. Teach. Nov., 1968, p. 594.)

"Ine typical mathematics lesson...no physical apparatus for the children to
play with, and a lesson involving merely talking, reading and writing--may
eventually be outmoded.' (Arith. Teach. Nov., 1968, p. 594.) '

" ne teacher must attempt to rescue the low achiever from discouragement and
despair and make it possible for him to succeed at his own ability level"...
while keeping in mind that not all types of slowness are permanent...it may
take only interest on the part of the student to increase his achievement."
(Mathematics Teacher, March 1967, "Mathematics for the Low—-Achiever in High

School.")

4

"There is nothing in the intellect that was not first in the senses...’
(Morris Kline, AMM, March, 1970, p. 265). :

"Clearly the intuitive approach can lead to error, but committing errors and
learning to check ones' results zre part of the learning process." (Ibid.,
p- 266). '

~—
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S R . AN OVERVIEW OF PROBLEM SOLVING
IN ELEMENTARY SCHOOL MATHEMATICS
- Ohio kegional bonfereﬁce on Matheméﬁics Educétion

March - May, 1978

"Learning to -solve problems ds the principal reasonxfor studying
mathematics." (National‘Counéil of Supervisofs of Mathematiés (1978),
p. 147). Knowledge, skills, and understandings are important elements
of mathematical leérning but it is in problem solving that the student
syﬁthesizes these components for the purpose of achieving'% goal, answering
a questién, or reaching a decision.

v
Though most educatorskagree on the importance of problem solving,

nearly any discussion about 'its: role ‘in the elementary school curriculum
[ ’ T : .

raises issues in:néed éf further clarification. Tour questions which
usua;ly emerge gre:"(l) Whagpis the relationship Qf problem solving to
basic skills? v(é)fﬁxéctly what jis meant by problem solving? (3) How
should problem sol?ing_bé #aught? X&) Whese responsibility is it to help
students develop problem solving abilities? That is, when should problem
solving be introduced'in the curzgfulum?

The purﬁgse 6f‘this ﬁgper is_to present bhricf answers to these four
questipns,énd thus orient you‘to thg problem solving gpprdach taken in

these materials. . -

Is Problem Sql&ing a Basic Skill?

Computational préficiency has been long recognized aé a basic ékill
goal of the elementary mathematiéé'curriculum. The roie and importance
> . of_propiem.solving in. the elementary program has bé§n generally less well
defined. Traditionall§, problem ving has been pursued with less immediacy

and emchasis than.pompuéatgﬁﬁal skill development and, consequently, has

. - 2 :
not been considered by many as-a basic goal. However, current interest
~N c V
- - - P‘j
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in redefining learning outcomes- considered as basic--that is, learning areas
o .

important for mastery by all individuals--suggest the need for an expanded

o

definition of basic skills. ; -

Assessment results have highlighted a fact known informally -to us all:

: computational skill-proficiency is not synonymous with the ability to apply
. these skills in meaningful situations. Basic skills by today's standards
are judged in terms of competencies. That is, we are concermed with not only

what an individual knows but with how well he can use this knowledge. -

. Problem solving constitutes this additional dimension of the basic skill «

~ -
) -

definition in the area of mathematics.

-

"I think problen solv1ng is the b351c sk111 in mathematics. By problem

.

_solv1ng I mean more than &now1ng what to do, in the sense of having xnowledge.f

M .

vI mean,hav1ng 2 kind of commitment” to problem solv1ng——a w1111ngness to tackle

a problem ever,. when one doesn't know right away what to do, andsto keep

' d

plugging away at'the problem-until one finds a reasonable solution.™” This .

- - -

quote comes not from a maunematlcs educator'but frcm a Geoegla state legislator.
- While it may- be surprising to some to think of problem sclving as a basic
ekill, its development marks the difference between mathematically literate

ano minimaliy functioning_in!Z;;duals. A learner with unooltivated probliem
solving capabilities is a passive and limited individualidepeodent upon others
for his growth aod needs. But a learner with well developed problem solving

skills is an active, confident, and flexible individual capable of reshaping

his learaing environment and satisfying his own needs. Education can no longer
A afford a narrow definition of basic skills. Development of active learners

must be the first priority. Coﬁseqﬁently; problem solving must be cossiééfed
. ‘ .o : » s
a basic mathematical skill. h .

~ - ,
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What is a Probh-m'.: -

The word problem is derived from the C(reek probicmi, which translated

~—

literally means ''something thrown forward" (from ballein, "'to throw").
'Less inspiring but more commor is theistandard definitioﬁ, "a' question
raised fog inquiry, consideration or solution . . . a source of oerplexity
et CWeoster's New Collegiate Dictionary, 1975). TFor our uses then,la
probleﬁ is a perpiexing question oxr situation. It is important to note that
a problem is no: simply a qdestion or situation--it must be perpleﬁing;
A question or a situation can be jﬁdged,ﬁerpleking, and thus be a
'problem, only in relatiom to a person and a time. What is a problem for
- ~ one student now may not be a problem for that student in inother montﬁ or
'year, or it may not bc a probiem for another student now. Hence teachers
" must seleet questions-and situations which will likely be problems for their

students.

-

Another implication of our definition is the idea that a question oz -
situation mustooe accepted by the student as a problem. "Perple#ing" implies
that the qoesﬁion or situation is of some ihterest and thet the student will
accept it.

The characteristics of a pfoblem'for‘a student, then, a£é that:

-

- It is a question or a situatioo.

* It 1is accepteo by the student. | -

- At the time it is presented to the student, there is some biockage

or challenge eo that the solutio{ is not immediate.

Problem soiving is the ability to éolve problems. We are interestedvin
’proBlem solﬁiné in mathemaoics—?the ability to solvevproblems which use
mathematics. However, ultimately groblem solving for tomorrow s adults 1is
an imoortant facer of life--be it mathematical or not. Questiens such as,-
"Should T buy a new car?" or "How can [ finish pafntiny this chafr?" may or
‘may no* be mathemat1ca1 but they can be 5>3; problems to people. Qur aim
1ERJ}:‘ -is to equip stuaents with problem solving strategles ané our hope is that
e | Y2
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these students, tomorrow's adults,'will be able to. use these strategies tq
solve the problems they must e¢ncounter.

How to Teach Problem Solwvi-: " S

In the past, problem solving has been most often taught by presenting
specific types. of problems. T“extbooks are arranged so that every so often

there are one or two pages of "word problems," all very similar in setting
> U , |

and in solution technique. Inluppé?&élemehtary, junior high, and secondary
school you find distance-rate-time problems, work problems, mixture problems,

or ége problems. In elementary scﬁool‘prdblem types are often associated with

.

mathematical skills--multiplication problems, fraction problems, or merely

problems. Actually, such "problems' are really exercises to practice very

specificzsﬁills. Results are that the student must continually practice the -
skills to maintain the ability and that he or she is equipped to solve only

those proolems which are very similar to the exercises.

<a

What we suggest is that the‘s;ﬁdents learn very general strategies for

attacking problems. (One set of thrse strategies will be described with

_examples, of their use in another papér, but for now, three are mentioned

to indicate the sort .of activity we mean--guess and check, construct a table,

or work backwards). There are four important points associated with using a

-~

strategies approach to teaching probiem solving:
(1) Students can be taught each strategy. The strategies‘themselvés
_are general:skills or abilities;

(2) E%ch strategy cam be used in a great %ariety of problems.

(3) Often a student will use from two to four strategies in a
single problem (as opposed to acquiringlone technique torsolve
one type of preoblem.)

(4)-When faced with a new problem a stgdent armed with a set 6f aptack
strategies has a wav to begin to wor#l (Often tbe mést difficult
step in problem solviﬁg is getting ;tarted)._

- In general, to Feach'a étrategies approach to problem solving a teacher

will follow fhis procedure:

=4 7 3



Teaching Problem Solving -7 T : -

: Introduce a
new strategy

Practice the

new strategy
with problems

k.

Provide a variety of

dissimilar problems to | No
exemplify the new .
strategy

I

Provide a variety of
problems which are
appropriate for all
previously learmed
strategies

Have all strategies
been taught -

Continue to provide
a variety of problems

it is clear that to use this;approach teachers need (1) a ciear idea of all strate-
gies,_(Z) a large resource of good problems, 63) time in the teaching schedule
(mathematics period) to teach probiem solving. Most of‘the strategies appropriate
for the elementafy‘program are familiar to teachers and little time is needed to
uﬁaerstand them. Developing a re#ource of good problems is a continuing process.
Supplementary materials pr&vide one rich source. Also, téachers can use their
textbooks as a resource. But even more fruitfui,vteachergfcan make up a'gregt ;
Vvariéty of problems themselves (and éharq them with eéch other). Find&ng
‘time fof'the'approach involves, (1 ‘.=:1g the qurrent.claééroom”time devoted .
® to tcaching problem solving and (2) .<5ahizihg the learning seqdencq so

that part of the time for .practice of computational skills is included in the.

Z




. :problem solving actlivities--during problem solving. students are using computational

skills ;nd thus practicing them. . o .

' The big pay-off in the strategies approach to.problem solving is that the
students will experience a variety of p;obiems-—the gtra;egies are so genefal
that they caa be used-in all types of problems. fhe studegt acguires\experience
in solving pfoblems which are 12w to him or to her. Thus when'receiving an
entirely new problem, one we cannot even anticipate now,-the student has a‘
set of strategies tc employ which hold promise of helping to find a #olution..

In this way, we hope to prepare students to solve problems in the future--even

problems we can't think of or kmow about today.

. When Should Problem Sclving Instruction Begin?

Problem sdlving begins as soon as we Become awvare qf our environment,
develop some need which we determine to- be within oﬁr:cfpability of»éddressing,
and go about trying to satisfy thiéyneed. Soonlaftef birth, we begip'this kind
of problem splving and continue it through the rest 6f our lives.

Insofar'as lgarning'is involved; we use nevw information_and knowledgg to
extend and expand our probleﬁhsolving capabilities. But we also use pfoﬁlem

so® .g to acquire additional knowledge and skills. - Thus, problem solving and

learning are inextricably interwoven in the way we naturally discover and react

- Selving ™\

within our environment. //,

statement of purpése of the function of education might be: (1) to provide

activities that encourage'the develdpment of skills and informatioa that are

known rB be valuable for participation within one's society, and (2) to examine

formally processes which are productivé for dcquiring further information

ar
~
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and satisfying one's needs.
This definition brings us back to a comﬁarison between' computational skili
. development and problem solving goals in mathematics education. Quite accurately,
computational skills can be judged as fulfilling the fifst aspec »f the functien
. of’gducatidﬁ and problem solving the second. However, many curriculum designers
and other educatcrs use this artifici;i separation of these two basiq goals
of maihematics as ‘the basis for curripulum separation and sequential treatment
that piaces computation development before problem solving.

The unfortunate consequences ¢f this decision are threefoia, First, the
natural manner in which we learn is sudderly interrupted and replaced by a
learning ﬁodel that concentrates on only one aspect of mathematical learning
at a time. Secondiy, formél consideration of\prdblem solving is withheld from

A

many students until some level of computational proficiency is.attained. For
some students this means that they will never bg exposed to formal problem
solving procésses. And it means for other students fhe adjustment to a sharp
change in philosophy and emphasis as the focus sﬁifts from computation to prob-'
lem sélving.r Thirdly,_problém solving as a proceés too fréquently'becomés an
incidental by-product in probleﬁ situationé where Ehe primary emphasis cpnfinues
to dwell on skill refinement and maintenance; applicati&h practicé, and further
computational development. Sadly,>£his eqﬁates to a sizeable number of students
never gaining tﬁé oppoftunity to become skillful éiGblem solvers. - |

- To ayoid this undesireable and relatively ineffective procédure for learn-—
ing mathematics, we advocate that the natural mode of learning be-contiﬁued
from nonformal early ch%}dhood activities fo later formallschool learning
experiences with an apﬁropéiate balance mzintained for both aspects of.ﬁifheﬁatics
education. 'fhis implies that problem so;vi;g‘should begin in kindergartenfat
an apbropriate level of sophistiéatibn. And its devélbpment should ?rogress

from a natural learning tool to a formal activity in which the focus is on the

~
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process as a reproducible strategy that can be utilized to  solve similar and

.

dissimilar problems. Continuing respoasibility for improving this basic skill
is shared by every teacher throughout the.rest of the mathematics curriculum.
Only with this kind of emphasis can we expect to realize the goal of confident

and flexible problem solvers who can assume an active role in moderm s -ciety.

Al
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Problem Solving in the Primary Grades

Many of the best problem—solving situations in the primary grades come from
everyday situations: '"How many more chairs will we need if we're having five
visitors and two children are absent?" '"How many cookies will we need if.
everycne has two?" ‘
N

In many taxtbooks, problem solving in éredes 1 and 2 is ignored. Ir most
textbooks, there is no clear problem solving program (in which children are
taught strategies or altern:tive ways to solve problems). In almost no

‘textbooks are creative, open—ended problems used.

.~ Unfortunately, problem solving in primary school mathematics has been limired

to finding the answers to wordproblems in textbooks. Getting answers to
such problems may involve problem solving, but it may rnot. If the problems

‘are so easy that children know the answers automatically, there is really no
‘problem at all. Problem solving is the reason benlnd teaching mathenatics:

to help the child resolve difficulties which he or ‘she wants to resolve.

Problems should be used throughout lessons, from 1ntroduct10n through rein-
forcement. But it is important that children be asked to solve real problems.
Word problems in textbooks ard most problems used in the nhyS1cal representa-
tions ¢f number ideas and operations are generally only situations from which
modeling (such as 4 + 5 = 9) can be derived, to help the child relate a real-
life occurrence to a mathematical representation of that occurrence.

Problems should be interesting’to the child: the child must want to solve the
problems. , : :

Real objects should be used (or available) for solving problems. But children
in the primary grades are increasingly able to make estimates, keep records

of their observations, make mathematical statements to fit events or situations,
and make decisions on the basis of what may happen. They need to be faced

- with a variety of problems and record-keeping procedures.

Children should believe that they can solve a problem, and should know when

they- have a solution for it. Confidence in their ability to solve problems
must be developed; the teacher must create an atmosphere in which they feel
both free and secure. \

J
. Let children use their own language to express the problem.

« Let children work together° they reed te discuss problems, share ideas,
debate alternatives, and verify solutions.

.

s Develop problems appropriate for different ability levels. the problems
should allow for different levels of solutlon.

» Provide problems that have no answer or that have many (equally correct)
answers. Often.instructional materials leave children with the impres-
sion that every mathematical problem has exactly one answer.

o.lee chlldren problems for whlch they must collect information o~ data.

' The typical textbook protlem gives all the nessary facts. Eor everyday .-
problems invelving mathematics;, people often must seek out the necessary

73\
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data, or at least select from v"at is available those facts which are
needed. '

e Similarly, provide experiences in which the formulation of the problem
to be solved is required. ..People have to ask questions before they begin

to solve many everyday problems.

e Help children to sense what the problem is about, to form a picture of
the relationships and patterns, to systematically determine orocedures
and alternatives.

o Discuss problems, plausible answers and estimates, and varied procedures
for finding solutions. .

e Select problems which provide for maximum pupil invclvement and minimum
teacher guidance. ‘

)

s Breck complicated problems into manageabie’ parts when frustration

i

approaches. :

e Problem solving is not dependent on reading ability. Ckildren should be
given problems orally both before and after they learn to read. Remember

. that many problems faced in real life do not come neatly packaged in words:
children must learn to interpret most oral and non-verbal cues that/ comprise

“the problem or are related to the solution of the problem. ‘ '

'
!

o« The child needs to begin to develop a variety of strategies for solving
problems. The problems which follow are illustrative for some of /the _
 strategies that primary-level children need to learn. (In many cases, problems
could also be used with another strategy, such as naming only the operation
needed for solution.) Many of these problems were adapted from those
appearing in recent textbooks. In addition, a variety of more creative
problems is included following page 6. .




Using drawings znd diagrams

A bus had 10 rows of soats.
There were 4 sea.s in each row.
How many seats in all?

The children at Lincoln School are packing boxes of books to send overseas.
How many .boxes will they need if they have 24 books and put 6 books in a box?
The pupils found that 2 out of each 5 books were in poor condition.
If one room collected 25 books, how many of these were in pocr
condition?
-
You are riding on an elevator.
Enter on the main floor.
Go up 6 floors.
Go down 3 floors.
Go up 9 floors.
Go down 7 floors.
30 up 8 floors.
Go down 2 floors.
Go down 5 more floors.
Get off the elevator.
On what floor are you?

Tt is twe miles from Dr. Jones' house to ner office.
She walks to her office fivc days a week.
How far did she walk back and forth to her work every week?

Dramatizing or acting out problems

Six children were Standing at the teacher&% desk. Five children jecin them.
How many children were at the teacher's desk thken? ‘

Nine children stood a*t the back of the room, Seven went to their
deske. How many children were left? :

Selecting needed information (or delcting unneeded information)

There were twenty-eight children in Mrs. Biack's third-grade classroom.

On Friday the whcle class made kites in art class. Fourteen of the children
decided to fly their kites that afternoon., Only n.ne of the children

were able to get their kites up in the air. How wmeny kites did not fly?

Eight people talked to a reporter.
Twenty-three pecople watched the fire.

., Six more people talked to the reporter.
How many people in all taiked to the reporter?

Kate got a new paint set for her birthday. It has 36 colors and 5
brushes. She painted 18 pictures, each with a different color.’
How many colorsg are still unused? P

_/A

Pete mowed Mr. Wynmn's lawn for $3.50. He bougbt,Z»caraéﬂfor-75¢. The clerk
gave him a gift of 3 packs of gum.” How much “money -did -Petelhave-left? — -
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Problems without numbers

George had some money. .
He gave a customer some change.

How much money does he have now? )
' Sally counted the pages in ner

order book. She wrote a2 dozen
orders. How many pages were
left?

If you know how man- times your heart beats each minute,"how can you find out
how many times it bweats in 24 hours?

Jane knows how many yards of ribbon she needs and the
cost of each yard. How can she finéd how much the ribbon
will cost?

Collecting information

How much will it cost each person in our class if we share equally the
expenses of taking a field trip to the stzate park and hav1ng a plcnlc lunck
while we're there?

The PTA has given $45.00 to each class in the school to be used for

~ magazine and newspaper subscriptions. How should we spend the money?

How far can you walk in 5 secouds?
How far can you walk in 1 second?
How far can you walk in 1 minute?

How long dc.s it take a ball to stop bouncing?
Ity a big ball. :ry a football. Try a little ball.

Get a stack of 15 cards.
How long dones it take you to turn them over, one at a time,

using your right hand only? Your left hand only? Both hands?
How long does it take to turn over 30 cards?

Making up problems

Make up a story using 9., 5, 14, tigers, lions, circus, wagonms, left.

Have students find interesting pi tures (with or without data)
in newspapers and magazines. Have them make up problems to
fit the picture. :

Have students put problems in a f11e box .for
other students to solve.

Writ2 probtlems vased on a'real'experience.

Give sctudents a table or other set of data (e.g., baseball statistics).
Have them make up problems using the data.

H
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Using materials .

Have students use manipulative materials or flznnelboard materials to
verify the solution to a problem. :

When decorating the room (or for some other measuring situation),
let the children determine and measure the amount of crepe ‘paper,
twine, etc.

Making up an easier problem

Jen saved $3.56. - : Jen has 3¢.
Jeff saved $5.27. Jeff has 5¢. )
How much more money has Jeff saved? How much more does Jeff have?

Reasonable ansvers

Jim weighs 70 1bs. standing on one foot, so he must weigh 140-1lbs. standing
on 2 feet. . ,
Wnen Henry was 12 years old, his mother was

3 times as old as he. Since Henry is now

30 years old, his mother must be 90 vears old.

Matching mathematical sentence with drawing

Write number sentences on board.
‘Draw picture to match one sentence.
I had three cups. I brokeone. How many cups are left
Have child match sentence and/;lcture to go with the problem.

You might read the problem and have
pupils find the picture that illustrates

it, then write the mathematical sentence.

Noting missing information

If you have erough information to answer a question, answer it.
If you do not have enough information, write NM for need more information.

Every mouse in Europe eats 73 cheeses each year.
Every mouse in Africa eats 86 cheeses each vear.
Most of the cheese is Swiss cheese.
1. How many mice are in Africa?
2. Which mice eat more cheeses each year. those in Europe or those
in Africa?
3. Which of the two places has more cheeses7 ‘
4. How many more cheeses does a mouse living in Africa eat in a year
" than a mouse in Europe?

Using maps, tebles, etc.

. . Give pupils a modified train or bus schedule.

Ask questions about arrival, departure, and
- traveling times.

Give pupils a simplified map. HKave them lccate specified points, and
answer questions about distances. , .
Q ' '

ERIC . | L —
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Using maps, tables) etc. (continued) 4 Y

¢

<§\> - Have pupils fill in a table for each ch1ln=ig;£§guclass, noting

1A nages and distance traveled to school ?rom h ; See how many
problems or questlons they can make u51ng the facts °1veu in the -
table. _*' ) . )
“ . . . .

Make—a chart or graph which shows, for instance, how nany
cars_gass'th:Ough the fraffic lights at the corner. (Children °
- will, of course, collect the data )

Show the children a time line, such as this one which shows\the-o*der—ln
which some chipmunks stopped chomping branches. (They:: were ‘havi S econteEst
to see who could comp for the longest time.) lxﬁ

- —_—

o* o v oo ;-
O N \\ . \ﬂ \ !
Al et P\\o o r,b‘* ‘g}d ‘)Q‘o CoNy
° ———6— < —o— —o- —o0 n
Ask: Which chipmunk was still ChOﬂplng after Betty quit? ~,J

Which chipmunk finished before Charlie? .
How many gave up chomping between Alice aud Zeb?
Which chlpmunk came in second in the contest?
Which chipmunk stopped chomping: first?

)

1
In how many different waye can a2 bus driver
get from City A to City B if the Iriver S
always moves toward B? .

And a few more . . .

Write true, falsegor MM for each: o
In one day Jake hopped 11 times and skipped 14 times. He jumped less
than he hopped.

1. He hopped more times than he skipped.
2. He jumped. 0 times.

3. Ha ran 9 times.

4. He sklpped more than he hprea.

You left the house at 4:15. You kLad $2.00 to buy
1 pound of hamburger. You sot back from the store
with the hamburger at 4:45. You have $ .21 ‘change.
. How long were you gone? Hew much money did you spend?
You bought a comb for 29¢. You had 50¢. - ’ . .
Can you also buy a book for 21¢? ’ )

[:R\!: The sum of two numbers is I5.. Their difference is 3. Name the two numbers.

. . .
ull Toxt Provi .
1dod by ERIC. . . . . <
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‘cannot be reproduc 2 due to-copyright restrictions:

b

Folsom,iMary. Operations on Wholie Numbers. In Mathematics Léarning
“in Barly Childhood. Thirty-seventh Yearbook. Restcn, Virginia:

.(/h” National Council of Teachers of Mathematics, 1975. Pp. 181, 189.

“Immerzeel, George and Wiederanders, Don. Ideas. Arithmetic Teacher

7 21: 409-410; May %9; .
&

Lindquist, Mary Montgomé‘t}:u Problem Solving with Five Easy Pileces.
Arithmetic Teacher 25: 6-10; November 1977. )

Nelson, Doyal and Kirkpatrick, Joan. Problem Solving. In Mathema-
tics Learning in Early Childhood. Thirty-seventh Yearbook.
Reston, Virginia: National Council of Teachers QE Mathematics,

1975. Pp. 79, 80, 83, 84, 85. ~N

303-304;

Ockenga, Earl and Duea, Joan. Ideas. Arithmetic Teacher 24:
April 1977.
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Abstracts of Selected Current Articles
on Problem Solwing
in L
The Arithmetic Teacher ~ c

Steven Krulik. Problem Solving: Some Considerations
Arithmetic Teacher. ‘'December l977,.pp. 51-52.

7 Krulik prov1des a-derlnltlon of a problem which ex-
ciudes exercises and points out that it‘must be accepted
by the student. Many "textbook problems" may not satisfy

"the definition. The major thrust of the article is a

discussion, with sample prob ems, of seven suggestlons for
teachers.

1. The problem solver must carefully_ldigest" the problem.

2. Encourage vour students .to make many suggestions toward
 solution of the problem "and to analyze why they reacted
as, they did.

3. FEelr students to examine dﬁta in a meaningful way.
4. Organize the data carefully.

5. Allow time for the problem solver to think.

\
. e
6. Encourage alternate solutions.

7. Look “for patterns w1th1n the data of the problem.,
P

FollOW1ng is one of the sample Eroblems" - ..
Two logs are “ound’ in a woodpile, and ‘are identical in
every way. . - using a power saw, it takes 9 seconds
to cut the first ’rlog into: 4 pieces, how long should -
it take to cut the second log into, 5 pieces? K
N~ -
Mary Montgomery LlndQUiSt.. Problem Solv1ng with Five _
Easy Pieces. Arithmetic'Teaéher._ November 1977, pp. 7-10.

A pattern isg prov1déd to cut a sguare into smaller
squares of 3" différent sizes and triangles of 2 different y
sizes—--thus, "Five easy pieceks." A great many questions
and explorations for students are pr0v1ded grouped into
the following study areas: _basic relatlonshlps, puzzles,
patterﬁs, logic, -areas, and costs.' The activities are
most approprlate for grades 1. 4.

% ' |
Frank K. L‘ster, Jr. Ideas About Problem Solving: A Look
at Séme Psychological’ Research.n Arithmetic Teacher. -
November 1577, pr. 12-14. .

‘._
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Lester attempts to identify some of the useful 1de4§
for elementary school problem soév1ng found in the writings
of three prominent psychologists. At the risk of over

) summarizing a summary, we list some key implications for
- . teachers. . ‘

From Herbert A. Simon: .
."An important component of pro lem*solV1ng skill lies .

in being able to recognize salient problem features
rapldlv and to assoc1ate (them) with promising solutlon

steps.

"The processes of understanding- (a problem) include the
processes of constructlng representations of problem
51tuataons. \\\

I3

From Norman R.F. Maier
’ "Many problems are solved incorrectly because the problem

solver gets a wrong solutlon and stops without realizing
that it 1is 1ncorrect.

"A problem can be made difficult if it requires a response
that deviates fr-m past experience."

-'Efflclentprobrem solving . . . is both a matter of
perceiving obstacles that can be readily surmounted
- and of ingenuity in dealing with a partlcular obstacle."

"Finding a final solution to a probiem invclves two
stages, idea-getting and 1dea-evaluatlon.

respond to a challenge, the length of time the 1ncrv1dual

i will stick --ith a problem . . ., and the person's
tolerance of .ambiguity are some of the motivation-
related factors that should be considered."”

" . . the degree to which the problem solver will

"An individual's performance during probfém solﬁing varies
dependlng on the types of pressures 1nvolved and the °
person’ gjlrustra+1on threshold.”

FrOm wWilliam A. Brownell
" - . the relationships necessary to (solve a problem)

should be well within the child's understandlng and
1dent1feable by him . . . "

"To the;llmlts ¢:xsirable and possible, solutions to
problems should be summarized clearly, stated verbally,
and generalized."

" . pPractice in broblem solving should not <onsist

of repeated experiences in solv1ng the same problems

with the same feochnigques o .0 .
f'\
"A problem .is not necessarily 'solved' because the
~arrect response has been made." N
865
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"Instead of 'protected' from error, the child should
'many times be exposed to error and be encouraged to
detect and to demonstrate what is wrong, and why."

" . . . meaning and understandings are most useful
. . . when they have themselves been acquired through
the solving ofvprob¥ems;" '

John F. LeBlanc.’ You Can Teach Problem Solving. Arithmetic
Teacher. Novenbe:r gﬁ??, pp. 16-20. :

"Teaching  problem solving is a problem, but like most
other problems it can be solved."™ This is an excellent
teaching oriented article which demonstrates how teachers
can help students through the following stages of solving
problems, with typical textbook problems and with process
problems (which help demonstrate the stages):

1. Understanding the problem.

2. Plar-=ing to solve the problem.

3. Sol .ng the problem. '

4. Reviewing the problem and the solution.

Specific questions and comments are exemplified for
teachers to assist students and sensitize them to the
problem elements. Two problems are explored and the use of
tables, Jiagrams, and lists are demonstrated.

"aAdvice such as 'Think' and 'Read the probl..n again”
- dces not help the child .’ . M '

E3dith Robinson. On the Uniqueness of Probl~ms in Mathematics.
Arithmetic Teacher. November 1977, pp. 22-26. '

"The importance of-nroblem sclving as an aim in mathe-
matics instruction is not jyst that the students ke able to
solve the problems in the ‘bock: the ultimate aim is that
they be able to solve problems whenever the need arises.

This may be in the grocery.store, or. it may be in some. other
school subject . . - Not all of the possible applications can
be illustrated in the mathematics program; there are Jjust

too many . . . The implication is that there is a need for
prcblems that expose the potential for application.™

‘The article explores a great variety of problems, which
are problems that: (1) explore the "domain of definition",
(2) require reflective thinking, (3) exploit the notion of
a function, (4) emphasize relations in general, (5) require
deduction and (6) involve transformation.
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'Earl Ockernga and Joan Duea. "The Zoo Keepér" ar.d "My

Problem Solving Animal" in Ideas. Arithmetic Teacher.
November 1977, pp. 28-32. .

-« - - ’ ..’ ‘. .Q t -
Two. activities, with a tear-out center section, are
presented to provide students with experience in writing
and solving "story" problems. '

Grayson H. Wheatley. The Right Hemisphere's Role in Problem
Solving. Arxithmetic Teacher. November 1977, pp. 36-39.

Research has shown * :t the different hemisphéres of a
brain are used for diffe.2nt purposes. In a usual right-
handed. individual the left hemisphere "excels in performing

- routine sequential tasks, logical reasoning, and analysis

&I stimulus components. Language is processed in the left
hemisghere." "Rule appllcatlon is characteristic of left-

hemisphere processirg."

"It appears that problem solving will be enhanced by
greater use of the right hemisphere . . . Activities that
encourage right-hemisphere use are puzzles, -particularly
of a spatial nature. Problem-solving activities with
tessellations, peptominoes, tangrams, and soma cubes
require imagery r solution." »

-

Pamela Ames. Bring a Bike to”Class. Arithmetic Teacher.
November 1977, pp. 50-53. -

”,

Ames describes the potential of exploring problem solving
situations in the mechanics of a bicycle. Through guestions,
such as "How do pedal revoluations and wheel revolutions
compare?", a great deal of mechanlcs and mathematics can be

~explained. Both single-gear and multigeared bicycles are

explored.

Robert G. Underhill. Teaching Word Problems to First
Graders. Arithmetic Teacher. November 1977, pp.. 54-56.

A review of several research studies leads to the
following suggestions:

I. Use aids.
II. Require the use of manlpulatlves in all 1ntroductory

e work.
III. Stress accruate modelling behav1o*s.
IV. Expect a wide performance range.
V. Encourage and allow children to use manipulative
and pictorial aids all year.
VI. Teach all types of adiition &« 2 subtractlon, including
comparison and additive problem solvzng.
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These recommendations are discussed with examples
of their emplementation.

Tommie A. West. Rx for Verbal Problem: A Diagrnostic-
Prescriptive Approach. Arithmetic Teacher. NMovember
1977, pp. 57-58.

West considers three blockages to solving simple
arithmetic verbal problems: (1) comprehending the
problem (2) translating the data into a computational
format and (3) cariving out the computation required.
This article appears tc emphasize "getting the right
answer" as the goal of problem solving and examples are
fairly mundare arithmet.c exercises. )

R
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STUDENT STRATEGIES FOR SOLVING PROBLEMS .

We beli ve that the best way to teach students to solve problems is to teach
them to uce general strategies which they can apply in a wide variety of problem
settings. There are a great many ways to organize and list problem solving'
stratepies. Those listed here are provided to show one good list which stud.nts
can leam to helpsolve problems. In any given problem a student might employ any
one strategy, two strategies, or six strat=ogies. Not all will always help, but
by becoming familiar with all of them, a student acquires a repertoire that he or
she cen draw on to start to attack a problem.

Foliowing is a ~ist of 1T strategies and some enamples of problems in which
they could be used. ‘

1. Select appropriatc¢ notatio.

Examples:

(a) If I give my friend 6 pieces of candy from a bag and I have 7 pieces left,
now many pieces did I start with? (Grade 1)
Notation might be a picture of a bag. By writing an open senteunce (strategy 5)

the student may be able to solve, 8__ 6_: 7 .

(b) How many rectangles can you find which have integral sides and an area of
36 em2? (Grade L4) Combined with making a drawing (strategy 2) and writing
an open sentence (strategy 5). the student may find several or all solutions

(other strategies can be used, e.g., 6,7,8,9, and 11.)

<

2. Make a drawing, figure, or graph

(a) I there are 2 roads from Albany to Bakers and 3 other roads from Baker
to Centerville, how many different ways can we travel from albany to Center-
ville? (Grade 5)
/—.—-\/—_—ﬁ
Albany * X —— *¥ Centerville
: Bakers r

(b) How much carpet would we need t> cover our classroom floor? (Grade &4)

(¢) Sarah put 15 brownies on a dish that has 3 sections. Each section is to nold.
.1/3 of the browniez. How many brownies cid Sarah put in each section? (Grade 3)

3. Identify wanted, given and needed informatinn

(2) If it is 2 km from home to school, how far do I travel between home anti school
each day (I eat lunch at school). (rade 2)

Warted: How far do 1 travel? .
; Gi--en: It is 2 km from home to school.
- Neeied: How many trips do I make?

(b) If you nave a 3 liter cont ner ani a 5 liter container, how could you pour

R

4 liters into = larpe tub? (Grade 5)

er container ~nd a large tub.

Wanted: A way to measure out L 1
3 liter container, 2 5 1i

ERIC t S- 91




(¢) Run a 25m course as fast as ya can. What is your average speed? (Grade 6)

Wanted: Average speed.
Given: 25m course.
Needed: Time to run the course.

Restate the problem

(a) Find 3 different integers such that the sum of their reciprocals is an integer.
(Grade 6) Using A,B,C, and D as = notation for integers (strategy 1) and
writing an open sentence (sirategy 5), the|restatement could be:

- ,

Find integers A,B,C, and D such that:

1/A +1/B +1/C =D !

(b) Which is the best buy, 2 wLwo-pound packages of cockies for LS cents eadk or
4 one-pound packages which cost 21 cents each? (Grade L)
Which is less money? 2 x .S or 4 x .217
Or which is 1.5s? One pound :or 45/2 or 21 cents?

5. Write an open sentence

(Some examples have already been mentioned.)

(a) What numbers (whole numbers) are greater than 11 but less than 20? (Grade 2)
Find numbers which will make both of the following true:

11 < ] ena [] <20
or simply, 11 <[ ]<ao0

(b) If you put 24 cars of a drink in each case, how many cases can you Fill with
470 cans of the drink? (Grade L)

2 x [_] < 470 and 2b x { ] +1) > k70

6. Draw from your cognitive background

(Problem solving very often involves syhthesizing previous learning)

(WA Y
~

(a) About how many revolutions will a tire make in going a mile? (Grade
Recall that C = 7 x d or C = 2mr |

(b) If tbe périmeter of a square is 169m, what is its area? (Grade L)
Use p = Lbs and A = s@ H

7. Construct a table

(a) If parking tickeis are $2.00, how nmuch will 3 tickets, 5 tickets, or 10 tickets
cost? (Grade 3)

Tickets l 1 ‘, 2 ‘
‘Cost l 2 l L ,




(b) How many line segments can you draw connecting 6 points on & circl.? (Grade L)
See ulso strategy 10, make a2 simpler problem.

points in circle I 2 ' 3 ' L l 5 ’ 6
line segments | 1 | 3| 6 | | |

B. Gucas =nd check

We emphusize "and check". Guessiny is a good strategy and childran should ope
encouraged to use it, but random puessing is not often productive. If a2 check
is made, the student may acquire an insight into the problems ‘

(a) Can you find two numbers such tiat itheir sum is 15 and their product is 367
(Grade 3)

/EI+A
T xa

Using open sentences (strategy S5) and a table (s"rategy T) helps.

’

15

.
36

l:""! 4+ A{15 | 15] 15 |15 | 15 | 15

1 0 1 2 3 L 5

A 15 1L 13
] xap or1k] 26
T ;
Y
{b) If each letter is a code for z digit ( 0,1, . . ., 9), what is the followizg

adéition problem? (Grade 5)

SEND
+1ORE | .
MONEY :‘

Is D = 7 ('\ |

N

9. Systematize . ,

Jaking a table i: one system. alreadv mentioned.

(a) What cocunting numbers less than 20 can be written in only one w2y as a product
of exactly two counting numbers (except for order)? (Grade 3)

V1=1x1
V2=2x1 4
V/3=3x1 !
h=kx]
L=2x2




(b) Here is a map of Cindy's paper route. The dois represent her customers.
What route should Cindy follow,

’ - '
starting and finishing at her I -1 ¥ Cindy's house

home? Each block is 100m. 1s ot . :
there more.than one best route? | : l
(Grade L) ! _ .o .

10. Make a simoler probler
See T(b).

(1) How long would it take for 9,000 people to hear the good news if sach parson
who hears it tells L new people in 10 minutes, but then tells no one else?
(Crade 5)

Try to fin” how long it would take 10, 50, 300 people to hear the good news.

(b) If the perimeter of a recfangle is 108cm and one side is 36ém, what is the
length of the other side? (Grade 3) Could you soulve the probiem if the

perimeter were 10cm and one side is 3cm?

11. Construct a physical model

(a) A baseball player has 8 baseballs. Seven of them weigh exactly the same, but
one 1is heavier. Using a balance scale, how can you find the heaviest ball
in just 2 weighings? (Grade 6)

A physical model could be made with 8 baszballs, marking one as the heaviest,
and a balance scale. However, stud=niscould simply use 8 pieces of paper

as models of the baseballs and simulate weighing then.

(b) If L people in a room each shake hands with everyone else, how mnany handshakes
will there be9 (Grade L)

The model could be four students carrying out the handshakes.

12. VWork backwards

-~ .

(a) If twoc whole numbers havea sum of 18 and a product of 45, what are the numbers?
(Grade &) A student could list all the pairwise addends of 18 ard all the
pairwise factors of 45 to find the pair in both lists. ot :

(o) Sue baked some cookies. She put or~-half of then away for the next day. Then
she divided the remaining cookies zvenly =mong her three sisters so that each
received 4. How many cookies did Sue bake? (Crade 3)

I
Working taskwards: each of thejy;d.ters received L cookies so Sue had
divided 3 x L.= 12 cookies among them. But those 12 cookies were half
the total. Thus Sue paked 2 x 12 = 2L cookies.
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Note: The following are often called "looking back strategies" because the student
uses them after he or she has a solution to the problem. These are probably the
hardest to teach because students often believe that they are finished as soo as
they find an answer. However, if students learn to use these strategies they will be
using a lot of mathematical think, they will often discover better ways to solve the
problems, and they will discover many new ideas, such as the solutions to other
problems. Teachers can provide an environment which encourages students to try

the "looking back strategies."

- em e ce e e AR e e e e e e wr e e em em e e G e A em em s e e e S am e e am

13. Generalize

1

1l

(a) A generalization of problem 2(a) is that if there arel l roads from Albany
to Bakers and A other roads from Bakers to Centerville, then there are
[ x & different routes from Albany to Centerville.

(b) A generalization of problem T(a) is that the cost of N parkirg tickets is
2 x N dollars.

k. Check the solution

(a) If a student finds 3 and 15 as the two numbers sought in problem 12(a), he
or she could check the answers (or prove they are the correct answers) by
noting that:

3 + 15 18
; 3x15 =15

i

{b) A student with an answer of 24 for problem 12(b) could check it by noting thet:

1/2 of 2k is 12. Thus, Sue saved 12 cookies and divided 12 among 3 sisters,
12 + 3= k4. Yes, this agrees with the information that each sister received
4 cookies. N

wWhat would happen if a student mistakeniy found an answer of 36 cookies?

w1

¥ind another way to solve the problém

(a) In problem 2{a) a student might try giving names to the roads and listing
a1l the different routes from Albany to Centervilie.

(b) In looking backat problem 6(b) a student might generalize {strategy 13) that
if the perimeter of the square is p cm, the area 1s given by:

(p/h)2 cm@

L .
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Find another result

(a) One result of solving problem L4(a) is that a solution is 2, 3, 6. Another
result is that there are the only integers that will work.

(b) In looking back at problem ll{a) a student might discover that he could
solve the problem even if there were 9 baszballs (and one is known to be
heavier than the others.) '"his is a different result. However, a student
might generalize also that for 3 weighings he could solve the problem for
27 baseballs or that with n weighings he could solve the problem for 3B

baseballs.

Study the 'solution process

This strategy can help students see more clearly how they are using all the
other strategies and how the use of strategies help them find solutions.
Teachers-can ask students what they thought of while they worked on a given
problem-to- help emphasize this review of the solution process. As a student
describes the process, the teacher can point out the different strategies
employed. Other students could be asked if they proceeded differeﬁtly and
the teacher might be able to show that different students used different

strategies but“Tredched the seme solution.

T
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Research on Problem Solving
at the Elementary School Levell

Marilyn N. Suydam
The Ohio State University

J. F. Weaver
The University of Wisconsin-Madison

Teachers and pupils both know that verbal problems cause problems.
Becgyse of this, and because it is considered to be an ultimate goal of
Dathematics lnstruction, researchers have devoted much attention to _
Problem s0lving over the years. [This research has focused on characteris-

lcg of problemg, characteristics of those who are successful or unisuc-
Ceggful a2t sOlving problems, and teaching strategies that may help children
o be more successful. Recently attention has begun to be focused on the
heart of the problem -— the strategies which children use in golving
Propjems, the process of problem solving.

' From TeSearch we have learned about a variety of points connected
With problem Solving. Instead of giv’ng many details about each study,
We paye summarized the main findings very briefly.2 You might want to
See pow m27Y Of these points agree with the conclusions you have reached
On the basis of your experiences with children. You might also want.to
Dote those things you have learned that do not appear on this list; we
are ,yare that the list is not totally.comprehensive.

\/

1
A,rev1sed Ver51on of this article appeared in the November 1977 issue
of the Arithmetic Teacher.

2
For additinomnal information on the studies or for- references to the
Tegearch reports, you could refer to: |
Syydam, Marilyn N. and Weaver, J. F. Using Research: A Key to Elementary
School Mathematics. Columbus, Ohio: ERIC Information Analysis
Center for Science, Mathematics, and EnV1roﬁmental Educarion, 1975.
(Also available from NCTM.) .

Suydam, Marilyn N. A Categorized Listing of Research on Mathematics
Education (K-12), 1964-1973. Columbus, Ohio: ERIC Information
Anzlysis Center for Science, Mathematics, and Eanvirommental Education,
1974-

The annual listing of research in the Journal for Research in Mathematrics
Education.

e
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."’ Should = uza . .
/ +hese probleme . \ ® ® Children are probably a little more successful
b v about the s*oraw ;
\ Or thesoe osout ’/ at solving problems with familiar settings, but
\ sPac° +r:\v&\ ? P
\ ’ . - . - L. “
\\\__/,/’“”-‘_*fz’/ . problems with unfamiliar settings do not seem

to cause undue difficulty.

® At least one study with black children from a lower socioeconomic
environment indicated that there was no significant difference in
achievement between problems from a textbook and problems written

by children, using familiar settings and people. -

® Generally, it has been concluded by many researchers that children
like a variety of problen{ settings. And it seems important that

children be interested in the problems, as well as in solving them.

v,’}q-»\- S

cazier? ® ® In problems, the operation which appears to

be easiest is addition, followed by subtraction,

/t \/ multiplication, and division.

®& A problem Whlch involves only one of the four operations _s generally

less difficult thanmn a problem which 1nvolves two operatlons.

e

boys

. s . / [P =2
® When the data in a multi-step problem are in the: ; 9 qms , .{)\
) I
. . . 18 L;k; o*‘n , AL
order required for solution, higher scores can be / s o \/'—'o {

’ - ' - How many Stiixg - H

. 2 '

expected than when the data are not in the order avr gum i

in which they will be used. ~ &1 ,",.-" //\
V‘kcr_, 55",3\)\"‘ '
r O

\ o+ bo ,'.'I,‘he time needed to solve a problem is less when -

the question is placed at the beginning of the

]

?

P
—— o

problem rather than at the end; however, achieve-
ment’ lel probably not differ significantly for

o either positioning of the question.

. 983
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® ® When pupils work on sets of verbal problems

Ghould +He_7
. work alone ?

£ , T o
in small groups of 2 or 4 pupils, they can \n small groups’

solve more pr ms than those who work Al +o3¢+hcr?
alone, but thex groups might take a longer

time on_ each problem than pupils working alor .

® Group solutions to problems may be no better than the independent

;“‘so'lutions of the most able member of the group, if he or she is perceived

—

by the group to be most able.

® There is some evidence that group discussi : in order to reach agreement
on how to proceed results in significantly better achievement than being

toid how to solve the problem.

s there , ,
eeSystematic teaching of a variety of problem

1 one "best"
p \ WOY "fO +€AC-h .
or oblem solving procedures aids children in developing
ol K ' '
- ehing * . problem solving strategies.

5 @ Giving pupils many opportunities to solve problems has frequently been
.-r ’

suggested as being of great importance.

® Encouraging children to solve problems in a variety of ways appears

to aid children in becoming better problem solvers.



-lm ’ ,

® Having pupils write an equation or mathematical

Should T weide
o mathemaheal

sentence for a problem can be helnful. Writing

sentenze .
N ———— equations which fit the problem situation
(]
(4
(.exp_ressing the real or imagined actions in the
problem) and using equations which emphasize the
\ | operations by which the problem may be solvad
directly each appear to have some advantages.
® Emphasis on isolated word cues (such as "left" - ///’”“‘\~—~—"'—
" 11") b - £ Hmmm Ve S}:)CJ U5e«d
or "in a e mi i ti
r 'in can sleading, for attention | ; her lefd hand ...
1s directed away from recognition of the i \\\~_5kouia I subbract?”
relationships inherent in the problem which ‘t:?r

may be crucial to its solution. Some
discussion and illustrations of how.word cues

may be misleading could help, however.

® Problems with extra, irrelevant data are more difficult than problems

without extra_data.

® Problems with materials, diagrams, or some 559 !
other type of visual aid are generally <:;>,/)t ‘ -
easier than those without such aids. /l\

® Instruction on what process to use and on why that process is appropriate
will generally result in higher scores than merely solving problems
without discussion. Emphasize what needs to be done and why it needs to

be done rather than just obtaining an answer.

'
g
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_®@®Many other specific techniques have. been
reported by researchers to be helpful;
;jJ, among those suggested are:
N\
(1) Provide a differentiated program, with problems at appropriate
levels of difficulty. v

(2) Provide many and varied situations that give children opportunities
for structuring and analyzing situations that really constitute

a problem and not just a computational exercise.
(3) Have pupils dramatize problem situations and their solutions.

_(4) Have pupils make drawings and.diagrams; using them to solve

problems or to verify solutions to problems.

(5) Have pupils write ﬁheir own problems, formulating them for

given conditioms.
' (6) Present problems oraily."..
(7) Use problems without numbers.
(8 Have pupils designate the processes Or operations to be used.

(9) Have pupils noie the absence of essential data or the presence

of unnecessary data.
(10) Have pupils test the reasonableness of their answers.
(11) Use a tape recorder to aid poor readers.

(12) Present some problems in separate sentences rather than in

the usual paragraph format. .

Hmmm.' .

I havo 1?’6' ;nnd
+ ...

® Opportunities should be provided for childrenm to.

determine the question to be answered, select

e

specific facts necessary to solution, and choose the = needin |
‘ o ' TlNuse..,

appropriate process. However, rigid adherence to 2

formal analysis procedure (that is, requiring pupils '

to answer a specific set of éuestions in a specified

order) does not appear to be effective.

140
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o® Resea:rchers generally conclude that:

(1) IQ is significantly related to problem selving ability;

(2) sex differences do not appear to exist in the ability to solve
pi:oblems; and ..

(3) socioeconomic status alone does not appear to be a significant

factor.

@ Computational difficulties appear to be a major

deterrent to finding correct answers when solving

problems, with reading a secondary cause of difficulty. -

® Higher levels of problem solving ability are often associated with higher
levels of computational and reading 'ability, but much of this apparent

relationship may be the result of the correlation of these abilities with

1Q.

® Among the reasons commonly found for why children make

NON Wl’\y
d.a\ “WJ

mistakes as they solve prcblems are:

(1) errors in reasoniag

(2) ignorance of mathematical principles, rules,

OT processes, i

\

(3) insufficient mastery of épnrputational skills
\
(4) inadequate understanding of vocabulary

(5) failure to read to note details

® 0 Many researchers have proceeded on the assumptica

W_.hy are
‘they

successful ?

that 1f we can ascertain what problem solvers

/
/

/ who are successful have in common, we may be able

-

to help those who do not do a2s well. Among the

—



1)
2

'(3)
%)
()
(6)
¢)
1€:))
“)

-7= ‘ 7

s

many factors in additifon to skill im computation,
reading comprehensica, and higher IQ scores which

may characterize those good at solving problems

are:
ability to estimate and analyze

ability to visualize and interpret quantitative facts and
relationships -
understanding of mathematical terms and concepts

ability to note likenesses, differences, and anaiogies
ability to select correct procedures and data

skill in noting irrelevant detail

ability to generalize on the ' 2sis of few examples
ability to switch methods readily

higher scores for self-esteem and lower scores for test anxiety

® More impulsive students are often poor problem solvers, while more

reflective students are likely to be good problem solvers.

“/\Nha% r:aqu

A

skl will v ee Good and poor achievers in problem solving differ

Y Lcip ?

~

on many aspects of reading.

® Activities stressing certain reading skills, such as selecting main ideas,

making inferences, constructing sequences, and following directicans, may

i;@rove

pupils.

problem solving achievement.

® Specific instruction on quantitative vocabulary may be helpful for some

\
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Creative or divergent thinking is a successful -
strategy, but is used by relatively few pupils. Bégigz—‘/

Blind guessing and trial-and-error are considered

L 5u:$~::
that's the
onLwer ,,

to be the most unsuccessful strategies.

Having a pupil think aloud as he or she solves a problem may help you

to diagnose the particular reason why a pupil is having diffizulty.

A new fa~tor has entered many classrooms recently,

Samc‘“ﬁ\ng
oW H (=%’

been addsd!

the hand-held calculator. Problems in current

elementary school curricula are often included
merely to provide practice on particular compu-
tational skills. With the use of the calculator, however, there can be
more focus on problem solving "for problem solving’s sake." The focus
can be on strategies and process when the calculator is used, with less
emphasis on computation within the probleém solving coﬁtext. More real
problems can be used and thg range of problems extended. Research has
not yet considered the effect of the calculator on problem solving. There
is only some preliminary evidence from schools in which the calculator
ig used during mathematics instruction that problem solving achievement
on standardized tests may increase. We need to refocus the curriculum
and see what thie advantages of tne calculator can be for helping children

ts learn how to solve problems of all types.

‘ 1G4 N



Selected Research References on Problem Solvirg
at the Elementary School Level

Alexander, Vincent E. Seventh Graders' Abilitv to Solve Problems. School
Science and Mathematics 60: 603-606; November 1960. '

Some characteristic differences between high and low achievers in problem
solving were analyzed. (grade 7)

Ammon, Richard Irvin, Jr. An Analysis of Oral and Written Responses in
Developing Mathematical Problems Through Pictorial and Written Stimuli.
(The Pennsylvania State University, 1972.) Dissertation Abstracts Inter- -
national 34A: 1056-1057; September 1973.

Pictures elicted more ideas and more fluency in problems than did written
stimuli. (grades 4, 5)

Arnold, W:lliam Ramon. Knowledge of Vocabulary, Abilitv to Formulate Equations,
and Ability to Solve Verbal Problems: An Investigation of Relationships.
(University of Oregon, 1968.) Dissertation Abstracts 29A: 2031-2032;

January 1969.

The ability to express problem relationships as number sentences was highly
related to problem solving ability, while knowledge of specified vocabulary
was important but may not have been critical. (grade 6)

g

Arter, Judith A. and Clinton, LeRoy. Time and Error Consequences of Irrelevant
Data and Question Placement in Arithmetic Word Problems II: Fourth Graders.
Journal of Educational Research 68: 28-31; September l974.

Problems with extraneous data took more time to solve. No significant
effects were found for question placement. (grade 4)

Balow, Irving H. Reading and Computation Ability as Determinants oZ Problem
Solving. Arithmetic Teacher 11: 18-22; January 1964.

General reading ability had an effect on problem solving, but was highiy
related to IQ. Computation ability also had a significant effect on
problem solving ability. (grade 6)

Bana, J. P. and Nelson, Doyal. Some Effects of Distractions in Nonverbal Mathe-
matical Problems. Alberta Journal of Educational Research 23: 268-279;

~ December 1977. .
Both problem setting and degree of attention to distractions had a signifi-
cant effect on performance aand behavior’ in solving division problens.
(grades 1-3) . ’ ‘

Baughman, Gerald Don. GermaneMaterial Criteria for Promoting the General -
Heuristic Cognitive Theme of the Cambridge Conference on School Mathematics.
(Claremont Graduatc School and University Center, 1967.) Dissertation
Abstracts 29A: 506-507; August 1968.

Five criteria for developing problem situations to promote strategies of
thought and problem solving were cited. (grades k-12)

: \‘l‘ .
!ERJ(: [M. N. Suydam - February 1977]
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Biegen, David Allan. The Effects of Irrelevant and Immaterial Data on Problem
Difficulty. (University of Cincinnati, 1971.) Dissertation Abstracts 32A:
3774; January 1972.

Problems which contained immaterial data were most difficult, followed by
those with irrelevant data, at each of three ability levels. (grade 8)

Bien, Ellen Carol. The Relationship of Cognitive Stvle and Structure of
Arithmetic Materials to Performance in Fourth Grade Arithmetic. (University
of Pennsylvania, 1974.) Dissertation Abstractions International 35A:
2040-2041; October 1974.

Cognitive structuring techniques increased problem-solving success for
field-dependent children. (grade 4)

Bolduc, Elroy Joseph, Jr. A Factorial Study of the Effects of Three Variables
on the Ability of First-Grade Children to Solve Arithmetic Addition Problems.
(The University of Tennessee, 1969.) Dissertation Abstracts 30A: 3358;
February 1970. )

No significant differences were found for position of the question or use
of like elements in sets, but problems presented without a visual aid were
more difficult than those with a visual aid. (grade 1)

Bourgeois, Roger and Nelsoa, Doval. Young Children's Behavior in Solving
Division Problems. Alberta Journal of Educational Research 23: 178-185;
September 1977.

The physical structure of apparatus used as vehicles for problems influenced
problem difficulty. Partitive division appeared to be more difficult than
measurement division. (ages 3-8) '

Boyden, Joanne Marie. Construction of a Diagnostic Test in Verbal Arithmetic
Problem Solving at the Fifth Grade Level. (University of Miami, 1970.)
Dissertation Abstracts International 31A: 15043 October 1970.

Incorrect responses were used as alternative answers on diagnostic test
items, with twelve error categories forming the basis for a matrix which was
found to diagnose '"satisfactorily'. (grade 5)

Brownell, William A. with Stretch, Lorena B. The Effect of Unfamiliar Settings
on Problem Solving. Duke University Studies in Education, No. 1, 1931.

Accuracy of computation was not affected by the problem setting; however,
it seemed to take more time to solve problems with unfamiliar settings.
Least skilled pupils were most affected by unfamiliar setf{ings. (grade 3)

Burch, Robert L. Formal Analysis as a Problem-Solving Procedure. Journal of’
Education 136: 44-47, 64; November 1953.

Pupils tended to scora higher on the test which did not require them to go
through steps of formal analysis. (grades 4-6)

Burns, Faul C. and Yonally, James L. Does the Order of Presentation of Numeri-
cal Data in Multi-Steps Affect Their Difficulty? School Science and Mathe-
matics 64: 267-270; April 1964.

Pupils were less successful when numerical data were presented in an order
unlike the way in which the data were used to solve the problem. (grade 5)
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Carpenter, Thomas P.: Coburn, Terrence G.; Reys, Robert E.; and Wilson,
James W. Notes from National Assessment: Word Problems. Arithmetic

Teacher 23: 389-393; May 1976.

Percentages correct for 9-year-olds on four problems ranged from 22 to 46.
Many did not make any respomse. (aze 9)

Chase, Clinton I. The Position of Certain Variables in the Prediction of
Problem-Solving in Arithmetic. Journal of Educational Research 54: 9-14:

September 1960.
The ability to compute, to note details in reading, and knowledge of the

fundamental concepts of arithmetic predicted problem-solving ability
essentially the same as a combination of the 15 variables studied. (grade 6)

Chase, Clinton I. Fecrmal Analysis as a Diagnostic Technique in Arithmetic.
Elementary School Journal 61: 282-286; February 1961.

Pupils achieved higher scores in determining what the problem asked them to
find than they did in steps involving the number processes used. None of
the steps distinguished between good and poor problem-solvers. (grade 6)

Clement, John Jeffrev. Quantitative'Problem Solving Processes in Children.
(University of MasSachusetts, 1977.) Dissertation Abstracts International

38A:' 1952-1953: Octcher 1977.

Children's approaches to problem solving were analyzed, and considered in
relation to models of cognitive processes. (grades 3, 4) .

Conradi, Margaret Sewell. Ordered Word Problems: A Study of Their Effectiveness
for Elementary School Students in Solving Word Problems. (University of
Cincinnati, 1975.) Dissertation Abstracts International 36B: 2268-2269;

Novembe: 1975.

In grades 3-4, word problems presented in separate sentences resulted in

higher achievement than did work with regular problem format. In grades

5-7, work with problems in any of three formats was more effective on a
- word problem tes: than was only computation drill. (grades 3-7)

Dembo, Myron H. Small Group Problem Splving as a Technique for Effecting
Behavior Change. (Indiana University, 1968.) Dissertation Abstracts 29A:

2998-2999; March 1969.

No significant differences in the improvement of peer relations, attitude
toward mathematics, or mathematical achievement between pupils working in
small groups or independently were found. (grades 4-6)

Early, Joseph Franklin. A Study of Children's Performance on Verbally Stated
Arithmetic Problems With and Without Word Clues. (University of Alabama,
1967.) Dissertation Abstracts 28A: 2889; February 1968.

Pupils performed better in selecting correct process for solving verbal
problems with word clues. (grade 6)

/,
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Fafard, Mary-Beth. The Effects of Instructions on Verbal Problem Solving
in Learning Disabled Children. (lnivcr?ity“of Orcgon, 1976.) Disscrta-
tion Abstracts International 37A: 5741-5742; March 1977.

Extrancous information and extra numbers made problems more difficult:
telling children that there were extra numbers reduced crrors. (clementary)

Gorman, Charles J. A Critical Analysis of Research on Written Problems in
Elementarv School Mathematics. (University of Pittsburgh, 1967.) Disser-
tation ‘uvstracts 28A: 4818-4819; June 1968. '

Gener:lizations from resecarch on problems were grouped in terms of teach-
ing techniques, studcnt methods, student sklllq and abllltles. and other
factors. (elementary)

Hall, William Dudley. A Study of the Relationship Between Estimation and
Mathematical Problem Solving Amcng Fifth Grade Students. (University of
I1linois at Urbana-Champaign, 1976.) Dissertation Abstracts International
37A: 6324-6325; April 1977.

The better estimators were also better probplem solvers. No significant

_diff:fence in problem solving abilitv was found between students given or
not given estimation instruction, but those having instruction were signi-
ficantly better in estimating. (grade 5)

-~

Hansen, Carl W. TFactors Associated with Successful Achievement in Problem
Solving in Sixth Grade Arithmetic. Journal of Educational Research 38:
111-118; October 1944.

It was concluded that increased emphasis should be given to those skills
in reading which were shown to be closely related to problem solving.
(grade 6)

Harmon, Adelzide T. Problem Solving in Contemporary Mathematics: The Relative
Merits of Two Methods of Teaching Problem Solving in the Elementary School.
(New York University, 1969.) Dissertation Abstracts International 30B:
3748; February 1970. ‘

An expository and an inquiry method were equally effective for general
problem-solving instruction at all IQ levels. (grade 6)

Henney, Maribeth Ann. The Relative Impact of Mathematics Reading Skills In-
struction and Supervised Study upon Fourth Graders' Abilitv to Solve Verbal
Problems in Mathematics. (Kent State Unlver51tv, 1968.) "Dissertation
Abstracts 29A: 4377; June 1969.

Both treatments improved children's ability to solve problems, with no
significant difference between the two procedures. Specific reading abili-
ties did not appear to be more essential than general reading ability or
computational ability. (grade 4)

Hollander, Sheila K. Strategies of Selected Sixth Graders Reading and Working
Verbal Arithmetic Problems. (Hofstra University, 1973.) Dissertation
Abstracts International 34A: 6258-6259; April 1974.

Successful problem solvers appeared to be able to comprehend mathematical

relationships expressed in the problem, use abstract analytical reasoning,

use insightful reasoning, and use a minimum number of steps to solve the

problem. Ability to note accurately the information given or not given did
Q not appear helpful. (grade 6)

1035



Hudgins, Bryce B. an

Hutcﬁerson; Lyndal Royce. .

_frish, Elizabeth H.

© -Ironms,

- X easier than”sharing=

—5-

r
/44.

John Charles. Pro%?em—Solving'Ability of Advantaged and pisadvantaged

Houtz,
Elementary School Children with Concrete and . Abstract Item Representations.
ternational 34A:

1973.) Dissertation Abstracts_In

(Purdue University,

5717; March 1974. , .
and picture—book forms of problem itéhs resilred in higher

Models, slides, C
did -the abstract form. = (grades Z?fA)

performance than
structure and Productivity in

4 Smith, Louis M. Gioup
287-296; October

Journal of Educational Psvchology 57:

Problem-Solving.

1966.
Group solutions to problems were not better“than the inde
by the most able member of .the group if perceived to be m

tgrades 5-8)

pendent solutions
ost -able.

—Grade Mathematics-

Erroxrs in Problem Solving in Sixth
~cts Interna-

: CThe'University of Texas at Austin, 1975.) pissertation Absty

tional 36A: 6459f6460;'April 1976.
 No major change in :error patterns in problem
. -since John's (1927) study. {grade 6)

s was noted im the 48 years

- Improving Problem Solving by ImprovingﬁVerbal Generaliza-
+~ion. Arithmetic Teacher 11: 169-175; March L9§4. ‘

" Children who é@egt ten percent of instructibnal time in-stati "~ ~amaraliza-"~
;tions méde_significantly.greater average.growth in problem soiving ud in
computation than children in the control group. (grade 4)
Calvianames:fbAn Investigation into Seconﬂ Grade Children's Ability

to Solve Six Types of ‘Division Ptobleﬁe_lnvolving Sharing, Sharingélmplied,
and Non-Sharing Situations. '(IndianaiUniversity, 1975.) Dissertation
Abstraets international’ 36A: _259372594; November 1975. .

nd quoti%ive_types;~sharing problems were significantly
jmplied jor non-sharing problems. (grade I,

> . -
For both partitive a

A Compgrisén of Performance of ixth-Grade Children in
1 Textbook Verbal Problems; Revised Verbal
ational Exercises. (Univer-—
288B: 2030; November 1967.

James, Jim ‘Butler.
Three ArithmetiC Tasks: Typiea
Problems Inqlu@fhé Irrelevant Data; and Comput
sity of Alabama, 1967.) Dissertation Abstracts

< T . :

re more difficult than problems without extra

gither type of problem. (grade 6)

probléms with extra data we
data. Roqtine'éomputation was easier than

-

Max Edward. Problem Solving in Arithmetic as Transfer from a Produc—
ssertation Abstracts

Jerman,
(stanford University, 1971.) Di

tive Thinking Program-
International 32A:"567l;.April 1972.
s.were found between groups using:a general

_ No significant difference
a wanted-given program, OT the regular textbook.

,problem—solving program,
(grade 5) "

-
e

John, Lenore. Difficulties in Solving Problems in Arithmetic. Elementary
Schéol Journal 31: '202-215; quember 1930.

pupils revealed 40 types of errors. (grades 4-6)

Analysis.of the work of 60

-
. . .
Lo, . B -
. o o
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Johnson, Elliott Lorenza. A Study of the Pre- Instructlonal Performance of

Sixth Grade Children on Two Kinds, of Division of Fractional Number Problems.
(The University of Iowa, ﬁ975 )? Dissertation Abstracts Intermational 36A:
5019-5020; February 1976. .

Partition problems were more difflcult than measurement problems. Problems
with whole number quotients were easier ‘than those with £fractional number
quotients. (grade 6) 7 :

Johnsoa, Harry C. Prdblem—Solving in Arithmetic: A Review of the Literature.
Elementary School Journal 44: 396-403; March 1944 and 476-482; April 1944.

A summary of scme of the writing on problem solving and a critical review

,of the procedures and findings of s.udies is presented in terms of method
of solving problems, comparison of types of problems, and the relation of
practice exercises to success. (elementary)

>

Kamins, Martin P. An Exploratory Study-of the Effect of Familiar Language on
“the Ability of Black Children to Achieve Success with the Solving of Word
-Problems. (Wayne State Udiversity,nl97l.) Dissertation Abstracts Interna-

tional 32A: 2402; November 1971. -

No significant difference.in achievement was found between use of problems
written by children»and texcbook problems. (grade 5) :
3 " -~ -t
Keil, Floria Emilie. Writing and Solving Original Problems as a Means of
Improving Verbal Arithmetic Problem Solving Ability. -(Indiana University,
1964%) Dissertation Abstracts 25: 7109-7110; Juune 1965.

udents who wrote and solveduproblems of "their own scored significantly
higher than studerts having textbook problems. (grade 6)

Kellerhouse, Kenneth Douglas, Jr. The Effects of Two Variables on the Problem

Solving Abilities of First Grade and Second Grade Children. (Indiana
Unlver51ty, 1974.) Dlssertatlon Abstracts Internatlonal 35A: 5781;
March 1975. :

_For first graders, problems with sets with three different names were more
difficult than problems with sets having the same name. For second graders,
use of a visual aid affected difficulty level. (grades 1, 2)

Kilpatrick, Jeremy. Analyzing the Solution of Word- Problems in Mathematics:
An Exploratory Study. (Stanford University, 1967.) Dissertation Abstracts
28A: 4380; May 1968.

Measures. of quantitative ability, mathematics achievement, word fluency,
general reasoning, and a reflective conceptual tempo were positively corre-
lated with using equations in solving word problems. (grade 8)

Kllpatrlck Jeremy. Problem Solving in Mathematics. Review of Educational
Research 39: 523 5345 October 1969. :

Bibliographies and reviews are noted, and studles on problem—solv1ng ability,
tasks, processes, instructional programs, and teacher influences are dis-

cussed. (elementary, secondary) - o/

r/,
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Klugman, Samuel F, éooperaﬁive Versus Individual Efficiency in Problem
Solving- Journal of Educational Psycholoay 35: 91-100; February 1944.

~.
Chiidren took less time to work 20 problems individually than when Working
in ipairs, but achieved higher scores when working in pairs. (grades 4-6)

KnifOHg, J. Dan and Holtan, Bovd. an Analysis of Children's Written Solutions
to word Problems. Journal for Research in Mathematics Education 7: p
106-112; March 1976. ' —

Poor reading was not a factor in 52 percent-of the standardized achievement
test problems solved ircorrectly; computational factors were also clearly
a deterrent to success on the remaining prcblems. (grade 6)

LeBlanc, john Frapcis. The Performance of First Grade Children in Four Levels:
of conscrVation of Numerousness and Three I.Q. Groups When Solving Arith-
metic Subtraction Problems. (University of Wisconsin, 1968.) DiSsertation
Abstracts 29A: ~67; July 1968. —

Children at low levels.of comservation and the low IQ group were More
dependent on aids and tra.sformations in solving subtraction problems than
were higher—level pupils. (grade 1

Lerch;lﬂarold H. and Hamilton, Helen. A Comparison of a Struri.= *-Payation
Approach to Problem Solving with a Traditional Approach. Soue.. . .nce and
Mathematics 66: 241-246; March 1966. - —

Bupils who studied a structured equation aporoach were better able to program

Problem-solving situations than those who used a traditional approach, but

the grouPS did not diifer on processing abilitv. (grade 5) - .
.Lester, frank Klein, Jr. Developmental Aspects of Human Problem Solving in a

Simple Mathematical Svystem Via Computer Assisted Instruction. (The Ohis

State University, 1972.) Dissertation Abstracts International 334A:

4178 February 1973. ' -

Probiem’SOIVing ability was found to increase with age, but certd’- rspects
. ’ of proof could be taught in upper elementary grades. (grade: . R

Linyjjie, William Jerome. The Effects of Syntax and Vocabulary upol the
Difficulty of Verbal Arithmetic Problems with Fourth Grade Students.
(Indiana University, 1969.) Dissertation Abstracts Internatioral 30A:
4330; April 1870. i

SyntactiC Structure and vocabulary levels were both found to be determiners
of gifficulty in problems, with vocabulary-level perhaps the more crucial.

Those with high ability and high reading achievement met greater Success .
in problém solving. (grade. &)

Loftus, glizabeth Jane Fishman. An Analysis of the Structural Variables That
Determine Problem-Solving Difficulty on a Computer-Based Teletype. (Stan-
ford University, 1970.) Dissertation Abstracts International 31A:

5853; May 1971. : " .

- Four -variables were identified which significantly affected the difficulty
of problems: number. of operations, sequence of problems, complexity, and
Conversions. Verbal clues, order of operations, and number .0of steps had
lirtle effect on difficulty. (grade 6)

13
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Mangru, Matadial. A Comparative Study of the Nature of Verbal Arithmetic
Problems, Grades Three Through Six, From Four Periecds: The Mid-30's, The
Mid-50's, The Mid-60's, The Early 70's. (The University of Iowa, 1976.)
Dissertation Abstracts International 37A: 7533; June 1977.

Trends pre- and post-Sputnik were traced. (grades 3-6)

Martin, Mavis Doughtv. Reading.Comprehension, ‘Abstract Verbal Rsasoningx.aﬁd
Computation as Factors in Arithmetic Problem Solving. (State University
of Iowa, 1963.) Dissertation Abstracts 2&: 4547-4548; May 1SG4.

High correlations among reading, ability, and computation scores were
found, indicating a complex interaction and the cruciality of all to
problem~solving skill. (grades 4, 8)

Nabors, Cecil Thomas. + Tte Effect of Individualized Verbal Problem Assignments
on the Mathematical Achievemert of Fifth-Grade Students. (University of
"Hous:on, 1968.) Dissertation Abstracts 2%A: 1168; October 1968.

Students using individualized probler-solving assignments made significantly
greater score gains than those using regular mathematics textbook materlals.
(grade 5) ' :

Neil, Marilyn Sprouse. A Study of the Performance of Third Grade Children on
Two Types of Verbal Arithmetic Problems. (University of Alabama, 1968.)
Dissertation Abstracts 29A: 3337; April 1969.

Children ‘who completed diagrams to solve problems scored significantly
higher than those who did not use diagrams. (grade 3) :

Nelson, Glenn Thomas. The Effects of Diagram Drawing and’ Translation on Pupils'’

Mathematics Problem-Solving Performance. (The Universityv of Iowa, 1974.)
Digsertation Abstracts International 35A: 4149; January 1975.

Diagrams aided pupils in solving problems.
" Nickel, Anton Peter. A Multi-Experience Approach to Conceptualization for the
Purpose of Improvement of Verbal Problem Solving in Arithmetic. (University
of Oregon, 1971.) Dissertation Abstracts International 32A: 2917-2918;
December 1971

The multi-experience approach to problem solving wus more effectlve than the
verbal approach. (grade 4)

Pace, Angela.- Updersfanding and the Ability to Solve Problems. A+¥ithmetic
Teacher 8:-: 226-233; May 1961. :

The group having systematic discussion made statisvically significant gains.
"Both groups made gains on some types of problem solving. ° (grade 4)
Pennington, Barbara Anne. Behavioral and Conceptual Strategies as Decidion
Models for -Solving Problems. (Unlver51ty of California, Los Angeles, 1970.)
Dlsser*atlon Abstracts Internatlonal 31A: 1630-1631; October 1970.

tudents tralned with either -a conceptual or” a-behav;oral strategv scored
significantly higher than a control group on acquisition and transfer tests
of problem-solving, but no differences were found between-strategies or
patterns of dec151on—makﬁng (grade 6) ,
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Portis, Theodore Roosevelt. An Analysis of the Performances of Fourth, Fifth
and Sixth Grade Students on Problems Involving Proportions, Three Levels of
Aids and Three I.Q. Levels. (Indiana University, 1972.) Dissertation
Abstracts International 33A: 5981-5982; May 1873.

Performance on -tests using physical and pictorial aids was sigrificantly
_higher than when only symbolic aids were used. (grades 4-6)

Possien, Wilma Marteus. A Comparison of the Effects of Three Teaching Methodo-
logies on the Development of the Problem-Solving Skills of Sixth Grade
~Children. (University of Alabama, 1964.) Dissertation” Abstracts 25:
4003; January 1965.

Students trained in the use of inductive procédures exhibit some charac-—
teristics of effective problem-solving behavior more frequently than pupils
taught by the deductive method. (grade 6)

Post, Thonas Robert. ' The Effects of the Presentation of a2 Structure of the
Problem-Solving Process upon Problem—Sclving Ability in Seventh Grade
Mathematics. (Indiana University, 1967.) Dissertation Abstracts 28A:
4545; tlay 1968

Special instructiorn in structure of problem solving appeared not to im-
prove problem-solving ability 51gn*rlcant1y Intelligence was a signi-

ficant factor. (grade 7)

Riedescl. C. Alan. Verbal Problem Solving: Suggestions for Improving Instruc-
tion. Arithmetic Teacher 11: 312-316; May 1964. °

Groups taught specific problem-solving procedures on two levels of diffi-
‘culty-achieved significantly more than those who followed typical textbook
procedures. (grade 6) L.

\-Riedesel, C. Alan. Problem Solving Some Suggestions from Research. Arithmetic -
Teacher 16: 54-58; January 1969. =

e

-

Seventeen suggestions for instruction, based on research flndlngs, were
listed. (glenentar})

Robinson, Mary L. An Investigation of Problem Solving Behavior and Cognitive
and Affective Characteristics of Good. and Poor Problem Solvers in Sixth
Grade Mathematics. -(State University of New York at Buffalo, 1973.)
Dissertation Abstracts Interantional 33A: 5620; April 1973.)

Geod problem-solvers had significantly higher scores on IQ, reading compre-

- hension, arithmetic concepts and problem-solving, and self-estecm measures,
and were less test-—anxious. More impulsive pupils were poor problem-solvers,
while more reflective pupils were good problem-solvers. (grade 6)

Rosenthal, Daniel J. A and nesnlck lauren B. Children's Solutien Processes
in Arithmetic Word Problems. Jourmal of Educational PSVChologv 66: 817-

825; December 1974.

Problems in which events were mentioned out of chronological order and ‘
problems with the starting set unknown were more difficult to solve. (grade 3)
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Scott, Ralph and nghthall Frederick F. Relationship Between Content, Sex,
‘Grade, and Degree of Disadvantage in Arithmetic Problem Solving. Journal

of School Pgychology 6: 61-67; Fall 1967.

No statistically significant relatlonshlo was found between ‘'need qontent
of problems and ‘degree of disadvantage of pupils. (grades 3, &)

et

Sherard, Wade Hamptén, III. The Effect of Arithmetical Operations on .the

Difficulty Levels of Verbal Problems. (George Peabodyv College for Teachers,
1974.) Dissertation Ah:ctracts International 35B: 2395; December 1974. '

— T —

Difficulty level of a problem was affected by the operations needed to

solve it; an ordering by difficulty level was reported. (grade 7)

Shields, JOsepb Jennings. The Detection and Identification of Comprehensive
Problem Solving Strategles Used by Selected Fourth Grade Students. (Michi-
gan State Unjversity, 1976.) Dlssertatlon Abstracts International  37A:
3481-3482; DecembeT 1976. - - -

The students used identifiable problem solv1ng stratevles to solve each of
five varlc_d_ pro'blE'IIS (grade 4) .

Smith, Frank. The Readab;lity'of Sixth Grade Wo%varoblems. 'School Science
and : jathematics 71: 559-562; June 1971.

The ;omDOSlte readability scores for slxtb—grade textbooks vanged from 5. 0
to 5.8. Aralysis of selections indicated a range of below grade 4 to grade
8. Tests ranged from below grade 4 to grade 6. (grade 6)

steffé, Leslie Philip. The Performance of First Grade Children in Four Levels
of Comservation of Numerousness and Three I.0x Groups When Solving Arithme-
tic Addition Problems. (University of Wisconsin, 1966. ) Dlssertatlon
Abstracts 28A: 885-886; August 1967. -

Excellent prediction of relative success in solving addltlon problems and
learning addition facts for childxen entering flrst grade was found r=3ing
tests of numerousness. (grade 1) : :

Steffe, Leslie P, znd JOhnson, Dav1d C. " Problem-Solving Performances of

Flrs +-Grade children. Journal for Research in Tatnemat1CS Fducation 2:
50-64; January 1971. . _

Described action did not differentially-affect problem—sol#ing performance
on the four basic problem structures studied. Mean scores for problems of
the type a + b = / / were higher than for other problem types. (grade L

Stuart, Alvin James. Effects upon Pupil Derfornancns in Arithmetic of Instruc—
tional.Programs Differing in Amounts of Emphasis upon Computationak¥ Struc~
ture and Verbal Problem Solving. (Ohio University, 1965.) Dissertation
Abstracts 27a: 40585 June 1967. ’ '

Insbructlon consisting of equal amounts of content dealing wlth computatlonal
strgcturc and verbal problem solving mav-have 2 more favorable effect on
pupils' immedjate Problem-solving performances than does computational
structure alpne, and at least as favorable-an effect as enpha51s upon prob-

lem solving alone. (grade 4)

-
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Swart, William Lee. A Comparative Study of the Effects of High- and Low-
‘Structure Approaches to Developing Problem- Solving Ability in Fourth Grade
Children. (The University of Michigan, 1969.) Dissertation Aostragts
International 31A: 669; August 1970. - . . .

For usual textbook verbal® problems, those who were directed to draw a pic-
ture "telling the cantire story'" did as well as those who were taught to
write equations to solve the problems. (grade &)

Suvdam, Warllvn-i. and Wecver, J. Fred. Verbal Problem Solving. In Using
Research: A XKev to Elementarv School Mathematics., Columbus, Ohio: ERIC
Information Analvsis Center for Science, Mathematics, and Environmental
Enuuaulon, 1975. '

. Ouestlons about problem solving are answered in terms of research findings.

- Tty e

Suydam, Marilyn N. and Weaver, J. Fred. Research on Protlem Solving: Impli-

cations for Elementary School Classrooms.~_Arithmetic Teacher 25: 40-42:
November 1977.

The main findings from research on problem solving at the elementary school
level are briefly summarized. (elementary)

Talton, Carolvn Flanagan. 'An Investigation of Selected Mzntal, Mathematical,
Reaclng, and Pcrs<ualltv Assessments as Predictors of High Achievers in
~ Sixth Grade Mathematical Verbal Problem Solving. (Northwestern State
' University of Louisiana, 1973.) Dissertation Abstracts International 34A:
1008-1009; September 1973. T ) : ‘

Factors which could be used to classify-high and low achievers in problem
solving with up to 95 percent accuracy were identified. (grade €) .

Treacy, John P. The Relatlonshlp of Reading Skills to the _Ability to Solve
Arithmetic Problems. Journal of Educationm2l Research 38: 86-96; October*
1944,

Good a2chievers in problem solwving were significahtly superior to poor
achievers in all 15 reading skills studied. It was concluded that reading
in problem solving must be considered a composite of spec1f1c skills rath;r
than a generalized ability. (grade 7) '

VanderLinde, Louis F. Does the Study of Quantitative Vocabulary Improve
Problem-Solving? Elementary School Journal 65: 143-152; December 1964.

Pupils who studied quantitative vocabulary achieved 51°n1f1cantlv higher
scores on tests of problem solving and of COncepts than pupils who d1d not
“have such instruction. (grade 5) .- ’

< Walek Bruce Peter. A Study of the Relationship Between COﬁcethul Tempo and
Problem-Solving Abilities of Fourth-Grade Children.. (The University of
Florida, 1972.) Dissertation Abstracts InIernatlonal 34A: 215-216;
' July 1973.

. Reflective pupils were significantly. be;ter than impulsive puplls at selectlng
the correct operation to solve a problem; differences on the estlmatlon test

were not significant. (grade 4)

.~JERJ(14.Ij B . ~_. .‘ - _ 1#1:5
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Washburne, Carlton W. and Osborne, Ravmond Solv1ng Arithmetic roblems. ?1e—
mentary School Journal 27: 219-226; November 1926 and 296-304; December 1926.

Conclusions for the tests given by the Comrlttee of Seven were reported,
“including: (1) children apparently had no Mifficult v with one-step problems;
(2) formal analysis appeared to have practically no relation to ability to
solve problems; (3) and unfamiliar situations did not affect problem-solving
achievement as much as was supposed. (grades 3-7)

Wearne, Diana Catherine. Development of a Test of-Mathematical Probleﬂ Solving
Which Yields a Comprehension, Application, and Problem Solving Score. (The
University of Wisconsin-Madison, 1976.) Dissertation Abstracts International
37A: 6328-6329; April 1977. o

Reliabilities of the test were found to be .79 and 84 with the degree of = .
agreement between intended and judged classifications at .78, (e%kmentary)

Whitaker, Donald Ray. A Study of the Reiationships Between Selected Noncogni-
tive Factors and the Problem Solving Performance of Fourth Grade Children.
(The University of Wisconsin-Madison, 1976.) Dissertation Abstracts Inter-
national 37A: 6329 Aprll 1977.

Both pupils and teachers had Favorable attitudes toward problem solv1ng.
"Rather stable" and significant positive correlatlons were found between
attitudes and achievement. (grade 4)

v

* Whitlock, Prentice Earle. An Investigation of Selected Factors That Affect

Ability to Solve Verbal Mathematical Problems at the Primary Level. (Ford-
ham Unlver51ty, 1974.) Dissertation Abstracts International 35A: 1437;
September 1974. , -

- A double operation (addition aqd subtractlon) was more difficult than a
single operation. Not-checking of .answers significantly affected achleve—J
ment, and four interactions were found to be significant. (grades 2, 3)

Williams, Mary Heard and McCreight, Russell W. Shall We Move the Question?
Arithmetic Teacher 12: 418-421; October 1965.

Little difference was found in the two placements of the question in prob-
lems in terms of achievement, but time was less when the question was shown
first. (grades 5,6 7

Wills, Herbert, III. Transfer of Problem Solving Ability Gained Through Learning
by Discovery. (Unlver51ey of Illinois, 1967.) Dlssertatlon Abstracts 28A:
1319- 1320 October 1967. .

Studento significantly improved in proolem—solv1ng ablllty when taught by
dlscovery aporoaches. (elementarj)

~

Wilson, John W. The Role of Structure in Verbal Problem Solv1ng. Arithmetic
Teacher 1l4: 486-497; October 1967.

" The wanted-given treatment was found to be superlor to either practice-only
or actiom-sequence on all dependent variables studied. (grade 4)

Wright, Jone Perryman. A Study of Children's Performance on Verbally Stated
Problems Containing Word Clues and Omitting Them. (University of Alabana,
1968. ) Dissertation Abstracts 29B; 1770: November 1968,

Pupils were significantly better at solving problems when they contained
word clues than when they did not. (grade 5) '
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Beordslee, Edward C.  Jerman, Max E.

Linguistic Variables in Verbal Arithmetlc
Prodlems. -

Pub Date {73}
Note—26p. :
EDRS Price MF-53.65 HC-$3.29
Dexcriptors—*Elemcatary Schoo!l Mathematics,
Linguiatics, *Mathematics Education, *Problem
Solving, Reading. *RQesearch, Sceondary School
Mathematics, Structural Analysis
Tais papc ribes a study tn which 14 &in-
purstic variablés were uscd to determine which
v inables would account for a2 significant amount

-t the observed vanance 1 the error ratz n ver-

hal arithmctic problems. Three forms o verbal
problem scts in which the number of worcs 1n the

' problem statement were systemaltically vaned

ir

were administered to classes of students i grades
four through cight. Regression analyws showed
that nonc of the varubles accounted for a signifi-
cant amount of variance for all grades, sithough
four vanablcs did enter the regression within the
first six steps on two or morc of the test forms for
most grades. Regresucn analysis on a sclected
subset of six vartables produced results similar to
those provided by an anulysis involving ail 14
oniginal vanables. (Author/DT)

ED 095 008 ~ SE 017943
Beurdstee. Edward-C.  Jerman, Mur E. .
Structural. Linzuistic and Topic Variadles in Ver.
bai and Compntational Problems in Elementary
Mathematics. :
Pub Date Apr 74 . .
Note~—16p.; Paper presented at the annnal meet.
. ing of the American Educational Research As-
sociation (Chicago. Hlinois. April 1973); Mar.
ginal legibility on entire document
Available  from—FRIC/SMEAC. Ohio  State
University, 400 Liacoln Tower. -1300 Cannon
Drive. Coluimnbus. Oho 43210 (on loan)
Document Not Availahfe from EDRS.
Desenpton—Achievainent, *Cognitive
Proceswes. *Elementary School Mathemauuces.
Geomctnce Consepis, Mathematica! Linguistcs,
© *Predwior _Varubles.  *Rescarch.,  Structural
Linguisties. Thought Procesees - ..
Five structural. four linguistic and twelve topic
variables are used in regression analyses on
results of a S0.item acbicvement test. The test
items are rclated to 12 topics from' the third-
grude mathematics curriculum. The item< reflcet
one of twar Cases of the structural sariable. copmie
tive lesel: the two levels are characterized. indne-
tive  (generahizution) or algonihane thicking.
Fourth. and tinth-grade siudemts (N=120) served
as subjccts. Three regression analyses were <are
ried out. The firsr used the 12 top:c vurisbles.
Geomelny »as the valy signiticant tupic vanable

. entered tn the finul step (p “grester than™ 15, R

= .5337). The sccond analywis’ added Cognitive |

‘Leve! 0 the topic vamables Cogmitive Level en-
tered firnt and wais vipasticant (p “geeater than™
011} along with Geometry (p “greater than™ 05)
at the last <tep. At the sixth step Cognative Level,
Geometry and Fraction were symficant and ace
counted Tor 39 pereent of the vanances n test
scores. This was & 13 percent increase over Step
six 1n the first analysis In the last 3nalysy use
those entered in the first three steps of ether of
the previous analywes plus the hnguistic variahles.
Both Cogmitive L.evel and Geametry continued to
be significant in the presence of the new vana-
bles. (JP) -
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Blumberg. Phyllis i

Chalning In Probiem Solving: A Critique asc
Rein: thon,

Pub Datc Apr 77

Note—27p.: Paper presenied at the annual meet-
ing of the American Educational Research As-
sociation (New York. New York. April 4-8.
1977); Contains occasional light type

EDRS Price MF-$0.83 HC-SZ.06 Plus Postage.

Descriptors—*Cognitive Development, *Educa-
tional Rescarch. Elementary Education, Ele-

mentary School Mathematics.  Learning,
*\ath ics LCd on .P' (R} Solving.
Task Anulysis

ldentifiers—Research Reports :

This study 1nvestigated the question of whether
young children can form response chains in
problemn solving. After feviewing the literature
relating to chaining us 2 component of problem
solving. the suthor argues that a test of chaining
should be free of requirements to recall previ-
owsly leamed material, remember gencral infor-
maton. or_apply abstract princibles. The current
study used a sk in whicss subjects were required
t2 cxccute u scquence of trades. Subjects were
drawn from kindcrgarten, third grade, sixth
gewbe, and eodflepe populatons, and were 0.
desetnally tested  Results indicsted  that college
aml o sextheprade students were able to solve a)t
predkenn without hints. Younger students were
bl Lie sofve the problusns after o few trials. The
authesf concluded that children were capabl: of
tewrrrung chans at young agex. (SD)

ED 076 414 SE 016 057
Bright, George W. .
Geometric Problemn Solving Abilities of Children
in the Primary_Grades.
Pub Datc Apr 73
Note—27p.: Paper presented at the unnual meet-
ing of the Nutional Counail of Teachers of
Mathemaucs. Homstan, Texas, April 1973
EDRS j'rice MF-50.65 HC.$3.29 ’ .
Descnplors—*klonentary  S.hoo! Mathematies,
*Geometric Coneepts, Enstruction, Learning,
Muathematies  Education,  Problem  Solving
*Rescarch ’
"Tdenufiers —Rescarch. Reports
The problem mivestiputed was the snalysis of"a
complex figure by ident:fying simpler figures em-
bedded in . The privary goal was to determine
the level of suptntication of analysis employed
by children in the primrary grades; a sccondary
goal was to deternunc if vtudents could be ked to
cxpand therr analyses, Drawings and problems
were prepated by the expetimenter, Fifteen ste-
dents woere randomly scicrted toin seven-to-ten
yecar old sumimer schoa! students: avetaye age
was 81 yeurs. Each student was interviewed 1n-
dividually. Resulis shiwed that subiects ahnost
universally failed to wdeotily averlapping figures,
that the subjects scemed 10 employ scarch
techniques and that these techniques were most
frequently uscd by older students, that there was
a lack of stitntical relaionship between age and
groblcm.,snlvmg ahibity, and that fimited instrue-
tion was somewhat cifective. (DT)

ED 128 179 SE 020 954
Cohen, Harvey A.
The Art of Soaricg Dragons. Artificial Inteliigence
Mcemo Namber 333. Revised. '
Massachusetts Inst. of Tech., Cambridge. Artifi-
cial Inteltigence Lab. ‘

Spons . Agcncy—Natiohal - Science Foundatioo,
Washington, D.C. ) . S

Report No=—LOGG-1§ '

Pudb Date May 75

Grant—NSF-EC-40708-X

Notc—60p.; Not avzilable in hard copy due to
marginal legibility throughout original docu-
ment : -

Available from—Thc Anificial Intelligence
Laboratory, 545 Technology Square, Cam-
bridge, MA 02139 ($1.70)

_EDRS Price MF.50.83 Plus Postage. HC Not

Avallable from EDRS. .
Descriptors—*Artificial Intellizence, Computers,
*lastruction, *Learning Theorics, Mathematical
Models, Mathcmaties Education. Physics.
*Problem Solving, *Scicnce Education, Simula-
tion, Teaching Mcthods, *Teaching Models
Several models for problem solving are
discussed, and the idea of a heuristic {rame s
developed. This concept provides a description of
the cvolution of problem-solving skills in terms of
the growth of the number of a'gurithms available
and insreased sophistication in their use. The
heuristic frame model is appiicd 1 two sets of
physical problems to illustratc the components in-
volved. Scyeral teaching sirategics related to the
heuristics and to promoting studcnts® scif aware-
ness of their developing problem solving ability
ate discussed. In an appendix. the proBSlem-solv-
ing model is rclated to the Piagetian idea of con-
servation. (SD) .

ED 129 631 SE 021 501
- Damarin, Suzanne K. -

Problem Solving: Polya’s Heuristic Applied to
Psychological Research.

Pub Date {76] .-

Note—i0Op. :

EDRS Price MF-$0.83 HC-$2.06 Plus Postage.

Descriptors—*Educational  Psychology, Higher
Education, Leaming. Mathematics. *Muthe.
matics Education. *Froblem Solving. Psycholo-

"7 gye *Research Reviews (Publications)

Mentifiers—*Polya (George) e

Using the “How 1 Solve Jt™ list developed by
Poly; 2s 2 wehicic of compurison, research
findings and key concepts from the psychologicai
stdy of problem solving are applicd” to mathe-
matical problem solving.” Hypotheses concerning
the amterprctation of psychological piscnomena
for mathematical problem sitwations are «xplused.
Several arcas of neceded. rescarch with respect to
the solution of mathematical problums  are
discussed.  Three elements: of Polva’s fist are
idcatified as having primary unporunce in the
solution . process. It s argucd that psyvehologicat
research does not suppont the:usefulness of -
devising a plan.™ but rather mplics that problem
solution is facilitated by the restructunng of data.
(Author) ’
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Feldhusen. John F.  And Others

‘Teaching Children FHow to Think: Synthesls, In-

terpretatica and Evajuation of Research and
Development oo Creative Problem Soivirg.
Purduc Univ., Lafayvetic. Ind. .
Spons Agcency-—National Inst. of Education (D-
HEW ). Washingion, D.C. .
Pud Datc Mar 78
Grant—NIE.G-74-0062 .
Notc—408p.. For thc tcachcrs cdition of this
document scc UD0!16723
EDRS Price MF-$0.83 HC-$22.09 Plus Postage.
Descriptors—Classrvom  Maternials. *Creative
_Thinking., ®Instructional Matcrials. *Problem

Solving, Productive Thinking.. Refcrence
Matcnals, Rcsource Matcrials. *Tcaching
Mcthods, Tcaching Techniques, Thought
Proccsscs

Thc purpose -of this- bock is 10 help tcachers
learn about promising matcriala. methods aind
techniques for tcaching crcative thinking and
problem solving 1n their classrooms. Information
about tcaching methoads or, tcchniques which can
be rcadily adapted by the tcacher to fit any grade
levcl and cubject arca are presented. Spcerfic
dircctions on how (o gct a projcct started m the
classroom  are. given. Also  presented  are
guidclines .for dcvcioping lcarning modules or
packages for tcaching creatnc thinking and
problem solving, In the book there arc aiso out.
lined and descrnibed the procedurcs for organizing
a workshop on crcativity and probicm solving.
The workshop plan proposed is based on use of
this book as a rcsource 100l. The book also offers
a vanety of rescarch and dcvclopment abstracts
of publications rclated to creative ‘thinking -and
problem solving. Fnc appendix contains the
descriptions of publishcd tcaching matcnal for
specific  grade levels and  subject  arcas.
(Authot/AM) ~ : '

.

ED 097 205 SE 018 179
Groen. Guy J. .

Basic Processes In Simple Problem Solving. Final

Camegic-Mclion Univ., Pittsburgh, Pa. Dcpt. of
Psychology.

Spons Agency—Nationai Center for Educational
Rescarch - and Development (DHEW/QE),
Washington. D.C.

Bureau No—BR-1-0521 -

Pub Date Fcb 74 . -

Grant~-OEG-3-71-0121

Note—16p.
N\MF-$0.75 . HC-$1.50

« EDRS Price
POSTAGE
Descriptors—*®Alditicn, * Algorithms, *Elcmenta-
ry’ School Mathematics, Mathematics Educa-
bon, Multiple Rcgression Analysis. Predictor
> Variables, *Problem Solving. *Rcsearch, Theo-

PLUS

rics
This paper presents. the results of three cxperi-

ments studying routine problem-solving_tasks in -
simplc addition and subtraction. Indications arc - -

that children tend to solve such problems by in-
ternalized counting proccdures ‘which may be
learned indcpendently as a consequence of prac-
tice in problcm solving. Brief descriptions of ex-
ploratory studies concerning word problems and
sequential rules arc also included. (LS)
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Henney. Maribeth

Improving Mathematics Verbal Problem Solving
Ability Throug): Reavinug Instruction,

Pub Datc 8 May 70

Note—27p.; Paper presented at the corferencs of .

the  Intcrnational  Rcading  Association,
Anzheim, Cal.. May 6-9, 1970
EDRS Price MF-30,25 HC-51.45
Descripors—Arnithmetic, Comprehension. Con-
tent Reading, Crtical Reading. *Elementary
. School Mathcmatics, *Grade 4, Logical Think-
ing. Problem Scts, *Problem Solving, *Reading
Comprchension, *Verbal  Learning,  Verbal
Tests, Worksheets
The effect of special instruction tn ccrtain
rcading skills involved in solving verba! protlems
was comparcd with the cffect of supervised prac-
tice in solving verbal problems on the improve-
ment of vecbal problem-solving ability of 179
fourth graders. The sample from six classes in
three ‘public .clementary schools- in Cuyahega
Falls, Ohio, was divided into two groups. The
special instruction treatment group rcecived 18

- lessons of instruction in reading verbal problems,

and’ the supervised study ‘group solved verbal
problems using whatever mecthod they wished.
Children in both groups improved significazzly
from . prctest to post-test on the investigaiors
designed Verbal Problems Test. However. neither
group resulted in significantly higher mcan scozes
on the post-test. The rirls in the special instric-
tion group madc. signiticanty higher mean =corcs
on the reading subtest of the postitest than did
the boys in that groyp. No other significant dif-
ferences were found between treatments, betwezw
sexcs within treatments, or between sexes dif-
fcrentiated by treatments. The Stanford Achieve-
ment Test Reading and Mathematicy, sublests
were 2lso admunistered. Ncither specific’ reading
abilitics. gencral reading abilitics. nor computa-
tional abilitics were found 10 be more highly cor-

- related with verbal problem solving. Rcfcrences,

tables, sample test itcms, and worksheets are in-
cluded."(CL)
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Jeerren, Mac
tnstruction In Preblan Sabviug and an Analisis of
Structural  Variables  Thut  Contribute 1o
‘Problem-Solving Difficulty,
Stantord Univ., Calif. Inst. for Mathemanca! Stu-
dics in Social Scicnec.
Repoct No—~TR-180
Pudb Datc 12 Nov 71
Notc—129p.; Psycholopy and Education Scrics
7DRS Price MF.$0.45 HC-$4.58
Descriptors— *Arithmcric, Computer Assisted In-
. struction, *Educational Reseurch, *Elementary
School Mathematics, Grade 5. *Mathematics
Education, *Problem Soiing. Programed In-
struction ) -
. Tris report is divided into two paris. The first
part contains the major seciiuns of the author’s
doctoral dissertation comparing the ctfects of two
instructional problem-solving programs. The fifth
grade students in six classes (threc schools) were
randomly assigncd to the two prograuns: The
Productive Thinking Program, a cominercully.
available sequence  which develops  gencral
problcm:solving skills and contains no mathe.
matics; and the Modificd Wanted-Given Program,
an cxperimental ‘seqtence which cmphasizes the
steucture of  anthmetical  problems.  Both
sequences were proscited in programmed form
and ook 16 consccutive school days. Fiith grade
studentsin two classes in a fourth school ucted as
2 control group. Every student received a pretest,
posticst and 2 follow-up test seven weeks later.

" Each tes? battery mcasured several -other shulis

besides problem solving. On an analysis of covari--
ancc. no signaficant differenc~s were found
betwcen the two muthods of in- ruction und the
control. nor was any sigmificant sex difference
found. The second part ot this report ravicws the
variables used in previgus studies of prodlem

solving using teletype terminals, and thea-apolics

the samc regression. -techniques to  verbal
problems-silected from the disscrtation study

= “described in the first part. (MM)
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Jerman, Mux E. .
Predicting the Relative Dilliculty of Problem -Solv-
ing Exercives in Arithmetic. Final Report.
Pennsyliama State Unive, Univessity Park,
Spons Agency—Natienal Center for Fducational
1 Researvh  and  Devclopment  (DHEW/OE),
Wachington, ©
Bureau No—BR-2-C.047
Pech Date Dec 72 .
Grant--OLG-3.72.0034
Nute—65p. Es )
EDRS Price ML-50.55 14:.$3.29
Dezeriptors—Curricutum,  *Flememary  School
Matizerabtics, “Mathematics Ecucatio:t,
Problem Sets. *Problem Solving. °*Research.
Sceondary School Mathematies
The possibility of preparing a set of ,word
orublems of a.predicted level of ditficulty based
or six wvariables for muitrphication, division, ree
cull, conwvermans. operations. and number of
words in the proklem staterment) and on regres-
sion cquations developed in previous work was
investgated. Four problam scls were used in
grades four through six. and four different seis
were given in grades seven through ninc: a total
of 330 students participated. The data indicated
that the relative diffeuity of the exefciscs was
ncarly the same over pride levels. ReSults showed
that the gencral equation used in previous studics
did not Yyield accurate predictions for the
problems, based on a chi-square test. New egua-
tions eomputed for cach grade level give more
“ccurate, thpugh not sigmificant. predictions. (Ap-
pendix B, pages 54.65. may be ilicgible.)
(Authot/DT)
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Jerman, Max  Mirman, Sanford

Structoral and Linguistic Variables in Prodlem
Selving. = . :

Pub Date 73 .

Note~-23p. . '

I:DRS Price MF-$0.65 HC.$3.29

Descriptors—Analysis of Variance, =Arithmetic,
Arithmctic Curriculum, *Curriculum Devclop-
ment,  *Educationa! Experiments. Language
Research, Mathematics, Modcls, Prediction,
Predictor Variables, *Problem Solving,
Research Mecthedolopy, *Statistical Analysis.
;li'oa:le: (Data), Test Construction. Test Selec-

T_lm Paper rcports on an cxperiment designed
m-:qvenlgzu‘the cffecct of structural and lin-
gwtic variables on lcvel of difficulty in solving
arithmctic word problems. Ideatification of such
‘vamble: .is intended to assist curriculum weritcrs
i preparing cxcrcises at a specificd level of dif-
ficulty for atudents at various age levels. The
study also _censiders the variables under varying
tmc conditions and secks 10 devise 2 coding
system Of the linguistic variables that would im-
prove the accuracy of 2 lincar rcgression model
previously used in similar investigations. Details
of the thfory and mcthodology of the expenment
arc provided, and the Yesulls arc discussed. The
significance of the structural and linguistic varia.
bles is roted. (VM) -
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Muaterials, “Lcurming Activities, Muathernatics

Educution. Puzsies
i soluine presents a collecton of proklems
designed for uee an weekdy aclivities in elenmienta-
ry clusses The activities were disipaed to assist
teachers 1 envouraging creatinity and disergent
thinking in mathematics. The prablems included
were oniginally published in disere wurees. Ench
problem s coded to indicwtr the content urea and
the location of the probiem in the originad source.
Problems included in the volume represent 29
content areas; 7 of these srees are related 1o
arithmetic, S to gdometry, and the othen to mea-
surement, - probability, logic, ordered pai. and
tme and money. A sepurste seclion provides an-
swens to all problems. A discussion uf creativity
I matiematics. results of psychological rescarg
reluted to creamnity, and recommendations of
mathematics  educstors for  nurturing creativity
serves s an introduction to the activities (SD)
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*Rescarch. I hoeught

cal  Vuocakuatary,

“Prablueas Sulang,

Procosses
Ideatificrs  Rescarch Reporty, Ruaaa

The sortes v g o allegten of trandatons from
“the Soviet hterature et the past 28 wears on
resciredy i the pachaioey o mathematical ine
sruction aad the retated mothads of teaching
muthenialivs  The aun o the sefies s te goquaint
Cducators and wadhervwith dirgctions, Wdeas, and
accomphdimonts in the paycavlogy of mathemati.
Cal nslroction an the St Unwon This soelume
CoNtains mine articdes voncernodd with anstruction
1 prohiem aolang’ Swimce tefics covered extene
siely are the Bermatun ot the coneept of “type

Al problvm.” the antuerce of vogahubary s g

gestcd analhvtn sartnete cthod for use al every
Lrade level, und whoethor o Aot to use deebrag
methods 10 the ¢lementary grades, Related docu.
moenis are P 03 42X I 63T 6320 ED vl
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Knifong, J. Dan  Holran, Boyd D.
A Search for Reading Difliculties Among Erred

Word Problems.

Pub Date {76]
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Descriptors— *Elcmentary  School  AMathematics,
*Error Patterns, Evaluation, Grade 6, Mathe.
matics Fducation, *Problem Soiving, *Reading
Difficulty, *Kesearch .
Mentificrs—-Rescarch Reports
This paper tcports the results of a study in
which intervicws wers conducied with cach of 35
aixth graders who made efrors that might nuve
been due 10 reading on the word probiem poruon
of the Maetropolitan Acmievemcent Test. To
discover evidence of poor Tesding «ffccting word
problem success, the investirators asked cach
child to read-aloud thuse probieme aniwercd n-
corrcetly in which scading nught have cone
tributed to the error that was made. Children
were asked to explain the sstuation (0 the
problem, to identify the question beang asied.
and to teil how the problem sAculd be woried
Findings showed that althouch many children did
pot know how to do the woik, they could read
and interpret the problems. Finally, audio reading
times were measurcd to discover evidence that
slow reading caused failure: httle such evidence
“was found. (DT)
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Laftus. Elizabeth Jane Fishmar
An Analysls of the Structural Variables that
Dcetermine Prohlem.Solving  Difliculty on g
Computcr-Based Telctype. . )
Stanford Univ , Culif. Inst. for Mathematical Stu.
dies in Social Science.
Spons Agency—Natonal Science Foundation,
Washington, D.C.
Report No—~TR-162
Pub Date 18 Dec 70
Note—~105p -
EDRS Pricc MF-$0.65 HC-$6.58
Descriptors— *Arthinetic, Complexity  Level,
*Computer Oricnted Programs, Disadvantaged
Youth, Probiems. *Prohlem Solving
A word problem 15 morc difficult 10 solve when
the minimum number of dilferent operaunons 10
rcach the correct solution 1s large, when 1t iy of 2
diffcrent txpe than a problem preceding it, when
the indeaed complexity of 11y most complex <en.
tence 15 greut, when there are a 13¢ge number of
words i the prohlem. and when d canmversion of
unite (a8 from days 1o weeks) s required. These
variatles of problem difficully were determined
to be sigmificant in an expenment using 16 disad-
santaged sixth.grade students, who were givCn ac.
€C33 1o 3 computer-baved teletype Vanakles thar
did not muke a signdficant contribution 1o the
;greshswn azalyiis were: the “verbal-clue™ vasa-
¢, the “order” varwble, he - -
bl CMEL and the “'steps” varia
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Mayer. Richard E.

Learning to Solve Problems: Role of Instructional
Method and Learner Activity. .

Michigan Univ., Ann Arbor. Human Perfermanc
Center.

Spons Agency—National Science Foundation,
Washington. D.C.
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Descriptors—*Coenive  Processes.  Discovery
Learning, Instruction. Learaing. “*Learning

Theones, Lucrature “Reviews, *Mathematics_

Education, *Research Reens (Publications),

*Teachmg Methods, Transler of Tramning

A review” is made of that literarure which
focuses on the relattonshi; of instructional
method. internal <ognitive ctivity  and  per-
formance mcasures. This includes literature cone
cerned with the nsue of “‘discovery versus tecep-
Lon Icatnme™ and the effecte of dilferent instruc.
nal maetnnds on tewennen. Jdelned cetenuon
and transier tasks bhe author conchides from
this revsew that hitle progress wiil be made con-
cerming our understanding of the eole of nstruce
nhonal method untl the emphaus on “which
method s best™ gives way to an atiempt to define
and relate 1o one 3nother, external features of in-
structiin, internasl features of subject chareacter
and actiity during learming, and outcome per-
formance variables. (JP)
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McDanicl, Ernest  And Others

Measurement of Concept Formation and Problem-
Solving in Disadvantaged Elementacy School
Children. Final Report.

Purdue Rescatch Foundation. Lafayette, Ind.

Spons Apgency—Office of Education (DHEW).
washington, D.C. Burcau of Research.

Burcau No—BR-1-E-170

Pub Datc Aug 73
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POSTAGE T A
Descriptors—Abstraction  Levels,  Abstraction

Tesis. *Cognitive Measurcment, Comparative
Anatysis. Compardtve Tesung. Complexity
Level. *Concept Formation, °Disadvantaged
Youth, Elementary Schoo! Students. Environ-
mental Influences. *Problem Solving. Racial
Dafferences. Relhiability, Socioeconomic
Background, Testing. Tests R
Performance in concrete and abstract tasks s
examincd systematicaily by varying the degree of
abstractness of problem-solving and concept fpr-
mauon tasks. Four forms of a problem solving
test were constructed. Each form of the test
presented problem situations through four dif-
ferent modes: verbal stories, picture-book. color
slides. three-dimension models, Advantaged and
disadvantaged children from grades 2 and 4 were
randomly assigncd to test modes. Similar arrange-

ments were made for lesting concept formation.

Stimcius material for the concept formation tesyy
were presented via theee modes: paper. and pen-
cil. motion pictute film and actual objects.. Thc
degree. of conereteness in the mode of presemia-
lion does affeet the performance of children on
the tasks. For only one of the the t_as‘ks. howcever,
dia the sociocconomic factor exhibit systemauic =
relationships with the factor of concrcicness. On
the problem-solving task. all children performed
best on the more concrete forms. Advfnzagcd
children out performed disadvantaged ‘on all
forms. On the concept formation tasks. however.
the disadvantaged children out performed ad-
vantaged children oa the most concrete test torm.
Additional factors which may have influenced
test performance are discussed. A substantial
refcrence listing, conccpt learning iests, and
-problem-solving tcsts are included. (Author/RC?
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Roman, Richard 4.
The Word Problem Program: Summative Evalua-

tion. .

Pittsburgh Univ.. Pa. Learning Research and
Development Center. ‘

Spons Agency--Natonal Inst. of Education (D-
HEW). Washingion, D.C.. National Science
Foundation, Washington, D.C. :

Report No—LRDC-1975.23

Pub Date Jul 75
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*Curriculum, Curticulum Development, Ele-

mentary Education, “Elementary  School
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struction, Instruction. *Problem Solving, *Sum-

mative Evaluation, Testing . '

A programed sequence for teaching students to
solve word problems was developed using a com-
binatien of the information processing aa7 sreuc.
twral variablcs approaches. Swdents usirg the
scquence proceeded individwally through mastery
of a sequence of objectives. In order 10 evaluate
thc program, fourth and fifth graders were rar-
domly sciceted from classes: the rem2ining sty
dents in these classes served as controls. All stu-
‘dents were gwea the appropriate level of the
Stanford Acheivement Test as-a_pretese. During
the 1l weeks that expermentat
compleied the Word Probiem Program, control
subjecis received regular mathematics instruction.
The computation and applications sections of the
Stanford Achcivement Tesi served as posr-ests.
Boih fourth- and hifth-geade caperimentat groues
scored: migher on therr respeciive r;phcauohs

" postiests than the comparabie contro. groups.

(50}
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Process Models for Predicting the Difliculty of
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matics Education, Models. *Multiplication,
Problem Solving. *Research
Identifiers—Rescarch Reports
- purposc of this study was to determine
whether a process model could be constructed
" wing ateps identified from flow charts which ac-
counted for somewhat more variance in predict-
" ing the difficulty of two-digit muluplication

problems than did a process mode! developed by
Cromer. Cromer’s data and variables wcre used
23 & starting point. Ten new variables were
idenrified from multiplication and addition flow
charts. Seven basic models. 4 reduced models. 10
factor modcls, 24 onc-variable models. and a set
of systematic restricted models were cxamined.
Mutltiple regression analysis was used 1o predict
difficulty. The overall results indicate that the
flow chart variables do produce somewhat better
models. This volumc presents the first of two
parts of this report apd includes the problem
statement and results. (Author/SD) ) :
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Process Models fcr Predicting the Ditficulty of
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Education, *Elementary- School Mathematics.
Flow Charts, Instruction, Lcarnimg, *Mathe-
matics Education, Models. *Muluplication.
Problem Solving, *Rescarch

Identifiers—Research Reports )
The purpose of this study was to dectermine

whether a process nwodel could be comatructed

using steps identified from flow charts which ac-

counted for somcwhat more variance in predict-

ing the difficulty of two-digit multiphcution

problems than did a proccss model deveioped by

Cromer. Cromer’s data and vastables were used

as a starting pont. . Tea new varishics were

e

_ ... -identified from multiplication and addition flow

charts. Scvca basic models. 4 reduced modcls, 10
factor modcls, 24 onc-variable modcis, and a sct
of aystematic restricted modeis were cxamined.
Multiple rcgression analysis was used to predict
difficulty. The overall results indicate that the
flow chart variables do produce somewhat better
models. This volume is the sccond of two parts

dealing with this study, and includcs 2 discussion’

of results and tne appeadices. {Author/SD)
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School Students. °*Mathematies Instruction.

*Problcm Solving. Readabiiity, *Reading Com-

prehensicn  Reading  Researeh. Scquential

Learning. Verds .

The cffcets of thrce variables on the difficulty
of verba! arithmctic problcms were examined.
Variables included problem form. sequence of in-
formation. <nd problcm vcrb, A total of 32
problcms was gererated. four in cach of four
problcm forms and two scquences of informaton.
Vocabulury words wetc ROt above sc.ond.grade
levet. and numbers used ranged from lehroulg_h 9
with no horrowing or carrying fequircd. Two
groups of clementary-grade subjects (63 in ull}
solved all of the probiems Anatysis of varance
performed on the data indicatcd that problem
form. scquence of snformation. and thosr interac.
tion were sigmficant  (p<.001) but that the
problcm wvcrb  wus  not. Reverse . scguence
problems were most difficult Yo colve and beeame

 morc difficall as :he prablem form became more

dufficult, It was concluded that suhj.:c_:s nced to
distinguish  sequence  of information  from
scquence of cvents where these do not concide
and that reverse sequence caases the grcatest Jif-
ficulty in problcm solving. Tubles und rcfercnces
are included. (MS)
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Plagetian Operstions and Field Independénce as
Factors ia Cbidrens Problkem™ Solviag Per-
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Devclopment, ®Cognitive Processes, Deductive
Mecthods, Learning Processcs, *Problem Solve
ing, *Productive Thinking, Thought Processes
The ‘primary objective of this study was to
comparc’ problem solving performance among’
formal opcrational, transitional, and cuncrcte
operational individuals with the cffect of relative
field - independenCe taken into account within
ech of these three cognitive devclopmental
levels. Sccondarity, the study cxplored whether a
developmental relationship cxists betweca logical
thought and ficld indcpendcnce. :Eight male and
cight female subjects per grade were randomly
sclected from closs lists for sixth, seventh, cighth,
and ginth grades and classified according to cog-
gitive devclopmestal level. All criterion problems
(10 be 30lved) arc fully descnbed. Sex and age
differences are discusscd. Ir gencral, the study
corcludes that Piagetian developmental jevel
does provide an overall thearcucel frarmework in
which to understand and interoret ditferences in
complex, deductive prodlem solving performance. -
bat, in the prodlems uscd, ficld indcpendence
does not appear 1o clarify individual dilf=rences
in a mcaning(ul way, (TL) .
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Descriptoves—Computer Aswiated Insweuction, Cur-
eicutum, Curricutum Development. Dcaf Chit-
dren, “Deut Fducation, *Dudvantuged Youth,
* *Elementy  Sulwesl  MatheMaucs, tLaw
"Achicvers, Afathematics Education, °Probiem
Solving. *Rescarch, Structural Analvsis -
Using the capubility of the computer, the
authors have desipred an mstruciionat progriut
that cmphuazes students” problem sulving ~halis
instead of thaeir computaionat shils and that ol
lows the codectivn of & targe and Jetailed quta
base. This repon descnibes the procedures used
to (1) ideittity siructural vonsbles that atlect stu-
dJents® pertormance on arithmetic word proriems
presented of & Computer terminal, (21 idensdy
variables  tf  structunng  u. computer-based
problen-saby mg curricutum, und (31 ussess the
uscfulness of the identitfied vaciables as predictors
of studeat pertoltance wn e newly structural
cucrculum. Fourthe, HTthe and sinthegrade st
dents who wae front one o' three years below
average m ralugeud Somputation skilts were
used a3 subjects fur develupmg and testing the
progeam w.d canucle predictors  Approatinutely
two-thirds weic bluck students from, un econcnit-
cally depreaed aren aad e remuainder Camc
from schouls for the deat. Results ot several
TERIENSION Ltulyses 1e” Caled that it is pusaible o
aucount Jor a substant el partion Of the vatiatality
1 SMUdent FESpuMs Ly aiganicunt correlaliun
veiweri dhe deut und heating sucents on a tanke
urdes OF the poublan ditticulty sevel. (JPP,
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" Kentifiers—~ "PROFILES. *Test of Probiem Solv-
.- "mg Skills. Unified Sci
- “Elementary Schoois

Math ics for

* Grounded in a revicw of existing theories and
‘research on prodlem solving. the theoretica! base
and  new instrument . decvelopment efforts

.- discussedin this publicatioh -have ‘been sounded

against the necds of an innovative, i P
fy curriculum project called Unificd Science and
Mathematics for Elementary Schools (USMES).
It is the work on new instrument development fer
problem’; solving which is the focus of this docu-
ment. The report is addressed (0 those eoncerned

-.,with the evaluation of USMES but also 10 a wider

audicnce. .whose concerns may embrace the
evaluation of other curricula for clementary
schools, rescarch onr ehild development. - er

. theoretical development of. models of problem

solving. Aficr establishing the need for new in-
strument  development _in ° problem  solving. _
discussing various vicws of problem solving. and -
reviewing existing measurcs of problem_solving.-
this report details the development of s paper-
Test: of Problem Solving Skills
(TOPSS) and the development of PROFILES: an
intervicw/observation tcehnique to assess problem
solving processes in -children. The ‘chapter on
TO?SS includes the seareh for items. p.iot testing
the instrument, and tcchnica! information on item
anzlvais. reliability and validity. The chapter on
PROFILES includes information on its rationalc,
its development, * the importance of observer .

traiming and monitoring, procedures for its ad- .-

ministration. and -the development of a scofing
protocol. (RC)
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Shores, Jay If.  Undrrhsil, Robert G

An Analysis of- Kinderparten and biest Grade
Chlldren's Additioa and Subtraction Problem
Solvlag Modeling and Accuracy.

Pub Date 76 '

Note--35p;; Paper presented at the Annual Meet-
ing of the Ameriedss kdueational Rescarch As-
sociation (San Francisco, Calhforma, Apnl 9.
23. 1976) )

EDRS Price MIF-$0.83 1{C-$2.06 Pluc Postage

Descriptors—Addition, *Covnitive Develepment,
*Conservaiion (Concept), Elenientary kduca-
tion, "Elementary School Mathematics, ieam-
ing. Mathematics Education. *Number Con-
cepts, Problenr Solving. *Rescareh, Subtracuior

ldentifiets—Resecarch Reports
A study was undertahen of the eftects of for-

mal education and conservatwn of numcrousaess

. 0n addition and subtraction problens tvpes. Thar-

ty-six kindcrgarten and- 36 firtgiade cubjects

randomly sclected trom one arca of 4 schuol dise
mﬂ. were admmutcrcd measurcs ot cunsersabion,

problem-solving success, and ntedeling abthity.

Following fuctor anaives of the instruments, and
2 regression_ analyss 1o ascertan demuraphic ef-
fects, 2 nested posttest only contral group Jesgn
was analyzed uung a covarute AMANOVA
technique. Both formal schoohng and conserva.
tion significantly affccted the subect’s muxichng
and accuraey scores (p less than .05). Further,
transformational’ addition and tuke away subtrace
tion were signiticantly (p luas than U3) mare dif-
ficult than other prodlem types. (Author:sD) -

SE 020 802 °
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SMeffe. Leshie P Johason, David C.

Problem Solving Perfurmunces of First
Children.

Geourgia Univ . Athens Rescarch and Develop-
ment Center in Educational Stunulatsnn

Spons Agency ~<{htice of Fducatwon IDHEW),
Washington, D . Coopcrative Rescarch Pro-
gram.

Pub Date Mar 70

*Contract~OEC-6.102.06

Note—=29p.. Paper presented at the annual meet-
ing of the Amcr:can Educational Rescarch As-

- scuaton,  Munneapolis.  Minnesuta” March,
1970

EDRS Price MF-50.25-11C-$1.38

Descriptors— Ability  Grouping.  ®Arithmetic,
*Con:zivation  (Concept;,  Factor, Analvsss,
Grade 1. Intelhigence Quotient, AManspulative
Matenials,  Measurement  Instruments. "Per.
formance Fuctors, "Problem Solving, Task Per.
furmance

Grade

This study cxannned ditferential performances -

among yroups {catexories) of ffst grade children
when sonvng egat Sitfferent type’s of urithmeueal
word prohlems under two Jditinet expersmental
condions. The categones of children were ae-
tally 4 ability groups (1) low gquantitative com-
purnon scures and how 1Q (LorgesTharadihe 1Q
Tesh 12) low quunitdun e Comparnsan scorcs and
high 1Q, (3) high quanhitenve companicon ~cores
and low 10 aad ($) hich guantitative comparnison
scores and hirh 20 The Y11 children who filled
theww Catcpofies wcre given g <$3-1ten: prablem
solvang test, waih wix problems from cach of the
Cight types prescated 1n g randoniized sequence.
Hall o Ihe chadien o cach uhuiu) group were
randortly assigned to the condition of fe manipu-
latahle ohjects, winde the uther half were pro.
wided with muanipulatable ehecis referred o in
the problems ind were allowed to use them any
way they wanted t help selve the problems.
Analysis of the Jata reicaled that 1Q w@s not a
signiticant factor, that Problem Condifion was
sgniticant, that there was o sigmficant igleracnon
due to Quuniranve Comparnons and Problem
Conditions fer one problem typz. and that there
were sgmiicant muain eftects due to Problem
Counditsons tor the remaining seven problem
types. There wus abo g smigmticant main effect
due 10 Quantitative Compansons for onc of the
‘remaining scven problem types. (MH)
* -

‘.\)

E

RIC

Aruitoxt provided by Eic:

“ments
. opcrated with 70 percent accuracy an placing
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 Overview...Verbal Problem Solving, Set B. Using

Research: A Key to Elementary School Mathe-
matics. .
Pennsylvania State Univ., University Park. Ceater
for Cooperative Rescarch with Schools.
Pub Date {70} . :
Note—~8p.
EDRS Price MF-$0.65 HC.$3.29
Descriptors —*Elementary  School Mathematics,
*Instruetion, Mathematcs Education,
*Problem Solving, *Rescarch Reviews (Publi.
cations), Verbal Abality
ldenuficrs—Centzr for Cooperative Research
with Schools
This bullctin gives an overview of research stu.
dics which pertain to the verbal prodlem-solving
ability of clementary schoal children. Studies ine
cluded relate directly to the followng qQuestions:
(1) What factors arc rclated to probiem soiving
abibty’ () What ate the eharactensucs of guod
probiem solvers? {3) How important is reading to
problem:saiving ability? (4) What is the role of
“understanding?” (5) Is the study of vocabulary
helpful? (6) What problem settings are most ef-
fective? (7) Does the order of processes affeet
problem difficulty? (8) Does the order of data af-
fect prodlem ditficulty? (9) Should wg place the
Question first or last? (10) What is the role of
formal analysis? (11) What techniyues help in
improving pupils® ability to solve probicms® (12)

.Is it helpful for pupilz to work in granps? (FL)

ED 079 697 CS 000 650

Tolion, Carvlyn Flanayan

An Investigation of Selected M ental. Mathemati-
eal, Reading, and Personaiuty "Assessments as

Predictors of High Achievers in Nixth (rade

Mathematical Verbal Problem Solving.

Pub Date 73
Note—174p., D.Ed Disscrtaion, Northwestern

State University of. | auriana
EDRS Price MF-$0.65 H(.$6.58
Descriptors—Elementary Grades, Grade 6, *Intel-

ligenee Tests, Mathemancal Cuncepts, *Muathe-

matics, Mathemuatice Instruction, *Perwnahdy

Asscssment, *Prokiem Salving., Reading Abili-

-ty. Reading Reszarch, Reading Skills, *Reading

Tests, Verbal Ability :

The purpose of this study was 10 detcemine of
sclcc!cd mental. mathemanical, reading, and per-
sonality assessments of sixth.grade pupils eould
predict high achicvers in mathematca! verbal
problem solving. The subjects were 112 siath
graders, 56 claxsified as high achicvers 1n muthe-
matical verbal problem salving and 56 claseificd
a3 low achicvers uceording to“eritcrion verbal
problen: solviag scores availuble in eumulative
school records. Thirty-cight menial, mathemat.
cal, reading, and personaiity scores for cach pupil
were analyzed, and four cominations of asscss.
resulted: (1) the correlytion battery

high achievers into the high group und with 66
percent uccuracy in placing jow achievers into
ti:se low group, (2) the "t test battery pluced
high achicvers into the high classification with 70
percent aecuracy and low-achievers into the low
classification with 68 pcreent accuracy, (3) the
short factor analysis haltery placed bigh uchievers
into the correct classification with 93 pereent ac.
curacy and low achrevers with 91 percent aceura-
€Y. and (4) the long factar analvsis battery pluced
95 percent of the high achievers and 93 pereent
of the low achicvers into correct classifications,
The major conclusion was that tota! inteiligence
i3 the main individual | contributor to high
achievement in verbal problem solving abilty.
{Author/WR)

[
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Trimmer, Ronald G.

A Review of the Research Relating Problem Solv-
ing and Mathematics Achievement to Psycholog-
leal Varisbles and Relating These Variables to
Methods lavolving or Compatible with Self-Core
recting Maalpulative Mathematics Materialg,

Southern lllinois Univ.. Edwardswilie.

Pub Date [74]

Note—35p.

EDRS Price MF-$0.75

- POSTAGE

Descriptors— Achievement, Leaming Theonies,
*Litcrature  Reviews. Manipulative Materials,
*Mathematics Education. *problem Solving,
*Psychological  Characteristics, *Research
Revtews ( Publications)

This literature review focuses on determining
the psychelogical variables related to problem
solving and presents arguments for sclf-correcting
manipulatives as 2 medu for teaching problem
solving. Ten traits are considered; atitude, de-
bilitaticg anxiety, sel’.concept. orderliness, set.
confidence, impulsiverreflective thinking, eoncen-
tration and interest span. motivation and interest,
and perscverance and patience. Research in each
of these areas as relatsd 0 problem solving i
cited. A list of 155 refcrences is included. (DT)

HC-$1.35 PLUS
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xPloralory Study to C. T -
formance Measures: - n aﬂ;:::\k:-(ofo;:—g

of Malhematical Prodlem Solvin
erlz_- Test. Part 1. Tect- ‘cal Repor; r\%..;gof
Wisconsin ~ Univ, Mudison.. Rescarch  ang
Development Center for Cognitive Leurning.

Spons Agency~National Inst - Ed i -
HEW), Washington, D.C.m ‘ : ueanion (D
Report No—WRDCCL-TR-30¢

- Pub Date Aug 74

gomracl—NE-C-OO-J-O%S
ote—99p.. Report from the Proicet on Cond:.
tons of School f.eaming ami-,t Instruction,.:
Eg'lzrsalcgl;s. For Puri 2, sce SE 018 750
rice  MF-$0.7 -
POSTALE S5 HC-$4.20
Descpptqrs—Cogni(ivc Measurement, *Cognitive .
Objectives, Cognitive Tests, Doctoral Theses,
A go‘rade 7..‘;Mathcmatics Education, *Problem
ving, *Research, Secondar i -
gabs(iccs."reszs. *Test Validnty ¥ School Mathe
vserving that availuble standardized -
porting to measure problem solving ir:csr‘:agl'::-
matics do not validly reflect currentlv accepted
definitions of problemn solving, while more valid
lpdmdu_ahzed measures are costly in terms of
e, this rescarcher undertook (1) 10 construct a
naper-and-pencil instrument which might better
re_ﬂcct problcm-solving ability and (2) 1o validate
this test by correlation with scores of subjectt in
taped and eoded problem-solving interviews,
Seventh-grade swudents with average and above-
average mathematics achievement records were
given t\vo_wnnc‘n tests in a group situation: later
each was interviewed and given six problems to
solve while “talking aloud in a vidcotaping or au-
dotaping Situation, Scores were assigned to per-
fonqancc tn the individual session aecording to a
pre\_nqusly developed coding  system. Test
ustics were computed: diffcrences in the rank
nng of subjects by the two measures and ¢or.
ir:laaonds_ among scores were analyzed; differences
1 periormance and  coding  ease
videotaped and audiotaped sgubjccxs .wt:er:eweiev:
vestigated. Results and tstruments used are re-
ported ig Part 2 of this report. (SD)

PLL -
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Zalewski, Donald L.

An Exploratory Study to Compare Two Per-
formance Measures: An  Interview-Coding
Scheme of Mathematical Problem Solving and a
Written Test. Part 2. Technical Report No. 306.

Wisconsin  Univ., Madison.- Rescarch  and
Development Center for Cognitive Learning.

Spons Agency—National Inst. of Education (D-
HEW), Washington, D.C.

Report No—WRDCCL-TR-306"

Pub Date Aug 74

Comnct-—hE-C-OO 3.0065

Note—125p.; Report from the Project on Condx-
tons of School Leurming and lnstructional
Strategice. For Purt 1, see SE 018 749

EDRS Price A\F-30.7S HC-$5.40 PLUS
POSTAGE

‘Descriptors—Cognitive Measurement. *Cognitive
Objectives, Cognitve Tews. Data  Analysis,
Doctoral Theses. Grade 7, *Mathematics Edu-
cation, *Problem Solving, *Rescurch, Seconda-
ry School Mathematics, Tests, *Test Vahdaty
In this study the researcher investigated the

feasibility of conctructing a valid puper-and-pencil

measure of problem sulving abiity. (Runonale

and design of the tudy are dicussed in Part 1)

The pancipal feaubility critenon. correlation of

at least 7] with scures on tuped and coded n-

dividunl “thinking aloud™ problem-solving ses-

sions, was not mct; however. the obtuined cor-
relaticn (.68) for onc test suggested 10 the
researcher that more reliable tests might achicve
the criterion. Runk ordering of <ubjects on the
“thinking aloud’” procedure and written tests
were highly corrcluted. The use of the ““thinking
aloud™ procedure to establish concurrent validity
was evaluated and questions about the validity of
- this proccdurc with seventh-grade students were

raised. Investigations of the tuactinnal difterences
between audiotaped and videotuped mter icws

revcaled no ditferences 1n subjpect pertormance,

but supported the supcnionty of videotaping as a

rescarch 100), Instruments used 1n the study and |

data displays arc prescmed in appendices to this
report. (SD)
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Msthématics K-12, Problem Solving. Utica City
‘School District Articulated Currxulum: Project
SEARCH, 1975.

Utica City Schooi Dustric:, N Y.

Spons Agency—Burcau of Elementary and
Sccondary Education (DHEW/OE). Washing-
ton. D.C.

Pud Datc 75

Note—18p.; For rclated documents. sce SE 021
195-19%; Light and broken typc throughuut

EDRS Price ME-SU.H3 - Plus Postage. HC Not
Avzilable from EDRS.

Descriptors— Behavioral Objectives, Curniculum.
*Curriculum  Guides. Eicmentary  School

Mathematics. *Elementary Secondary Educa: *

tion, Mathematics Educauwon. _*Objectives.

Prablem Solving, *Secondary School Mathe.

matics
ldentfiers— Elcmentary Secondary Education Act

Title I, ESEA Tatle it

This document 1s.onc of six which set forth the
mathemaucs components of the Preiect SEARCH
Articutated Curnicutum developed by the Lusa
iNew Yark) City Schoul Duirict. Each volume
deals with a bread arca of mathematics «nd lIists
objectnes reiated 10 that Srea for Al grades from
K through 12. Euch objective listed 13 descrnibed
first 1n general terms and then in terms of speaific

skills which studcnts should exhibit. This volume

addresses  lechniques of solving  problems
throughout the curnculum. (SD)

ERIC

A v Provided by R

ED 090 065 SO 006 838

Draft of Abridged Report of the Estes Park Con-
ference on Learning through Investigation and
Action on Real Problems in Secondary Schools.

Education Development Center, Ins., Newton,
Mass,

Spons Agency—National Science Foundation.
Washington. D.C. Div. of Pre-College Educa-
tion in Science.

Pub Datc 73

Notc—45p.

Available from—Houghton Mifflin Co. 110 Ver-
mont St.. Boston. MA (Price to be announced)

EDRS Price MF-$0.7S HC Not Available {rom
EDRS. PLUS POSTAGE .

Descriptors—Actvity  Learming.  Adolescence.
Conference Reports. *Curniculum  Devclop-
ment. Educaticnal Change. Educational In«
noraton, High School Curriculum. . Inter-
dirciphnary Approach. *Mathematics.
*Problem Soluing. *Sciences. Sccondary Edu-
caton, Social Cevelopment. *Social Studies.
Student Experience
Because opportunities for active soctal roles

are essential for adolescents to develop into so-
cially responable and competent adults. 1t
seemed logical to devise 2 high school curriculum
0 which reqult-onented investigaton of real
problems by the students plays a major part. To
this end, a conference addressed itself to formu-
lating the mecamng of such an apprcach at the
secondany level, plunning bridges to other leam-
g modes and to particular disciphinary studics,
considenng strategics sunable to work within the
orgunizational structure of the sccondary school,
finding an cquitable allocanon of resources
among disciplines, discussing undergradudte and
graduatc teacher truining expeniences. and ex-
amiming potential issucs 1n cvaluation of this ap-
proach. Participants were drawn from vanous
curniculum projects. from teacher training pro-
grams, and from the sanks of shilled teachers and
supenvisors Topws covercd included the follow-
1ng: the urgency fur a problem-solving approach
in cducation; delincation of a cumprchensive
problem-solving-based curriculum for sccundary
schools: an overvicew of suggestions for curncu-
fum development. impicmentdtion and  assess-
ment: and recommendatiuns fur action by school
sad community groups. An appendin contains
topics fue a comprehensve problem-solving-based
curriculum. {Author/KSM )
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- UNIFIEQ SCIENCﬁ AND MATHEMATCS FOR ELEMENTARY SCHOOLS, (USMES)

Contaét: Education Development Center’
55 Chapel Street . .
Newhon, Mass. 02160 . .

: LUNCH L I NES e \ -
.\f< Challenge: Recommend and fry fo have changes made which would improve the service
in your lunchroom. : '

\.

~ Most children have gripes about their school cafeteria: they have to wait too long,
s it's oo crowded, they don't like the food, too much food is wasted, etc. A general - 7%
/oﬂ' - discussion will enable The teacher to learn what observations the children have already -
made and what principally concerns them.  The children may then decide fto work in small -
- groups measuring the flow of fraffic at the lunch counter and through the aisles, re-
AL - cording the dimensions of the room and the arrangement of furniture, wriTing and dis-
" % ww>tributing guestionnaires of student attitudes and preferences. The data they have

collécted may b€ represented by tables, graphs, -scale drawings and scale models.

. H R N
’ As the'children collect their data, draw their conclusions and recommend improve- '
ments; they may see ¥he need for more data or data of a different Type. Other activities
may include theinvestigaticn of the cost of suggested improvements such as rearrangement
of counterg new tablgs, more doors, efc. A single solution fo The problem is not )
necessari scught, but each group of students documents as thoroughly as possible its

suggested improvements.. |n some cases, the receive permission <to try out fheir -ideas
g 3 . Y Y Y .

- " so.that the™wnit is abie To culminate in some action such as the accéptance of some Qf
Theirurgcommendafions by the principal or school board. At other -times, -the unit
F/acfivifies may result in a proposal for changes. L - : .

~— ~ T. ' .
The lunch lines-probiem may lead.naturaily to follew-up ac+ivites. related to,other
school problems such as Play Area Dgsign and Use of Classroom Design. )
» ' T : oL
' SOFT DRINK DESIGN ’ N B

Challenge: Invent a new soft drink +hat would be popular and produced at a tow cost.

hildren may quﬁckly-become'involved~in this challenge if they are asked wpat .
makes a soft drink popular. Alternatively, a future schoo! party might need a bev-
erage which the children could be asked To'concoct. .

s Frequently a class will separate into small groups to plan their own methods of

di5covering“¥ﬁe important characteristics of a popular drink. One group may devise a

. questionnaire and conduct a sample survey-of various age groups To define the flavor,
degree of carbonation and price preferences of different consumer gfoups. ResulTs
of the surveys are tallijed and then depicted on histograms and bar or [ine graph forms.
The children might devise a blindfold test 1o see whether a consumer can actuaily .-
distinguish befween certain drinks. Right and wrong guesses are tallied on a con= |
fusion matrix. . L ‘ Con,

Another group may prepare several punches by mixing flavors and sugar in varying
proportions. Preferences are determined by tlindfoid testing. Subsequently, important
factors are identified by rating all possible pairs of punches according to~gimilarity.
Resultsare tallied on a two- cr three- dimensional map. )

- Using a similarity map, it is possible to then distinguish The factors in each drink -
which contribufe to discernable tast differences between the drinks sampled. |f the pre-
ferenc2 resultfs are then correlated with this factor analysis, the children can figure
out which factors should be -included in a popular beverage. '

._l;z f

o




Ué&%lED SCIENCE AND MATHEMATICS FOR ELEMENTARY SCHOOLS, (USMES)

The produchon and sale of the children's design leads to problems dealt quh in
both Manufacturing and AdverTlSnng

#* CONSUMER RESERACH-PRODUCT TEST ING —
Challenge: Determine which brand of a product is the best buy for a certain purpose.

The challenge might arise from a class debate over the quality of some product
bought by the children, their parents or the school store or over the claims of TV
commercials. The children decide to test several brands of the products which they use
most freguently.

. The class &s. a whdle or individual groups formulate test objectives and procedures
The chiidren may purchase the several brands themselves to make price comparisons and
per unit cost calculations. Quantitative data is obtained by testing the properti~s of
the products, such as the lifetime of pens or soap pads, or the strength of batteries
or plastic wraps. Often the children construct test apparatus to insure uniform, ob-
Jective measures. Using the data acquired, the children calculate areas, vclumes, |ife-
times or strengths. Information is depicted on bar or |ine graphs. Test procedures and -
results are periodically reviewed by the class to appraise constructed as well as the
suitability and .validity of the tests. Finally, using the test results, the children
determine which brand is best for their specific purpose, considering also quality and cost.

Having evaluated the several brands of a product, the children decide to inform their
schooimates, parents or the product manufacturers of their test procedures and findings
by means of a school magazine or newsletter. A permanent cunsumer imformation’/product
testing group might be formed. '

As a fotlow-up activity, the class may decide to manufacture a new consumer product;
They .consecuently explore production and marketing techniques. This may lead to both
Manufacturing and Advertising.

PEDESTERIAN CROSS INGS
.Chal lenge: Recommend and try to have a change made which would improve the safety and
convenlence of. a pedestrian crossing near yowe sc¢hool.

Children are awars: from an early age that some pedestrian crossings are more danger-
ous than-others. They are. urged to cross streets going to and from school at locations
where traffic police are on duty for short periods of tfime before and after school of

where there are "Walk" lights. _ :

The challenge might originate from a general discussion about coming to schoagf/{lf :
crossing certain streets is a problem, the teacher will learn what observations the chil-. "
dren have already made. The children may then decide to work in small groups-counting cars
to determine traffic flow-pattern, -calculating speed of cars, timing pedestrian crossing
times and car gap times, measuring length and width of street and height of buildings and

" trees, interviewing pedesfrians about the safety of the crossing and possible improvements.
The data they have collected may be represented by tables, graphs, scale drawings and
scale models. Classroom simulations based on rea] data may be used to try out some of the

) ch:ldren s suggesTuons

As:children col lect The data, draw their conclusions and recommend certain improve-
ments, they may see the need for more data or a different tvpe of data such as sight dis-
tances. and car-braking distances. A single solution to the problem should not necessariily
be sought, but each group of students should document as thoroughly as possible its-sug~

- gested improvement. It is hoped that the unit will culminatg in some 0051.1ve action like
lbubmifﬁng a report of recommendations to the proper aqjggpfflns.

o 773
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Mathematics Resource Project (MRP)

The following‘activities, reproduced with permission,
are sémpleé of materials from the Mathematics Resource Pro-
ject, developed at the University of Cregon and supported
by a grant from thé National Science Foundation. Project'
materials are now commercially available from Creative

Publications.

Mathe@atics Resource Project materials consist of five

resources, each containing worksheets, calculator activities, .

games, puzzles, bulletin.boﬁrd suggestions, project ideas

e

and teaching didactics. The resources have been designed

and created fo;'teaCherg-in grades 5 through 9.

Resource activities are highly motivational materials

designed to provide student practice with all the basic

skills including problem solving, mental COmputation, estima-

tion, and measurement.: Individual resource packets are
organized under the follow1ng titles:
Number Sense and Arithmetic Skills - 832 pages
..Ratio, Proportion and Scaling - 516 pages
Geometry and .Visualization - 830 pages
Mathematics in Science and Society - 464 pages
Statistics and. Informaticn Organization - 850 pages
The_samplé materials are identified by the letters MRP

on the top right hand corner of the page. _ ~
Fér'more inﬁorma@}gn aboqt Méthematiés Résource Project.
materials, contact: | |
| Creative Publ 1ca+1ons, Inc.

'P.O. Box 10328
Palo alto, CA 94303 . -
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* The following materials from the Mathematics Resource Project were
includea in the packet, but cannot be reproduced here due to copyright .

restrictions:
Do You Know That .
Rumors
Change for a quarter
Wordless Problems
Omar’'s Dilemma
Balancing Bees
What's My Line
Strictly Squaresville
The Painted Cube
A Startling DiScbvery
The Parthenon )
' Impossible? or Improbable?
fMakimum~Yblume ' '
"A .Sheepish Problem . , \i;;
‘Let's Not Get A Head -
Make a Dip Stick
Forest Fires Are a Real Burn
' Opération_Pieqsé!
Picture Problems 2
Great-Great-Great-...Grandparents
More Fun at the Fair
Area Problems to Attack
Staircases-
Going Around in Circles
Petite Proportions 2

A Variety of Volume Vexations

The Wide Open Spaces

~




Mathematics Problem Solving Project (MPSP)

The following pages, copied with permission, are samples
of problem materials from the Mathematics Problem Solving
Project (MPSP),‘a project of the Mathematics Education Develop-
ment Center at Indiana University funded byia grant from the
National Science Foundation. The projeot wee;cooperatively
developed by staff from.the following: |

University of Northern Iowa
Cedar Falls, Iowa .

Oakland Schools
Pontiac, Michigan » P . .

Inéia University e
" Bloomington, Indiana

A}

Progect materialS/conSist of . three booklets of lesson.

P i

outlines/and three associated sets of problems organizad under

///// the followinhg headings.

l/// ;Code -
' Using Lists -0%%
Using Tables #g-=-1

' Using Guesses ##--6.

The sample problem materials are identified by the letters
MPSP on the top right hand corner of the page.
'Inquiries about the project or the materials may be addressed .
-to: : Professor John F. LeBlanc, Director
Mathematics Education Development Center
Education Building

Indiana University
‘Bloomington, Indiana 47401
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The following materials from the Mathematics Problem Solving Project
were included in the packet, but cannot be reproduced here:

BO.1 - 13 BV 6 :

'BO 2 nwe
BO 15 : 7 EM 6
BO 16 e
WO 13 19 BM‘ 6 ’
WO 14 e
Go 1 o
GO 2 10 Y™ 6 )
.Go. : 13YM 6
oi - e
) - eo . v
o GO 20 : 22 YC 6 -
_ . 3BC1 ‘ 23.YD :
4BC 1 Bo
29 BS 1 - e
vy " 10WD 6
6~YM 1 o |
6 ¥YB 1 sw e l
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- _ FRACTIONS

Egyptains used fractions with some special rules. First, they used only unit fractions,
fractions with 1 in the numerator like 1/2, 1/3, and 1/5. Second, they expressed
fractions like 3/4 by using only unit fractions. Also, they never used the same unit
fraction in the same expression more than once. One way used to express 3/&4 was 1/2 +
1/4. Think like an Egyptain and provide a name for the following fractions using on*y
unit fractions. Use the number of unit fractions you-are told to use. .

1. 1/2 -~ use 2 unit fractions
--2:75/8 - u§é 2 unit fractions
3. 13/16 - wuse 3 unit fractioms
4. '7/8 ~ use 3 unit fractions
5. 9/16 + - use 2 unit fractions
6. 3/7 - use 3 unit fractiogs
7. 1/6 - wuse 2 unit fractions
NUMBER PATTERNS
(thirteenth)

What is the next number in the sequence?

14).17) 50) ’ » )k ’ 1] ’ b ’ b ;’ b

Start with a number. Form a sequcence such that each term is the sum of the squares
of the digits of the preceding term. At some point in the sequence each term will

be .l or the sequence will repeat. : . _ )

16, 37, 58, . ’. £} £} ' ’ 3

o
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VOLUME

Cars have space inside so persoﬁs can sit in them. Sometimes we putlother things
in a car. Estimate how many baskctballs could be put into your car.

10 basketballs
45 basketballs . .
115 basketballs

Write other guesses

AN

SIZE

Write: several large and small amounts of money.

$1,000 o 2¢

$5 ) “Write more

You are buying something for 43¢. Write several amounts of money which "are small"
compared to 43¢.- ‘ _ ' . L

i
. \

Write several amounts which are small compared to S$417.



LENGTH

Trace the length of the segment with your finger.

Is it as wide as your finger? Your hand?

List several things in your school which YOu estimate to be as long as the segment.

. MASS

Get a box of paper clips.

Pick up your pencil. Does it weigh as much as 10 paper clips? Put the clips in
one hand and the pencil in the other. Make estimates smaller and larger than 10
for the weight of the pencil in paper clips. Circle the best guess.

Complete this chart
Weight Guesses

Object Number of Clips Best Guess
a) pencil 10, 20, 7, 50, 18 . ’ 7

b) pen ’ “

c) ruler

d) eraser




NUMBER /SPACE

1

Find a picru-e in a magazine or book that has many things in it. List the ideas
about space and number which you estimate or see in the picture.

Examples: a road longer than a house
three boys :
a plant-smaller than a boy

¥

Name smaller things that fit into larger things

\ Examples: a fire in a house
car in a garage
grass on a lawn

QUANTITY
List several things which ‘are found in packages or groups of 100 or more items.

Examples: people at a basketball game
popcorn kernels in a bag
cars in a salesman's lot

13
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PERCENT

Suppose you leave a tip for a waitress at a cafe. Some people leave 15% of

the cost of the meal. If your meal cost $6.30, estimate ways that you could
use to find 15% of $6.30. List some ideas about 15% and about $6.30., Write
some guesses about what 157 of $6.3C might be. Circle your best guess. You
do not need to find the exact amount.

CHANGE

Suppose you have 7 coins in your pocket that add hp to $1.00. What are the-
. coins?

el
0
)




& AWhdds AVUVLLD LINO

List the first“é prime numbers that are in ascending order and the first 2 prime
numbers that are in descending order.

MASS T

A baseball player has 8 baseballs. Seven of them weigh exactly the same, but

one is heavier. Using a balance scale, how can you find the heaviest ball in
just 2 weighings? : )

s

First weighing - put-3 balls on each side of the scale. If one side is heavy,
we know the heavy ball is one of the three on that side. If they balance
we can weigh the 2 remaining balls in another weighing. Take the 3 balls
and put one on each side. If they balance the 3rd ball is the heaviest.

| S
(W
N




SCALE DRAWING

Suppose that a lady bug wants to crawl up to the window where there is a hole
leading outside. The lady bug is at the tip of your shoe now. Give the lady
bug a map and directions for the shortest route from your shoe to the window.

CRYTARITHMETIC - -DIVISION
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Selections From Mathematics Curriculum Guide and Scope and Sequence

Developed by Berea City School District, Berea, Ohio
POSITION STATEMENT
PROBLEM SOLVING

Learning to solve problems and apply methematical skills is the major reason for studying
mathematics. Therefore the most valuable and-lasting strand of the mathematics curriculum is
Problem Solving. It is the skill and strategy gained in this area that the learner will use
all his life, for it is here that the focus of all skill areas come into use. The knowledge
of skills combined with the thinking necessary to find solutions to the unknown is the highest |
level of mental processing.

Problem solving should involve purposeful and perplexing questions of interest to the stu-
dent. A true problem is a situation that is novel for the person trying to solve it.

Because this area is so hlghly dependent on cognitive ab;lltles, it is very important to
consider its relationship to child development. Problem solving activities are of a -highly
individualized nature. If one were to compare a monochromatic development of color from white

. to black, one could imegine the infinitesimal shades of gray between the black and white. All
' these shades represent the miltilevel skills in problem solving.

There is some cormonality in both child development levels and problem solving strategies. .
According to George Polya, problem solving strategies can be taught like any other skill if
the proper stage of developmerit and prerequisite skills-have been achieved. He likens it to
swimming in that if you want to be a swimmer you must get into the water.

The mathenatlcs Scope and Sequence has been based on the commonallties evident in child
development and allows the profe551onal teacher to make adjustments to provide for unique
needs and abilities.

There are three stages of child development which are essential for con51deratlon in prob-I

.. lem solving approaches. These are defined by Pisget in the following manner:

pre—opeiational - 2-7 years - labeling activities, refining sensory motor
activities, simple concept level

concrete-operational - 7-11 - operates with concerte obJects, begins organi{&tional
. ' ‘ thinking : -

formal operations - 11+ years - operates with ideas, makes inferences

Problem solving strategies most useful for young children are the following in sequencial
development

1. Act1v1t1es which involve comparing objects on common attributes and Vhlch 1nvolve
much manipulative processing.

2. Activities which represent ideas pictorially rather than concretely.

3. Act1v1t1es which transfer concrete ideas into abstract symbols like number sentences

or eqnatlons.
4. Activities whlch verlfy a solution by testing it agalnst concrete manipulations.

“As a young person begins to think abstractly these skllls can be a useful tool to him/

her. They should be introduced easily and comfortably with visual confirmation. Difficulty
should be inceased in small sequential steps. ) i
| o ’ 135
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. uMeny of the above strategies carry over from the young child to the intermediate;
Junior, and senior high levels. They are dependent on the student's background of
- experience. ~ . -

-

Further exten51onscﬁ:problem solving are prevalent as the ch’ld s experiences and needs

are.broadened. Skills are needed in other content areas and are demanded by inverests in 7
hobb*es and activities within the child's life. N . N

Students at this level/have developed some abstract thinking and many processes can be
combined to solve a problem. Some:problem solving techniques availeble to the student.at

this level are:
: . /

1. Estlmatlng

2. pa.tternlng

3. Using a model/de51gn
k. ,Wbrklng backward .

- -

The teacher must demonstrate the technlque and then allgv the student to practlce u51ng
the technique.

Problem solv1ng is more a part of the life of ‘the secondary studenteﬁshe/sne becomes
ready to enter his/her role as an adult in society. Life is not a series of segmented
activities but an interplay of -all skills, knowledge, and abilities. With this integration in
mind, the problem solving strategies at this level are highly complex and multifaceted. They
involve,  however, many components of-those strategies taught at an earlier level and are
highly dependent on them. Some strategies used at a highiy abstract level of development are

the following: fi

. Selectlng apprcprlate notation: : .
Identifying wanted, given and needed 1nformatlon
. Systematizing . _ - . )
. Restating the problem B :
\ - J
" “he development from the concrete to the abstract.approach of problem solving must be

-

W

" _taught and not be left to chance. It is-the respons1b111uy of every educator to provide

this essential ‘segment of a child's :education and alse %o help him .learn to apply and trans~
fer his math &kills to other areas im which they. .are needed. The Problem Solving strand’of
the Scope and Sequence supplies the foundatlons and structure for 1nstructlon to take place..

Yoo \
\




‘ : _ MATHEMATICS ‘SCOPE AND SEQUENCE
T o - STRANDS/COURSES
o _ The ‘K-8 mathematics cope and sequence is divided into seven strands:
1. Structural Number Concepts . 5. Interpreting Quantitative Data
. . 2. Computation a. Ratio and Proportion -
T a. Whole Numbers and Integers © 'b. Graphing .
- “b. Decimals ' c. Probability
. ¢. Fractioms | : d. Statistics :
- 3. Geometry- , _ 6. Applications i
k. Measurement 7. Problem Solving - ,

Structural Number Concepts involves numeration and the theory of real numbers.
Students will become aware of the underlying concepts which serve as the foundation for
methematics and its uses.

Computation of'uﬁble numbers, .decfmals, and fractions provides for an understanding
of the algorithms used in computation. Students will become .aware of the process of )
computation and be encouraged to check answers or solutions as to accuracy and reason-

ableness.;

~ Geometry fuifills the 1nd1v1dual s need to understand the. phy51ca1 world. From
recognition of basic shapes to finding the volume of "pyramids" students wlll gain
‘* insight into the spatial relatlonshlps vhlch exist in their world. :

: Measurement deals primarily with metric measure and incorporates length, area,
..~ mass, voiume and temperature. Xnowledge of measurement terms is essential in one's
life, as are the actual. skills of estimating and measurirg. Students will gain a sclid

* . background of knowledge and skills through this strand.

[

Interpretlng Quantitative Data contalns ratlo, proportion, graphing, Statlstlcs,
and probebility. There is much evidence to support the inclusion of all these topics
‘as eagh one plays an important role in the individual's participation in the real
world. * Students wlll be provided many opportunltles to gain practlcal skills in thls'
strand.

Appllcatlnns provides many 0pportun1t1es for students to put to use the knowledge
and skills learned in the other strands.
1N
- Problem Solving is"yet another way to apply cognitive skills but goes far beyond
¢ applicaiton. Students will learn the processes of problem sclving. - This 'strand is the
most important of all the strands as it is the goal toward which we are leading our
- students. If students can approach a problem s1tuatlen end apply tr~ skills of this
- - strand, they will reach satlsfylng solutions.

a

‘The concepts in. the ‘'scope and sequence hazve been coded as spiraling, core, spiraling
core, and enrichment. The spiraling concepts are those concepts introduced at a previous
grade level which may need to be reviewed. Core items are those concepts considered to be
appropriate major concepts for students at & grade level but. extended to some degree when
reviewed the .following year are coded as spiraling core. Finally, the enrichment ideas are
those concepts at a grade level for the more capable student.

L - - . - ﬁ .
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. Grade X-3 . , PROBLEM SOLVING

. Numbers in front of objectives indicate grade levels when the objective
can be accomplished.: '

All the objectivés are considered important. The experiencegs of each
child will depend upon the development of the child, his/her native ability,
and his/her attitude. : :

It is suggested that teaéhers maintain an environment where these objectives -
can be accomplished to some degree by all students.

~

X, 1, 2, 3 1. Draw from his/her cognitive dackground.

3 2. Identify useful or extraneous information given in the description

of a problemn.
: s

1, 2,3 3. RecogﬁiZe'simple questioning techniques for plaéing_a given y///
situation iB & mathematical context. Example: What operaticn

- ~ shoulid be used? What units? What comes first? -

. .1, 2, 3 L. DrayLPiGQPrgs to develop understanding of a problemf/

K, 1, 2, 3, 5. Menipulate physical oBjects to develop understanding of a given
problem. ’ -

1, 2, 3 6. Use tables, drawings or diagrams to,dévelop understanding of
¢ a problem. '

3 7. Identify the object of a proBiem, the given information, and
the unknowns. 7

.3 8. Statea givenvprobléﬁ in simpler terms.

i, 2, 3 9. -Construct mogelé of problems. (physical, simple Jumber sentences,
tables, graphs, SeomEtriC‘shapes)’ =

1, 2, 3 10. Conduct s;mple physical experiments and collect data to find
' solutions..

K, 1, 2, 3 ll.'/Check solutions to problems.

1, 2,73 12. ‘Explore patterns to reason through & problem.

133
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A Note to Conference Participants:

On' the following pages are listeé the 17 problem .
Jsolving strategieé presented dﬁring the conference. 'Yoﬁ
might use these as master sheets to make transparencies
fdr Your.in—service activity. If fou chose, you can type
in example problems to illustrate each strategy. ‘(See
"StudentvStrategies for Solving Problemg“ in an earlier
section of this packet.) You may prefer to distribute the
"Student Strategies . .\u“lpaper to your teachers and make
transparenéies from the following masters.- Then you could
work and discuss-the»prbblems in the paper, workiné on the

overhead transparencies.

b~
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PROBLEM SOLVING STRATEGIES

1. SELECT APPROPRIATE {OTATION.

Y

2. MAKE A DRAWING, FIGURE, OR GRAPH, -

3, IDENTIFY NANTED; GIVEN, AND WEEDED IHFO.




4, RESTATE THE PROBLEM.

'S, WRITE An OPEN SEWTEWCE.

<

6. DRAW FROM YOUR BACKGROUWD,



7. CONSTRUCT A TABLE.

8. GUESS AWD CHECK.

-

9. SYSTEMIZE.

‘ Mo
(V]

A
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10

11,

. 12,

. *HAKE A SIMPLER PROBLEM.

CONSTRUCT A PHYSICAL MODEL.

HORK BACKWARDS.,

144 -



13, GENERALIZE.

14. CHECK THE SOLUTION.

15. 'FIND.ANDTHER'WAY T0 SOLVE IT.



17,

FIND AHOTHER RESULT.

STUDY THE SOLUTION PROCESS,

Pl
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INSERVICE EDUCATION
Ohio Regional Conference on Mathematics Education
" March - May 1978

The stccess of any inservice experience depends  greatly upon the harmo-
aicus interaction of a large number of 'variables. Some of these variables 1like
sim'ag, greup size, location, length, jnvolvement, and assistance, may be withim .
your contrcl. But other factors equally important to the inservice success may
be less directly under your influence-——components such as participant interest
(see Appendix A), attitudes, background knowledge, administrative cooperation,
_and equipment performance OT availability.

This makes the task of ‘inservice plamning both difficult and critically
important. One tries, of course, to optimize all conditions affecting the
inservice. But, if one were to select 2 single component that must be addressed
to assure chances for success (after participants are warm, comfortable, and

- £411ed with coffee), that variable is that participants must be convinced of the
need for the imservice. - : ' ‘ ‘

In the case of problem solving and calculators, this inservice element
becomes imperative! Nearly every zeacher will come to amny such i3~ ice
experience with very strong attitudes and beliefs. Problem solving i T
responaibility of the high school--my kids have enough trouble learming their
multiplication facts, or caleulators would make it impossible to motivate
children to learn their basic facte--kids, like adults, would only get lazy
and become dependent upon calculators.

Therefore,' it. is extremely important ‘early in your inservice activities to
discuss the issue: Why should more attention be focused in the elementary
mathematics curriculum on problem solving (calculators)?

The answers to such questions are 1ikely to be fraught with high emotion.
One possiblz strategy to avoid early problems, to defuse some of this emotionm,
and to capitalize omn the intense feelings, is to conduct an open and highly
participative discission using one of these questions as the topic. Allowing
participants to verbalize their points of view, hear others, and have certain
misgivings answered by the group will get youy off to a smooth start with high
participant involvement while avoiding your being pushed too early into a
defensive posture. ' ) e

After a period of free wheeling discussion, it will become necessary for
you to summarize the group discussion (theirs, not yours, even if it isn'c what
you might have 1iked) and .to move on tO a more substantive study of the .topic.
A transition like the following might be helpful. Now that we have had a chance
to air our feelings about calculators (probiem solving), let's take a look at
vhat research and some actual classroom experiences have t0 Say about some of

+the issues we have discussed. -

-

At this point, a relatively short but convincing presentation will probably
be necessary to. convince skeptics and to reinforce gupporters- of the importance
of the topic. The folliwing materials may provide you with some solid ammuni-
t<on for this presentat.om. . ' :
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why should we give more emphasis to_problem solving?

Back to basics, minimum competencies, and high classroom priorities on = .
basic fact development are likely to be topics that will cloud the problem
solving issue. Traditional strong emphasis on basic fact development (and
consequent low prioricy on problem solving) has been:2 bench mark of the
elementary program. Coupled with the superficial i{inferences by some back to
basics and minimum competency advocates that children are not learning their

"basics" as well as previous generations, arguments  to place more emphasis on

problem sclving are likely to meet with some resistance.

Many of the eritics of current mathematics education base thelr concerns
_about the lack of success of the mathematics program on the performance of
~ graduates, the finished product of our educational efforts. But close listening
and questioning of critical concermns yield interesting results. When they say,

m 1 4 -~ , - - . - .
Today's graduates dor't know tneir basics; most critics actually mean: ‘Today's

graduates can't apply their bacic computational skills in reasoncble problem situations.

As the accowpanying table (see Appendix B) of Ohio twelfth grade assessment
results for mathematics shows, computational skills are reasonably high and
relatively close to the desired performance as determined by a-panel of Ohio
mathematics educators. However, problem solving capabilities decline very
rapidly with increasing coaplexity of the situation and produced-marked discrep-
ancies between actual and desired performances. The sample items also illustrate
that the problem situations are quite relevant to adult needs and, with one
exception, are quite within the level of difficulty of the elementary program.

National assessment data reflect precisely the same trends as this Ohio
information. Problem solving skills are not well developed for a significant
cumber of students. Basics and minimum competencies may continue to bs a
concern. However, for most students, the concern should not be restricted to
development of computatioaal skills, but rather extended to how to use them.

Two key jssues that remain to be answered to convince 2 group of the
importance of problem solving inservice are! -1) Is teaching problem solving my
responsibility? and 2) What is there to teaching problem solving that I am not
"doing now? .Other packet information can be used to help answer these questions.
An excellent additional rusource is the November, 1977 issue of The Arithmetic
Teacher. A somewhat moTe sophisticated reference is the March, 1978 issue of

School Science and Mathematics.

Way Should We Cons-der the Use of the Calculator in the Flementary ’rogram?

The hand calculator 1is the second most successful electronic instrument
(after televisiom) ever used in the consumer world. They are becoming as common
place as pencils and paper. The small size, lack of noise,idurability,”and
enormous price drops of 95% have made the jdea of a personal hand calculator for
every pupil and adult a real possibility.. )

#and calculators can make the performance of complicated computations less
tedious and more accurate but their use does not lessen the need for pupils to
wnderstand winich operaticng are needed to solve a particular problem, -to make
sensible estimates. and. to analyze their results. If the hand -calculator is
vsed progefly in the classroom it should help alleviate sedious hand calculations
+#nd enhance a pupii's matnematizal understanding and computational skills.
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The use of the hand calculator by teachers will be 2 new experience and
will provide them with new insights in evaluating mathematics instruction by

themselves and their pupils.

OTHER CONSIDERATIONS FOR INSERVICE PLANNING

In designing an effective inservice program, there are many other factors
that should be considered after plans for amswering the need issue and for-
organizing the general content have been made. Some of these factqers involve
general comsiderations of what is known about successful inservice. Others
concern specific considerations appertaining to mathematics inservice.

Ten Comsiderations for the Planiing Qf'Successij-Staff'Ebbelogment*

Significant changes iz teacner behavior will occur when activities are
directed toward specific outcomes. However, it should not be concluded that
most procedures will be effective for most objectives. Differences in materials,
approaches, and formats are related to differences in ‘the effectiveness of *
professional growth programs. Research supports the fcllowing characteristics
of successful inservice educatiop. '

1. Irservice programs that are school-based have more inflﬁence on
teacher attitudes than those which are. college-based.

2. Self-instructional inservice materials designed for teachers to
use in the school setting have proven to be effective. N

3. School-based programs where teachers participate as planners and
provide resources to one another are more successful in achieving
their objectives than those which are condiucted by college or other
outside personnel without the help of teachers.

4. Staff development activities that are individualized are more

likely to accomplish their objectives than those which offer the
same program for all particip: 's. . =

S. Professional growth programs that place”the teacher in an active
role comstructing and generating are more likely to realize their
objectives than those where the teachers are in a receptive role.-

6. Inservice activities that emphasize demonstra%ions,,supervised
trials, and feedback are more iikely to reach| their goals than are
those where teaichers are asked to store up prescriptive ideas for
a future time. - '

7. TInservice education programs which are organized in such a way
that teachers can share with and help one another are more likely
. to achieve their objectives than are those where teachers work

sepérately.

8. Teachers benefit more from staff development activities that are
ongoing in nature and a part of tae school's total program than
shose which occur only as isolated episodes. ’

*

»IATIONAL COUNCIL OF STATES ON LNSERVICE EDUCATION, February, 1977.
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9. Teacher selection of goals and related activities are more bene~
ficial to participants compared to those programs, where goals
and activities are preplanned.

-
-

1C.- Self-initiated and self-directed inserﬁce activities are assoc-—
iated with successful achievement of program goals.

Ir}fplications for Mathematice Inservice Education

A. [Parental Concern' Three factors seem to affect both pupil attitude and
pupil performance in mathematics. 1) parental expectation of pupil
achievement in mathematics, 2) parental encouragement regarding
mathematics, and 3) parent's attitude toward mathematics.

B. Affective. -Wholesome attitude towazd mathematice is promoted when the
pupil feels: 1) mathematics is useful, 2) success is possible, and
3) teacher is enthused about mathematics.

cC. Elementary school teachers prefer inservice that combines content and
methods of instructiom.

D. Some elementary school teachers may lack confidence Zn their ability to
-learn mathematics.. ' ‘

. E. The first inservice session should be closely related to classroom work.

F. Inservice sessions "should include problem solving and hand calculator
exercises and methods that can be .adapted for use in teachers' own

U . classrooms.’
| G. ‘Teachers who have taught the same grade for many years may need a review
of the K-6 mathematics program goals. L

Some Themes Arvound Which an Inservice Might Be Organized

How problem solving (calculator use) relate to the total curriculum; to
. the mathenatics curriculum

Teacher attitudes about calculator use (problem solving) compared to
research and assessment “findings

-

.How to teach for problem solving: strategies approach; types of problem
solving ° kT o

. "

How to organize your classroom and instruction for problem solving

Problem, pitfa.lls,/and other considerations ia sinmlating real problem
solving in the cla;sroon

Some: Questiong as You Plan _f‘or an Inser&ice

> How can you best provide inservicé to .grcups? Do K-2 teachers have - different
" pezceptions and needs than- 3-6 teachers? .

What size group is most des:.reable for inservice?

: b . . -
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How do your -teachers feel about mathematics? about their abilities to teach
it? - .
: Is a needs assessment desireable? When should it be administered--before or
' after the first session?

Should members of the junior high or senior high school staffs be involved in .
the *nservice? in what capacity? -

N o p——

Is probleﬁ solving-a strand id'yoﬁ§\surriculum guide? Is enough importance
assigned to it? What kinds of other \resources for teaching problem solving do
you have in your district? : } -

’v‘ .
‘Are calculators readily available inlany of the buildings of your district?
Could they be made available? through what means?

What kinds of attitudes do your tzachers, parents, and school board members

have about basic skills? minimum competencies? problem solving? calculators?
What needs to be done to overcome any resistance? to point out the potential or
importance? ; _— )

How much time will you have for inservice? What themes should you build your -
inservice periods around? ' :

" Shouid you ijnservice ‘at the district level or building level? Should you work
with total staffs or representatives (who may or may not mltiply/ their experl-—
ences)? What role do administrators have in your plans? parents?

* What ran.you do about establishing a resource center, corner, file, etc? How
many per building or district are needed? What can you do to make teachers aware
of rescurces. from ‘this conference?. from other ‘sources? |

. Can direct assistance to teachers be provided by you or someone else in the

clﬁssroomﬁ
- [

= ‘How can you utilize other expertise.available to you within the district? out—
side the district? How might vou use the college educators you met at this
conference? ' ' o

Can you benefit from planning together with people from otner districts? Hew.
could you do this effectively? : 2

what z iditional assistance do you need that has not. been provided here? Where
can yr a1 obtain it? _

what mpliéations do issues raised relative to problem solving and calculatot
use have for preserVice training? : : .

What is the nature of your cormitment to these inservice topicé? Will ycu do
one inservice and then move on tO the next "hot topic?" Or will you pursue
this topic over a long period of time?

¥hat kind of suppext can you expect from your administration at the district
- level? at the building levai? What kinds of suppori can parents provide?

~~
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What kind of resources, financial and other, do you need to do proper in-
service? , ..

Should you at;eﬁpcléo begin two big inservice thrusts at the same time? Do
the topics need to be treated separately? - Could you worx on one topic with
teachers from sorme grade levels and on the other topic with other teachers?
1f so, which would initiate with which group?

Should you seek outside funding sources for a comprehensi&e program within
your district? If so, what sources are available? .

Should you make problem_solving an interdisciplinary effort in your inservice
plans? What kinds of additional considerations might need to be made? What.
resources (materials and personnel) are availabie for such an approach?

Should you set up model classrooms working with only a few teachers hefore
launching more extensive inservice fforts? How could you use the model
classrooms? -

‘ , e
Wrat kinds of plans should you consider for parent and public awareness?

Hos long should individual inservice sessions be? How far apart should sessioms
be? What kinds of provision for feedback and input need to be considered?

What kinds of curriculum changes or teaching emphases might be required to
piace more stress on problem solvir® {calculator use)? ’

In what ways may your evaluation program be affected?

Would a éghool‘wide activity (problem solving olympics) or theme bebproductive
'in encouraging a.total school iavolvement to help reach your inservice goals?
(Another activity might be a contest to design a safe way to drop an egg from

the top of the school building without breaking the egg.)

Inservice ecucation is too important to be left entirely to university and
" college professors,_P.T.A.'s, curriculum committees, curriculum directors,
county or state supervisors, bargaining units, or school board members. The
professer or supervisor may instigate the planning at each building by teachers
under the leadership of the administrators but the topics must come from the
sachers. Districts should develop an inservice program building by building
where a needs assessment is developed and administered. Then appropriate in-
service should be planned and implemented on a long term basis with continual

feedback. p

GOOD LUCK!
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APPENDIX A ' \

In order to plan inservice a‘professor or supervisor should obtair data
conceming the needs of the proposed population. The following summar of a
needs assessrent obtained from 153 teachers and administrators in 17 e ementary
schoois in tle Toledo Metropolitan area is listed as an example of dat: that
would be use:ul during the planning stage of anWnservice program.

Needs Assessment Summary
153 responses
' No Some Much

1. Effective Classroom Management Techniques 17 72 49
2. Exploring Alternative in Reporting to Parents 32 79 31
3. Techniques for "tuming on" the "turned off" :
students _ ‘ o i3 39 83
4. Diagnosis of Learning Problems in Students and
Developing Strategiles for Overcoming Them 8 53 7¢< .
5. Effective Teaching Strategies for Reaching the .
Below Average Student in the Classroom : 13 54 71
6. Utilizing Televisicn as a Tool for Improving ’
Instruction 59 69 11
7. Identifying and Utilizing Area Resources for the ‘
Extension of Classroom Learning Experiences 23 66 44
8. Maintaining Efficient,.Effective, and Legally .
Correct Student Records ' 56 57 29.
9. Developing Learning Resource Centers in the ‘
Classroom . Co- 25 56 5¢
10. Gearing up for the Mainstreaming of Handicapped R
Children in the Regular School Program 36 66 3
11. Preparation of an Instructional Unit 72 56 15
12. Planning Strategies for a week, quarter, year 59 60 16
13. Subject Emphasis--How is a particular subject, . o
such as mathematics, taught Today in Elementary
‘ School . : 55 59 21
14. How to deal with prejudice in the classroom 58 66 13

Each respondent was asked to indicate the degrée of no, some, or :much,
relative to the need for inservice work for each itém. As the summary implies
the respondent's immediate needs centered around topics 3, 4, and 5 while they
expressed little need for topics 11, 12, 13, and 8. It is with this type of
information that a professor or supervisor can accurately plan*inserv{:e;sessions
that are needed by a specific 3roup of teachers. B

A




SOME PERFORMANCES ON THE

APPENDIX B

TWELFTH GRADE OHIO MATHEMATICS 'ASSESSMENT (1975)

_Number Problem Actual Desired ;
of Items Type Performance Per formance Difference
9 " whole number computation = 91.8% 96.7% . 4 9%
17 one step application 85.1%. 91.7% - 6.6%
18 two step application 67.6% 88.4% - 20.8%
3 difficult application 48.3% 87.2% - 38.9%
16 interpretation/infefence 79.8% 90.7% - 10.9%

SAMPLE ITEMS

. One_ Step Application

Your club earned $250. You want to
spend the money on tickets for the fair.
Fair tickets cost $1.25 each. How many
can ycu buy? : -

A, 11 { 2%)
8. 20 (14%)

c. 22 ( 5%)

* D. 200 {73%)
E. | don’s know. { 4%)

desired performance - 88,8§

Two Step Application
How many feet of fencing is needed to
go around 3 rectangular sswwimming pool
60 feet by 120 feet?
A. 180 feet { 9%)

* B 380 feex (51%)
C. 720 feet - { 6%}
D. 7,200 feet (29%)
E. 1don"t know. ( 4%)

desired performance - $0.6%

Two Step Aopplication

How many ggg;a_rg_ yards of carpcting is
needed for this rectangular room?

Lamendl H 2 S 4

soen

PUNSEY 7 { I

3% A 11 square yards (11%)
B. _13% square yqrds { 5%)
C.” 33 sguare yards (22%)
D. 99 square yards (49%)
E. 1don‘tknow. (13%)

deéired peiformance - 85.3%

Difficult Application

The cost of frozen orange juice

is 6 ounces for 34¢, 12 cunces for
52¢, 16 ounces for 74¢, or 24
ounces for $1.07. Which is the

best buy?

A. 6 ounces for34¢  ( 5%)
2 8. 12ouncesfor52¢ (28%)

C. 16ouncesfor 74¢ (13%)

9. 24 ounces for S1.07 (3¢0%)

Z. ! don"t know. { .6%)

desired performance - 86.2%

*

Interpretation/Inference

What is the weight of B it (D)
is one pound?

LMD DT
.

A, 3pou6ds { 5%)
B. 2 pounds j4( 5%)
C. %poundv (10%)
D. -;-pound _ (68%)
E. Idon‘t know. (11%)

cdesired performance - 77.1%

i
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Use of Hand Calculatoré in Grades K-8: Mathematics Conference

\ : ' :
Introduction . i , L
\ , | |

Pocket calculators are ruining our kids b} turning them Into a generation
of mathematical\illiterates, says Kansas State University Physics Professor
Dr. William Paskec‘ He states that years of reliance on the ubiquitous
machines leads to\a significant diminishment of a pupil's ability to make
basic calculations\yithout'help. "If we continue to encourage the use of
hand calculators at:the primary grades we're going to create a large mass
of mathematical illicerates," Paske.asserts. '

n Dr. Paske's fears are seconded by John Reaner, professor of science
education at the University of Oklahoma. "The calculator will get you the
right answer without your understanding the basics of mathematics," Renner.
says. "That's my fear. The pupils will say there's no need to learn because
this little black box will do it for them."

The question is not whether to use hand calculators, but when, says
Dr. Jesse A. Rudnick, professor of mathematics education at Temple. His
research findings with 600 seventh grade students indicated that using the
calculator didn't affect a pupil's ability to (mentally) calculate at all.

Hand calculators are becoming as commonplace as pencils and chalkboards.

. There are even models out for pupils as young as five yearsiold. - Some educators
feel that calculators may inhibit a pupil's learning basic mathematics skills if
the-'re’ introduced too early by becoming a crutch. Other educators state that
we are living in the age of th.e calculator, so let pupils have them as young .
as possible to be, used as learning tools. Most:educators agree that the hand
calculator should not replace the merits of drilling and home assignments but
used rather to help pupils increase their effectiveness with these endeavors.

“ —

Approximately 36 perceant of Florida's eleventn grades who took the state's
.new functional literacy test.in the fall.-of 1377, failed the mathematics
section. The test was a measure of a high school graduate's minimal skills,
including their ability to determine a monthly.electric bill, calculate sales
tax on different items, and compute interest ont a savings account. Florida
ig the first state to actually administer a test students must=pass {o eamm
‘ a diploma. Many states are planning to follow Florida's testing and we can expect
- éimilar'disappointing‘results'from today's mathematics imstruction regarding the
use of mathematics in the "real" world. The hand calculator is a teaching aide
that may help provide the high school g‘aduates'with'the mathematics skills they
need to operate and survive in the world of work. . .
We will not engage ourselves in a discussion of whether or not the hand
calculator should be used in grades 1-8. The hand calculator is here and
jreadily available to students.,'This'conference's role will be .to provide
/ suggestions for classroom use that are in accord with approved classroom methods
and learning objectives.  The hand calculator should be regarded as another
teaching tool available to the teacher, wmuch like flash cards, blackboards,
overhead projectors, flannel boards and trigonometric tables.  How you actually
use the hand calculator wiil be up to you to decide.
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Hand Calculators \

Stores are Selliﬁgrhand calculators.with many different characteristics.
For classroom use in the elementary school the following minimal character-
istics are recommended.

1. A display of at least eight digits
2. A display that is easy to read by more than one person
3. Four basic functions - addition, subtraction, multiplication, and
division
4. Floating decimal, decimal is placed in each answer authomatically
5. No dual purpose keys
6. AC adapter
7. Have all the calculators in your classroom the same.
The need for similar hand calculators in high school decreases. Additional
features needed by high school pupils are:

1. Scientific notation
2. Square root function
3. Reciprocal function
4. Logarithmic function
5. Trigonometric functiomns

Data from hand calculator manufacturers suggest that sales of hand calcula-
tors have increased from 7.4 million dollars in 1973 to 72.6 miliion dollars in
1977. Sales in over half the instances are being made to housewives and pupils
for home and school use. As one visits schools and talks with teachers it is
clear that the number of pupils using hand calculators is increasing. The )
predicted retail price in 1978 for the basic hand calculator is $5. The
predicted retall price for scientific calculators is $25. Given the price, the
number sold, and the fact that teacher educators, state and city supervisors,
and textbook publishers agree on the desirability of the use of the hamnd cal-
culator im schools, there should be widespread use of calculators in schools

in 1978-1979.

Basic Assumptions. on Hand Calculator Use

1. The use of hand calculators should not replace instruction in skills and -

concepts.
2. The band calculator can be a useful teaching—learning device In an elemen=~

tary mathematics classroom.
3. In courses and in mathematics topics where computational skill is not a

major deectlve, the hand calculator may be used to decrease the pupil's

’ computational load.
4. Use of the hand calculator should be taught to all pupils before they

complete their fcrmal mathematics instruction.
5. Hand calculators exist. They are here to stay in the "real world," SO we

cannot ignore them. -
6. The hand calculator will help stimuiiate pupil interest in solviﬁg mathe-

matical problem55
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7. Decimals and metric computations will be introduced early in the elementary
school. Hand calculators will facilitate early continuous experiences with

this new set of numbers.
8. The amount of mathematics used by the common person (MR. T. C. M.I.T.S.)

will increase drastically.
9. The principle purpose of a hand calculator is to make calculations easy.

NCTM Statement

The National Council of Teachers of Mathematics Board of Directors have
identified nine ways in which the hand calculator can be used in the class-
room:

1. To encourage pupils to be inquisitive and creative as they experi-
ment with mathematical ideas.

2. To assist the pupil to become a wise consumer.

3. To rezinforce the learning of the basic number facts in additiom,
subtraction, multiplication, and division.

4, To davelop understanding of computational algorithns by repeated
operations.

5. To serve as a flexible "answer key" to verify the results of com—
putation.

6. To promote student independence in problem solving.

7. To solve problems that previously have been too time-consuming or
impractical to be done with paper and pencil.

8. To formulate generalizations from patterns of numbers that are
displayed.

9. To decrease the time needed to solve difficult computations.

The impact of widespread use of hand-calculator will produce:

1. Less emphasis on paper—and—pencil algorithms.
- 2. More significant and interesting mathematics in the school.
3. Consumers and acdults much better prepared to deal with the mathe-

matics in the world today.

How Hand Calculators are now used in Schools

Presently hand calculators are being used for small scale exploratory
activities, remedial mathematics in Title I classes, advanced secondary
Science and Mathematics classes, low high school achievers, and in various
NSF funded project. Generzl recommendations presently being suggested for a
district's use of hand calculators are:

1. . Primary level: incidental use, especially in an interest ccraer or

learning center. ,

2. Intermediate level: available in the school of class sets for
occasional use.

3. Junior High level: available of class sets for each teacher.

4. Senior High level: a hand calculator for every student, available

anytime.

| Y
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The hand calculator is being used to save time, to reinforce learning, to
develop concepts, to motivate the learner, and to apply mathematics in every-
. day situations. Hand calculators are quiet enough to be used in a library or
classroom and versatile enough to be used wherever they can be carried. .

The hand calculator reduces computational time and provides immediate
feedback to reinforce learning. It also provides immediate reinforcement of
definitions, functions, and basic properties. As an answer key it provides
immediate feedback for checking exercises. Pupils are becoming more inquisi-
tive, creative, and independent as they use hand calculators. Number-systems
concepts and an understanding of computational algorithms are being strengthened
by the use of hand calculators. Estimation and error-identification skills are
being developed as a result of using harnd calculators, wh&ther the need for
such skills is caused. by human or machine errors. Problem solving is more
realistic since the number no longer have to be simple. With the help of the
hand calculator the relationships between mathematics, the sciences, social
studies, economics, and geography, as well as physical education and vocational
educatiocn, are being reinforced by the integration of mathematical applicatioms
within these subjects. Consumer economics information, tax computations,
stock market amnalyses, and sports are examples of data that regularly appear
in newspapers and that can be used with hand calculators. in problem solving

_ situations. -

Adults as well as elementary pupils now have a tool that can complete
eifectively with the marketing techniques of the business commuiity. Pupils
can help their parents- save money by comparing unit prices, verilying bills
and cash register tapes, and figuring discounts. The hand calculator is also
being used to balance checkbooks and family budgets, to ,calculate income tax,
and for computing gasoline mileage. : -

Although research at this time is inconclusive projects tend to state
that pupils who use hand calculators with their regular mathematics instruction
gained in reasoning ability, computational abiliry, and interest in mathematics
at a faster rate than pupils without the use of hand calculators.

Management

1. Most hand calculators work and are _tough enéugh for direct use by pupils.
Rough handling by pupils is rare:.and calculators are seldem hurt if they
are dropped. Lo -

2. A school should plan for a 10%-207%7 per year replacement (or repair) rate.

3. Hand calculators should be numbered and checked in daily to reduce the risk
of theft. A pocket or space should be provided for each hand calculator so
anyone can easily check on their location.

4. Some rechargeable batteries and adapters will be needed for school owned
hand calculators. - :

5. Pupils should be taught how to use a hand calculator.

6. Teachers and pupils must determine if hand calculators may be used for

local and national tests.

5
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Suggested Uses of the Hand Calculator

Grades K-3
Count sets of objects, one to twenty, and display the numerals on the
hand calculator. (Counting)
Given a set of number cards, one through twenty, have one pupil point
to a card and the students then show that number on their hand calcula-
tors. ' (Number Recognition)
Respond to verbal number names by showing one, two, and three digit
nunbers on the hand calculator. (Number Production)
Given an.oral name, a written name, or a set-of objects, the pupil
produces the  correct numeral on the hand calculator. (Number '
Productiqn) _
Display a nuxber"gn the hand calculator that comes before or after a
given nunber, in the middle of two given numbers. (Nunber
Sequence)
Show the number that is four (4) tens and two (2) ones. (Place Value)
Counting on the hand calculator (punch 1, punch +, punch 1, punch +,
punch 1, punch +, etc.). Count by 2s, 5s, 10s, etc. (Counting Forward
and Reverse) '
Use the hand calculator to help pupils fill in the 9x9 basic addition
and subtraction chart. (Discovering Patterns)
To find or wverify missing addends or sums for addition and subtraction
exercigses in vertical or horizontal form. (Operations)
To discover the role of zero in addition and subtraction algorithms.

(Zero Property)

Grades 4-6
Give an oral or written name the pupil shows the correct numeral on the
hand calculator. Four thousands, 7 hundreds, 3 tens, and 6 ones or
four thousand two hundred six. .(Number Production)
Use the hand calculator to find the number that is 1000 less than 6271
or 8000. Show the number that is 100 greater than 4821 or 4935.
(Place Value)
Use the hand calculator to verify column addition, subtraction
particularly where regrouping or borrowing was necessary, and multi-
plication and division exercises. (Operations)
To help recognize the relationship between addition and multiplication.
6x4 = 24, 4+b+b+4+4+4 = 24, Similar relationship between division and
repeated subtraction. 21+7 = 3, 2147 =14, 14-7 =7, 7-7 =0
(Operations)
Entering a large number (6-8 digits) and having it read by a partner.
(Place Value)
Verify answers to multiplication and division exercises that involve
10, 100, and 1000. (Operations)
Use the hand calculator to determine if the following number are even
or odd. Thirty-eight, 653, 1,692, 29, 8,769, 728. (Number, Theory)
Check this exercise by using your hand calculator '

37 R 2
9 )335 . (Operations)
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First estimate the answers and then use your hand calculator to check

your estimations. (Estimation)
Estimation Hznd Calculator Answer
a. 5812 + 4406 =
b. 846 -~ 231 =
C. 479 x 24 =
d. 8153 £ 41 =

Select the largest number in each row.

your results..

(Order relations)

Use your hand calculator to check

~and is written 9!

a. 19 x 31 b. 32 x 19
889 - 490 889 - 496
380 - 20 400 - 19
2 x 20 x 40 2 x 19 x 30

*  Grades 7-8 y

7

Find the value of 53 or 46. (Exponents) s
Multiply 1 x 2 x 3 x4 x 5....9 = [:] - This product is called 9 factorial

(Factorial) v
» &£ , or = to make the statement true.

(Number prOpertigs)

Insert the correct symbol Then

check the results with your hand calculator.

45 x 31 [:]
178 - 6 ] 178 - 7

127 x 428 ]

35 x 41 /o

428 x 127 .

32 x(41 + 82) [] (32 x 41) + (32 x 82)

Use the hand céléﬁlator to find the largest whole number that makes each
sentence true. (Division)

Nx6 < 493

-j.va.
" b, 9xN 329
c. N x27 < 1746

~
=

Find the missing numbers with your hand calculator. (Number properties)

573+ =573
17 x 86 = [_] x 17
49 + 26) + 29 = 49 + (26 + [
617 x [] = 617 a

9 x(36 x 74) = (9 x [ + (9 x 74)

ot
)
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6. Which of the followling numbers are factors of the first mumber? (Factoring)

9,12,18
8,11,14,17,20

18
240

S 1, 4
5 ? ’4’

2"3’ ’5’6’8’
2,3 5,6,7,

7. Complete these number sequences by using your hand calculator. (Patterns)

a. 7,14,21,28, , , , ,63

b. 4, 0,-4 ,—8 S -28

c. 1,0.5,0.25,0.125, ’ ,0.015625
d. 1,4,9,16, ,  , _ ,64

8. Use your hand calculator to determine if the following fractions are
equivalent. (Cross-multiplication)

a. 5[ 25 b. 1723

9. Place the decimal point in your answer. Check your answer with your hand
calculator. (Decimals)

a. 2.1 4+ 3.2+ 4.1 =940

b. 5.49 x 3.2 = 175680

c. 239.5 & .19 = 126052%" ,
T /

10. Find the square root of 46 to three decimzl places. (Square root)

Summary

The hand calculator is a teaching device that should be found in the elemen—
tary mathematics classroom. -Its increased use by pupils, teachers, and parents,
coupled with the eventual adoption of the Metric System will bring new changes
in the content” and sequence of mathematics education.

Students should have to demonstrate their knowledge of basic computational
skills before, while, and after they work with hand calculators. Pupils must
understand what the hand calculator is doing for them.

_ Finally, you should have a hand calculator too. It will inc:gése your per-
sonal use of numbers and also give you ideas on how to use it in your classroom.

j Y
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HAND CALCULATCRS: Home and School

The hand-calculator is the secoﬂa most successful electronic instrument
(behind color teleVision).ever used in the consumer world. ’The small size,
lack of noise, easy maintenance, and enormous price arops of 95% have made
the idea of a personal hand;calculator for every person a real possibility.
It is now estimated that over 40 million hand-calculators will be sold all
ovef the world each year. The National Council of Teachers of Mathematics
has pronounced the hand-calculators as valuable instructional tools and
predicted that they are here to stay.

Theré is no attempt to suggest that arithmetic should uit be done in
the head. As teachers and parents gain experience using hand-calculators,
they will find many ways to help pupils use the nand=-calculators to learn
and strengthen their knowledge of basic arithmetic facts and skills. The
hand-calculator is having a good impact on slow learners. The glowing
numerals and push buttons are exefting a powerful éppeal that strengthens
a pupil's interest in arithmetic. High achievers are also experiencing
mathematical gains as they are able to explore advanced application work

_ with their surplus class time. |

The hand calculator is a teaching aide that can helb a teacher do a
better job of teaching mathematics concepts. It can help a pupil focus his
attention on methematical ideas. Teachers are discovering that the hand
calculator can help pupils perform the routine calculations that often deflect
them from the more meaningful processes that must be mastered for a basic
understanding of mathematics. The use of the hand—caiculator will never
replace ﬁhe need for understanding mathematical concepts, learning basic
skills, or the teaching of mathematics bu: it will increase the teachér's

chances for providing insights into an additional depth and breadth of

hY




mathematiéal topics.

Because of hand-calculators many adults are actually enjoying mathepatics.
Although it has long been socially acceptable to be poor in mathematics,
adults are now beginning to discuss computational games. The negative public
attitude toward mathematics is changing as more adults use hand-caiculators.
The day may come Soon when it will be socially acceptable in our culture to
enjoy mathematics.

Using a hand-calculator at home and in the classroom will be a new
- experience. Listed below are some suggested activities to te usea at home.
Try some of these with your children and let the hand-calculator open up new
avenues to problem solving.

Uses Around the Hone

1) Retotaling - Routine checking of charges, invoices, and other bills that
come every month

2) Monthly electric bill - Total cost for one month <+ kilowatt hours =
cost per kilowatt

3) Cost to operate an appliance - Amperes Xx 120 = watts
Watts + 1,000 x cost per kilowatt = cost /hr.

4) Reading your meter - keep a yearly record to find the monthly amounts
5) Real estate taxes - Market value x rate of assessment = assessed valuation

Assessed valuation + 1,000 x mill rate = annual real
' estate tax

6) TFire insurance - Coverage + 100 x cost per 100 = annual premium

7) TFilling a swimming pool (Length x widch x depth x 7.5 = gallons)
Pool gallons + galloms per minute < 60 = hours to fill or drain

8) Others: Board feet of lumber Metric conversions

Changing a recipe

Balancing ysdur checkbecok

Price comparisons for best buy
Discount

Stock dividends

Compound intereést

Installment carrying charge
Monthly loan payments

Foreign currency conversion

-y
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Changing a fraction to a decimal

Changing a fraction to a percent

Baseball averages

Calorie chart - calculate
anticipated weight lecss .



’ . ; Excerpts from Articles on Calculators

I. Immerzeel, George. One Point of View: Ir's in Your Hands. Arithmetic
Teache- 23: 493; November 1976. ' '
George Immerzeel compares the use of a hand calculator in the elementary
classroom to a story about a small boy and 2 wise old man. "According
.to the story, the wise man came to the village opce a year to share his
"wisdom. The small boy, as small boys will, decided to show the -illage
that the itise man wasn't always right. He captured a small bird and
- held it ir. his hands. He planned to ask the wise man if the bird was
- alive. 1f the wise man said, 'Yes,' he would squeeze the: bird and the
wise man would be wrong. If the wise man said 'No, ' he would open his
hands and the bird would fly away.

"When the boy finally got to the front of the line and asked the*wiée
man if the bird was alive, the wise man responded, 'It's in your hands.'

H

II. Rudnick, JessevA. and Krulik, Stephen. The Minicalculator: Friend or
Foe?. Arithmetic Teacher 23: 654-656; December 1976. '

Comments from the parents, of seventh-grade pupils regarding their
children's use of the caICulator were:

"It's all right to 1ntroduce the calculator in the h1gher grades, af*er
“ the students learn their basic skills."

"Let's go back to teaching the basics, not teach our children to be
dependent upon a machine.” -~ .

“UOnder no circumstances should the taxpayers' money be spent on this."

"The calculators are too easily stolen.”

"It could serve as an incentive to the child and add interest to what
otherwise might be a dull subject.” o - ' °

"Stop experlmentlng with our kids; you have already lost on2 generatlon
to modern math." -

"No way cur kids should uce the machines. Teach them basics."

"It's a good idea! But what will teachers do with the time left over?"

r

IITI. Hookins, Edﬁin E. A Modest Proposal Concerning the Use of Hand Calcu-
lators in School. Arithmetic Teacher 23:.657—659' December 1976.

"Educators and laymen ‘alike have shown a great resistance ta’'the use of
hand calculators in schools, particularly in the lower grades. Educators
kave been willing to admit-—-or to consider the admlttance of--hand . -~
calculators only in a case where the calculator adds a 'new dimension'

-0of ‘learning to the experience of the child; only in a cesé“dhere a cal-
culator allows a child to do something, or learn something, that he

could not before. I submit that this resistance to the use of hand
calculatcrs is irrational and I propose that we make fullest possivle

use of calculators in all grades of our schools. .. .

"The real problem involved in the use of this new instrument of calcu-
lation—-and here the reactionaries are speaking—-is that the use of the

.
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proposed instrument of calculation does not carry with it an understanding

of the basic cperations of arithmetic as does the use of the present: \
1struments——peqcil and paper . . . oL » : g

o
RS ~ i

"After'hand caleculators.have been introduced into the schools in all
grades, I am sure that teachers will find a mytriad of things to do with
them and with the time-that s released- by the use of calculators. We
should not try to prevent t.« introduction of“hand calculators into
schools, or fear-it; we should I think accept it as 1nev1table and
begin a study ‘of ways to make it. as.fruitful as possible."

‘- ~ T
Ta o
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IV. Munson, Howard R. Your Dlstrlct Needs a Policy on Pocket Calculators.
Arithmetic Teacher 25: 46; October 1977.

Mr. Munson believes that each schoel dlstrlct should develop a pollcv
on the use of hand calculators in school and in doing assignments at
home. He raises the follow1ng questions for each district to consider:

1. Should calculators be used. for computatlon or’ merely to check on
computations. done by hand?, : e N . ‘
-2. Should slow.learners be glven access to calculators in tne belief
that students will gain ma&thematical facllity with their use?
3. At what grade ‘level should calculators be introduced if they are
to be used as a part of an instructional'unit on calculator use?
4. 1Is there need for an instruttional unit on calculator use?
5. Will the use of calculators make students mathematically lazy?
6. Should restrictions be placed on the use cf calculators in subjects
other than mzthematics? . L '
7. If calculators are used for daily work, may they be used in _ests? ..
8. Should special allowances be made for the use of calculators in ) '
. achievement test batteries?
92 Does the school have a responsibility to furnish calculators for
student use?
10. Should calculators replace slide rules in advanced mathematics and
'science classes? . . _

V. Bell,.Max S. Calculators in Elementar§ Schools? Some Tentative Guidzlines
. and Questions Based on Classroom Experience. Arithmetic Teacher 23:
502-509; November 1976

N 3

Bell's article addresses three topics: student reactions to calculators,
some pedagogic:l questions that may need further investigatién, and some
practical and management questions. .

Student Reactions To Calculators
1. Is explicit instruction in use of calculators necessary?
2. Are children interested in u51ng calculators, and does the interest
: last? . -
3. Do children "naturally" detect errors and reject unreasonable results?
4. Can calculators help in diagnosing gaps in conceptual understanding?
5. Do caildren become curious about unfamllzar functions on the calculator?

~ .

-




-3~ .

- - Some Pedagogical Issues
1. Do children become dependent on calculators? Does it matt.:r?
2. Are there pedagogical consequences fron choice of machine
configuration?

Some Comments on Management Problems ' .
1. Are calculators durable enough for classroom use?
2. What about losses from thefts?
3. What source of power is best?

VI: Rogers, Joy J. The Electronic Calculator--Another Teaching Aid?
Arithmetic Teacher 23: 527-530; November 1976.

In commenting on teaching aids that have been relegated to school storage
rooms, the author proposeg four features that seem to separate enduring
teaching aids from the -others. These were: inexpensive and durabie,
controllable by learner, does something learner wants done, and flexitle
' usage. ' )
Ms. Rogers summarizes her position by suggesting that the hand calculator
has the potential)as §s§essed against these four criteria, to be a
teaching aid of enduring value.

»
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e CALCULATORS: THEIR USE IN THE CLASSROOM*

. | ) Gregory Aidala

1)-- The purchase of all ¢alculators should include a one year warranty to
replace or repair any malfunctio:.ng machine. ]

2) Distinct and permznent identification is necessary for all calculaters
and adaptors.

3) <The authors highly recommend the use of electrical adaptors as opposed
to any type of recharging device. Adaptors will provide uninterrupted
and longer lasting service in the utilization of calculators. - s

4) A locking cabinet must be provided to enhance the easy distribution,
coliection, and protection of 2ll calculators and adaptors.

5) Designated calculators should be assigned to students so that a particulax

machine is utiliized by the same pair of students on a coatinuous basis.
. .

. 6) Rules and regulations involving the use of calculators must be clearly
stated and enforced so that students will exercise cdre in the operation
of each calculator.

7) A trustworthy student should assist the teacher in ihe distribution and
collection of calcualtors durlng a class perlods

8) At least two full class perlods of instruction should be prov1ded to a;l
students v1s—a—v1s methods of operat1n°_a calculator. -

9) -Although educators should be urged to explore all avenues of incorporating
calculator usage into daily lessons, we highly recommend that the utilization
.0f calculators not exceed onre experience per week. The novelty of calculators
in a classrcom environment can easily be eroded by overuse that mcre
importantly basic computational skills might eventually become weaker.

- *Taken from School Scienée and Mathematics, April 1978, Volume.LXXVIII, No. 4,
Whole 686, pages 307-311.

’
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USING CALCULA"'ORS I
HOWwW — NOT SHOULD

Marilyn .

Soydam

The Ohio State University

Suppose vou were faced with the guestion,
“What are the three most compelling reasons

- for using hand-held calculators in the class-

room?" Or, "What are the three most compel-
ling reasons for banning hand-held calcula-
tors from the classroam?" What would your
answers be?

Those-are two of the questions that were
asked in a survey conducted last spring for
a study sponsored by the National Science
Foundation.* The aim of +the 'study was to
provide a critical analysis of the role of
hand-held calculators in pre-coI%gge educa-
tion.  Data on the availability of calcula-
tors, statements of opinion and practice,
published articles, and research results
were collected. A primary purpose was to
identify the positions of teachers and other

educators regarding the usc of hand-held
calculators in .elementary and secondary
schools. ' :

Questionnaires were sent to sanples of teach-
ers and other-school personnecl, to state su-

pervisors of mathematics,.and to mathematics

educators. in colleges
every state. In addition tc the guestions
above, ancwers were sought to such questions
as:

-=-How should hand-held calculators be used?

--What uses are most important at various
ievels? ' .
--How should the curriculum be modified if
calculators are readily avallaole to stu-

dents at all times?

-=What would you recemaend to elementary and
sccondary schocl perconnel considering tue
selectinn and use of calctlators?

The most freguently given reasons for ucing
hand-held calculators in the scihools are
that they:
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ﬂ5. Motivate:

é. Aid in

and universities in

1. Aid in computation; they are practlcal,
convenient, and efficient.

2. Pacilitate understanding and concept de-
velopment.

3. Lessen the need for memorization, espec—
ially as they reinforce basic facts and
concepts with immediate feedback and as
they encourage estimation, approximation,
and verification. '

4. Help in problem solving.

curiosity, positive attltuaes,

and independende are encouraced.

cxploring, understanding, and
learning algorithmic processes.

7. Encourage discovery, exploration, and
creativity.

8. Exist: they are here to stay in the “"real
world."”

The last rcason -- the pragmatic fact that
they exist and that they are appecaring in
the hands of increasing numbers of students—
is perhaps the most compellingf How they
can be uscd to facilitate the growth of
mathematical skill and understaading is a
concern that each tecacher must attack. Re-
scarch is being conducted that will provide
some indication of nouw well the otiier beliufs
in the benefits of using a calculatcr = are
supportcd: this rescdarch can be suprlazented
by teachers testing calculator applications
in a wide varicty of mathematics classes.

The most
usiny calculators

frequently cited reasons for not
in the schools  are that:

" 1. They could be used as substitutes for de-

veloping computational skill: students
may not be motivated to ‘master basic
facts and algorithms.

2. Are not availahle to all students.

3. May give a falgse impression of what mathe-
matics is: mathematics may be cguated
to computation, performed without think-

ing.
4. Are fadlish. .
5. Lead to rarntanance and security prokems.



The fzrst co1cern -~ that. students will not . 3. Change teaching emphases to concept de-

learn basic maLhcmatlcal skills -- is the velopment, algorithmic processes, when to
.one_exprcssed most fregquently by parents and apply various operations, and problem solv-
by other members of the lay public, as re- ing. ' ' .
flected (and crcated) by newspaper articles.

"But it builds a strawman, for fcw educators "4. Do not ignore the development of computa-
believe that children should use calcalators tiona. skill.

in place of lcarning basic. mathenatical '

skills. Rather, there is a strong belict 5. Think of calculators as & tool to .extend
that calculators can help children to devel- " mathematical understanding and learning by
op and learn more mathematical skills and making traditional work easier.” The focus
ideas than is possible without the use of can be on process because the product is as-
calculators. Teachers and other edicators sured.

need to give serious attention to proviag .
that this belief.can be implemented and be- 6. Place more emphasis on problem-solving
come fact. strategies. Use practical, realistic, sig-

.. . . .. nificant problems, and more applications.
To aig in implementing, the use-of cassuia- _ -

tors, a variety of reccmumendations was mace 7. Spend less time on ccmputational drill,
by the teachers and other cducato¥rs surveyed. more time on concepts and the meaning cf
These range from the gencral to those speci- operations. Use more laboratory activities
fic to the curriculum, and include: where computation is involved but the em—
1. EXPERLIENT AND PLAN-— con't wait for "the phasis is or learning mgthematical;concepts.
- - - Decrease the use of tedious, complicated al=~
word" : gorithms; emphasize algorithmic learning,

. . including student development of algorithms. .
“3) Learn to use calculators yourself first,

. findi:? meaningfu; ways ti use thoem. - -8. De-emphasize fractions, and emphasize
ls em with students on aiter consid-~ . . . X
) :rnge Chosgit oe 0 mow, K"'n, “nd iy decimals, introducing them earlier.
¢) Develcp a school-wide policy and guide- 9. Emphasize estimation and approximation
lines. _ ' {including mental computatiorn skills),
d) Develop ways to incorporate calculators checking and fecedback, exploration and dis-
into the existing curriculur, and devel- covery.
op new curriculum as necessary. , ’
e) Plan a reasonable -lnservice prograa, . 10.. Do more and/or earlier work with such
evaluvation, and research. - ideas as place value, the decimal systen,
f) Use in early grades with care, 1f at all. *  number theory, number patterns, seguences,
. limits, functions, iteration, statistics,
2. Survey available calculator models care-— probability, flow charting, computer liter-
fully and buy good eqguipment, coarmensurate acy, -large numbers, negative nurbers, Sci-
with student needs.  Male cure that all stu- entific notation, data generaticn, and fomau~-
dents have access to a calculiator. la testing.

There is one thing you should be wary of:
purchasing mraterials related to using cal-
culators. Look over such materials care- .
fully; make sure they will really be useful
to .you. Don't buy "sight unaseen.” A few
useful materials are available -- and a lot
that appear to be helpful .mostly in provid-
ing dollars for the sellers.

. ' A great deal of  exploration needs to be
done to determine how the calculator can
best be used. But that it will be used in

- '~wools appaars certain —- SO start explor—
4 in your classroom!

e .



Where Can the Use of the Calculator Lead ?

The hand#héfamEéIEﬁiéfaf”Eah be regarded as the

GREAT EQUALIZER

in the semse that now A L L can calculate.

. Reluctance to use the hand-held calculator may well be analogous to
that of using any of the "new" calculators or algorithms as they were Intro-
duced throughout history. Calculations were in earliest times with the aid
of pebbles (stones, ''caleculi" (Latin)) in grooves in the ground or in a tray
of sand or so0il: Later came the various kinds of abaci and then algorithms on
numerals. Even algorithms have changed through the years, for there were
times during which 34 x 76 was done in the ways shown below.

’3:2‘@2‘/ 5—'[ 1 b

3 8 |4
P g asie el

.The one at the left is called the '"scratchout method" and the one at the right
the "gelosia" or "lattice method." The latter led to the development of
""Napier's Rods" in 1617. Later came the slide rule and the computer and now
the calculator. Would it be natural that there was some resistance to some

_ of the: . Yet each offered an improvement in some way over the preceding--
and our minds and skills did not cease to grow ! 1Indeed, through their use
came new opportunities in mathematics and in problem-solving.

Problem: How can the calculator be used effeétively and not compromise -
with understanding and competesncy. - s

Where can the calculator lead ?

a) to increased facility in the use of numbers. Problems need not now
be made '"'to order' -- more 'real life" problems now !

8.5
Students can also be encouraged to "set up" ’
entire problems and to make simplifications y

before using the calculator --e.g. the value

of the fluid in the tank at 63¢/gallon is '

given by - ' ' 20'
8.5 x 8.5 x 3.1416 x 20 x 15/2 x 63/100

Note that the expression can be simplified
and then calculated. a SN—————"
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An example of a '"real life' problem whose solution is made easier
now is to study the problem of how far to cut in at each cornerof a
rectangle in orde to make a box of maximum volume -=--- the use of

2 table and a calculator ! .

b) to better understanding of different kinds of numbers-- the re=t+ionals
as repeating decimals (perhaps an invitation to study periodi ..y of
the repeating decimal); the ide square root and cube root but
here to explore: 5 x 5 = 25. ‘345 = 5 but what two" numbers (alike)
_ﬁulgip}yrgg_give 26 ? -~ problems from our environment too !

c) to greater e“1c1ency in estimation -- if used in thls direction

12.6 x 40 equals about what ? Let us see !

.13 x 457 equals about what ? Let us see !

What number x 25 1lies between 290 and 310 ? / Estimate !
Check !

d) to gain early ideas on ratio and the concept of (later to be called)
trigonometric ratio. :

- A& right triangle drawn as shown and with the
calculator one can divide each height by the
corresponding base =--- ratio always about the
same ! Useful ---- or that can arise from

- ‘attempting to find the height of a'pole and
the previous activity become a part of the
problem-solving process! Students can make
their own "ratio tables" for different
angles. - \

A
\

' \
e) to become more proficient in mental arithmetic. Why not '"'pit one's
self" against the calculator ! ‘

tesvanmmenpy

*C SQasondn e

E.g. -
"5 x 6438 = s
20 x 734 =
98 + 34
1328 - 98
50 x 34

o

We need to encourage mental arithmetic.- '"Contesting' against the
calculator can help us.

f) to explorations which lead fo concepts in algebra or which can be
substantiated by algebra. :

45 x 45 .81 x 8 . . a3’
35 x 35 % x 96 (18)°
72 x 78 93 x 97 Cas?

Is there a "quick way'" to get the answers just above ? Calculator
_answers are correct but can we devise a way (algorithm) to perform




on the digits to get the answer quicker ?

Another interesting exercise is to ask the student to calcnlate "

- simultaneously (13)§ and 14 x 12 ; (15)2 and 14 x 16 ; (i7)°
and 16 x 18 ; (16) and 15 x 17. Hence how can we quickly
calculate 23 x 25 7 29 x 31 7 et cetera.

Later, can the above ''quick methods'" be substantiated by Algebra ?
g) to facilitate the estimation of roots as 'ﬁv].é 32

What whole number cubed seems to be just less than 1632? just

T Tgreater?--Hence-we-have a_lower bound and we have an upper beund.
Can we find lower and upper bounds in tenths ? thHén in hundredths-2- _..___
Indeed here are some important mathematical terms growing from
simple things: upper bound, lower bound, sequence, limit-- and
students gain a ''feel" for these terms. Calculators can help us
learn good mathematics vocabulary.

h) to deepen'ideas of number-theoretic concepts: prime number, factor,
factorization. There are examples of this in various sources of
suggested uses of the calculator.

i) to lead to the idea of solving equations.

What number "woris'" in this expression -- that is, what number
makes it valid (or makes up the solution set !) ?

3 A% + 40 = 39
| j) to employ "algebra" in a new setting.

Although the discussion‘should perhaps concern the elementary
school, it might be pointed out here that the attempt to solve

x2 +6x - 43 =0

by the use of the calculator is made easier by rewriting the abcve as
x (x +6) - 43 =0
--"easier" in the sense that the number of steps is reduced.
' Althougﬁ the calculator is the GREAT EQUALIZER one shouléd use it also in

school to develcp more mental powers in arithmetic. Indeed one use of the
calculator in the classroom can well be to help devise ways and skills so we

use it less ! : /

Computers may be of great value in problem-solving, but
apparently the human brain alone is -able tc tackle the subtler.
aspects of creating an effective correspondence between the mathe-
matical world and the world of experiment and observation.

-
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e the one hand, mathematics teaching should be permeated with
coucrete examples which give an impression of how widely and
diversely mathematical ideas penetrate into human problems generally,
including everyday, technical and scientific matters. On the other
hand, it is necessary to tell at least one lengthy connected story
of the application of mathematics in real depth. This will amongst
dther things communicate the message that no-one can expect to solve
the whole of any problem mathemztically. There must be an integration
of experiment and theory; there ﬁ4§t be a combination of mathematical
investigation with inferences from'observation and experiment and
from non-mathematical modes of reasonirng. The best primary-school.
teaching is a good reminder of how effectively such integration
. can be carried out, and can be an inspiration to those of us
attempting the same afr other levels of education.

e - --Taken from\;he Presidential Address
of Sir James\Lighthill, F.R.S.
as recorded in Development in Mahtematical

Education, Prabeedings of the Second
International Congress on Mathematical
Education -(Editéd\by A.G. Howson).
Cambridge at the University Press, 1973.

op. 95, 98. "
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- State-of-the—-Art Review on Calculators:
Their Use in Education

2

Background

- At approximately one-tenth the price :hey‘were four years ago, hand-
‘held calculators are a bargain. They have‘progressed rapidly from being
consideréd a status symbol to the point‘where, for many'adults, tﬂey are
considered a necessity. While not every household has a calculaqcr, market-

ing figures indicate that over 80 million calculators have been sold in this

. country.

“// Increasingiy; these data reflect sales not only to individual parents,

i

who may let their children use the tool, but also sales to schools. Not
surprisingly, the calculator was readily accepted at the college level —-
as a tool in mathematics, éngineering, science, and other courées, for all

ievels of students from remedial to advanced. At the secondary school level,

there has also been-a-high degree of acceptance. The calculator was recog-

nized as a tool which could help to save time spent ur hand calculation and’
I
thus allow more time to be spent on mathematical ideas and on more +interest-

ing content and problems. Use of calculators is by no means incorporatcd

into instruction by every secondary school mathematics teacher, but their use

is widely allowed. The main question has been,, ""Should or shouldn't they be

e

- used on tests?", and even this is fading as an issue: teachers are using

~

tests where calculators, available to all, are neither an aid nor a hindrance

in terms. of the goals being tested.
From the junior high school years downward, hesitancy about using cal-

culators increases. Especially in classes for low achievers in the junior

1 175 '
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high, there are many teachers who still hold firmly to the belief that stu-
derts must master computational facts and procedures before they use calcu-
lators. On the other hand, an increasing number of teachers say, in effect,

"Why should these students go on struggling to master what they've obviously

had trouble mastering for the past six or seveun or eight years? Why not let

~ them use the calculator so they can go on to learn some real mathematics --

and maybe artaln a different viewpoint about mathematics?"

In the elementary school, use of calculators is greater at the inter-
mediate level (grades 4 through 6) than at the primary level. The most
obvious reszson for this is the widespread belief, heid by both parents and
teachers, that children should master the basic facts and the procedures
for addition, subtraction,-multiplication, and division before they use
calculators. Associated with the'tendency to use calculators mzy be the
teacher's level of mathematical background: the greater the teacher's
knowledge and confidence about mathematics, the more "comfortable" or secure
he or she may feel with a tool that’can process numbers sovquickly. Another
factor msy be,the firmer belief held by primary-level teachers in the role
of manipulative materials in developing children's understanding of and
competency with mathematical ideas and processes, as evidenced by the fact
that the "use of such materials is high in the primary grades but has tapered
off by the feurth—grade level. Thus intermediate~lieve’ teachers may be more
ready philosophically to use a tool which required 0 physical manipulaticn
bavond key-pushing. (It might also be noted that fear oi audiovisual equip-
ment in general decreases as g-ade level increases.)

The "back—to—the—basics" bandwagon has also undoubtedly played a part
in suppressing use of calculators at the elemantary school level.‘ As concerﬁ

has been expressed by parents and school boards, teachers have re-emphasized

the stress placed on work with computation.- - Exténded-practice. exercises—and--

.
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drill work have been viewed as the wayv to meet the demands for a more "tradi-
tional" type of arithmetic program. Energy that might have gone into exploring
the use of calculator applications has been deflected to the development of
drill-and-practice materials; the open-mindedness needed to incecrperate in-
structional applications of calculators has been tamped‘by their ‘'newness”

in an era when "0ld" values are being given priority by a vocal sement of
the”popu’stion.

Extent and Tvre of Use in Schools

No data have thus far been cited about the extent to which calculators
are being used in schools. The reason may be obvious: such data are not

widely available. We do not know exactly how many students are using calcu-

lators in séhools; we do not know exactly how many teachers are incorporating
calculator uselin-the instructional program. We have only the results of a
few relatively small-scale surveys, plus the perceptions of.those who work
with and observe school programs.

The following graph presents data from one‘such survey, conduqted wvith

"over 22,000 students in the Shawnee Mission (Kansas) Public Schools.

Students Owning - Students Having
Calculators Access To Calculetors

100 1 . —
90 '

80
70
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40¢
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20
& io N

Percentage
I T K T D O O
]

Year 7577 7577 .-7577 7577 7577 7377
.Level elem. Jr. hi. S~.hi. - elem. Jr.hi. . Sr.bhi.
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It is one of the few studies in which data collectad recently (1977) were
comparedbwith datz collected earlier (1975). Terry Parks reported on both
ownership and accessibility: substantial increases were found at each of

the three school levels. The data reflect a pattern of increasing availa-

bility of calculators tc students. y

a8

These data- are paralleled in seVeral other reports. It must be noted,
* however, that they may not be appli:able to districts that have not collected

data: the mere lack of collection of data may indicate less interest and

less availability.
Just as data on the extent of the use of calculators are limited, so

are data on the types of uses being made of calculators. But we do know

s
- —

that, at the elementary school level, four types of uses are predominant:

(1) Checking computational work done with paper and pencil. o
(2) Games, which may or may not-hHave much to do with furthering the
mathematical content, bt do provide motivation.

- (3) Calculation: when numbers must be operated with, the calculator
o ie usead with the regular textbook or program. ‘

. -

, (&9 Exploratory activities, leading to the development of calculator—
specific activyities where the calculator is used to teach mathe-
matical ideas. :

At the secondary school level, the emphasis varies:

o (1) Calculation, used whenever numbers must h: operated with.
) P

{(2) Regreations and games. B

(3) Exploration: because secondary school mathematics teachers' back-
- grounds are generally*good, there is much more of this type of
activity than at the elementary school level. 1In addition, the
students who continue in higher-level courses are often intrigued
tc expiore. .

(4) Use of calculator-specific matérials. There is at least one text
integrating the use of'.calculators, with several others being

field-tested.

-
[ -

Anna Graeber and several others at Research for 3etter Schools conducted

a survey in 1977 of 1,343 teachers in Delaware, New .‘ersey, and Pennsylvainia

-
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in grades 1, 3, 5, and 7.

Between 15 and 30 percent of the teachers iudicated that they were

-

In the first grade, calculators were used most frequenfly
for drill; the next three most frequent usages were for
checking, motivation, and remediation. ‘Use of the calcul i~
tor for drill decreased with grade level. Above first

grade the most -frequent usage -was for checking. Motivation

and word problems were the next most frequently reported
uses for calculators at the-higher-grade levels.

using "instructional materials specifically designed for use-with the .

=

calculator”, although the nature of those materials: is not nected.

P

Reasons For and Against Using Calculators

In a survey reported to the National Science Foundation in 1976 by

Marilyn Suydam, reasons cited by educators and the authors of published

~

. S . :
articles for using or not using calculatcrs in schools were listed.

Literature.published since -then has affirmed the continving acceptance of

the reascns for using calculators:

(1)

(7)

(8)

They aid in computation.
They facilitate understanding and concept development.
They lessen the need for memorization.

They kelp in problem sdlving.

They motivate.

They aid in exploring, understanding, and -learning algorithmic
processes. ‘

They encourage discovery, explofation, end creativity.
They exist: this pragmatic fact is<perhaps the most compeiling,
as they appear in thé hands of increasing numbers of students.

The reasons for not using calculators also continue to have pertinence:

&y

(3)

They could be used as substitutes for developing computational

skills.

" They are not available tc all.

They may give a false -impression of mathematics —-- that it involves
only computation and is largely me-hanical.

175
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(4) There is - "¢ jent research on their effects.
{(5) They lead to maintenance and seéurity problems.

The first.concern is one expressed most frequently by parents and other

members of the public. They fear that students will become .lazy and will

- not "make use of their brains -- a wonderful calculazor if it is cultivated

properly." But few educators beliéve that children shoulid use calculators

in place of learning basic computational skills. Rather, they express a

strong belief that calculators can help children to develop and learn more

mathématical skills and ideas than 1is #ossible without the use of calculators.
As one example of this, a survey of parents in Vest Chester,rPennsylvania

in 1975 indicated that about half of the parents feared that calculators

would hinder students' performance on basic skills -- but at least as many_

thought calcuia“ors would improve their children's attitudes towatrd mathe-

T

by

mirlcs. In another survey, parents were asked if calculators -should be

= . in elementary schools; about three-fourths of them said '"mo". But
when the question was changed to ask if calddiztor. should be used along

with paper-and-pencil computational work, cver three-fourths said "yes". - _

I

Teachers' opinions about calculators have changed ir recen: years. In
the Shawnee Mission survey already cited, teachers were askéd,‘"Should

. ¢
calculators be used in schools b, students?". 1In 1975, 65.2% said "yes";

in 1977, 71.9% said "yes".. Analysis of reasons ior responses udicated

V

their awareness, of how to use caltulators as a tool to assist in teaching
. . - - * . &

computational skilis had increased. In 1975, teachers were councerned about

:hiﬂiﬁggcf’gf«calculators; by 1977, as ideas and guidelines had developed,

concerns decreased. In the RBS study, however, the percentage of teachers

- A

who had used calculators at each level was far lower than might be antici- -

ﬁated: 3.9% at grade 1, 8.4% at grade 3, 19.47% at grade.S, and only 25.6%

at grade 7. Obviously there is much ﬁariance in the use of calculators

L]
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at different locgtions. The effect of leaders who are actively interested

-

in helping teachers Learn how to use calculators as an instructional tool

- - secems evident.

Rasearch on Caiculator Effects . .

ast cducators believe that the use of calculators should not replace
i

instruction on skills and-concepts: rather, caiculators are a useful teaching-

learning device. Evidence from the research to date supports this contention.

In most-of the studies at the clementar; school level, the data were collected

- l 4
to provide an answer (to parents and school boards, as well as to teachers)

-

\
to the question, 'Will the use of calculators hurt mathematicdal achievement?”

The answer appears to be "No": in all but a few studies, achievement is as
PP K
high or uigher wher calculators are used for mathematics instruction (but

: not used on tests) than when they are not used. But there is variability in

&

e . . ] .
the findings, depending in part on-the test used: scores may not hbe as high
for problem solving or for concept sections of a test. However, considering

~ : ’ 3 .
. - © ,the fact that the curriculum was not changed to use the calculat -r to promote
- . ~

»

problem’solving or concept development specifically, this may not be surpris—

ing. Unfortunately, it is unclear in the reports from such evaluations

o

. 4 - : .~ . . .
just how the calculator was -3ed, so thet specific ways 1n which the calcu-

- late. might have been used to enhance problem solving or concept scores

LN . ; . iq
remains’ unknown. What we do know is that the calculator, in general, facili-

- "“tates mathematical achievement across a wide variety of topics, and this

- c
3

: findirg is verified at both the elementary and s§condary school levels.

Id

In addition, there are a few studies which indicate that children learn
basic facts and skills with the use of calculators, and they learn mathema-
tical ideas (such as understanding of mathematical properties) with the use

.

. B of calculators. Such research in the United States is supported bv evidence

from other countries, such as Britain and West Germany. There is also evidence

o

~
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that children do not tend to use the calculator when they realize that
AN

it is unnecessary. For example, one researcher cited the example of

79 + 23 - 79 = ?; children did not use the calculator to find the result --
as many adults might have.

At the Wisconsin Center for Cognitive Learning, exploratory work has
been underway for the past four years. Summarizing his investigations for
the Center in 1976-77, Fred Weaver Stated:

At the sacond-grade level, teachers were given explicit
o suggestions regarding use of calculators in connection with
their on-going mathematics programs, particularly when
working with basic addition and subtraction facts and al-
gorithms. At the third-grade level, an emphasis was placed
upon the use of calculators’in connection with mathematical
properties and their agplications with particular attention
to dcing-undoing ideas. At the seventh-grade level, emphasis
was placed upon calculator algorithms for whole number
situations.
Generally, calculators facilitated instruction, making cer-
tain approaches to content rnore feasible than otherwise would
have been the case. However, at each grade level some diffi-
culty was observed in recording calculator -algorithms.
His work has been concerned less with developing materials than with ex-
ploring the effect of the calculator on promoting mathematical learnimnsz.
Several other projects-gpongbred by the National Institute of Education
, !
or the National Science Foundaticn have the same focus on learning rather
than materials.
As the research is surveyed, it becomes evident that there is a need

for many more studies to provide knowledge of how calculators can be used

to facilitate learning.

i

Curriculum Development

! %
Monies from federally funded programs, including Title IV .of the Ele-

mentary and Secondary Education Act, as well as from NIE and NSF, ave cu~r-
rently béing devoted to the exploration of what uses of calculators are

feasible and ‘to. the development of materials for children and teachers. For

-

152

<



O

ERIC

Aruitoxt provided by Eic:

~9-

ekéﬁple, the Columbus (Chio) Public Schools have a grant under Title IV
to develop materials for grades 4, 5, and 6, and are presently field-testiug
modules for a range of topics including place value, decimal computations,

rounding, estimation, ‘basic facts, and applications in measurement and

.

money.

Materials are being developed by both individuals and-groups. For

instance, a group of teachers in the Minneapolis Public Schools produced a
set of worksheets complete with objectives and teaching suggestions, designed
for students in grades 9 and 10. The topics range from the decimal system

to applications such as finding the cost of an oil chanée or charting

population growth. The ~alculator is used as a tool to help children learn

-
©

mathematical ideas, and «s a computational device to help them to understand
ideas and a?plications that they might not otherwise have been able to.
Several of the staté.mathematics councils haue-similarly involved mem-
bérs in developing materials. The Michigag Council of Teachers of Matﬁema—
tics monograph provides a variety of activities for grades ﬁrB, 4-8, and

9-12, with the mathematical objectives clearly specified. Unfortunately, in

many other current publications, the calculator itself is being taught, not

‘"mathematics. tudents learn some interesting things to do with a calculator,

1

but instructional objectives may not be furthered in the process.

Other stat~s are at the stage of incorporatingz recormendations on cal-
culators in their curriculum guides. For instance, Indiana's 1977 publi-

©

cation states:

-

Calculators certainly will have an impact on mathomatics cur-
ricula. They may change not only the kinds of computational
skills which are taught but the manner in which they are
,taught. It is cur feeling that mathematics teachers and
curriculum planners must incorporate calculators into regul--
classwork rather théq ignore or banish them. Teachers must
finad effective uses ‘at z2ll levels from primary grades to

calculus. .

The guide then suggests ways to use calculators: to reinforce computational

‘183F
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skills, to improve estimation skills, to aid in teaching place value, to
I develop number concepts, to solve problems with factual data, and to extend
textbook prcblems using more realistic numbers are among the points cited.

A teacher in Tairview Park, Ohio, provides a typical illustration of
/ v .
what an individudgaieachar may do. When her school received 12 calculators,

she put together a unit for her sixth-grade class. She wanted the children

e

- not only to become familiar with. tt “unctions of the calcuiator, but also
to use the calculator to solve everyday problems and to learn more about
number patterns. She used the overhead projector to teach the children how
tr use the calculatér; and mace posters, worksheets, tack cards, games, and
other materials. She fsund student interest‘high, with many students gaining
confidence in their problem-sol#ing and estimating skills.

The majority.of the materials beiné published contain activities for
using the calculator to promote existing curricular ideas. Some of the
recommendations of the 1526 NIE/NSF Confefence on Needed Research and Develop-
ment on Hand-Held Calculators in School Mathematics concerned curriculum
devei;pment for the long-range future. Althoug™ little has been published

that stret~hes the curriculum to new bounds, NIE is supporting the develop-

ment of some future—orlented prototypic curricula that 1ntegrate calculator

use.
Next Steps

We need.té know much more: not just what calculators can do, but what
it is possible for them to doigiven specified curricular and-instructional
options. We ﬁeed to know how learning is affected by the use of calculators

and how mathematics can be taught differently because of the existence of a

new tool. As one respondent zo a survey at the 197 Annual Meeting of the

National Council of Teachers of Mathematics noted:
.The calculators' relationship to problem-solving ability
is a question of vital concern. Although -the research reported

;o 184
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in Suydam's 1976 report for the NSF shows conflicting reports
aboutr calculator effects on problem solving, all of the research
- . . had the common .element that the calculator was an adjunct
to units in problem solving -- it was not incorporated into a
specific problem solving strategy. This appears to be the best
hope for meaningful use of the calculator -- by incorporating

it into a -~pecific strategy.

Summary

The use of calculators in education is increasing, al:hough there is
some conéern and resistance at all levels. The fact that they have become
more widely available and that children will use them in their daily ldives
throughout life makes their use in schools seem imperative to many people.
Others fear that growing dependence on calculators will be harmful. How-
ever, there is initial evidence that calculators can be used to further the
development of mathematical ideas and skills. The efforts of both individ=-
uals anﬁ.groups are focused on studying the effects of calculator use and

on developing needed materials. The calculator is not and will not be

ignored as a useful learning tool.

Prepared by Marilyn N. Suydam, Calculator Information Center.

This publication was prepared pursuant to a contract with the National
Institute of Education, U.S. Department of Health, Education and Welfare.
Contractors undertaking such projects under Government sponsorship are
encouraged to express freely their judgment in professional and technical
matters. Points of view or opinions do not, therefore, necessarily repre-
sent official National Institute of Education position or policy.
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~~""CALCULATOR "
S INFORMATION

Looking for Information about Calculztors? -“’CENTER

nE . : NG
So is the Calcul .tor Information Center! §§;;’ﬂ”’

The Calculator Information Center has been established by the National Insti-
tute of Education to collect information about the use of calculators in
elementary and secondary schools -- and to provide vou with information. As
recommended in the Report of the Conference on Needed Research and Develoonment
on Hand-Held Calculators in School Mathematics®,

the information collection and disseminaticn :rocess is
important in f ~thering appropriate development and use of
calculator mat. ials by coorlinating research «nd develop-
ment efforts, sz oiding r~edless duplicaticn, ana providing
a source of knowledge ana assistance . . .

Thus, the Center will

(1) Develop an information data base . . . [so that] infor-
mation on calculator activities in such places as local
school systems, State agencies, universities, and
industry will be routinely routed to the Center. -

(2) Develop an easy way 'to gain access to the informa-
tion . . . (p. 45)

To help to establish the information base, you can.send information to the
Center:

— instructionai applications
-~ studies on the effect of using calculators
(Materials will not be released or entered into the ERIC system without specific

permission.)
From the Center vou will be able to obtain: |

~ annotated bibliographies
- of curricular and instructional arplications
with background information pertinent to educators
+ on research

- information bulletins on such topics as:
- availablz commercial instractional materials - .
* “available non-commercial irnstructional materials
- schools in which calculators are being used and which have indicated

willingness to be contacted directly by those wit.. specific questions
- summaries of characteristics of various calculators
-« points to consider when selecting a calculator

. aspects to consider when designing school-based studies
- other topics as requests make a need evident

If you have information to share, or if you wish to lecarn what others are doing
_with calculators, contact: M. N. Suvdam, Director
' Calculator Information Center
1200 Chambers Road
’ ColumblLs, Ohio 43212
Or phone: 614-422-8509 between 9 and 5 (Eastern time zone) ~

*Copies of the report can be obtained from E. Esty, Maill Stop 7, NIE 1200
19th St., NW, Washington, D.C. 20208.
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- ' ‘ 1200 Chambers R4.
\~"CALCULATOR Columbus. Ohtio 4-
, 4
< SXINFORVIATION | o umbus, Ohlo 43212
- V VCE/W ER (614) 422 -850

PLEAS.. COMPLETE AND RETURN TO THE ABOVE ADDRESS!

If you would like to have your name placed on the Center's mailing list,
please check here: 7 '

1 .
The following reference bulletins are curreﬁtl)‘avallable. If you would like

any of them, please put a check in the box:

Bulletin Topic

;::7 7 Instruction wit Hand-Held Calculato-s, K-~12
l::T 8 Books on Calculator Applications

[ /] 9 Research on Hand-Held Calculators, K-12

/ / 10 References on Desk Calculators, K-12

/[ _/ 11 Pros and Cons of Using Hand-Held Calculators

/ /] 12 Selecting a Calculator

/ / 13 References on Calculators, Post-Secondary lLevel

Please indicate the type of material in which you are interested, so that you
can be sent additional materials as they are prepared:

Ciréle level

l::7' References to instructional applicatZons elementary secondary college
-£::7 References to research ' élementary secondary college
Z::7 References to commercial materials elementary secondary college
1::7 References on general concerns i elementary secondary college

Please PRINT your name and address:

\
* Name:

Address:

Z2ip Code

If you know of other persons interested in calculators,
please make copies of this page for them (or send us their
names and addresses). -
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INFORMATION

1200 Chambers Rd.
\\\/CALCULATOR Columbus. Ohio 43212
vv ~CENTER | (614) 4228508

Instruction with Hand-Held Calculators, K-12 | Bulletin No. 7
rAugust 1977

Articles

Albrecht, Bob. Calculators for Beginners. Calculators/Computers 1: 21—3§;
May 1977. ’

This is the first in a serialization of a "self-teaching" student workbook about
simple four-function calculators and elementary computer programming. Basic
addition, subtraction, and multiplication are covered, some computer—like notation
for writing programs is introduced, and directions are given for playing NIM.

Bahe, L. W. Finding Logarithms and Antilogarithms with a Simple Calculator.
School Science and Mathematics 74: 221-224; March 1974.

A method of finding logarithmic values using a simple matrix and a four-function
calculator is provided.

Bell, Max S. Calculators ir Elementary Schools? Some Tentative Guidelines and
Questions Based on Classroom Experience. Arithmetic Teacher 23:. 502-509;
November 1976.

Student reactions to calculators, some pedagogical questions that may need further
investigation, and some classroom management suggestions are discussed.

Bitter, Gary. The Calculator and the Curriculum. Teacher 94: 64~67; February 1977.

Using the calculator for interdisciplinary projects is discussed, with a list of
15 topics and activities in which calculators c¢an be used. Six interdiscipiinary
activities are described in detail: for primary grades-—car counting, planning and
planting a garden; for intermediate graies--population growth, organizing a recy-
cling program; for upper grades-—school election prediction, pollution analysis.

1

Boyle, Patrick J. Calculator Charades. Mathematics Telacher 69: 281-282; April 1976.

]
Computations yielding results which can be read as words or phrases are presented.

Braun, Alexander E. Eulogy for a Slide Fule. Science!Digest 79: 65-67; February
1977.

The '"'passing"” of slide rules is humorously decried.

Bruni, James V. and Silverman, Helene J. Let's Do It! Taking Advantage of the Haud
Calculator. Arithmetic Teacher 23. 494-501; November 1976.

Activities are suggested which focus on developing skills for using the calculator,
exploring basic arithmetic operations, understanding algorithms, mental calculation
and estimation, and problem solving.

Champion, R. R. Talking Calculator Used with Blind Youth. Education of the Visually
Handic- ped 8: 102-106; W1nter 1976-77.

Ways cf using che calculator with the bllnd are discussezd.
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Cohan, David B. Another Way of Finding Prime Numbers. Mathematics Teacher 69:
398-400: May 1976. ‘

'A method of finding large primes using calculators or computers is presented.

Eimer, Rebecca A. Cube Roots on a Calculator. Mathematics Teacher 70:  175;
February 1977.
An algorithm is given for using a calculator to compute the cube root of any
real number.

Elder, Mary C. - Mini-Calculators in the Classrvom. Contemporary Education 47:
42-43; Fa211 1975.

tudent discoveries about numbers and operations, stemming from the use of a
calculator, are described. ‘

Field, Roger. Endangered Species: The Slide Rule. Science Digest 81l: 68-69;
March 1977. ) :

The calculator’s effect ¢n sales of slide rules is briefly discussed.

Friesen, Charles D. Cneck Your Calculator Computations. Arithmetic Teacher 23:
$80: December 1976.

A number-word puzzle to be solved on the calculator is presented.

Gardner, Martin. Mathematical Games: TFun and Serious Business with the Small
Electronic Calculator. Scientific American 235: 126-129; July 1976.

A cryptarithm, ac*ivities involving limits, a keyboard game, and several number
tricks to be done on a calculator are described and explained.

Gawronski, Jane Donnelly and Coblentz, Dwight.' Calculators and the Mathematics
Curriculum. Arithmetic Teacher 23: 510-512; November 1976.

Use of the calculator is considered from a functional view and from a pedagogical
view.

Gibb, E. Glenadine. Calculators in the Classroom. Today‘s Education 64: 42-44;
November-December 1975.

Wayes in which the calculator can be used are discussed.

Greenwood, Jay. A Product of Our Times. Mathematics Teacher 70: 234-238;
March 1977. - :

Activities are described in which the calculator is used in a discovery learming
situation for exploring number patterns in multiplication exercises.

Gregory, Joha W. .Use the Calculator for Drill. Iastructor 86: 104-105; April 1977.
Activities are described which feature the use of a calculator's constant key in

drills on basic facts.

Guthrie, Larry F. and Wiles, Clyde A. Why Not Have a Calculator Tournament?
Arithmetic Teacher 23: 554-558; November 1976.

Steps in organizing a calculator tournament amofng schools are presented, with
sample problems given.
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Hiatt, Art. A Geomeiry Problem for Hand-Held Calculators or Computers. Calculators/
Computers 1: 37-38; May 1977..

A mathematical inquiry method (making and organizing observations, generaliz ing,
specializing, inventing cymbolism, and proving conjectures) and the calculator's
role as an impecrtant tool for this. process are discussed. An example is given’
in which the concept of area of a circle can be investigated, with a worksheet.

Hoffman, Ruth I. Don't Knock the Small Calculator -- Use It! Instructor 85:
149-150; August/September 1975. ' - -

Several examples of using calculators to explore mathematical ideas are given.
Hopkins, Edwin E. A Mbdest Proposal Coacerning the Use of Hand Calculators in Schools.

Arithmetic Teacher : 23: 657-659; December 1976. (Reprinted in Education Digest
42: 44-45; February 1977.)

A nroposal that ;he fullest possible use crf calculators be made at all grade levels
is discussed. .

P -

Huff, D. Teach Your Pocket Caiculator New Tricks to Make Life Slmpler Popular
Science 205: 95-98; December 1974.

Interesting things to do with a calculator are presented.

Huff, Darrell. How to have Fun with Your Pocket Calculator. Popular Sciznce 208:
90-91, 152; February 1976.

Activities and games for the calculator are presented.

. Immerzeel, George. It's 1986 and Every Student Has a Calculator. Instructor 85:
-46-5, 148; April 1976.

Topics discussed include algorithms, calculator problems, homework, problem ,
solving, mental arithmetic, and designing tests ‘for use with calculators. Specific
problems for primary, middle, and upper elementary grades are aiso included.

Immcrzeel, George. It's In Your Hands. Arithmetic Teacher 23: 493; November 1976.

Teachers are reminded of their responsibility for deciding how best to use the
calculator in their classrooms.
\

Johnsonbauéh, Richard. Applications of Calculators and Computers to Limits. Mathe-
matics Teacher 69: 60-65; January 1976. (For Keader Reactions, see Mathematics

Teacher 69: 436-43€; October 1976.)
Computing numbers approaching a limit is discussed, with a convergence theorem
and several examples. '

Judd, Wallace. Rx for Classroom Math Blahs: A New Case for the Calculator.
Learning 3: 41-48; March 1975.
As calculators are increasingly used, drill will be de-emphasized in favor of
problem-solving activities. Considerations for selecting calculators and selected
games for use with calculators are described.

Judd, Wallace. Instructional Games with Calculators. Arithmetic Teacher 223:
516-518; November 1976.

Seven games are presented, with the mathematical concepts involved, the objecéive,
the number of players needed, the rules, and variations for different grade levels..

EKC - ' - 13;
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Kahn, Henry F. $pe Calculator a Calendar? Arithmetic Teacher 23: 651-653;
December 1976. . »

A method for using the calculator to determine the day of the week on which any
g:ven date falls is explained. o\

Koller, Elayne Z. and Mulhern, Thomas J. Use of a Pocket Calculator co Train Arith-
metic Skills with Trainable Adelescents. Journal for Special Educators of the
Mentally Retarded 13: 134-138; Winter 1977.

“A rationale for the use of calculators with trainable adolescents is presented,
with a description of a pilot study assessing an approach to teaching addition
and subtraction to six moderate;y retarded students., A detailed presentation of
the progrzm used is included. '

Kremer, Rohald. The Bicentennial Calgulator. Mathematics’TeacheE 69: 463;
October 1976. .

_An addition activity based on the calculator keyboard is described.

Maor, Eli. The Pocket Calculator as-a Teaching Aid. Mathematics Teacher 69:
471-475; October 1976. (For Reader Reactions, see Mathematics Teacher 70:
291; April 1977. . .

Suggestions are given for using calculators for computations too trivial for _
computer processing but too time-cornsuming for hand calculation. Several exam-
ples from arithmetic, algebra, and calculus are included.

McWhorter, Fugene W. The Small Electronic Calculator. Scientific American 234:
88-v8; March 1976.

Details are given concerning the inner workings of the electronic calculator.

Meconi, L. J. Using the Hand-Held Calculator in Industrial Education. Industrial
‘Education 66: 22-23; Februarv 1977.

Several examples of elementary technical problems in which students can use calcu-
lators are given: finding average monthly sales, dealing with lengths and with
circuits, figuring percents, and gohve;;ing from English to metric units.
- N
Mims, F. Calculators: From tlhe Abacus to the Electronic Calculator. Radio-
Electronics 43: 51-54; December 1972.

The development of calculating machines is traced.

Moursund, David. Calculators in the Elementary School. Calculators/Computers
1: 7-10; May 1977.

Usdng the calculator as an aid in pré%lem-solving situations is discussed, with
suggestions for the classroom. Goals for teaching about calculators are stated.
including mechanical aspects, capabilities, limitations, errors, problem solving,
and when to use calculators.

Ockenga, Earl. Calculator ldeas for the Junior High Classroom. Arithmetic Teacher
23: 519-522; November 1976. ’

Activities and games for computation and estimation, measurement and gecometry,
functions, and problem solving and applications are described.
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Oglesby, Mac. "Hilo", "Hurkle'". Calculators/Computers 1: 42-47; May 1977.

/"
Directlons for uwo calculator games are given. One can be played on either a
four-function or a programmable calculator, the other only on a programmable

calculator. Flowcharts and programming steps are provided.

AN
N

Osborne, J. M. The Pocket Calculator ird School Pny51cs. Physics Education 9:
414 419 September 1974. .

- The 51gn1f1cance of the 51mp1e type of calculator as a tool in the classroom is
discussed, as well as the contribution of the more sophisticaled type.

kY

Peters, William T. The HP-25 as-a.Digital Clock and Timer. Popular Electfonics
11: 57—58' August 1977.

How to program an HP-25 calculator to serve as a clock/tlmer with dlsplay in-
hours, minutes, and seconds is described.

L)

Pitcairn, Cameron C. and Baker, Gregory L. The Rocket Game. Physics Teacher 12:
427-429; October 1974. ’

A program for a programmable calculator is provided which §imulates the problems
of rocket propulsion, hovering, and soft landing.

Pollak, Henry O. Hand-Held Calculators and Potential Redesign of the School Mathe-
matics Curriculum.’ Hathematlcs Teacher 70: 293-296; Avril 1977.

The content and teachlng of secondary-school mathematics in the calculator era

are discussed. .
/

Riden, Chuck. Less Than Ten on a Calculator. School Science and Mathematics 75&
. 529-531; October 1913.

A method to check addition and subtraction in any, number base less than ten,
using a simple adding machine or a calculator, is given.

Rogers, James T. 10 Games You Can Play with a Pocket Calculator. Science Digest
77:  42-45; May 1975. (See also: Rogers, James T. Seven Pocket Calculator '

. Games. Creative Computing 2: 19; January-February 1976.)

Brief directions for games and "tricks" are presented, with the mathematical
rationale behind the "tricks" not explained.

Stolovich, Harold. A Pocket Calculator Never 1oses Patience. Audiovisual Instruc-
tion 21: 19-~20; December 1976.

Seven advantages of using a calculator in teaching mathematics to handicapped
learners are identified. The use of the calculator as a tool for discovery, for
.drill and practice, and for motivation is discussed.

Stultz, Lowell. 'Electronic Calculators in the Classroom. Arithmetic Teacher 22:
135-138; February 1975. (For Reader Dialogue, see Arithmetic Teacher 22:
658-660; December 1975.) » .

Severai applications of calculators at various elementary grade levels are
suggested, with some punch/diSplay sequences illustrated.

‘Sullivan, John J. U51ng Hand-Held Calculators in Slxth—grade Classes. Arithmetic
Teacher - 23: 551-552; November 1976. :




_'.6..

_ Classroom use of calculators is described, including a brief discussion of
\\\ways in which the use of the calculator can enrich, supplement, support, and
motivate the regular program. .
Vail, Roy Programmablie Calculators in Biology Classes. American Biology Teacher

36" 496-498 November 1974. :

Some uses. of calculators in biology classes are described; for example, chartlng
exponential populatlon curvess evolution by natural selectlon, and random geneé
drift. : -+

Wilderman, Ann. Mafh\Skills for Survival in the Real World. Teacher 94: 68-70:
February 19Y77. t o ' :

Six mathematics unlts'ror middle and upper elementary grades are described:
banking, transportion, taxeS, budgeting, shopping, and pricing and advertising.
For each unit, mathematical skills and practical applications are identified,
vocabulary is listed, and a- §erles of student learning activities, some using
calculators, is suggested.

Woodburn, Douglas. Can You Prediéf\the Repetend? Mathematics Teacher 69: £75-678;
- December 1976. ' o '

Worksheets are prov1ded for an aCt1v1ty involving the use of the ,calculator in

discovering patterns when a Dumber 1s\d1v1ded by 9, 99, and 999.

- Yarbrough, L. D. The Keyboard Game. Creatrve-Computlng 2: 20-21; January— o
February 1976. - P

A two—person game to be played on a pocket calculator is described and the winning
strategy dlscussed

How to Program Calculators for Fun and Games. Popular Electronics 11: 39-46;
June 1977.

A collection of six games for the programmableAcalculator are presentcd: Battle
the Dive Borm:er, Football, Blackjack, Space Flight, Biorhythm Forecast, &.:c
Test Your ESP. Goals and rules are described, with programs (for the HP-25).

Minicalculators in Schools. Arithmerjc Teacher 23: 72-74; January 1976.
Mathematlcs Teacher 69: 92-94; January 1976.

This report from the NCTM Instructionazl Affairs Commlttee presents nine justi-
fications for using the hand-held calculator in classrooms, with some specific
examples of curricular appllcatlons

ot
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Non-Commercial Publlcatlons

Beisse, Karen; Brougher, Janet; and Moursund, Dav1d Calculators in the Elemcntarv
School. Portland, Oregon: 'Oregon Council for Computer Education, May 1976.
[Available from OCCE, 4015 S W. Canyon Road, Portland OR 97221 -- $2.00]

The role of the calculator in the elementarv—school classroom is br1efly discussed.
Suggestlons for calcﬁlator activities are given, with informal evaluatlons of some.

Bell, Max; Esty, Edward; ’Payne, Joseph N.; and Suydam, Marilyn N. Hand-held Calcu-
lators: Past, Present, and Future. In Organizing for Mathematics Instruction
(edﬁted by F. Joe Crosswhite). 1977 NCTM Yearbook. Reston, Virginia: Xational
Council of Teachers of Mathematics, 1977. Pp. 224-240.

[Avallable from NCTM, 1906 Association Drive, Reston, VA 22091 -- $9.00 for
members, $10.00 for non-members]

An overview is prov1ded for. each of four reports dealing in whole or in part with
calculators ‘(the NACOME report, the Euclid Conference report,. the status study
report to the NSF on calculators in pre-college education, and the report on -the
[Conference on Needed Research and Development on Hand-Held Calculators) Activi~
/t1es in several school systems are also cited.

Caravella, Joseph R. M1n1calculators 1n the Classroom. Washiington: National Edu-~

. -—cation Association, 1977. :
{Available from NEA, 1201 16th St., N.W., Washington, D.C. 2003¢ — Stock Number

1812-5-00,.$2.50 paper, $5.25 cloth] ‘ | s

Uses and implications of use, research, selection guidelines, and activities
are discussed, with the activities keyed to the various functions of the calculator.

Suydam, Marllyn N. Electronic Hand Calculators: The Isaplications for Pre—College
Education. Final Report, Grant No. EPP 75-16157, National Science Foundation,
February 1976. #

[Available from ERIC Document Reproductﬂon Service, Box 190, Arlington, VA
22210 — SO-page body, ED 127 206 (microfiche, $0.83; hardcopy, $2.06, plus postage);
full report, ED &27 205 (mlcrorlcpn,fso 83; hardcopy, $20.75, plus postage :

The range cf beliefs and opinions about the 1mpa-t of the calculator on pre-college
educational practice is reported, with information derived from a literature

search and from a surveys of several groups. Appendices in the full report discuss
plausible instances with which to use calculators, criteria for redesigning the
curriculum, needed research, 3pd perspectives for curriculum revision.

Vitale, Marie (editor). The Hand Calculator as a Problem Solving Device. Missouri
Council of Teachers of Mathematics, Fall 1977 (1n press).
[Available from M. Vitale, 1431 Barger Place St. Louis, ‘MO 63117 -~ S$4. OO]

This documer* will contain 20 articles on different ways a calculator can be

used in a clildassroom.
¥

~Calculator Cookery. Minneapolis Public Schools, East Area CurriculumHOffice, 1977.
ERIC: - SE 022 845, 87 pages: [To be available from EDRS late in 1977.}

Worksheets were designed for use with low-achieving ninth and tenth graders;

they also seem appropriate for seventh and eighth graders. Activities are in--
cluded on: introduction to the cazlculator, games, exploring algorithms, pattern
search, estimation and reinforcement of tasic computation, consumer applications,
and societal applications. Notes for teachers are included with each lesson.
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Towa Council of Teachers of Mathematics, 1976-

The Hand-Held Calculator. e
Falls, Iowa

[Available from Ann Robinson, ICTM, 2712 Cedar Heights prive, Cegar

50613 -~ $2.00] ;
‘Activities]appropriate for the middle school are presented’ most

as Wotiigheets ] .

High School Activities for the Calculator. Iowa Council of Teacherg of M2thematics,

1977. [Available from Ann Robinson, address above -~ $2-

algebra

Calculator activities are organized under the following categoryqq: lic
Vs

advanced algebra, general mathematics, geometry, junior high, preopab*
trigonometry, and miscellaneous. . , : . )

Minicalculator Information Resources. Reston, Virginia: National Council of Teachers
~of Mathematics. N ' : : - '
is free resource list cites articles, books, newsletter$: 3nd pedi?> Plus jinfor-
mation on calculator models appropriate for school use. _ ' l
| o
S

Report of the Conference on Needed Research and Development ©% Hang.peld Calculator
in School Mathematics. National Institute of Education and Natigpl SClence

Foundation, 1977. . ., o .
[Available from E. Esty, National Institute of Education, 81l §¢op 7f.1200 19th

St., N.W., Washington, D.C. 20208 -- also ERIC: SE 022 56

Results of the conference, intended to.provide a well-—defined framewoft'for future
research and development efforts, are reported. Twenty-one€ reCommeﬂda lons cover-
ing the development of an information base, curriculum developmepny, *¥®S€arch and °

evaluation, teacher education, and dissemiration are discussed.

Uses of the Calculator in School Mathematics, K-12. Monogra?h No. 12, ﬁiChigan
Council of Teachers of Mathematics, March 1977. ) :
[Available from MCIM, Box/ 16124, Lansing, MI 48902 —- $1.50]

Part I considers desirable features of calculators for cl2SSToom yses asic: ggsump~
tions, and curriculum concerns. Part II is a.collection of actjyjries for grades

K-3, 4-8, and 9-12, with a bibliography.

ng the Mini-Calculator to Teach Mathematics. Philadelphid® Curyj oylv® Office,
Instructional Services, The School District of Philadelphi2s 1977 L
[Available from Dr. Alexander Shevlin, Stevens AdministratiVe Centéf,_l3th and
Spring Garden Streets, Philadelphia, PA 19123 ~~ Publicatlon #547870> $3-00]

Usi

Calculator activities are presented on place value, roundin8 off ,umb&TS an

 estimating answers, whole numbers, decimal fractionms, common fra.,ejonS> Dumber
patterns, powers and roots, algebra, geometry, and advanc® topics. €r gections
discuss calculator selection, types of use, the keyboard, dlsPlays and Problems.

This publication was prepared.pﬁréuant to a contract with the Nations1 Instityre of
Education, U.S. Department of Health, Education and Welfare. Contyry.rorS Yndertaking
such projects under Government sponsorship are encouraged to ®¥PTesg fre€ Y thesr
judgment in professional and technical matters. Points of viéw or 4,iniONS do pot,
therefore, necessarily represent official National Institute of Edyc,tio® POSsitjon

or policy. )
August 1977: Revision of Reference- Bullétin No. 1, April 1977-
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“Books on Calculator Applicztions
T August 1977.

Ahl, David H. (editor). The Best of Creative Computing, Vol. 1. Vol. 2.
Morristown, New Jersey: Creative Computing Press, 197_.

Auteu, James H. anc Webb,-D.G. The Crash-Speed Calculator. Springfield,
. I1linois: Charles C. Thomas, 1972.

Beakly, George C. and Leach, H. W. The Slide Rule, Electronic Hand Calculator,
.and Metrification in Problem Solving (Third edition). New York: Macmillan, 1975.

| Benrey, Ronald. How to Get the Most Out of Your Low-Cost Electronic Calculator._
Rochelle Park, New Jersey: Hayden, 1976. :

Bitter, Gary G. and Metos, Thomas H. Exploring with Pocket‘Calculators. New York,
New York: Julian Messmer, Inc. (Distributed by Simon & Schuster, Inc.), 1977.

Buckwalter, L. 100.Ways to Use Your Pocket Calculator. Greenwich, Commecticut:
Fawcett Publications, 1975. ‘

Carter, Juanita E. and Young, Darroch F. Calculatingfnachines: A Ten-Key Approach.
New York, New York: Houghton Mifflin Co., 1975.

Davidson, Jessica. Let's Start to Calculate. New Rochelle, New York: Cuisgenaire
Company of America, 1976. ) - .

Dolan, Daniel T. Let's Calculate. San Leandro, California: Lakeshore_CurriCulum'
Materials Co., 1976. i -

Etlinger; Len and Vitale, Marie. EIA Calculator Activity;Book. Chicago. Illinois:
Educational Teaching Aids, 1977. :

Feldzamen, A. N. and Henle, Faye. The Calculator Handbook. ' New York: Berkley
Publishing Co., 1973. « _ : '

Fraser,'Marshall.' Elementary Algebra (Hand Held Calculator Edition). Palo Alto,
California: Page-Ficklin Publishing Co., 1976. :

Frenzef Louis E.,ljr. Ninety-Ninenﬂgys to Know and Use Your Electromnic Calculator.
Indianapolis, Indiana: Howard W. Sams &'Co., 1975.

- Gilbert, Jack. Advanced Agglications for Pocket Calculators. Blue Ridge Summit,

‘Pennsylvania: Tab Books 1975
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Hartman, ‘Arlene. The Calculator Game Book for Kids of All Ages. New York: New
American Library, Inc., 1977. »

Henrici, Peter. Computation'Analvsis with the HP-25 Pocket Calculator. New York,
New York: John'Wiley & Sons, Inc., 1977.'

Hunter, William L. Getting the Most Out of Your Electronic Calculator. Blue
Ridge Summit, Pennsylvania: .Tab Books, 1974. :

Hyatt, Herman R.; Drooyan, Irving; and Carioo, Charles C. Arithmetic With Push- .
Button Accuracy (Instructor's Manual). New York: John Wiley and Sons, Inc., 1977.

Immerzeel, George. Ideas and Activities for Using Calculators in the Classroom.

Dansville, New York: The Instructor Publicatioms, Inc., 1976.

Immerzeel, George. 77 Ideas for Uéing the Rockwell 18R in the Classroom. Anaheim,
California: Rockwell International 1976.

Immerzeel, George;. and Ockenga, Earl. Calculator Activities—-Book 1 and Book 2.
Creative Publications and Omron Corporation of America.

Jaccbs, Russell F. Problem Solving with the Calculator. Phoenix, Arizona:
Jacobs Publishing Company, Inc., 1977. ' '

Jamele, P. R. How to Select and Use a Calculator——or Getting the Most from Your
4-Function Calculator. Los Angeles: Crescent Publications, 1975.

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

dudd, ‘Wallace. Games, Tricks, and Puzzles for a Hand Calculator. Menlo Park,
California: Dymax, 1974.

- Judd, Wallaoe. Games Calculators Play. New York: Warmer Books, 1975.

Kinsey, Vera G. Mastering Ten-Key. Calculators: Electronic and Mechanical,
New York, New York: Harcourt Brace Jovanovich, Inc.,1976.

Ladd, Norman E. Working With the Calculator in B.ginning,Alg;bra. 'Skokie, Illinois:
National Textbook Co., 1976. ' ' :

McCarty, George. Calculator Calculus. Palo Alto, Califormia: Page—Ficklin
Publications, 1975. : .

McCready, Richard R. Solving Business Probléms with Calculators. 4th edition.
Belmont, Califormia: Wadsworth Publishing. Co., Inc., 1972.

- Meehan, J., et al. Solving Business Problems on the Electronic Calculator, New'
York: McGraw Hill Book Co., 1975.

| Merchant, Ronald. Adding Machines and Calculators. New York, New York: John
Wiley & Sons, 1974.
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Miller, Don. Calculator Explorations. St. Clbud, Mfnnesota: Don Miller.

Miller, Lloyd E. Practice Problems for Business Education Using Electromic
Calculators. Paramus, New Jersey: Sharp Electronics Corp., 1975.

Mims, Forrest M. Number Machines. New York, New York: David McKay Co., Inc., 1977.

Mullish, Heary. How to Get the Most Out of Your Pocket Calculator. New York:
Collier Books, 1974.

Mullish, Henry. The Complete Pocket Calculator Handbook. New York: Collier
' Books, 1976.

l Olney, Ross; and Olney, Pat. Pocket Calculator Fun and Games. New York, New
York: Franklin Watts, Inc. (Subsidiary of Grolier Inc.), 1977.

Pallas, Norvin. Calculator Puzzles, Tricks & Games. New York: Sterling
- Publishing Co., Inc., 1976.

Papy, Frederique, et al. Math Plav Therapy. CSMP Mathematics for the Intermediate
Grades, Vol. 1.  St. Louis, Missouri: CEMREL, Inc., 1977.

Pask, Gordon. Travels with a Calculator. Houston, Texas: Gulf'Pubiishing‘Co.,
1977.

Roberts, Edward M. TFingertip Math. Dallas: Texas Instruments, 1974.

Roberts, H. Edward. Electronic Caiculators. Indianapolis, Indiana: Howard W.
Sams & Co., Inc./Bobbs-Merrill, 1974.

Rogers, J.T. The Calculating Book: Fun and Games with Your Pocket Calculator.
New York: Random House, 1975.

Rudolph, William B. and Claassen, A.D. The Calculator Book. Boston: Houghton
Mifflin Co., 1976, S p :

Salisbury, David F. Calculators, Power Tools for Thinking. Reprint from Christian
Science Monitor. 1976. .

Schlossberg, E. and Brockman, J. The Pocket Calculator Game Book. New York:
Willtam Morrow, 1975. ’

- Seymour, Thomas J. -Games Calculators Play! Rockford. Illipois: Séymodr_Publications,
1975. - .

Sharp, J. Norman C. The Calculator Workbox. Don Mills, Ontario: Addiéon-wesley
Publishers, 1977. )

| Skoll, Pearl. Coping with the Calculator. Northridge, California: Pearl Skoll, 1975.

Thiagarajgn, Sivasailém, and Stolvitch, Harold D. Games with the Pocket Calculator.
Menlo Park, Califoraia: Dymax, 1976. . '

Vannatta, Glen D. The Maximum from Your Minicalculator. Carmel, Indiana:
Vancom Publications, 1976. "
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Vine, James. Boggle. Los Angeles, California: Price/Stern/Sloan Publishers, Inc.,
1975.

Calculator Games for Kids. Racine, Wisconsin: Golden Press (Imprint of Western
Publishing Co., Inc.), 1977. :

Hewlett-Packard. Enter vs. =. Cupertino, California: Hewlett-Packard Co., 1974.

Hewlett-Packard. The Programming Book. Knoxville, Tennessee: Approach 13-3-
Corporation, 1976. -

Novus. Quiz Kid Quizbook. Sunnyvale, California: National Semiconductor
Corp., 1974.

Novus. Whiz Kid Funbook. Sunnyvsle, Californfn: National Semiconductor Corp., 1974.

Sharp Electronics. Mathematics Using Electronic Calculators. Paramus, New Jersey:
Sharp Electronics Corp., 1975.

Texas Instruments. The Great International Math on Kevs Book. Dallas, Texas:
Texas Instruments Learning Center, 1976.

The Texas Instruments Learning Center and The University of Denver Mathematics
Laboratory. Basic Family Math. Dallas, Texas: Texas Instruments, Inc., 1976.

The Texas Instruments Learning Center and The University of Denver Mathematics
Iaboratory. Calculating Better Decisions. Dallas, Texas: Texas Instruments,
Inc. ’ 19770 . b : ‘

This publication was prepared pursuait '3 a contract-with the National Institute
of Education, U.S. Department of Health, Education and Welfare. Contractors
undertaking such projects under Government sponsorship are encouraged to express
freely their judgment in professiomnal and technical matterss. Points of view or
opinions do not, therefore, necessarily represent official Natioral Institute

of Education position of policy.
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Introduction to : Bulletin No. 9
Research on Hand-Hecld Calculators. K-12 . August 1977

4!

For several years, research efforts have been directed at obtaining infor-
mation on the effects of using hand-held calculators in elementary and secondary
schools. This bulletin has Been prepared to acquaint readers with ‘these research
efforts and to proyide summary information regarding their major findings. In
addition to an annotated biSliography listing the studies alphabetically, a
table is provided for quick reference. For each study, the table lists the

“author(s) or major rescarcher(s), the date of the research report, the grade or
age level(s) of the subjects involved in the study, the number (N) of subjects or
classes involved, the length or duration of the study,'the subject matter area,

the type of research, and the major findings.
: P '

.Most of the studies involved comparisons of Calculator and Non-calcu-
lator groups; that is, groups in which the calculator was used or was not used

for ihstruction. ‘Some of the studies had several sub—analyses of the data, so

that 40.findings were noted. In 19 cases the Calculator group achieved signi-
" ficantly higher on peper—and—pencil tests (w%:h which the calculator was not used].
No significant differences were found in 18 iﬁstances, In only three insEances

was achievement eignificaﬁtly higher for the Non-calculator group.

Such gross tabulations previde some sunport for the belief fhat calculators
can be used to promote achievement. At the same tlme, awareness needs to be
maintained about the variety of focus, the limitations of research de31gns, ‘the
lack of sufficient descriptions to make a study replicable, and similar factors
pertaining in some of the studies to date. Moreover,'most‘of the research efforts
were short-term, and dealt with fitting calculator applications into the existing
curriculum. Attcention must be directed to the long-term effects of the use of

) . L ) .
calculators, and to wavs of using calculators to promote the learning of mathe-
L : .

matics. Attitude$ also need additional study.

2UL




RESEARCH ON HAND-HELD CALCULATORS, K-12 .

Grade , Type of - ' "

Author -~ Date  Level N Length ~ Research  Topic finding

Allen 1976 6 6 ¢ 25 days  experi-  decimals, posttest, NSD; retention, ¥ ) ¢

o | mental metric |

Anderson 1977 7 12¢ 20 wks,  experi-  general  C improved attitudes; NSD, achieve-
mental | ment (concepts, computation);

| C§> N, qroblem solving

Borden 1977. 6 be 4wks,  experi- " decimals Both groups achieved‘éignificant

mental gains; N had significant negative

| : change in attitude
- Campbell/ 19762  5-6 1school 7mos.  experi=  checking  NSD, computation; C ) N on concepts,

Virgin mental problem solving in grade 5
19765 46 183t . sugvey attitudes
| | * of teachers
Fischman 1976  9-10 6¢ 1 sem. experi-  business  NSD, attitude, concepts; C 2 N;
| - | ’ ‘mental mathematics  skills
Hawthorne/ 1975 6 2¢ lyear  action general  C 2N, computation, concepts;
_ Sullivan E N 2 C, problem solving
Hutton wr o9 L wks.  experi-  powers,  NSD
- mental .  roots,
| radicals
Jamski - 1977 7 6c & wks. experi-  rational  Significant differences on posttest;
' mental numbers,  NSD, retention b
percents, ‘
Jones 1976 6 171 p 9 wks.  experi-  gemeral  C > N; NSD, attitudes
- mental B ’ )
lethard 1977 712 8¢ - lsem  experi-  general  NSD, achievement, attitudes
mental -

- , . C
¢ = classes; p = pupils; t = teachers

dk ' |
C = Caleulator group; N = Nen-calculator group; NSD = no significant differences




" Author

Luxton/ .7

~ Spungi®

Miller

Muzeroll

Selson;
Bitter/
Nelson

Guinn

Rudnick/
Krulik

Scandura
et al.

Schafer
et al.

Schnur/
Lang

Shirey .
Spencer
- Sutherlin

Vaughn

Wajeeh

”".f.‘;/’/,

et

Tyﬁe of

K Grade. o ‘ ;
! .
Date- . Level X Lemgth  Research ~Topic /  Finding ‘
1976 ages 15w 4 vks, action , Blind and parﬁially sighted{were
- 15220 . ' B able to use cassette manuals to
| o . | ‘ // learn to use three caleulators.
1977 5 hgrps, ~lﬁ days éxperi— " division  C) N, lower-ability groups, on
. Lo ' mental skills, division; NSD between
o L higher-ability grolps
1976 7 07 0 days f experi- general | NSD, achievement, attitudes -
o | ‘-1 ental .
1976 47 196 p  1'sumer .aétion general - CYN
1975 | -
1976 &9 « 18 ﬁ 8 ms. .experi-  algebra  NSD, achievement; C had less
o mental anxiety, better self-concept
1976 . 7 N 600 p 1 year expe;i4 génerél | NSD, achieveﬁént, basic skills
” | medtal, | | |
" survey Parental attitides indicate
| ' / freservations about calculator use
1976 . k=2, 1 sumer -.prelini-  general o calculators found to be source
CU o ©.nary - of motivation
1975 5 Se. S &éysa\‘- prelini-  gemeral  C>Non caleulator Examples;_
: C . .nary ' NSD on non-calculator examples
1976 ages  60p | 2 08, . eicp'_éri— .general C) N ' , '
9-14 : . mental n '
1976 10-12 9 days - experi- - consmer, C) ¥, inquiry,-'~‘i“
" memtal business
, | ' math, |
1975 6 ,8% P 8 ks, - experi-  general . o ) N on grade 5 reasoning,
| o . - mental grade 6 computation, total test
1977 56 é ¢ 8 wks." ,exéeri—m“{j decimals, NSD, eSttmatibn |
| , L . mental  estimation ‘
1977 9 8¢ | 8,wké. | ‘Exgerie decimals,  CYN, ac‘xievementP NSD att*tudes, o
' -~ v metal { percents retention
1976 9 B¢ 15 wks. experi- ?g@aﬂ ‘C)N uMwmthw adu@s.
. v - mental ©  math.

20.:’:3 ,‘ |



Author

Weaver

Whitaker

Zepp

and others

Findin

C) N, non~timed computation

~ and verbal problem solving;

N % C, concepts; NSD, timed
computation, total achievement,
attitude

 Grade - Type of 4
Date  Level N Length  Research  Topic
19762 2,3,5 T¢ explora~  mumber
‘ tory sentences
9% 3 2¢ © addition,
subtraction
sentences
1977 1 30 days  experi- - general
| \ mental
1976 9, 119 experi~  proportions NSD
.college 198 col. neatal
1974 teachers survey

r 5 4 , \’. "
“ g e



iy

1200 Chambers Rd.

'\/CA!_CU.LATOR o . Columbus, Ohio 43212
"v\,“’\',"c”é’,\?#;‘}” o (o6 225509

-Research on'Hand-Held Calculators, R-12 o ' Bulletin No. 9

August 1977

Allen, Maxine Bogues. 'Effectiveness of Using Hand-Held.Calculators for Learning

Decimal Quantities ‘and the Metric System. (Virginia Polytechnic Institute and
State University, 1976 ) Dissertation Abstracts International 37A: 850—851'
August 1976. :

‘ During a 25-day unit on_decimaraalgoritthﬂand on the metric system,-four intact ~

sixth-grade classes used calculators for all computations while two classes used

- only paper and pencil. No significant differences between the two groups-were -

found oa the posttest, but on the retenticn test the group using paper and pencil
only scored significantly higher: on both the-decimal and the metric tests. than
the calculator group. -

3

~ Anderson, Lyle dugene. The Effects of Using Restricted and Unrestricted Modes of

Presentation With Electronic Calculators on the Achievement and Attitude of.

 Seventh Grade Pupils. (University of Demver, 1976.) Dissertation Abstracts y

International 378: 6321-6322; April 1977 ' - .
Three- eeventh-grade mathemacics classes taught by the same teacher were ratdomly
“selected at each of four schoals for the 20-week study. One class in each school -
was permitted restricted use of calculators (checking paper and pencil computations
and as an aid in problem solving), a second class was permitted unrestricted

" ,calculator use, and the third class was not permitted to use calculators.

Pupils using calculators showed improved attitudes toward mathematics but no

' change in achievement, understanding mathematical concepts, or computational

skill. On an untimed problem solving test, pupils using calculators solved
problems correctly at almost tw1ce the rate of puplls not using calculators.
L%

Borden, Virginia Lee.‘ Teaching Decimal Concepts to Sixth Grade Students Using the

Hand-Held Calculator. (University of Northern Colorado, 1976 ) Dissertation
Abstracts Internatiorial 37A:  4192; January 1977. -

an

A unit’ on decimals constructed to precede a study of common fractionms was taught
to four classes of sixth graders, with two of the classes using calculators
while the other two classes did mot. Both groups showed a significant gain in
mathematics achievement of certain concepts and skills in decimals. It was _
aot reported if -any differences in’achievement of attitude were found when the’ f
calculator group was compared to the non-calculator group. The non-calculator

"~ - group showed a significant'negative change in attitude toward mathematiés."

Campbell Patricia and Virgin, AE. An Evaluation of Elementary-School Mahtematics:

"Programs Utilizing the Mini-Calculator. North. York Board of Education, Ontario,
Canada, July 1976. ERIC: ED 137 120 42 Pages.

for a seven—month period, fifth and sixth graders'in oneéschool had calculators
available in <cheir classrooms for checking their work, while at . a second school o

- no calculators were permitted. A standardized mathematics achievement test
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and an attitudequestionnaire were given as pre- and postt®Sts. op the compytation
subtest there were no significant differences in the gai? SCoreg Het¥eenN the

: two schools. On ‘both the mathematics concepts and the PfOblem~solving_?“btests,

o - fifth graders in the calculator group scored significantly highep th20 fifen

_graders in the non-calculator’group. |

Campbell, Patricia and Virgin, Albert. A Survev of'Element?rv School Teachirsy
& Principals' Attitudes to Mathematics and Utilizing4&;22:22123125952'1_hoqth .
York Board of Education, Ontario; Canada, July 1976, ERIC: Ep 137 +%1- 27 pages.

Investigator-constructed. questionnaires were distributed ™0 fourth-» f%fth*, .
‘and sixth-grade teachers agd to elementary school princiP2lS to gete™Re their
attitudes toward the use of calculators in the classroom- Resyjts showed that
just over half of the 182 teachers responding did .not thin% thay the YSe of
a calculator would.help ‘them realize their teaching objectiVes gor mathemarjes,
" Almost half of the teachers felt that the calculator could e‘introduced ‘ -
between grades 4 and 6, while 44% indicated a preferenée'for after'gféde 6.
Teachers and principals were mot unlike in their attitude$ towapq th® USe of
the calculator in the classrdom and were consistent”;n'identiinng similar
advantages and disadvantages of using calculators. -

Fischman, Myrna Leah. New York City High School’ Students' Attitugeg.and Concept
Learnings in Business Arithmetic When Using Electronic Calculatbrs as C°ntrasted»
with Hand Calculation. (New York University, 1976.)- DisS€rtatson APSETraces
-International 37A: 774-775; August 1976. . . ' '

Three businessvarithmetic classes of ninth and tenth graders used calculators :
while .three ‘other business arithmetic classes did*mot: &AM clagges ¥eT® taught

~ the same material. No significant differences in attitudeS _toyg g bUSinesg
mathematics or in understanding of concepts.were found betWeen tpe €2-CUlator
and the non-calculator group. However, the calculator groUP Scored,significantly
higher ou a test of arithmetic skills than did the non-c31Culatyy grouP. -

Hawthorne, Frank S. and Sullivan, John J. Using Hand-Held CalCularors 3% Sixen-
. Grade Mathematics Lessons. New York State Mathematicg_Iééshézgl_gggﬁﬂél, 25:
29-31; January 1975. : . . B o :

~

This is a report on the study by Barrett and Keefe, iavolViDg ty, sixth—grage
classes. A posttest at the end of the year indicated thaf the gydeBtS using
calculators scored higher on tests of concepts and com.pucati°n than 2 UOR-cal-
culator group, but not as high on problem-solving testss’ :

Hutton, Lucreda Ann Williams. The Effects of the Use of Mini-Caleyjato¥s on
" Attitude and Achievement in Mathematics. (Indiana UniverSity, 1976-) Disser-
tation Abstracts International 37A: 4934; February 1977~

S~

A 4-week unit on powers,‘roots, and radicals was studied by one grou? °f ninth-
grade algebra students who had traditional instruction wit no‘calculat°r5,_

a second group who had traditional instruction but could US® Ca]culatOrs:
during class, and a third group who had special ‘calculatOf instyy,ctiol Plus
access to calculators during class. No significant diffefences yere “°Und yhen
groups were compared on achievement or attitude. ' - -

LR YRR AR
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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 ) Dissertation Abstracts Internatiopal 37A: 4934-
4935; February 1977 ;

Three classes of students at the seventh-grade level used calculators during
a 4-weeK unit on finding equivalent forms for fractions, decimals, and percents,
while three other classes did not use calculators. On an immediate posttest,
a significant difference was identified between groups on items involving
. conversion from a simplified fraction to a decimal. No differences were found
' between groupS'when a retention test was given. '

e I

Jones, Edris Whitted. The Effect of the Hand-Held Calculator on Mathematics
- Achievement, Attitude and Self Concept of Sixth Grade Students. (Virginia
Polytechnic Institute and State University, 1976.) Dissertation Abstracts
International 37A: 1387; September 1976.

One hundred thirteen slxth—grade students ‘used calculators for about an hour
daily for 9 weeks, while another group of 58 sixth-graders used paper and pencil .
only.  Results showed that students’ using calculators made significant gains

in total achievement ‘computation, and concept scores; no differences were

found in attitude or self-concept.. Girls’ in the experimental grcup scored -
51gn1f1cant1y higher on conceptc than did boys. : e

Lenhard, Rodger William. Hand—Held oalculators in the Mathematics Classroom at
Stuart Public School, Stuart, Nebraska. (Montana State.University, 1976 )

Dissertation_Abstractg Internatioral 37A: 5661; March 1977.

Analysis of at least eight tests taken by a total of 125 secondary students
in grades 7 through 12 showed no differences in performance between those using
and not using calculators during. the test on test scores, concept’ and com~ _
> putation errors, attitudes, time, and rank. - . g - "
- .
Luxton, Karen- ‘and Spungin, Susan Jay. Effectiveness of Calculator: Instructional
Materials: A Pilot Study. -/ New Outlook for the Blind 70: 380—384' November
. 1976. i

During’ this four-week study, 15 blind and partially sighted subJects ages 15 to
21 used and evaluated the instructional manuals for three calculatorS' the

_-TSI Speech Plus, the Master Specialty Audio Response, and the. ATB Braille -

- Calculator. Data ‘indicted that tha students were able to use the cassette
manuals to learn to use each calculator. Several suggested improvements for

_ future development of materials are given. ' '

- Miller, Donald. Peter, Fffectiveness of Using Minicalculators as an Instructional s
Ald in Developing the Concept and: Skill of Long Division at the- Fifth Grade
Level. ' (The Florida State University; 1976. ) Dissertation.Abstracts Inter-

national 37A‘ 6327; Apr11 1977.

.,-_ -~

. Two fifth—grade classes were separated into a low group and a high group ‘on
the basis .of a prerequiti*e skills test of multiplication, subtraction, and-
division by one-digit divisors. One class was chosen to use calculators during
a 12-day unit on division while the other class was permitted the use of L
multiplication tables. The low groups were taught by an elementary education
major. The low calculator group scored significantly higher than the low control
gvoup on. posttests of prerequisite skills and division. - . M



e

Muzeroll Peter Arthur. Attitudes and Achievement in Mathematics in Student
Choice and Non-Choice Learning Environments. (The University of Conmnecticut,
1975 ) Dissertation Abstracts International 36Ai' 42333 January 1976.

.One group of students was allowed to select activities from seven resource
.areas (one of which involved calculators), while the comparison group was
taught under a no-choice option. A total of 207 seventh-graders participated.
Results showed no significant differences in mathematics attitude or achievement
~ between the two groups.- Overall, there was a s1gnif1cant decline in students'
attitudes toward mathematics from the end of -grade 6 through the end Of grade 7
‘ for both grOups of students. -

Nelson, Dennis William. Effects of Using Hand Calculators on the Attitudes and-—-
Computational 'Skills of Children in Grades Four Through Seven. (Arizona State
University, 1976.) Dissertation Abstracts International 37A. 33é2-3383- C

.. December 1976. R 4 -
See also: Bitter, Gary G. and Nelson, Dennis. 'Arizona Migrant Education Hand-
Held Calculator Progect. Migrant Educator 1: -1-3;5 1975. B

A total of :196 summer" school students in grades 4 through 7 were placed in one
of four different curricular progr : the regular mathematics program, the
regular mathematics program plus’ ca?iulators, a commer¢ial calculator-involved
'curriculum, or a diagnosis-remediation calculator program. Findings showed that
gains in basic computational skills and attitudes of students toward mathematics
were signl‘icantly improved when students used hand .calculators. v

Quinn, Donald Ray. The Effect of the Usage of a Programmable Calculator upon .
Achievement and Attitude of Eighth and Ninth Grade Algebra Students. (Saint -
Louis University, 1975.) Dissertation Abstracts International 36A: 4234-4235;
January 1975.. ' : : : ﬁ; :

~ The.programmable calculator was used 1n eighth- and ninth-grade algebra classes
- for evaluating algebraic 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 in the calculator
-classes showed less "anxiety toward mathematics!' and” had better self—concept
" in mathematics" than students..in- non—calculator classes.

Rudnlck Jesse A. and Krulik, Stephen. The Mlnicalculator. -Friend or Foe?
Arithmetic Teacher 23: . 654—6563 December 1976. :

1

"~ The effect of the availability and use of a calculator on seventh—graders,
mathematics achievement was investigated. Preliminary findings on parental
,attitude toward the use of calculators and on student achievement are discussed.

£
Scandura, Alice M., Lowerre, George F., Veneski Jacqueline, and Scandura,
Joseph M. Using Electronic Calculators with Elementary ‘School Chlldren.
‘Educational Technology 16: 14:18; August l976.

t

.. TFour K-2 stud1es amdonefor grades 3-4 considered which mathematical toplcs
could be taught most effectively with a hand-held calculator, which new mathe-
. » matical topics could be successfully introduced when using such calculators,
and - what imp11cat10ns there might be for problem solv1ng. ‘

E

~

-
6

fa

blx



—5-

kY A .

Schafer Pauline; Bell, May S.; and Crown, Warren D. Calculators in Some Fifth-

Grade Classrooms: A Prellm:nary Look. Elementary School Journal 76: 27-31;
0ctober 1975. : :

Students in the calculator group scored significantly higher on calculator
examples, while no differences were found on non—calculator examples between
calculator and non-calculator groups. -

Schnur, James O. and Lang, Jerry W. Just Pushing Buttons or Learning? -- A Case
,.foriginicaiculators. Arithmétic Teacher 23: 559-562; November 1976.
Groups using calculators gained significantiy more whole number computational
a2bility than control groups not using the calculator. Sex of student - and
calculator usage interaction was not significant, nor was the interaction
between ethnic/economic background and gain-in computational ability. )

Shirey, John Reginald. The Effects of Computer—Augmented Instruction on Students'
Achievement and Attitudes. (University of Oregon, 1976.) D1ssertation Abstracts
Internationa1~ ‘37A: 3386- 3387 December 1976.

- o Tenth, eleventh, and twelfth graders in consumer and business mathematics
' " classes were randomly assigned to receive. computer—augmented ingtruction or a low~
cost altermative using tables and calculators to complete inquiry exercises.
The instructional unit covered nine days. Results showed that the calculator
e group did: s1gn1f1cant1y more inquiry beyond the mlnlmum requlred than did thew
‘ computer group.'A -

Spencer,-JoAnanora. Using the Hand-Held Calculator in Intermediate Grade Arithmetic
: Instruction. (Lehigh University, 1974.) Dissertation Abstracts International
35A: 7048-7049; May 1975. :

For an eight-week study, 40 fifth graders and 44 sixth graders were randomly
assigned to either a calculator group or a non-calculator group. Beth groups
worked with computation sheets prepared by the experimenter. The calculator )
group scored significantly higher than the nOn—calculator group. on the reasoning
test 1n grade 5 and on the computatlon test and total arithmetic test in grade 6.

Sutherlln Willizm Norman.. The Pocket Calculator' Its Effect on .the AchISItlon
of Decimal Estimation Skills at Intermediate Grade Levels. (University of
_Oregon, 1976. ) D1ssertatlon Abstracts International 37A: 3663; March 1977.

' As they studled a unit on declmal operatlons and on estlmation techniques,
four fifth- and sixth-grade classes used calculators while four other classes
-did not. No significant differences in estimation skills were found.

Vaughn, Larry Richard: A Problem of the Effects on Hand-Held Calculators and a
Specially Designed Currlculum on Attitude toward Mathematics, Achievement in
Mathematics, and Retention of Mathematical Skills. (University of Houstom, 1976.) -
Dissertution Abstracts International 37A: 4938-4939; February 1977.

- Four ninth-grade general mathematics classes used calculators as they studied |
. decimals and percents for 8 weeks in a specially-designed curriculum, while
four other classes received traditional instruction with-no calculators.
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Results showed that the calculator group scored 51gn1f1cantly higher than
the non-calculator group on an achievement test, but no differences between
groups were found with respect to attitude or retention of mathematical skills.

Wajeeh, Abdullah. The Effect of a Program of Meaningful and Relevant Mathematics
on the Achievement of the Ninth Grade General Mathematics Student. (Wayne State
University, 1976.) Dissertation Abstracts International 37A: 2801-2802;
Novezber 1976. a - - ' ‘

The group of ninth-grade general mathematlcs students using an investigator=—
developed unit plus calculators for 15 weeks scored significantly higher on a
standardized computation test than the group.using only the developed unit,
but there were no significant differenées in attitudes.

Weaver, J. F. Calculator-influenced Explorztions in School Mathematics: _Number
.Sentences and Sentential Transformations I, II. Project Paper 76-1. Madison:
Wisconsin Research and Development Center for Cognitive Learnlng, January 1976.
ERIC: 123 088. 353 pages. :

fExploratlons involving the use of calculators in connection w1th mathematics
instruction were conducted with two fifth-grade classes, two sccond-grade
classes, and three third-grade classes. The data suggested that puplls
encountered no.consequential problems with the mechanics of using simple four- -

, function, algebraic-logic' calculators in routine contexts, and that vpupils

- - elected not. to. use calculators. in situations where .their use is unnecessary
or .of no particular advantage. While elementary—school mathematics programs
usvally emphasize binary operations, project explorations have moved increasingly”

: toward content interpretations in terms of unary operations.: -

Weaver, J." F. Calculator-influenced Explorationslin School Mathematics: A Further
_ Investigation of Third-grade Pupils' Performance on Open Addition and Subtraction

. Sentences.” Project Paper 76-3. Madison: Research and Development Center for =~ .
Cognitive Learnlng, University of Wlscon51n, Aprll 1976. ERIC: ED 123 089. 24 pages

S

Limited systematlc instruction was prov1ded for two third-grade classes on a
calculator-assisted approach to solving selected types of simple open addition

and subtraction sentences involving three-place whole-number addends, moving from
a guess—and-test procedure to more direct and efficient sentential transformations.
Puplls exhibited a relatively high level of computational accuracy in their use
6f calculators (94%) but substantially lower levels of prof1c1ency in prov1d1ng
mathematically correct solutions for "taught" and related "untaught' open-
sentence types (ranging from 66% to 23%). - Serious questions are raised regardlng
the appropriateness for young children of certain instructional approaches to

the sélution of simple open addition and subtraction sentences.

dWhitaker William Howard. A Study of'Change in Achievement, Interest, and Attitudinal -
Variates. Accompanying the Use of Electronic Calculators in a First Grade
Mathematics Curriculum.. (Unlver51ty of Southern Callfornia, 1977.) Dissertation
Abstract International 38A: 97-98; July 1977. _ . . .

"~ The 30-day study examined the effect of calculator use with first graders upon
achievement, attitudes, and interests related to mathematics. Each group completed
daily worksheets), with one group checking their results on a calculator and
the other.group relying upon their teachers to' check results. Findings indicated -

—
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that students using calculators were aided in non-timed computation and in
_solution to verbal problems but they displayed smaller gains in mathematics
conceptualization. No differences were found for the variables of timed
computations, total achievement gain, and attitude gain.

Zepp, Raymond Andrew. Reasonlng Patterns and Computation on Pr0portions Problems,
and Their Interaction with the Use of Pocket Calculators in Ninth Grade -and
College. (The Ohio State University, 1975.) Dissertation Abstracts Internatlonal
36A: 5181; February 1976

-

One hundred seventy ninth graders and 198 college freshmen were classified as
having high, middle, or low ability in solving proportions. Half the students
in each ability group were given calculators to use while working on a programmed
unit in linear interpolation, while the rest of the students could only use _

- paper and pencil for their computations. Results showed no significant dlfferences
between performances of students using calculators compared to those not using
calculators, nor was there any significant interaction of use of calculators
with ability to solve proportions. The hypothesis that students could understand
a proportional train of thought better if the barrier of computation were removed
was not borne out. - : :

Where do You.Stand? Computational Skill Is Passe. Mathematics Teacher 67:
485-488; October 1974. L : - :

A survey of -teachers, mathematicians, and laymen is reported, with seven
questions and percentage of responses noted.

7

This publication was prepared ‘pursuant to a contract with the National Institute
of Education, U.S. Department of Health, Education and Welfare. Contractors
undertaking such projects under Government sponsorship are encouraged to express
freely their judgment in professional and technical matters. Points of view or
‘opinions do not, therefore, necessarlly represent offlciel National Institute-
of Education position or poliecy. .

August 1977: Revision of Reference Bulletin No. 2, April 1977.
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//// Advani, Kan. The Effect of the Use of Desk Calculators-on Achievement and
Attitude of Children with Learnine and Behaviour Problems. A Research Report.

December 1972. ERIC: ED 077 160. 10 pages.

Eighteen students (ages 12 to 15) usec four calculators for six months to
- check mathematics problems. Compariscens of pre— and. posttest data indicated

«Significant increases in student interest and positive attitudes toward
mathematics,uhile disruptive behaviours decreased.

Aldridoe, Wanda Scott. Effects of Electronic Calculators on Achievement of

el

Middle School Rémedial Mathematics Students. (UniverSitv of Georgia, 1976.)
Dissertation Abstracts International -37A: 4078; January 1977.

Eightv—three mlddle school remediel mathematics students used calculators as
they worked through léssons in the Computational Skills Development Kit on ‘an
individualized basis for &4 weeks, while' 90 students did all the required
.calculation with paper and pencil. Results on a standardized arithmetice .
skills posttest showed that the non-calculator group scored significantly
higher (p < .001) than the calculator group. --No significant differences
between groups were found when compared by grade level. ‘

< ~-deck Lois L. A Report.on the Use of, (Calculators. Arithmetic Teacher 7:  103;-

-February 1960. . .
Fourth-, fifth-, and sixth-grade classes used Monroe Educator calculators:
these calculators perform the basic operations in much the same way they. are
done with paper and pencil. Although complete results were unavailable at the
‘time of writing, several obse ions were made. The calculators could be
operated by the students; whén used as a regular classroom tool, they tended
to.motivate and reinforce. understanaing and achievement in basic skills.

Children seemed to enjoy using the calculators, and to exhibit better work
habits. Place-value concepts were reinforced.

Eetts, Emmett A. A Preliminary Investigation of the Value of a Calculating

Machine for Arithmetic Instruction. Education “58: 229-235; December 1937.

The effect of practice w1th a calculating machine on the pupil's problem—
solving techniques and computational skills was studied. Thirteen pupils in

the .second half of sixth grade completed the year's work 'in’ the 31x~week )

treatment period. Gain scores from four tests were compared, with improvement

" found in each case. Pupils were able to analyze rore probleins in the time

available than they usually did. SR



‘Teachers, 1964.) Dissertation Abstracts 25: 6307; May 1965.

o

Broussard, Vernoo; Fields, Albert; and Reusswig, James. A Comprehensive Mathe-

matics Program. AV Imstruction 14: 43-44, 46; February 1969.

A program for low achievers in grades 7-9 from disadvantaged areas which
emphasized real-world applications and use of flow charts, calculators, and
other materials, resulted in significant achievement gain. Sixty per cent.
of the students who had participated in the program continued to take mathe-
matics courses, compared with 40 per cent in a control group.

Buchman, Aaron L. The Use of Calculators and Computers in Mathematics Instruction

in New York State High Schools. School Science and Mathematics 69: 385-392;
May 1969. i

Only 13 per cent of#4ghe schools reported. (in 1967-68) having calculators in
the mathematics department, with 2 percent of these having computer features.
Five per cent of the schools had computer fac1llt1es which were used by mathe-

~matics classes.

Cech; Joseph Phiiip, The Effect the Use of Desk Calculators Has on Attitude

and Achievement in Ninth-Grade General Mathematics Classes: (IndianasUniversitv, -
1970.) Dissertation Abstracts International 31A: .2784; December 1970. .

See. also: Cech, Joseph P.: The Effect of the Use ¢f Desk Calculators cn
Attitude and Achlevement with Low—Ach1ev1ng Ninth oraders. Mathematlcs Teacher

65; 183-186; February 1972. - : L .

The two main reasons for using calculators with low achievers in mathematics
classes are motivation and achievement. This study of calculator effectiveness
involved two teachers each teaching a calculator -section and a regular section
of general ‘mathematics for seven weeks. Students in the experimental group
were encouraged, but not forced, to check answers with the calculators. All
classes were given pre- and posttests of attitude and achlevement. Results

did not support the hypothesis that students using calculators would show
positive gains in attitude toward mathematics or increased paper—and—penc1l
computational skill. Students could compute better with the calculator than
without it, however.

Durrance, Victpr Rodney. The Effect of the Rotary Calculator on Arithmetic

Achievement| in Grades Six, Seven, and Eight. {George Peabcdy College for

v

From grades 6-8 in a single school, 35 pairs of students were matched achrding
to IQ and grade placement -in arithmetic. One from each pair was then selected
to use the calculator. Analysis of data from the nine-week study indicated

~:that in computation, reasoning, and concepts, the cé!pulator had no effect

except in the area of reasoning in grade 7. : v

Ellis, June and Corum, Al. -Functions of the Calculator in the Mathematics Lab-

oratory for Low Achievers. 1969. ERIC: ED 040 847." 46 pages.

-

An experimental and a control class were admlnistered pre—~ and posttests to
check the effects-of calculator use on .the achievement, attltude, and ‘academic
motivation of low achievers. The use of printing calculators did not produce a
statistically significant change in mathematics achievement. More favorable
attitudes and weakbr academic motlvatlon were recorded for both groups at the
end of the experlment.
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- Fehr, Howard F.; McMeen, George; and Sobel, ax. ‘Using Hand%operated Computing
Machines in Learning Arithmetic. Arithmetic Teacher 3: 145-150; October 1956.

3

o A controlled experiment on learning multiplication by using a two-digit mulriplier
was. conducted for a two-week period. No significant difference was found in.
the performance of students in experimental and control groups. However, the
experimenters felt that longer use of the devices mlght have produced an effect,
and therefore conductéd a half-year- experiment using the Monroe Educator model
hand-operated calculator. Students using this machine made significant gains
in both computation and reasoning. Although their gains were greater than
those of a control group, these dlfferences were not statlstlcally significant.
Both students and teachers uslng calculators had a very posltlvecattltude
toward calculator use in the mathematics classroom.

Findley, Robert Earl. An Evaluation of the Effectiveness of a Textbook, Advanced
General Math, Used by Ninth Grade General Mathematics Classes. (Colorado
State College, 1966.) Dissertation Abstracts 27A: 2440 24413 February 1967.

- The group using the traditional teYtbook and calculators for a full year gained

significantly more than the group using: the traditional textbook alone or the
. modern textbook with calculators, but only on arithmetic fundamentals achievement.
Gaslln, William Lee. A Comparison of Achievement and Attitudes of Students Using

. Conventional or Calculator-Based Algorlthms for Operations on Positive Rational
Numbers in Ninth-Grade General Mathematics. Dissertation Abstracts International
33A: 2217; November 1972. - '
See also: Gaslin, William L. A Comparison of Achlevement and Attitudes of
Students Using Conventional or Calculator-Based Algorithms for Operations o
Positive Rational Numbers in Ninth-Grade General Mathematics. Journal i..:
Research in Mathematics Education 6: 95-108; March 1975. - '

-

Use of units in which fractional numbers were converted to ‘decimals and examples.
thén solved on a calculator was found to be a '"viable alternative" to use of
conventional textbooks (including fractioms) with or without a calculator, for
low—abllity or low~ach1ev1ng students. ,

Hohlfeld,'ioseph Francis. Effectiveness of an Immediate Feedback Device for '
Learning Basic Multiplication Facts. (Indiana University, 1973. ) Dissertation
Abstracts Internatlonal 34A: 4563; February: 1974. :

The effectiveness of an electronic calculator, ‘programmed- as an 1mmed1ate
feedback device, was compared with the effectiveness of pencll—and-paner
exercises without immediate feedback for the learning of the 100 basic
multiplication combinations. ‘Twelve students in each of seven flfth—grade~
classes were identified as low, achievers and randomly assigned to treatment.
‘Significant differences favored the electronic calculator practice group cver
" the pencil-and-paper practice group on both acquisition and short-term retentlon,.
but not on long-term retention’ (one month or three-and—one-half months retention
periods). :
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Johnson, Randall Erland. The Effect of Activ1ty 0r1ented Lessons on the Achieve-

Keough, John J. and Burke, Gerald W. Utilizing an Electromnic ‘Calculator to

ment and Attitudes of Seventh Grade Students in Mathematics. (University of
Mlnnesota, 1970.) Dlssertatlon Abstracts Internatlonal '32A: 305: July 1971.

Act1v1ty—or1ented 1nstruction, including one treatment in which calculators
were used, did not appear to be more effective than instruction with. little
or no emphasis on activities, for units in number theory, geometry -and measure-
ment, -and rational numbers. -

Facilitate Instruction in Mathematics -in the 11th and 12th Gradeés. Final
Report. July 1969. ‘ERIC; ED 037 345. « 60 pages. : .

The grdup using calculators achieved’ s1gn1f1cant1y more on’a standardized test
than did a group not using them._ .

Ladd Norman Elmer. The Effects of Electronic Calculators on Attitude and

Achievement of Ninth Grade Low Achievers ih Mathematics. (Southern Illinois
University, 1973.) Dissertation Abstracts Intérnational 34A: 5589; March 1974.

Two hundred one low achievers 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 electronic calculators. Significant
differences weré found on both attitude and achievement tests from pre- to
post—treatment for both groups, but no 51gn1f1cant dlfferences in posttest

mean scores were found between groups. ) N

oA

Longstaff, F.Rr_et_al. Desk Calculators in the Mathematics Classroom. June

1968. ERIC: ED 029 498. 11 pages . ‘ J

[N

This study was designeéd to test the use of calculators with two groups of

“ninth graders and one group of fifth graders.  The findings were equivocal, ~

concerning the effect of calculators on students' performance, self-confidence,
and attitudes toward mathematics. Teacher enthusiasm for calculator use was
unrelated to student performance. Teacher enthusiasm was highest 'in classes

of low-average I1Q. While some teachers felt calculators interfered with the1r
daily operations, others felt that the productivity of students increased,
especially among those prev1ously lncapable of producing. Classroom behav1or
problems were eased.

~ .

Ky

Mastbaum, Sol.. A Study of the Relative Effectiveness of Electtric Calculators

»

or Computatlonal Skills Kits in the Teaching of Mathematics. (University
of Minnesota, 1969.) D1ssertatlon Abstracts International 30A: 2422-2423;
December 1969. A . » : . '

The calculator, when used as a teaching aid with slow learners in mathematics
in the seventh and eighth grades, did not significantly improve attitude, .-
increase mathematical achievement, or imcrease non-calculator computational

. skil1, mastery of mathematical concepts, or ab111ty to solve mathematical
« problems. However, the students did at least as Well in ;all areas as those

- - ’

students not. using calculators.
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Schott, A.F. Adventure in Arithmetic. Educational Screen 34: 65-67; 1955.

. ‘g. L. . ‘ )
A study with students in grades 4 through 9 is reported; the groups using
calculators achieved higher than groups not using calculators.

Shea, James Francls. The Effects on Achlevement and Attitude Among Fourth Grade
Students Using Calculator Flow~Chart1ng Instruction vs. Conventional -Instruction
in Arithmetic. (New York University, 1973.) Dissertation Abstracts Inter-
national 34A: 7499; June 1974. ‘

e

The group hav1ng calculator instruction had s1gn1f1cantly"h1gher scores than
a group not using calculators on computation but not other tests or an attitude

measure.

-

~ Stocks, Slster Tina Marie. The Development of an Instructional System Whidh--
Incorporates the Use of an Electric Desk Calculator as an Aid to Teaching the
Concept of Long Division to Educable Mertally -Retarded Adolescents. (Columbla
University, 1972,) Dissertation Abstracts Internatlonal 33A:» 1049-1050;

September 1972.

A1l studeiits demonstrated an improvement in scores between pre- and posttest;
however, no tests -of 51gn1f1cance were made. A positive change in attitude

was also found. ) , .

‘Qther References

Albrecht, Robert L. and others. The Role of Electronic Computers and Calculators
in Mathematics Instruction. In Instructio.al Aids-in Matkematics' (edited by
Emil J. Berger). Thirty-fourth Yearbook of the National Council of Teachers
of Mathematics. Washlngton. The Council,: 1973. Pp. 181-187. ’ .

Varlous types of computing devices are descrlbed, and their usefulness in
the classroom discussed. Scant attention is devoted to calculators in general,\
and none to the hand-held calculator as a distinct instructional aid. The

authors state that electronic calculators are "far more powerful problem solving

 toolé than conventional machines."

—

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

.

A summary of key features to compare when deciding on either .a programmable
calculator or a minicomputer are listed. Consideration is given to the kinds
of work te be done, flexlbility needed, experlenqe of users, operatlng
features, and price.

Clark, Hyla and Barandes, Larry. Desktop Calculators lhat Princ Their Results.-
_E;Qular Mechanics 147: 187- 189' April 1977. -

Advantages-of pr1nt1ng calculators are discussed. Consumer concerns (such

.as power source, types of display, noise factors, special -keys, memory) are
identified. Four printlng calculator models are descrlbed in detail.

-~ —
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Lesjack, J.J. Computation: Beat the Machine. _Grade Teacher 87: 150-153;
March 1970. :

A game in which teams of students compete with-each other u51ng an adding
machine can be used to practlce and enhance basic skills.

ﬁllllkln, G. and Siegel, D. Kit for Teaching Calculating and Comput1ng~Dev1ces.
Teaching® Exceptional Chlldren 3: 17-22; Fall 1970. -

N

. A kit was designed to 1ntroduce gifted students to basic computer act1v1t1es.
The kit included an abacus, slide rule, desk calcylator, punch-card equipment,
“and an elecironic computer, as well as books. A ser1es of objectives and
activities 1s out11ned : : L

. Smith, J.R. Desk Calculators. Brooklyn Heights, New York: Beekman Publishers,
Inc., 1973. : . ' i ‘

Van Atta, Frank. Calculators in the Classroom. Arithmetic Teacher 14: 650-651;
December 1967. ot

- -

" Many problems cannot be done by the pupil alone, :but can be handled by the
pupil-plus-computer combination. Two such problems involve exponents and the
Pythagorean theorem. The facility to do many computations enables students
to get a better feel for ratlonal and 1rrat10na1 numbers and for the definition

 of a 1ogar1thm. : : :

o

v .
Basic Mathematics Machine Calculator Course. Windsor Public Schools, Conn.,
1969. ERIC: ED 069 469." 518 pages. '

ThlS series of four text—workbooks was de51gned for tenth—grade mathematics
students who have exhibited lack of problem-solving skills. Electric desk
calculators are to be. used with ‘the text. In the first five. chapters of the
series, students learn how to use the machine while reviewing basic operations
. With whole—numbers, decimals, fractlons, and percents. . The rest of the chapters
" present word problems in simple consumer mathematics, business activities,
installment buying, banking, stocks and bonds, insurance, takes, and utilities.

A chapter on the use of formulas is included.
. ¢

¢

_ This publlcatlon was prepared pursuant to a contract with the National Institute.
of Educdtion, U.S. Department of Health, Education and Welfare. Contractors
undertaklng such projects under Government sponsorship &re encouraged to express
freely their judgment in profe551ona1 ‘and technical matters. Points of view or
opinioms do not, therefore, necessarlly represenE official. Natlonal Instltute -of

' Education position”of policy. ~
August 1977: Revision of Reference Bulletin No. 3, April 1977
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Introduction to s u Bulletin No. 11
Pros and Cons of Using Hand-Held Calculators - -+ "“August 1977

Should the use of calculators be permitted in eleméntary and' secondary schocls?
Many. of us concerned with éducation are facing this question and its possible
implications'for'curricula in the elementary and secondary school.” This bulletin
has been prepared to provide summary information .regarding the pros and cons -0f
using hahd—@eld calculators. in schools.  In the first section, frequently cited
reasons for using calculators in schools are listed. This list is followed by
another which gives frequently cited reasons for not using calculators in schools.
Each of these lists was taken from Electronic Hand Calculators: The Implications
i for Pre-College Education, a report prepared for Nationmal Science Foundation by
. Suydam (1976). A check of more recently published literature indicated that these

reasons, derived from a survey sent in the spring of 1975, are still the ones most
frequently cited. The'third and final section of this bulletin provides an
“alphabetized list of references which contaipn information relevant to_the pros-
and-cons issue of .the calculator controversy.” It is hoped that this bulletin will
assist you in forming your own position on this important issue. :
4

Reasons for Using'Calculatqrs

(1) Thev aid in computation. They are practical, convenient, and
' efficient. They remove drudgery and save time on. tedious cal-
culation. They are less frustrating, especially for low achievers.
They encourage speed and aecuracy.

(2) Thev facilitate understanding and¥&encept development.

(3) Thev lessen the need for memorization; especially. as they rein- ' o
force basic facts and concepts with immediate feedback. - )

(4) Thev help in problem solving. Problems can be more realistic
and the scope of problem solving can bé enlarged.. o

o () The?'WOCiVéte. They ancoﬁrage’curiosity,_ﬁositive attitudes,
. * :and independence. . . . ~ - ‘ o .

-~ .

6) lThey‘aid'ip exploring, undérstanding,'and learning algorithmic
processes. o . o . :

(7) They encourage discoverv, exploration, and creativity.

(8) ‘They exist. They are here to stay in the "real world", so we’ ; ..
cannot ignore them. : : o -

The last reason —- the pragqaticrfact that they exist and that they are appearing
in the hands of .Increasiag numbers of students-v—'is perhaps the most compelling.
How they can be used to facilitate each of the other seven\beliéfs is therefore

¢ a question that must be attacked. ' -
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Reasons for Not Using'Calculators

(1) They could be used as substitutes for developing computational
skills: students may not be motivated to master basic facts and

"algorithms.

=

(2) They are not available to all students. Because they cannot
- afford a calculator, some students are at a disadvantage.

(3) Thev- may give a false impression of what mathematics is. Mathe--
matics may be equated to computation, performed without thinking.
Emphasis 1s on the product rather than on the process; structure
is deemphasized. Mental laziness and too much dependénce are
encouraged; lack of understanding is promoted. ~Some students and -
teachers will misuse them. )

N

(4) Thev are faddish. ;There is little planning or research.

(5) They lead to maintenance and security problems..

[Note: The security problem appears to be almost non-existent, according
to reports from those actually working with calculators ]

The first conc°rn——that students will not learn basic mathematical skills——is

one expressed most frequently by parents and by other members of the lay public,
as reflected (and created) by newspaper articles. But it builds a strawman, for
few educators believe that children should use calculators in place of learning
baslc mathematical skills: Rather, there is a strong belief that calculators can
help children to develop and learn more mathematical skills and ideas than is
possible without the use of calculators. Much serious attention must be given
by teachers and others to. prov1ng that this belief can be implemented and become

fact. - i . N
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,Bell' Max S. Calculators in Elementary Schools? Some Tentative Guidelines and.
Questlons Based' on Classroom Experience. Arithmetic Teacher 23: 502-509; -
November 1976. ) | ' : '

i S
. -

\ .

Bell, Max; Esty, Edward; Payne, Joseph N.; and Suydam, Marilyn N. Hand-held
Calculators: . Past, Present, and Future. In Organizing for Mathematics
Instruction, 1977 NCTM Yearbook. Reston, Virginia: National Council of
Teachers of Mathematics, 1977. ° : ' : LT

Denman, Theresa. Calculators in Class. Insfructor _83: .5§—57; FebruarY”1974t
Etlinger, Leonard.  The Electronic Calcolator' A New Trend in ScHool Mathematics.
~ Educational Téechnology 14: 43-45; December 1974 Co

Grosswirth; Marvin. Calculators-in the Claserooﬁ. Datamation 95:” a0-91, 95;.
March 1975. - '

Gwynne, Peter. New York View: Calculator Soom. _New Scientist -65: 231-232;
. January 23, 1975. . v : - .

N

" . Harrington, Ty. Those Hand-held Calculators Could be a Blinking Useful Tool - a zg',
for Schools. American Sch001 Board Journal 163 44, 465 Aprll 197¢. = '

Hawthorne, Frank S. Hand—held Calculator. Help or H;ndrance?. Arlthmetlc Teacher
20: 671 672; December 1973. L L

Higgins, Jou L. Mathematlcs Programs Are Changing. -7Fgucation Digest 40:" 56-58; .
December 1974. (Reprint from NASSP Curx 1cu1um Revﬁrt 4: October 1975.) .

 Immerzeel, George. The Handrheld_Calculator. Arlthmetlc Teacher :23:"230-231;
April 1976. o= ‘

) Judd,-waliace,lva'for Classroom Math Blahs: A New Case for the Calculator.
- Learning 3: 41—48; March 1975. . » o ‘ . o - .

Kibler, Tom R. and Campbell, Patricia B. iReading, Writing and Computing: Skills.
of the Future. Educational Technology 16: 44-46; September 1976." . ) s

Lewis, -Philip. Minlcalculators have Maxl—lmract. Natlon s Schools ‘93:.‘60, 623

. May 1974. | ' S :
.Machlowitz, Eleanore. Electromnic Calculators—Friend of Foe of Instructlon° o
Mathematics Teacher 69: 104-106; February-1976. (See also Educatlon Digest
"41: 46-48; April 1976.) - : ' .

<




. Pendleton, Deedee. Caiculators in the Classroom. Science News 107: 175, 131§“'
March 15, 1975. (See also: Creative Computing, January-February 1976.)

Quinn, Donald R. Yes or No? Calcuiators in the Classroom. NASSP Bulletin
'60: 77—80 January 1976. '

Rogers, Joy J.  The Electronic Calculatorf-knother Teachlng A1d° Arithmetic
Teacher 23: 527—530 hovember 1976 ‘

Shumway, Rlchard J. Hand Calculators' Where Do You Stand? Arithmetic Teacher
23: 569-572; November 1976. ' : .

Suydam, Marllyn N. Electronlc Hand Calculators: The Implications for Pre-
College Education. . Final Report, National Science Foundation, February 1976.
ERIC: ED 127 205 377 pages; ED 124 205 159 pages.. '

'Sﬁartz, Clifford. Editorial{' Ban the Calculatdr. thsics Teacher 14: 134
- March 1976. - s : o

Euclid Conference on Basic Mathematical Skills,ahd Learning. National‘Ihstitute
of Education, 1975. Volume I: Contributed Position Papers. -ERIC: ED 125 908.
Volume II: Working Sroup Reports. ERIC: ED 125 909: 49 pages.

Overv1ew and Analvsis of School Mathematics Grades X-12. Washington: Conference
Board of the Mathematical Scicnues, National Advisory Committee on Mathematlcal
. Education (NACOME), November 1975. ERIC: ED 115 512 157 pages.

‘Report of the Conferenée on.Needed Research and DevelonmenE on Hand-Held Calculators

in School Mathematics. National Institute of-Education and National Science ‘™
"Foundation,'1977.é (Available from Ed Esty, Meail Stop 7, NIE, 1200 19th e
Street NW, Washington, D.C.- 20208.) ERIC: SE 022 565. 60 pages. o ~

£

-This publication was prepared pursuant.to a contract with the National Institute:
of Education, U.S. Department of Health, Education and Welfare. - Contractdrs
undertaklng such projects under Government sponsorship are encouraged to express
. freely their Judgment in professional and technical matters. 'Points of view or

" opinions do not, therefore, necessarily represent official National Institute
of:Education positionior policy. '

_ August 1977: Rev1sion of Reference Bulletin No._4 April 1977
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.

Ballotto, S. Calculators——Powerful and Portable. Administrative Management

33: 66-80; February 1972. . :
See also: Calculators—They Just Keep Multiplying. Administrative Management

'33:  68; August 1972.

Descriptions of calculator models introduced up to early 1972 are-provided.

Berger; I. Electronic C lculators. How to Choose the Right One. Popular
"“Mechanics: 139. 86— 03 February '1973. S :

-~

Features to look for, how much to spend, and consideration of one's particular
needs are- discussed. Both desk and hand-held calculators ‘are considered.

Berger, - I. Calculators Get Smaller, Smarter, and Cheaper. Popular Mechanics
142: 70-75; December I974. . . -

Features to look for and what models have those features are indicated in
this guide to buying a hand-held calculator.

Budlcng,;THomas S. What to Look for in a Microcalculator-3‘Machine Design
. 44: 155-161; November:1l4, 1972. - . S A

A checklist of features ‘to consider when ‘choosing a‘hand—held scientific
. calculator are listed. Features are described, with a summary of the
characteristics af 17 engineering calculators. - A

Caravella Joseph R. ' A Consumer's Guide to Minicalculators. Washington:

National Education Association, 1976. . _
See also: Selecting a Minicalculator. Arithmetic Teacher 23: 547-550;

November 1976; Mathematics Teacher 70: 360-363; April 1977.

“Checklists are provided.nhich-are'designed to help educators select an o
appropriate‘calculator.for particular situations._ : .

.Caravella, Joseph R. - Minicalculators in the Classroom. Washington: National

, Education A.sociation, 1977. -

The positive contributions of the calculator to basic education are.explored.
The introduction discusses questions educators ask about the use of the

.- calculator. “ The first section briefly describes uses of the calculator in the
.classroom-(as a time _saver, for. reinforcement, for motivation, as an aid to-

. conceptualizing, ‘and for applications), discusses ‘research on calculators, . -

: aescribes NCTM involvement, and presents the NACOME recommendations concerning

o
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calculators. The second section covers the implications of the use of the
calculator in terms of curriculum, teacher in-service education, classroom
management, instruction, and testing and evaluation. The third section gives
guidelines for selecting and using calculators. The final section includes
classroom activities keyed to the various functions of the calculator.

Clark Hyla and Barandes, Larry. Desktop Calculators that Print Their ReSults.
Popular Mechanics‘ '147: 187~ 189 April 1977.

Advantages of printing calculators are discussed. Consumer concerns (such
as power source, types of display, noise factors, special keys, memory) are
identified. Four printing calculator models are described in detail.

Deeson, Eric. The Electronic Calculator. Physics Education 9: 419-421;
September 1974, ) ’ '

Features of- calculators such as precision and constant keys are briefly
discussed. :

Dohleman, L. What to Look For in an Electronic Calculator. Business Education
 Forum 27: 32-33‘ March 1973. '
Features to cons1der when buying calculators for business or business education
purposes include output type, decimal control, automatic rounding, portability,
and programmability. It is suggested that buyers know terminology pertainin§
to, the machine and test machines with the types of problems to be used in cla S.

Free, J. R.' P.S. -Buyers Guide to Under $100 Electronic Calculators.;'Pogular
Science 202: 86-88, 156; March 1973.
See also: Now There's z Personal Calculator for Every Purse and Purpose.
Popular Science 206: .78-81, 136; February 1975.

Features and'functions for various quels are tabulated.

free, John. Tﬁose Work-Saving, Problem Sclving Programmable Calculators.?
Popular Science 210: 64, 66, 70; February 1977.

Three groups of programmable calculators are identified: key programmable
(volatile memory), card programmable, and key ‘programmable (non-volatile
memory). (Volatile memories are erased and lose the program when the power
is shut off.) Eleven_ calculators ‘are compared on the following features:
program steps, branching, addressablie memories, logic, stack registers
(reverse Polish notation), parenthesis levels, pending operations (algebraic
operating system), and price. Two programs are'given.

Frye,‘J T. Buying and Using a Pocket Calculator. Popular Electronics 5:

Some common-sense things to look for when buying an electronic calculator- are
glven. Some algorithms are also presented, for use with the less expensive
calculators which do not have all capabilities built in.

Frye,.John T.. Selecting a Calculator. Ropnlax_ﬁlgg;ignigs_ 8: 94-96; December 1975.

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

o L 290 x
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Hardcast, S. How to Select an Electronic Calculator. ElectricalﬁReview 194:
7533 1974. ' '

Features to consider when selecting a calculator are noted.

Jamele, P.R. How to Select and Use a Calculator--or Getting the Most from Your
4~Function Calculator. Los Angeles: Crescent Publication, 1975.

Speéial features of different calculators are explained. Instructions for
solving some special problems with a four-function calculator are given;
algebraic equations, exponents, higher roots, geometric problems, annuities,
linear interpolation, series-—evaluation, and use of the calculator when
answers exceed the eight-digit capacity are covered.

Karp, Stewart. Calculators for the Chemist. Journal of Chemical Education
52A: 346-350; July 1975. : '

This is the first part of a two-part article Surveying calculators of interest
to the chemist. The range of electronic calculators currently available and

their capabilities are surveyed.

Karp, Stewart. Calculators for the Chemist. Journal of Chemical Education
52A: 373-379; August 1975. -

This is the second’ part of a two-part article surveying calculators of interest
to the chemist. Desk top calculators now on the market are described,
including manufacturers, prices, and functions performed. A table of
specifications for programmable desk calculators is provided.

LaBar, Martin; Wilcox, Floyd; and Rickman, Claude M. Progra@mable Calculators
as Teaching Aids and Alternatives to Computers. School Science and Mathematics

74: 647-650; December l974.

The authors provide a list of calculators which have a capacity for handling
programs, and a list of programs for such calculators which are available

at cost. They argue that the use of these materials at many levels of
mathematics instruction enmhances both motivation and understanding.

"'Mims, Forrest M. Here are the ‘New Programmable Calculators! Popular Electronics
9: - 29-35; May 1976. ‘

Reverse Polish notation and algebraic methods of entry, and branching and

conditional-comparison capabilities of programmable calculators are discussed.

A.shopper's guide to four elementary programmable models is provided. Sample
* programs for determining volume of a.cylinder, for incrementing a number,

for squaring consecutive integers with a display of each.result, and for a

Hi-Lo game area included.

Stein, Philip. Small World. Computer Decisions 8: 14; May 1976.

Computer—like functions which can now be done by electronic desk calculators
‘are described, and areas where calculators are deficient are listed.

A"
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Weaver, Peter. Tips for Buying a Pocket Calculator. Creative Computing 2:
17; January-February 1976.

‘ Keyboard, number display, batteries, logic systems, and warranties are
briefly discussed. '

Consumer Bulletin 55: 14-18; September 1972.
- 56: 15-19; May 1973.

Features, prices, and ratings are included in these reports.

- Consumer Reports 38: 372-377; June 1973.

' 38: 663; November 1973.

40: 533-541; September 1975.
41: 86-87; February 1976.
42: 5-6; January 1977.

‘.

Basic characteristics, prices, and ratings for calculators are listed.

Consumer's Research Magazine 57: 7-12; September 1974.
58: 19; January 1975.
58: 13-16 April 1975.

58: 65—66° October 1975. v .
59: 150-152; October 1976.
59: 7-12; December 1976. *

Characteristics and ratings of calculators are given.

Calculators. Consumer Guide 1975 Consumer Buying Guide. New York: New American
Library, Signet edition, 1975. Pp. 340-343.

-

-Ratings for various types of calculators are presented.

Electronic Calculators. Changing Times -27: 39-41; July 27, 1973.

Different characteristics of calculators are considered, with a summary for
twelve hand-held and eleven desk calculators.

Electronic Calculators. The ‘Complete Buver's Guide: ' Best Values '75. ' New York:
Service Communications, Guide No. 18, 1975. Pp. 49-64. -

Various calculators are evaluated.

Electronic Calculators 1976. ' Hackensack, New Jersey: Buyers Laboratory Inc., 1976.

Features of'variOus calculators are listed.
How to Pick an Electronic Calculator. Better Homes and Gardems 51: l62;
'/Z April l973. . - '

Some features to look for when buying a hand-held calculator -nclude floating
. decimal, negative function, clear key, and power sdurce.
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Mathematics Teacher. New Products, Programs, Publications.

In this monthly feature of the NCTM journal, calculators and materials for
use with calculators in the classroom are frequently reviewed. ,

What to Look for Before You Buy an Advanced Calculator. Corvallis, Oregon: .
Hewlett-Packard (Dept. 225A, 1000 N.E. Circile Blvd., 97330), 1976.

General types of advanced calculators, calculator logic, special features
and functions, programmable calculators, and calculator construction are topics

discussed in this book;et.

&

This publication was prepared pursuant to a contract with the National Institute
of Education, U.S. Department of Health, Education and Welfare. Contractors
undertaking such projects under Government sponsorship are encouraged to express
freely their judgment in professional and technical matters. Points of view or
opinions do not, therefore, necessarily represent official National Institute

of Education position or policy.
August 1977: Revision of Reference Bulletin No. 6, April 1977.
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*Ayers, Sharon Whitton. The'Effects of Situational Problem-Solving and Electronic
Calculating Instruments in a College Level Introductory Statistics Course.
(Georgia State University - School of Educatiom,-1976. ) Dissertation Abstracts
..International 37A: 6322-6323; April 1977. .

For an eight-week period, each of four intact introductory statistics classes
(n = 172) was randomly assigned to one of four treatment conditions corresponding

to ‘two instructional modes (emphases on situational problem solving vs. no e

such emphasis) and two computational methods (access. to electronic calculating
instruments vs. no such access). Significant main effects of computational - .
achievement on statistiecs content achievement and of instructional mode on

both attitude toward mathematics and view of statistics were found.

*Bukowski, Joseph E. A Survey of Attitudes on the Use of Calculators in the
College Classroom. (Ed. D. Practicum, Nova -Uaniversity). June 1975. ERIC:
EL 129 613. 20 pages. , ' '

This study focused on faculty and student attitudes toward the use of calculators

in college accounting and business mathematics courses. Two different surveys were ‘

- used; one was administered to 35 full-time and part-time faculty in the accounting
and business mathematrics areas at ome college, while a second survey was
administered to a random sample of 244 students.. Responses from both the
faculty and students indicated fairly consistent attitudes. A seemingly larger
portion of students ‘felt that calculators should be allowed unconditionally,
while the faculty appeared to have some.reservations on the use of calculators,

especially in classes of business mathematics.

 *Burger, Vernon K. Desien. Production, Evaluation, and Revision of a Self-Instructional

Package for the HP-45 Electronic Slide Rule. (Ed. D. Practicum, Nova University).
'-'August 1974. ERIC: ED 104 721.° ’

The author designed an instructional package including slides and tape cassettes

for individual use by students learning to use a hand calculator to perform S

computations. Students (n = 17) using the package were given pretests and:
posttests of ability and attitude. On the three sets of cognitive objectives,
mastery was achieved by 96 percent, 76 percent, and 76 percent of the students,
respectively. All students reported favorable attitudes to the unit. The author
'discusses planned revisions of the program, and relationships among the,variables.

*Research

M
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Clark, C.J.; Kuemmerle, E.W.; and Lieto, L.R. - Programmable Calculators: Uses
in Freshman Chemistry Laboratories. Journal of Chemical Education 52: 423;
July 1975. .

Two uses for the programmable calculator in the laboratory are suggested: as

a means of determining whether a student's raw data from a laboratory experiment
fall within acceptable tolerance limits, and as a means of checking the
reliability of unknowng and grading on quantitative experiments.

Cra#er, W. Lionel, Jr. Pocket Calculators and Classroem Testihg. Educational
Research and Methods 8: 723 Spring 1976.

The problems that arise in test situations when scme, but not all, students use
calculators are discussed, and some solutions to these problems are suggested.

DeJong, Kees A. Electronic Calculators Facilitate Solution of Problems in Struc-
tural Geology. Journal of Geological Education 23: 125-128; September 1975.

e

’

Three general types of applied problems in structural geology are discussed
and trigonometric solutions are indicated. 1In additiom, 2 five—examp;e problenm

set 1s included.

Dodge, C.W. Problem and Solution. American Mathematical Monthlz' 83: 136-137;
February 1976.

a

A solution is given to the problem, "Given a calculator with no memory, but
with a squaring key, find the smallest power of n that rcannot be computed
without entering the value of n at least k times in the keyboard.

N : ,
Hayman, H.J.G. Stereoscopic Diagrams Prepared by a Desk Calculator and Plotter.:
Journal of Chemical Education 54:  31-34; January 1977.

The use 6f a Hewlett-Packard 9810A programmable desk calculator with plotter
for drawing ball-and-line stereopairs as well as three—-dimensjional structural
formulas which are useful for teachxgg;sbereochemlcal ‘principles and molecular
structure is described. : .

' Buffman, Harry and Welter, Clyde W. Updating Business Education Programs.
Business Education Forum 30: 5-13; January 1976.

Among new technologlcal developments affecting business ‘education courses is
the calculator. A course in business applications of the calculator at one
'univexsity is noted.

. Kitchen, William.; Utilization of Electronic Calculators in Engineering, Science,
) and Mathematics Programs. MATYC Journal 5: 9; Fall 1971.

Using calculatorsAin college courses 1s discussed.

*Kruse, Harry Rudolph and Burkett, Hugh Alan. Investigation of Card Programmable
and Chip Programmable Pocket Calculators and Calculators Svstems for Use at
Naval Postgraduate School and in the Naval Establishment. Master's Thesis,
Naval Postgraduate School, Monterey, California, March 1977.

~
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The udsefulness of card-prograimable hand-held calculators im the management
curricula of the Naval Postgraduate School and in the fleet were investigated,
using manufacturer-provided information, NPS ‘classroom experimentation,

"hands-én" programming,_in;erviews, and other-literature.” All aspects of calculator
‘functions, programming, and programmability-bere surveyed with particular

emphases on educational and practical applicatioms. It was concluded that .
calculators provide significant advantages in teaching ox learning mathematical
cdoncepts and that thiey are potentially important management and tactical- -

. support tools navy-wide.  In addition, "thinking process transmutation"”, - -
discovered in this study, is concluded to be an inevitable and- important by- -
produét of calculator programming which significantly improves the user's
overall analytic capacity. e - .

Eéitzei, Joan and Waits;“Bgrﬁ.x Haﬁd%Hei& Calctlators in the Freshman Mathematics
Classroom. American Mathematical Monthlvy 83: 731-733; November lQ?%.

A college-Ievel'remediéi mathematics course is described in which students
-were reéquired to use calculators as a part of their course work.

FLim, James K. and Téeng, M.S. The Electromic Pocket Calculator——A4 Significant ) -
" : . Factor in Students' Performancé of Pharmaceutical Calculations? American T
Journal of Pharmaceutical Education . 40: - 14-16; February 1976.

The possible subtle influence of calculators(in the routine evaluation of the
arithmetical proficiency of students is noted. Results of a study with a
class of 71 first-yéar professional pharmacy students taking a two—egedit
. pharmaceutical calcul;;ions'gourse are interpreted. " '
Lorthup, Larry L. and Jomes, anié C., Jr. Pocket Calculators in Engineering
- Education. In Teaching Aids in the College Classroom, Lawrence P. Grayson
and Joseph M. Biedenbach, editers. Washington: American Society fer
Engineering Education, 1975. ERIC: ED 113 173. 137 pages. '
3 L, . ‘ :
Questions about the use of calculators in the engineering classroom are
discussed, a freshman-year course in engineering computationtemphasizing
calculators is described, and features needed for calcilators used in
engineering are listed. ‘

Miller, Paul E. How to Use the HP-45 Calculatdr‘as a Stopwatch or Elapsed—
"Time Indicator. Popular Electronics 9: 67: June 1976. '

“‘? Directions are given for gaining access to the clock function in the Hewlett-
' Packard 45 calculator. A method of using the function for timing and storing
elapsed times of up to nine separate events is des~ribed. The accuracy of the
HP-45 as a timer is discussed. ' '

vCI‘\-

Miller, Robert P. Some Thoughts on Traditional Concepts in Teaching Accounting.
Journal of Business Education 51: 35-36; October 1975. : .

Reasons for and againsi the use -of calculators in'an accounting class are
given, and a compromise solution is suggested.
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'-*Nichols; Warren Elmgr. The Use of Electronic Calculators in a Basic Mathematics
Course for College Students. (North Texas State University, 1975.) Dissertation
, Abstracts International 36A: 7010; June 1976.

No significant’ differences ‘were found when achievement and attitude of college

. ; basic mathematics students in classes using the calculator were compared to

R " those of students in non-calculator basic mathematics classes. kAmong students
.using calculators, those ha¥ing higher aptitudes in mathematics showed significantly
‘higher. achievement and attitude scores than students having lower aptitudes.

*Q'Loughlin, Thomas .. Using Electronic Programmable Calculators (Mini-Computers)
' in'Calculus Instruction. American-Mathematical Monthly 83: 281 283; April 1976.

. An’exper ment in which a minicomputer was used as .an instructional aid in
ac us classroom and as a laboratory device for students is described.

*Roberts, Dennis M. and Glynn,  Shawn M. Effects‘of Calculation Method and Task
Difficulty on Statistical Problem Solv11g. Unpublished paper. The Pennsylvania
State University. April 1977. T .

~

L " In a pilot study (October 1976), 48 college students were randomly assigne¢9.
e to manual (no calculator), basic, or advanced calculation.conditions to work:
statistical problems. Calculator groups took less time and made fewer errors.
than the manual group. In a second study, 60 college students worked easy and
hard statistical problems under one of the three calculation conditionms.
Results iandicated that calculator usage reduced working time and errors,
especialiy on hard statistical probtlems.  Subjects in the calculator groups
. also expressed more positive attitudes about themselves and the problem
"solv1ng tasks. . . _ .

o - Lot - \

Schlaphoff Carl W. CAI on a Programmable Calculator. MATYC Journal 9: 42-46;
Winter 1975. ; . - : :

A edure.is. described for presenting routine practice problems on a programmable
calculator with attachegiteletype. The program uses a random number- gemerator to
write problems, gives feedback, and assigns grades according to the procedures
outlined and flow-charted by the author. . :
.Schmidt, Stanley A. Fourier Analysis and Synthesis'with a Pocket Calculator-

American Journal of Phvsics 45: . 79-82; January 1977.

T

.

'Two programs for performing*Fourier analysis and synthesis with a Hewlett-
Packard (HP-25) calculator are described. . ~

Seymour, ‘M.D. and Fernando, Q. Effect of Ionic Strength on Equilibrium Constants.
The Use of a Pre—programmed of Programmable PocKet Calculator in the Laboratory.
‘ Journal of Chemical Education 54: 225 227; Aprll 1577. -

s

Shearer, Edmund c.. Applications of a Programmable Calculator in a Freshman Laboratory.
Journal of College Science Teachlng, 5:. -244-245; March 1976

L
& -

. The use of a programmable calculator for student experiments, graaing of laboratory

. reports, and assigning accuracy and precision scores “is described.
SO | ~ -
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*Schuch Milton Leonard ‘The, Use of Calculators Versus Hand Computations in Teaching
Business Arithmetic.and the Effects on the Critical- Thinking Ability of
" Community College Students. (New York University, 1975.) Dissertation Abstracts
International 36A' 4299; January 1976. .

4
>~

Two classes of community college. business mathematics students used calculators'
-in the classroom, while two other business mathematics classes at the szme

school followed the same curriculum without using calculators. There were

no significant differences between groups on standardized tests of arithmetic

achievement, mathematical reasoning, and critical thinking abilities. '

L) i
Snadden, R.B. and Runquist, 0. Simulated Experiments, Education in Chenmistry
12: 75, 77 May l975. o oo '

An experiment is presented in- which a programmable calculator is employed as

a data-generating.-system for simulated laboratory experiments. The example used
is a simulated conductimetric titration of an aqueous solution of FCl with an
aqueous solution of NaOH. - . -

*Sosebee, Jackson B., Jr. and Walsh, Lola Mae. Pocket Calculators and Test Scores
in Introductory Chemistry. Journal of College Science Teaching 4:- 324; May 1975.

Presented is a brief description of a study done to assess the impact of the use
of calculators during examinations, .showing that the use of the calculators
dié play a major role in chemistry ‘grade determination..
Tuﬁte, Edward R. Sophisticated Electronic Pocket Calculators. Theory. and:
- Practice for the Consumer and User. Creative Computing 3: 34-35; May—June 1977.

P

Nine principles to help-:the consumer and user of sophisticated pocket calculators
_are identified. _ . . -

Utterback Allen C. Discovery via Calculators.‘ MATYC Journal_-9:- 22-29; Spring
1975. o ) : _ - .

Uses of calculators “and computers in the college classroom are described, a
~ philosophy about their use is discussed,-and several problems (eSpecially
amenable to use of a computer with plotting facility) are presented. .

- Vincent, William John. Elementary Statistics in Phvsical Education. Springfield,
Illinois: Charles C. Thomas, November 1, ,1976. ERIC:  ED 131 066. 193 pages.

1Y

This statistics text includes'a review of the fodr basic mathematics operatioms,
square roots, and algebraic equations, and points out how the calculator can
 be used to assist the statistics student. ="
*Zepp, Raymond Andrew. Reasoning Patterns and Computation on Proportions Problems,
and Their Interaction with the Use of Pocket Calculators in Ninth Grade and - '
College. (The ‘Ohio State University, 1975 ) Dissertation Abstracts International

36A: 5’81; February 1976.

. One hundred seventy ninth graders and 198 college freshmen were classified as’
having high, middle, or low ability in solving proportioms. , Half the students in

(WO
W




-t ) ’ . . 6= .
ty group were given calculators to use while, working on a programmec.
anit in 1linear interpolation, while the rest of the students could only use paper
and ‘pencil for their computations. No significant differences were found
- between performances»of'students using calculators compared to those not using
.calculators, nor was there any significant interaction of use of calculators
with ability to solve proportions. The hypothesis that students could understand
a proportional train of thought better if the barrier of computation were

.removed*was not borme out.

each abili

<

Pépers Presented at _the Association for Educational Data Svstems Annual Convention
_(Phoenix, Arizona). May 1976. ERIC: ED 125 658. 93 pages. C

e ' -

Included among papers on the use of computers and electronic equipment in
instruction is one paper discussing the ugs-of programmable, hand-held calculators

for calculus instruction. . . -
2, ~
)
‘ -
- )
. 4
. ,::‘f .
This publication was prepared pursuant to a contract with the National Institute

of Education, U.S. Department of Health, Education and Welfare. Contractors

undertaking such projects under Government sponsorship are encouraged to express
freely their judgment in professional and technical matters. Points of view or

_opinions d6 not, therefore, necessarily represent official National Institute of -
Education position or policy. - : o ’ i '
August -1977:. Revision of Reference Bulleiin No.5, April 1977.
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Adkins, Steve S. Easy Fractional Conversion from/to Base 10 to/from Any Lower
Base. Calculators/Computers 1: 63-66; October 1977. _ :
Shortcuts for converting base ten integers to or from other lower-base integers. - '
are discussed in terms of the key strokes used on a four-function calculator.
’ifstudent worksheet . w1th accompanying answer sheet is included. ’ '

QAlbrecht, Bob. Calculators for Beginners. Calculators/Computers 1' 75-82;3 -
October .1.977 \ a Y ] S . -
2 ) -
This is. the second article in a series about simple, four-function calculators
and elementary ‘concepts in computer programming. This article covers multipli-
" cation, powers, and a multiplication game. Student exerc1ses and answers are = .
prov1ded. , :

-Garner, Lou. <The'Gr%at.Guessing Game. .Popular‘Electronics_ﬂll:j_85-93;fJanuary
1977. B = _ A e

-
. K

| .

Gl e e

Predictions involving the production of calculators in 1976 are verified and
new predictions.for 1977 are. made.

Jesson, David and Kurley, Frank. Specifications for Electronic Calculators. ‘ .
Mathematics-Teaching 70: 42-43 March 1975.- Repfinted in Mathematics Teacher = -

*

69. 80—82' January 1976. ‘ o : -

~

Features, listed in order of preference, are discussed. flatural-order’ arithmetic,
floating point, underflow, constant key to cperate on all. four operations, eight- .. .
digit display, fingertip-size keys, rechargeable batteries with alternative plug— |
- in operation, and clear—entry key. e o . , | . Co

-~

.\\—m

s Kaufman, Burt A. and Baag, Vincent H. New Math or Old‘wath? - The Wrong Question.
C Arithmetic Teacher 24: 287-2923 April l977. . N : ,

Four examples are given to show how children can be involved in- intellectual
. expexriences in mathematics. The fourth _example describes an activity which uses
" number properties to extend the ‘Tange of a calculator beyond its eight—digit
‘display capabilities. . o
- Litwiller, Bonnie H. and Duncan,'David ‘Re Calculations-You,Should Never Make
Without a Minicalculator. Mathematics Teacher~ 703, 654-656‘ November 1977. i

-

e ~"Ten problem-solving activities are presented which involve large numbers and realv
"~“ data, written for use with a calculator._ :

- a0 T ;-

o e e - ~ - ' '
" ° R N ) . : .I_ A .
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' Munson, Houard R. Your District Needs a Policy on Pocket Calculators. Arithmetic
Teacher 25: 46; October 1977:.

School‘systems are urged to formulate a system—w1de policy that will govern thegﬁ o

use of calculators in the classroom- Ten questions to consider when developing”
such a policy are given. Co- '

g_Oglesby, Alice. A Calculator Crossword Puzzle._ Calculators/Computers.'lf 38-39;

' Qctober 1977.. = .. o ) .
. The words for this ‘crossword puzzle are found by working computational problems
on a, calculator and reading the 1nverted d1splay.

Oglesby, Mac. Frogs. Calculators/Comnuters 1: 5 8; October l977.

Rules_to play the game "Frogs" om an SR—52 programmable calculator are given. .
Flowcharts, a program listing, and a sample game are included.

Rogers, Jean B. Introducing Calculators to Your Class. Calculators/ComDuters 1:
57-59; October 1977. . . 1 .

A set of steps fbr introducing calculators to elementary school children is
suggested.-_ : _ -

g

Rosenblum, Arlene. Should Your Child Use a Calculator° Good Housekeeping_‘lBE:
224 February-l977. ' BN

Advantages of allowing children to use- calculators in school are discussed .
briefly.- Features to look for in selecting a calculator are described.

Simons, S. What Can Be Done w1th a Simple Hand Calculator. American Journal of J‘j*"l‘

thsics lO' 1007; October 1977.

N
¢

Procedures for evaluating three algebraic expre351ons using\a four—function -

calculator are glven~ } L S RO

ThiagaraJan, Sivasailam. 4 Games for 4~Function Calculators. Creative Computing
3: 126-128; September-October 1977. . .

Four games which" can be played by both children and adults are given, for use
with a four—function calculator.. -

'Wahl M. Stoessel. Simpson s Rule for Volume and the Hand Held Calculator. Cal-
culators/Computers l' 23-29; October 1977. . f’ B

-

'Simpson s rule for calculating volume is discussed and applied to finding the

volume of several solids, with four student'worksbeets prov1ded. The calculator:

S is ‘mentioned as a computational aid.

<
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CResearchron,Hand—Held Calculators, KrlZ o _ ‘; " _‘ -

‘Bolesky, Edward Michael.. The Influence of Electronic Hand-Held Calculators on
< . . Cognitive Achievement in Chemistry. (Boston College 1977.) Dissertation
I _Abstracts International S8A:  1319-1320; September 1977. o

1

e

to either a calculator group or a non—calculator ‘group~forthis" “one=semester
‘study. The calculator group used calculators during class sessions to perform
calculations for homework, laboratory exerc1ses, and.chapter tests and quizzes.
~No significant differences in chemistry acnievement were found between the two
:groups on the posttest measures. ‘ . . Y

1l

/ . :
Bollng, Mary Ann Neaves. Some Cognitive and Affective Aspects of the Use of Hand—*
Held Calculators in High School Consumer Mathematics Classes. (The Louisiana
4 State University and Agricultural and Wechanical College, 1977.) Dissertation
Abstracts International 38A: 2623-2624;. November 1977.
Ve S ' .
Over a period of 19 weeks, a group of 51 twelfth—grade consumer mathematics
students used. calculators to perform ‘all computations while a group of 43 stu-’
dents used. traditional paper—and-pencil methods.™ No significant differences
in mathematical problem-solving: achievement or in attitude toward mathematics
were found between the two groups. Strong positive attitudes toward the use of
calculators in the classroom were found./‘ :

+ oo .
Majumdar, Badiul Alam. Innovations, Product Developments and Technology Transfers:
An Empirical Study of Dynamic Competitive Advantage: The Case of Electromnic '
' Calculators. -~ (Case Western Reserve University, 1977.) Dissertation Abstracts
International 38A: 2926; November 1977. s ‘ .

The. electronic calculator 1ndustry was studied with reSpect to international .
_trade and transfer of technology.
Nielsen, Thomas G. and- Loiacono, Ronald. Report of Evaluation Plan and Data on
* R-1 Materials of Elementary Mathematics Concepts with Calculators™™ Program.
Dallas: Téxas Instruments Learning Center, 1977.. (Available from Gerald Luecke,
. Manager, Educational Products Development Texas Instruments, Inc., P. O. Box
, 5012, Dallas, Texas 75222) : ] - , .-

This is the report by two "outside evaluators"'of the kindergarten and grade 1
program developed ‘by Texas Instruments. : : _ S

Application to Calculator Product Characteristics. (New York Universit
Graduate School of Business Administration, 1977. ) Dissertation Abstrac

Tashjian, Richard Haig. "A New Technique for Evaluating Consumer Preferencii with'
‘ International 38B. '1789; October 1977.

A model was developed to estimate the probabilities of purchase associated with
various products within a category. The technique was piloted using the product : f
. category of hand-held calculators. - e




f‘ Books ’

- Bitter,-Gar§ G. Calculator Power, Books 1-6. St. Pzul, Minnesotaf‘EMC Corpora-
< . - tiénm, 1977., ' o : : b

DeMent3 Gloria. Calculator Capers: An Introduction to the.Calculator for
- -Primary Grades. Englewood. Cllffs, New Jersey~ Prentice Hall Learming
Systems, Inc., 1977. L , o : . 2

Judd, W. Dogfight and More Games Calculators-Play.‘ ﬁew York: Warmer Books 1977.
;Mbursund,?David Calculators, Computers, and ' Elempntary Educatlon, for Teacher
_ Education. Salem, Oregon. ‘The Math Learnlng Center, 1977.

‘Rﬁde,lLennart and Kaufman, Burt A. Adventures with Your Hand Calculator. -St-
"Louis, Missouri: CEMREL, Inc., 1977. )

‘Rade, Lennart. "Take a Chance with Your Calculator. For;ét Grove, Oregon:
Dilithium Press, 1977 . . ] : : o .

;)\"fSchlossberg, Edwin and Brockman, John. The Kid's Pocket Calculator Game Book.
- 'New York: William Morrow, 1977. ' -

“Schlossberg, Edwin ‘and Qrockman,'John. The Pocket Calculator Game Book #2.
New York: William Morrow, 1977. B '

Schwob, P R. How to Use Pocket Calculators.' New,York: Petrocelli/Charter, 1976.

* Vervoort Gerardus and Mason, Dales~ Calculator' Activities for the Classroom\
(also Teacher's Resource Book). Toronto: Copp-Clark Publishing Co., 1977.

“_ Number Sense'and'Arithnetic Skills; Palo,Alto, California: Creative Publications,
1977. = - ' - ' : -

[2)
)

. This publication was prepared pursuant to a contract with the Natlonal Institute

~ of Education, U.S. Department of Health, Education and Welfare. -Contractors under-
-taking such projects under Government sponsorship are encouraged to express freely
their judgmeat in professional and - technical matters. Points of view or opinions
do. not, thererore, necessarily represent official National Institute of Education

O sition or policy.

RICcember.- 1977z Additions to Bulletins 1ssued in. August 1977-,

o




. o . R 1200 Chambers Rd.
\/ ALCULATOR . _ . Columbus, Ohio 43212
N\ "INFORMATION ' Cet
vCENT ER | e . .

\\’ ;
(614) 422-8509

- L . _ .  .Bulletin 15
Instruction with Hand-Held Calculators, ¥-12 . ... _ Update: June 1978

Aidala, Gregory. Calculators:. ' Their Use in the Classroom. School Science and
: Mathematics 78: 307-311, April 1978. ) ]

The use of 15 calculators to promote problem-solving skills in an eighth- “
grade class is described. Suggestionsvand recommendations are included.

, Aidala, Gregory and Rosenfeld Peter. Calculators‘in the Clagsroom. Mathema-
- tics Teacher 7l° 434—435, May 1978. , . ’

The use of calculators in an eighth-grade class is described with an’
exercise on volume cited. '

Albrecht, Bob. Calculato‘s for Beginners. Calculators[Cogputers 2: 61-663
-January . 1978. L

This is the fourth installment of a "teach yourself" style workbook; it
incroduces mixed operations. .

? Albrecht Bob.. Calculators for Beginners; Calculators/Computers '2: 91-96;
March 1978. . S o : .

The change sign key is introduced in this series of workpages .

Albrecht, Bob. Calculators for Beginners. Calculators/Computers 2: 23-28;
april 1978. . _

A calculator version of the game Krypto is presented

L - Beare, Richard and.New, Peter J. Programmable Calculators for Elementary
7_3:' - Physics Teaching. Physics Education 12:  424-426; November 1977.

Operating characteristics and features of programmable calculators are

compared .

fBell Max. . Calculators in Secondary School Mathematics. _Mathematics Teacher
© 71: 405-4105 May 1978. |

_ The effects of calcuIators on education, including discussion of potential
strengths and weaknesses, are described. -Specific suggestions for needed
curriculum development are presented. . ‘

"Bell 'Frederick H. Can Computers Really Improve School Mathematics9 MathemaQV
. ties Teacher 71: 428—433, May 1978. :

This discussion on the role«of computers in mathematics classes points out

g 24u o y
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that - "many of the teaching and learning activities that were enhanced by
computers in schools during the 19705 can now be carried out with relatively

inexpensive calculators. : i

>

Billstein, Rick and Lott, Johnny W. When Does a rraction Yield a Terminating
Decimal? Calculators/Computers 2: 15-19; January 1978. ,

- A two-hour module used in a Calculator Usage in Elementary Schools class for
teachers is presented; it is appropriate for use in grades 7 and 8. Using
worksheets, students convert fractions to decimals, do the prime factoriza-
tion of the denominator, and find patterns formed by the denominator of the
fractions that are terminating decimals (using any four-function calculator).

Bourjaily, Bill; and Radachy, Marc. Hathematics by Calculator. Berea, Ohio.
Berea City School District, 1977. Xerox copy.

This year-long course for Mathematics 9-10 is designed to assist students
who have had difficulty in .mathematics as well as those who are unmotivated.
Computational skills aré™Fpplied in practical situations. Number, operation,
space, symbolism, relation, proof, and approximation concepts are included

as well zs skills in computation with whole numbers, fractioms, and decimals.

Bright,'George. Ideas. Arithmetic Teacher 25: 28-32; February 1978.°

Calculators may be used in solving pattern-recognition problems.-

Clyde, Donald. Recycle the Tin Can Problem. Calculators/Computers 2: 35-44;
February 1978. ' -

A worksheet specifically for use with calculators is included in the presen-
tation of the problem. -9

Consumer Reports. Two Compact Cﬂizulators with Long Battery Life. Consumer
Regorts 42: 561; October 1977. _

~Two calculators using long-life batteries (2000 hours) were rated.

Consumer Reports. Pocket-Sized Solar Power? -Just Expensive Gadgetry. Consumer
Reports 42: 620; November 1977. - ’

Two solar-powered calculators were rated.

Consumers' Research Magazine. Electronic. Calculators. Consumers' Research
Magazine 60: 175-177; October 1977. -

Ten calculators are ratéd, included two printing calculators. Display
characteristics and types of calculators are also briefly described.

" Consumers' Research Magazine. . Some More Calculators. Consumers' Research
Magazine 60: 33-36; November 1977.

Five calculators are rated—-1 four-function, 1 specialized ‘and 3 scientific
. calculators.
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Crothamel; David A. A .Calculator Project for Elementary Functions and Statis- :
tics Classes. Calculators/Computers 2: "79-85; March 1978. : i
-~ This project, which .can be carried out in any junior or senior mathematics
class with at ledst ‘ome calculator with an exponential functionm, is deéscribed .
i '+ in terms of the elementary function aspect, the statistical aspect, data, -
fitting the curve, and a summary. . '
Davidson, James J. Calculators as Recreatiou. Calculators/Computers 2:
17-18; .March 1978. _ ' 7
A reason for the popularity of calculator games is discussed: "a calculator - ’
game, then, is a simple but challenging vehicle by which a quantitative
mind can play directly with the objects of its affection——numbers—-regard—
less of the amount of mathematical skill."”
Drake, Paula M Calculators in the Elementary Classroom. Arithmetic Teacher -
25: '47-48; March 1978.
Using calculators to check work‘is discussed. )

Ducharme, Robert. Computers (and Students’) Need Explic1t Notation. -Mathema- "
tics Teacher 71:, 448-451; May 1978. ‘ ‘

Examples of notat1ona1 problems are cited, to point out the need for a
complete and consistent set of explicit operators.'

Giese, Madeline. What's Up with Those Calculators in the C1assroom7 Part 1.

alculators[Cogputers 2: 67-70; January 1978. S :

This: report lists arguments and attitudes resisting and favoring the use of e
calculators in the classroom, curriculum comments from articles, and the .
author s reactions.

Giese, Madeline. What's Up with Those Calculators in the Classroom’ Part 2. 1!&
Calculators/Cogputers 2: 55-59; February 1978. :

A summary of uses of calculators and sources of information and materials - -

- are given. )

Goodhue, Joseph F. Calculator Crossword Puzzle. Mathematics Teacher 71:
.279-282; April 1978. ' '

Students are to use calculators to demonstrate their knowledge of the correct
= order of operations for a given mathematical expression in doing a worksheet
‘ and a crossword puzzle.‘

v

Hallerberg, Arthur E. ‘Squaring the Circle-—For Fun and Profit. Mathematics -
Teacher 71:. 247-255 April 1978. -

-

Some historical approaches to finding the area of a circle are presented,
with calculators gsuggested for use in solving some of the problems.

»
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HBerron, J. Dudley. High School Forum. Journal of Chemical Education 54:
628; . October 1977. -

g

The uses of programmable calculators in secondary school classes are dis-
cussed, including grading, laboratory, exercises, computing T-scores, and
-a quantitative approach to chemical equilibrium. . _ &

'Hiatt, Arthur A. Finding Areas Under Curves with Hand-Held Calculators.
. Mathematics Teacher 71: 420-423; May 1978.

" The method of inquiry is applied to find the area of a circle using the
calculator.

Hobbs, Billy F. and Burris, Charles H. Minicalculators and Repeating Decimals.
Arithmetic Teacher 25: ~18-20; April 1978.

An algorithm for gemerating on any calculator as many digits as desired in
the decimal representation of the rational number N/D is given in detail.

Huff, Darrell. Calcu-Letter. Popular Science 211: 23—24;5Novem$er l977.
212: 8; January 1978. 212: 6; March 1978. 212: 40; May 1978.

' This bimonthly column presents some problems, some hints on how to use a
calculator, and some comments on particular calculators. . -

Johnston, David W. ReactiOns (to The Tin Can Problem).: Calculators/Comguters
2:  45-47;5- February 1978. 2 v . L

o A programmable calculator program to solve the equations in the. T1n Can
_problem (Clyde, 1978) is presented in this letter.

e

Johnston, David W. Letters. Calculators/Computers 2' 82-83; April 1978.

. Three: programs for exercises in Scott (1978) are given in this letter.

_Krause, Marina €. Stepcounter. Calculators/Computers 2: 26-28 January 1978.

A calculator is, used as a counter in activities for levels 4-8 for determining .
students’' paces per kilometer and relating the metric system to students' own

lives.

Krist, Betty J. and Jewell, Wallace F., Jr. A New Look at o°. Buffalo: State.
University of New York at Buffalo, 1978. ZXerox copyb - : ‘e
Reasons for exploring 00 are discussed, and then the role ‘of calculators in
examining the problem is presented. :

Lander, Kathleen. Printing Calculators for Show-and—Save Records. Popular. ) .
Science 212' 59-61; January 1978. ‘ . ‘ o :

-

Characteristics of 20 printino calculators are presented and d1scussed

243




5.
Lappan, Glenda and Winter, Mary Jean. _A Calculator, Activity That "Teaches
Mathematics.‘ Arithmetic Teacher 25. l-23'“ﬂpril 1978.

A variation of Bingo is given, with directions for the: calculator activity K
and extensions.' .

Lazarus, Mitchell. Reckoning with Calculators. National-Elementary Princ¢ipal
: 57' 71-77; Janvary 1978.

 Calculators in school need not cause declinme in either practical skill or
. mathematical understanding. With the right curriculum materials, they can
~help bring about major improvements in mathematics educatlon.

-

“,McCarty, George. Squares, Square Roots, and the Quadratic Formula. Caiculators/
Computers 2: 82-89; January 1978. v .

'This article, a portion of Chapter 1 from Calculator Calculus, presentsfa
repetitive method for approximating square roots using the calculator.

s

Michelow, Jaime S. and Vogeli; Bruce R. The New World of Calculator Functions.,
Schodl Science and -Mathematics 78: 248-254; March 1978. :

- ‘ ~
The mportance of functions is discussed and specific i‘\strations of the - —
calculator as a function generator are presented. :

Morris, Janet. More About Repeating Decimals. Calculators/Comguters 2:
64-68; April-‘1978. - - . ,

- The 1nvestigation of decimal equivalents (Billstein and Lott, - l978) is
extended with three-problems. 4 )

Morris, Janet Parker. ?roblem Solv1ng With Calcu’ators. Arithmetic Teacher
25:. 24—26' April 1978. S . ‘

Activities using four—function calculators are classified by:purpose: to
explore ‘number patterms, to discover reIationships -and.. develop concepts, to

. practice mental estimation, to reinforce inverse relationships, to solve
application problems, to develop the" guess-then—check" technique, and L e
for individual exploration and enrichment. } = P

Moursund, David. .Calculator Arithmetic. Calculatorslggmputers 2: 36-41;
fpril 1978. .~ e ' f

'The calculator number system, underflow and overflow, calculator arithmetic,
integer arithmetic, working with fractions, use of memory, and dther \
memory-like features are discussed, with 11 exercises included. N -

Nicolai, Michael B. Sum of the Integers. Mathematics Teacher 7l. 271-273;
April'1978. s )

- The calculator makes it feasible for students to find the sum of all
-n-digit whole numbers that may be formed from an n—digft ‘whole number.
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Ockenga;'Earl and Duea, Joan. Ideas. Arithmetic Teacher 25: 28-32; May 1978.

" Four worksheets are given in which the calculator can be used to provide
practice on estimation. v

'Rising, Gerald R.: Krist, Betty J.; Roesch, Carl; and Jewell, Wallace. Using

Calculators in Mathematics. National Institute of Education Contract No.
400-78-0013. Buffalo:cState University of New York at Buffalo, 1978.

- Xerox.copy.

This ‘preliminary set of materials, field-tested during 1977-78, incorporates
the use of programmable calculators in the standard mathematics curriculum

in grades 11 and 12. ' The first chapter makes students familiar with different
kinds of calculators and teaches algebraic, A0S, RPN, and .arithmetic calcu-
lator logics, as well as simple programming. The second chapter (thus far
available) is on exponents and logarithms. : ; ,

' Rogers, Jean B. Using Calculators for Problem Solving. Calculators/Computers

2: 19-21; March 1978. ‘ | O

A unit is presented which specifies how the calculator can be used for two
problem—-solving technijues, triazl-and-correction and make a table.

Schmalz, Rosemary. Calculator Capers. Mathematics Teacher 71:  439-442;
May 1978. :

An opportunity for studen_s to discover numerical Fatterns is prov1ded by
,—three worksheets. :

'Schultz, James_E. How Calculétors'Give Rise tc a New Need . for Skills in

Algebra.. School Science and Mathematics 78: 131-134; February 1978.

Illustrations are given of how doing certain algebraic manipulations prior
to doing calculatiops can eliminate unnecessary storage of data, reduce the
number ©of steps required tc obtain an answer, and avoid data overflow.

uScott, Douglas E. Finding Roots with a Four-Function Calculator. Calculators/

Cogputers 2: 77-81; January 1978.
The repeab'wcapability of most four-function calculators is used in an
algorithm to find any integral root of any number. :

Smith Gerald R. Repeating Decimals.’ Calculators/Computers 2: 57-61;
,March’ 1978. , .

-’

s Determining repeating decimals is examined in this article with l7ths, 19ths,
- 23rds, 3lsts, ‘and Alsts suggesten for exploration.

Toth Frank S., Jr. xCalculator Eﬁperiments for’Junior High, Calculators/
Computers 2:. 69—73 April 1978. ot , -

¢’

Three experiments used with seventh graders' are- presented. finding quotient
" and remainder, listing 10 non-zero multiples of a given number, and stating
which of the numbers 2 to 20 are factors of a given number.‘ . :

2435 - .
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~ * Usiskin, Zalman. Are Calculators a Crutch? Mathematics Teacher 71: 412-413;:
- - May 1978. ) ‘ , ‘

That 'a crutch is a bad thing;is questioned; use of the calculator as a
" useful crutch is illustrated. -

Waits, Bert K. Using a Calculator to Find Rational Roots. Mathematics Teacher
71: 4187419; May 1978.. .

‘A method is given for approximating the nth root of any positive number V
with a four-function calculator with square root key and repeat multiplication

capability.

? Wavrik, John J. Finding the Klingon in Your Calculator. Cazlculators/Computers
2: 29-33; January 1978. o

<4

A calculator.program for findidg\i\ziingon spaceship is given.

“

Wavrik, John J. Comments and Teacher thes aud Answers. Calculétbrs/Computers
2:  74-76; February 1978. ' ’

Answers for Wavrik (Sénuary 1978) are given with comments. RN

Wavrik,.John J. The Case for Programmable Calculators. Calculatofs/Congﬁers
2: 633 April 1978. )

Advantages of the calculator over the computer for certain uses are discussed.

.

Wiscorsin Research and ‘Development Center fo* Cognitive Learnlng, December

-

2// Weaver, J. F. Calculators and Unary Operationms. Project Paper 77-7. Madison:
° 1977. Xerox copy. _ A i

A rationale is given for the comnsideration of unary operations which caxn e
facilitated by using calculaters. Suggestions and illustrations of some
ways to accomplish this at the pre-algebra level are given.

Weaver, J. F. A Momadic Module Alias 2 Unary Unit. Calculators/Computers 2:
29-36; April 1978. o

This module is excerpted from material prepared for ongoing calculator ///,////’
explorations-with a class of accelerated seventh-~grade students. - Greatet
attention is given to unary or monadic operations. Relationshlgs/and proper-
ties to be i 'entified, suggestions for the teacher, calcnlater "algorithms,

and record s eets are provided. . -
o Yates, Daniel S Coplng with Calculators in the-Classroom. Curriculum Review. a
16: 207-209; August 1977. : ’////’ ‘ .

P

This is the first of a two-part-article; it comsiders °*l2 pros and cons of

the use of calculaters in the classrcom, attempting to differentiate between
the facts and assump»xons about the problem. Important questlons for’
research are identi‘ied. :

vy
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. ‘ | : F :
Yates, Daniel S. Coping with Calculators. Curriculum Review 16: 280-283;
October 1977. : ' . ‘
. f . . \

~

This is the second of a two-part article on the controversy over the use

of calculators in the classroom. The author points out the possible effec=-
tive uses for the calculator and suggests guidelines for those who wish to
1ncorporate it into their classroom approaches.

NCTM. Position Statéments: * Use of Minicalculators. Mathematics Teacher 71:
- : 468 May 1378. c
The 1974 NCTM Board of Directors position statement on calculators is
reprinted. ‘

]

This publication was prepared pursuant to a contract with the National Institute
of Education, U.S. Department of Health, Education and Welfare.  Contractors
: undertaklng such projects under Govermment sponsorship are encouraged’ to
express freely their judgment in professional and technical matters. Points
- of view or opinioms do not, therefore, necessarily represent official National
. Institute of Education position or poliey.

Copies of Calculator Information Ceﬁtgrxbulletins may be made for distributiom.
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) Bulletin 16
Books on Calculator Applications , “.f’ _ ‘Update: June 1978

Beardslee, Edward C. Teaching Computational Skills with a Calculator. ‘ -
 In Developing Computational Skills (Marilyn N. Suydam,’ editor). 1978
NCTM Yearbook. Reston, Virginia: National Council of Teachers of Mathe-

- matics, 1978.

Ways to use a calculator as an integral part of mathematics instruction
.in existing curricula are provided. Activities are proposed that will
* .help children think about mathematics rather than merely push buttons.

- Bitter, Gary G.; Engelhardt; Jon . M. and Wiebe, James. One Step at a Time.
St. Paul, Minnesota: EMC Corporation, 1977. L : _

" This text, developed to help teachers learn a aiagnostic/prescriptive
‘approach, includes cross-references to pages in'Calculator Power (Bitter,

1977.)

_Chinn,”William‘G.; Dean, Richard A.; and Tracewell, Theodore N. Arithmetic
" and Calculators: How to Deal with Arithmetic in the Calculator Age.

San Francisco: W. H. Fréeman & Co., 1978.

Immerzeel, George. UsingﬁCalculators in the. Classroom.' Ormond Beach, Florida:
Camelot Publishing Co., 1976.. P

l.Irvin,~Barbara B. (editor). Data Tasks for Exploring Math with DatsMan.
Dallas: Texas Instruments Learning Center, 1978. =

McHale, Thomas J. and Witzke, Paul T. Calculation and Calculators. Reading,
Massachusetts: Addison-Wesley Publishing Co., 1978.

Prigge, Glenn and Gawronski Jane Donnelly. Calculator Activities. .Big
Spring, Texas: -Math-Master, 1978. o

Puzzles, pattern searches, problems, and a variety of other activities
-areeincluded in this book.v :

Prigge, Glenn and Mauland, Lyle (editors). Activities for the Minicalculator.
Minot: North Dakota Council of Teachers of Mathematics, 1978. (Available
from: James Babb, Mathematics Department, Minot State College, Minot, North .

Dakota . 58701; $5 00 prepaid.)

Sippl, Lharles J. and Sippl, Roger J. ‘Programmable Calculators: How to Use
 Them. Champaign, Illinois: Matrix Publishers, Inc., 1978. ‘ i

cas .



S ThismpnblicationbwasLPIEpared_pursﬁan;;ﬁg_aﬁgggggact with the National Imnstitute

of Education, U.S. Department of Health, Education and Welfare. ~Contractors
undertaking such projects under Government sponsorship are encouraged to
express freely their judgment in professional and technical matters. Points
of view or opinions do not, therefore, necessarily represent official National
Institute of Education position or policy. '

q

Copies of Calculator Information Center bulletins may be made for distribution.
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Researcﬁ on Calculator Uses, K-12. » Update: June 1978

~Channell, Dwayne E. The Use of Hand Calculators in the Learning of Basic

Multiplication Facts. Columbus: The Ohio State University, May 1978.
Xerox copy. oL

This "informal study 1nvestigated the effectiveness of- using calculators
"as an immedfdte feedback device in learning some basic multiplication facts.
One class of 26 second graders was given a pretest of 20 facts, with about
five seconds allowed for each respomsz. - Seven days of classmpom instruction

by the regular teacher involved nine textbook pages plus activities using

" physical and pictorial models. Students also practiced for 8 to 10 minutes

on 6 days, using calculators to check immediately their recall on each com-
bination (but not using other materials). The set of 20 facts was given
again. The mean increased from 6.37 to 12.16. The largest gain in recall
occurred on those facts practiced on the calculator -alone; the smallest
gain was on those facts presented by the textbook alone.

Graeber, Amna O.; Rim, Eui-Do; and Unks, Nancy J. A Svrvey of Classroom

_l

Practices in Mathematics: Reports of First, Third, Fifth and Seventh
Grade Teachers in Delaware, New Jersey, and Pennsylvania. Philadelphia: -
Research for Better Schools, Inc., 1977. -

In a survey "in 1977 of 1,343 teachers in grades 1, 3, 5, and 7, questions

on calculator use were included. The percentage of teachers who had used
calculators was: 3.9% at grade 1, 8.4% at grade 3, 19.4% at grade 5, and
25.6% ‘at grade 7. In the first grade, calculators were used most frequently
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 checking, with
motivation and word problems next most frequently reported uses.

Hopkins Billy Lynn.- The Effect of a Hand-Held Calculator Curriculum in

Selected Fundamentals of Mathematics Classes. (The University of Texas at
Austin, 1978 ) Dissertation Abstracts International - 1n press.

This study investigated the effects on achievement and attitude‘resulting'

“from use of a calculaftor-based curricalum and calculators—immimth- e

basic mathématics (in which students were at least two grade levels behind

in mathematics achievement). Twelve classes from three schools were randomly
assigned.to either calculator .(m = 83) or mon-calculator groups (m = 84).

For four weeks, teachers used guides prepared by the investigator to teach
estimation, computation, and problem solving using the four operations with -
whole numbers. One half.of each group was randomly selected to take the
posttest with calculatdrs available, while the other half did not have cal-
culators. Data were analyzed by analysis of covariance. Students using

oY



calculators in instruction scored as well in computation and significaptly
better in ‘problem solving as their peers not using calculators. Attitudes
were not significantly different. Students using calculators on the posttest
did significhntly better in both computation and problem solving than students

not using calculators.

Kasnic, Michael James. The Effect of Using Hand-held Calculators .on Mathema-
tical Problem-Solving Ability Among Sixth Grade Students. (Oklahoma State
University, 1977. J Dissertation Abstracts Internmational 38A: - 5311;
Marth 1978. (Order No. 7801276)

Sixth-grade students from four randomly selected. schools in a suburban school
‘district were assessed on problem-solving ability-and placed in a low, average,
or high ability group. Ten students were randomly sélected from each group
at each school; schools were randomly assigned to one of four treatments:
using calculators to practice problem solving; using calculators to prac—
tice problems and on the posttest of problem solving; practice on problems
with paper and pemcil only; or a control group. Nine 50-minute sessions

of practicing problem solving comprised the treatment period. The calcu-.
lator groups did not complete significantly greater numbers of practice
problems than the -non-calculator group, nor did groups differ on the number
of correct responses. . No significant differences were found between low

and high ability groups.

Palmer, Henry B. A. Minicalculators in the Classroom-—What Do Teachers Think?
Arithmetic Teacher 25: 27-28; April 1978.

A survey of leadership personnel in Los Angeles County is reported' although
a wide range of reactions was found, on. the whole teachers seemed favorable

to the idea of calculators in the classroom. L

Royce, George and Shank, James. Calculators in the Classroom? Science

7 kept” logs of when and for what operations calculators were use

Teacher 44: 23-25; October 1977.

The results of a student attitude survey amoné'guniof high school scudents
who ‘had been allowed to use calculators to check mathematics computations

. are reported. Significant preference for using ca.culators in the claserOm

wascdiSplayed. —_—
RLdnlck Jesse. Pocket Sized Calculators Versus Seventh Grade Math Students.
Phlladelphla“ Temple University, May 1978. Multilith copy-

Approximately 700 seventh—grade students in two*s hools were randomly-
~assi.gned either to calculator or control groups. Each of six teachers
‘taught two .experimental and two control classes, using the regular textbook.
"Students were "on their own" as to how and when they used calculators, they

ficant difference in computational skills was found between groups. Attltudes
of students in both groups varied little. Parental attitudes, however,
changed: - while 50 percent opposed the use of calculators at the outset,

only 33 percent were opposed at the end. At the start, 497 felt that their
children would become highly dependent on the machine, while at the. end this .

number dropped to 227%.

2
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Weiss, Iris R. Report of the 1977 National Survey of Science, Mathematics,
and Social Studies Education. Final Report, National Science Foundation -

Contract No. C7619848. Research Triangle Park, North Carolina: Research
Triangle Institute, Center for Educational Research and Evaluation, March 1978.

A national survey conducted for the National Science Foundation included
questions about the extent of use of calculators in schools. For four grade
ranges, the percentage of schecols having calculators was: K-3, 28%; 4-6, 36%;
7-9, 49%; 10-12, 77%. Rural schools are as likely as suburban schools to- -~ -
have calculators, and both are significantly more likely to have them than
schools in small cities or urban areas. The percentage of mathematics classes
using calculators increased with grade level: K-3, 6%; 4-6, 1&%s 7-9, 30%;
10-12, 48%.. Most K-3 teachers indicated that calculators are not -needed;

" in 4~6, 44% indicated that they were not needed, while 39% needed them

but did not have them; for 7-9, the-comparable percentages were 42% and

28%; for 10-12, 33% and 18%. : '

Williams, David and Tobin, Alexander. Philadelphia Minicalculator Program.
Mathematics Teacher 71: 471-472; May 1978.

Results from a survey of 415 secondary teachers are briefly summarized.
Guidelines were developed and a booklet for teachers prepared. The effect
of using calculators and the curriculum supplement -has been studied in

five schools. :

Yvon, Bernard R. and Downing, Davis A. Attitudes Toward Calculator Usage ia
~ Schools: A Survey of Parents and Teachers. School Science and Mathematics

78: - 410-416; May-June 1978. -

Two-hundred-fifty pareats and teachers of grades K-9 replied to a 12-item
questionnaire about the use of calculators. They were increasingly more
accepting of calculator use as grade level (3-6, 7-8, 9-12) increased, with
 teachers significantly more favorable than parents at the two lower levels.
Both groups were moderately.negative about the use of calculators for
horework and about whether skills with calculators will be essential to
future success. - They were accepting of the use of calculators for enrich-
ment, motivation, and games. While moderately negative replies were.given
about the use of calculators to replace paper—and-pencil skills, they were
very accepting of the use of calculators along with paper—and-pencil com-
‘putation. - o ' -

This publication was prepared pursuant to a contract with the National Institute
of Education, U.S. Department of Health, Education and Welfare. Contractors
undertaking such projects under Government sponsorship are encouraged to
express freely their judgment in professional and technical matters. Points
of view or opinions do not, therefore, necessarily represent official National
Institute of Education position or policy.- ”

opies of Calculator Information Center bulletins may be made for distribution.

)
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References on Calculators, Post-Secondary Level Update: June 1978

. Ball, John A. Algorithms for RPN Calculators. New York: Wiley; 1977.

Eisberg, Robert. M. Applied Mathematical Phxsics with Proggammable Pocket

Calculators. New York: - McGraw-Hill, 1976.

Phillips,,R.-F- .Simple Gravitation Using"a “‘Programmable Pocket Calculator.
Physics Education 12: 360-363; September 1977.-

Described 1is the calculation fwith a programmable calculator) of the poten-
tial of the earth's gravitational field strength and the energies of
" satellites in orbit around the earth. ' '

-

Roberts, Dennis M. and Glynn 'Shavn M. A Comparison of Numerical Problem
Solving Under Three Types of Calculation Conditions. Calculators/Compgters
2- 7l—74° January 1978. .

The purpose of this study was to examine the relative magnitude of benefit
that accompanies use of calculators compared to hand computation. Forty-
eight students in an introductory statistics course were randomly assigned
‘to three treatment groups: (1) Manual—all compdtation by hand; (2) Basic
Machine~—-use of a four—~function calculator without memory or. square root
key; or (3) Advanced Machines—-use. of calculators with either two memories
or square root. They were given a test with five routine sets of data and
problems involving frequency distributions. Large differences were found-
between ‘either of the machine comditions and the manual condition, but
very little difference was found between the two machine conditions. The .
machine work was more than twice as efficient as calculation by hand.

Roberts, Dennis M. and Glynn ‘Shawn M. Numerical Problem Solution as a Function

‘"of Calculation Mode .and Task Difficulty. Calculators/Computers 2: 69-73;
February 1978. ' -

This is the second in a series of studies designed to test the hypothesis

that calculators facilitate problem solution by saving time and increasing
accuracy,W;Sixxy»studentswinﬂanmintroductorywstatistics~coursewwereminvolved;
computational tests containing both easy and difficult statistical problems
were used. Students were randomly assigned to manual, basic machine, or
advanced machine conditions. The calculator groups were superior on measures
of number correct, time, and efficiency scores and in attitude, with the two
types of calculator groups not significantly different. Task difficulty

was not significant, although there was a larger difference between perfor-
mance on easy and difficult problems in the hand condition.than in the machine

- condition.

o o ) | o 9513




Roberts, Dennis M. and Fabrey, Larry. Effects of Calculation Method, Amount
of Prepractice and Instructional Work Set on Numerical Problem Solving.

Calculators/Computers 2: 63-70; March 1978.

This 'study investigated the effect on computation performance of amount

of prepractice and type of calculator, when students were told to work

very fast versus very accurately. Sixty students in an iatroductory statis-
tics course were randomly assigned to four treatments: basic machine, 2 or 5
prepractice trials; advanced machine, 2 or 5 trials. Half of each group
worked under "fast" or "accurate" conditions. Amount of prepractice made

no difference in number correct or in time required to work the problems.
Students using the more advanced calculators needed only about half the time
and had more correct answers. Time and accuracy were greater under the
"accurate" condition. The advanced calculator group was significantly more
efficient, as was the "fast" condition. On four of five attitude clusters,
advanced calculator users we~e significantly more positive.

Roberts, Dennis and Lerner, Jackie. Computational Performance with Different
Calculation Methods and Task Difficulties: A Repeat Investigation.
Calculators/Computers 2: 74-77;.April 1978.

One-hundred-two students in a beginning statistics course were randomly
assigned to six conditions-~use of handwork or of same or advanced calcula-
tors with either easy or difficult problems. The difficulty of the problems
~ did not have a significant impact on the number of problems answered
correctly. Time varied with type of calculator and difficulty.level.
Efficiency improved as sophistication level of the calculator improved. The
group using the most sopnisticated calculator expressed more positive
attitudes than other groups did. ”

Roberts, Dennis M.; Seaman, Dennis; and Lerner, Jackie. Maximizing Effects
of Calculators: A Study Varying Calculation Procedures, Difficulty of Tasks
and Working Instructions. Calculators/Computers 2: 60-62; May 1978.

(Note: A copy of this fifth article in the set was not available for review.)

Sidran, Miriam. Computing the Balmer Wavelengths with a Hand Calcularor.
Physics Teacher 15: 423-434; October 1977. .

A problem concerning the computation of hydfbgen spectral ‘1ine wavelengths,
appropriate for computatiomns with calculators having eight significant digits,
is outlined fpr a general physics class.

Sippl, Charles J. and Sippl, Roger J. Programmable Calculators: How to Use
Them. Champaign, Illinois: Matrix Publishers, Inc., 1978.

Smith, Jon M. Scientific Analysis on the Pocket Calculator. New York:
Wiley, 1975. Second edition, 1977.

Calculator Programs. Sky and Telescope 54: 292; October 1977. 55: 102;
Februarv 1978. 55: 301;.April 1978.

- o

Selected programs of astronomical interest that hawe been written for calcu-
lators are noted. Topic and source are indieated. '
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Types of Calculators o Information Rulletin No. 1
Bulletin developed by Jon L. Higgins January 1978

Perhaps "a rose is a rose is a rose", but it is not true that "a calculator is
a calculator is 2 calculator'! The way onec enters information into a calculator,
and the way the calculator processes the entered information, varies according to
the brand and the model calculator being used. While there is a wide variety of
calculator types, there are three basic variations (and a minor combination) that

you should be aware of.

The first, and perhaps simplest of these, accepts numbers and operations just
as they are written in horizontal mathematical notations. That is, to do the
problem 2+3=, one simply keys in 2, , 3, an'.. Perhaps the most important key
is the key, for it actually instructs the calculator to execute the operation
which was keyed in previously. This seems natural for problems written in horizontal
notation, but it can be confusing for voung children if they have only seen a
vertical format such ai 2 . Not only is there no = sign in a2 vertical format,

. 3 - .

but Ehe horizontal line is important {n signaling the end of the problem statement.
Of course, there is no horizontal bar on any calculator keyboard. Fortunately,
the elementary mathematics curriculum has attempted to make children comfortable

with both horizontal and vertical formats for many years now. Widespread adoption
of hand-held calculators, however, may .finally provide a reason for emphasizing

the horizontal format.

When a series of arithmetic operations is entered into calculators of the first
:ype the calculator processes the operation in the order in which they are entered.

Thus the expression

2+4x5-9

+ 3 =
would be evaluated as 6x5-9:3=
| * then as 30 - 9:3= | ' 7\ .
“and finally as 21 : 3 =7

" This procedure seems perfectly reasonable until one begins to include fractions
in the arithmetic operations. A type 1l calculator would evaluate the expression

1/2 + 1/4 = as
1+2+1=+4-=
or 0.5 + 1+ 4 = 233
0.375

- or 1.5+ 4



This is a disastrous state of affairs, since the correct answer is 0.75! One
way to avoid this difficulty is to agree on a new order of operations: evaluate
all multiplications and divisions in an expression first, and evaluate the add-
itions and subtractions last. With this agreement, 1 % 2 + 1 + 4 =

becomes 0.5+ 0.25 =0.75

Because of difficulties such as this, a second-type calculator has been constructed
which follows this new rule of order. It would evaluate the-expression
' 244 x5~=-9 +3 =

as 2+ 20 - 3 =19.

Type 1 calculators which process all operations in the order in which they are.
entered are known as algebraic logic eslculators. Type 2 calculators which perform
all multiplications and divisions in an expression before evaluating additione/and
subtractions are knowm as alggbralc operating svstem calculators.

’/

It is not easy to modify s type 1 calculator to perform like a type 2/ca1cu1ator
unless the calculator has a memory. But it is relatively easy to make a t&pe
2 calculator perform lile a type 1 calculator. The secret is simply to Have each
operation performed before the next operation is keyed in. The simplest way to
remember to do this 1is to press the key after each operation expreésion is
completed. That is, if you are using a type 2 calculator and want it’ to evaluate
the expression 2 + 4 x 5 - 9 ¢+ 3 = in the same way as a type 1 calcnlator, you
should use the following key sequence: s

zoli_lol” =’x’5"_=J, _:_1’9’ ’;."El’ 3, =' ‘;

) (This is the simplest procedure to remember. But it is/ﬁot the most efficient
procedure. Since the type 2 calculator performs multiplications and divisions
first, it is really only necessary to press the equal key after additions and

subtractions. Thus the sequence 2,[F, 4,[=,[x1, 5,[5, 9, [=] 21, 3.[F] will! ‘

give the same results. For beginners, however, the longer procedure is more .
consistent and less confusing.

There is another major type of calculator that is available to students.
The type, 3 calculator (Reverse Polish Notation) focuses upon the arithmetic _
operations as functions on ordered pairs of numbers. That is, addition matches
the number pair (15, 10) with the number 25. Subtraction matches (15, 10)
with 5. Multiplication matches (15, 10) with 150. Division matches (15, 10} with
1.5. The order of the numbers in the pair is important, since not all operatlons
are commutative. For subtraction (15, 10) is matched with'5, but {10, 15) is”
matched with -5. Because of this focus on number pairs, a type 3 calculator‘
requires that both numbers be entered before the operation is specified. Thus
a type 3 calculator has a key on the cvboara-gust for entering numbers. That.
key is usually marked [entl. To add 2+3, key.in.2, [eant], 3. (which establishes. .
the ordered pair (2, 3) and then instruct the calculator which operation functlon
to perform by pressing an operation key. Thus the complete keystroke sequence for
adding 2 + 3 is:

entf, 3, [+ }

Pressing the operation ke 2ctually performs the operatiom, so that no {=] key
is necessary. The absencc ° an [=] key is the easiest way to identify a type 3



(Reverse Polish Notation) calculator. Less expensive type 3 calculators omit the
key and use the key both to enter numbers and toc perform the addition

operation.

Finally, some calculators act like a combination of type 3 and type 1
calculators. These calculators work with Reverse Polish Notation for addition
and subtraction, and with algebraic logic for multiplication and division. They
are most easily identified by double marked keys and Many business
calculators and printing calculators use this combined system, known as arithmetic
logic.. Because this combination logic could be confusing, these calculators
probablv should not be used with young beginning students.

Each of the three major types of calculators has its cwn advantage. A type 1
calculator operates just as a person with minimal mathematics training would expect -
that it should. A type 2-calculator operates consistently with conventions, made
in algebra. A type 3 calculator emphasizes ordered pairs and functioms. As we
have tried tc point out, it is not difficult to switch back and forth between
different types of calculators. But it is risky to approach a new calculator and.
assume that it will work exactly like vour old familiar one.

This Information Bulletin was prepared by Jon L. Higgins, The Ohio State University.

. An expanded version will appear in a forthcoming publication of the National

. Council of Teachers of Mathematics, 'A Calculator Handbook for Teachers (being
prepared in cooperation with ERIC/SMEAC with Jon L. Higgins as edltor)

This publication was prepared pursuant to a contract with the National Institute
of Education, U.S. Department of Health, Education and Welfare.. Contractors

Vhqn@ertgk}ngwsuch“prplects“undermprernnentmsppnsprsh1p are_encouraged to. _express. ..._.__ ..

freely their judgment in professional znd technical matters. Points of view or
" opinions do not, therefore, necessarily represent offic1a1 Vatlonal Institute

of Education position of policy.
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Sugpestions for-Calculator Selection Information Bulletin No..3
June 1978

This is a synthesis of considerations and appropriate suggestions for select-
ing a calculator for elementary school use. Most of the considerations are
also appropriate for secondary school users, but such factors as the number
- of functions, the type of logic, and programming capability assume increased
' importance in upper-level courses. For additional information, check the
references in Reference Bulletin 12. '

Note that it is important that a calculator be selected in relation to anti-
cipated curricular applications. It is strongly suggested that the way a
particular calculator operates should be checked carefully: test the calcula-

» tor before you buy a classroom set to be sure it will serve your needs.
Things to Consider Suggestions for Elementary Level
— Type of logic Algebraic (allows data to be entered as

‘mathematical sentences are usually written;
see Information Bulletin 1 for a discussion

of types of logic) .
Number of functions 7 . . At least +, -, x, +
Type of decimal notation Floating decimalgbint§ negative sign that
T immediately precedes, a negative number;
_ . ‘ check the way the calculator rounds numbers
Overflow or error indicator Clear indication of whenﬁdisplay, input,

-or processing limit is reached, or when
"{llegal" operation is used :

Type of display - 8-10 digits; easily readable; acceptable
‘ viewing angle (depends in part on how

many persons are to view—one child or more :
than one; how calculator must be positioned);
note that the vision-impaired child may

have difficulty with certain types of
displays (see also comments on page 3)

In general, each key should have only one
purpose :

3Role of keys

Keyboard format Configuration of keys should facilitate
. accurate entry; easily accessible on—off
SRR ' switch-~check the ease with which it works;
adequately sized keys; keys should give
some response when pressed (click, beep, or
other sense); note the position of the
o - numeral in relation to the keys




Things to Consider

Size and weight

Power source

Special keys
constant (K), change sign
(+/-), parentheses, square
root, percent, fraction,
squaring

Memory: two-key’

four-key

Memory indicator on display

Scientific notation

Automatic constant

-2-

"§y§gestions‘f0t Elementary Level

Appropriate for the user

Should provide long service, conserve
energy. One opinion: ''Consider the
number of operating hours per battery
replacement or charging. Automatic
power-down displays and delayed power-off ..
features insure the maximization of
battery life. Long-life replaceable
batteries seem to be the most cost- and
time-efficient. Charging batteries and
contending with electrical ¢8rds can be
‘tedious.” (Caravella, 1976, p. 548)

Analysis of the curriculum in wiich the
calculator is to be used will aid in
deciding how important these keys are

to the user (for exampie, the +/- key

is important if you want convenient mani-
pulation of integers); generally vou will
have to "trade" some features for others
you consider more desirable. KRote how
the keys handle the procedures.

Stores (STO) the displayed number for

. later recall (RCL): a useful feature

for users even at early levels

Allows functions, usually addition Q%)
and subtraction (M-), to be performed on
_ the content of a memory.register, with

. retention for later recall (MR):; includes ..

"memory clear” (MC): could be useful at
upper levels

Helpful; make sure that it is easy to
interpret the symbol (for example, an
'Qf'is easier than a .M

Note when and how it works (it may "cover
up” repeating decimals) -

Allows calculator to count: note for
which operations-a constant-applies,

and the position of the number treated as
the constant—note also that it may
operate differently with different
functions.
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. Things to Consider 7 - Suggestions for Elementary Level
Printout o Not worth the current cost——but could
o ' N be helpful to some users if cost dropped;
= . ot ’ : note that a printowut may take an unex-—

o

. pected formr-chégk how symbols appear
‘ { ) ' o -
T Durability =~ o Check on droppage, :aalfunctioning
: ‘ ) incidents, etc., and ‘weigh this in

’ . ' ' "relation to cost

. ~— N )
" Cost - . ' Within the budget . . .
Reliability-of manufacturer Adequate (12—month) warranty, repalr
) ' : service
‘Reliability of vendor - Prompt, , responsive service

Types of Display

Curreﬁtly two different types of display are available: LED (Light Emitting
Diode) and LCD (Liquld Crystal Display) Each'has-advantages and disadvan-

tages.
in use leager | - more recently on market
less expensive : o . more expensive .
durable (depending on the “ less stable, reportedly’
pa;ticular calculg;or) (e.g,, d:gpping /y cause .
_ ' . display tc shift or lase . _
o \ part of a syﬁiﬁlfa -
. "flashing”, of symbols 4 4 "immediate" display of symbols
can be read in dark . depends -on good reflected .
0 T room light . e
uses -9-volt battery: relatively - . , .uses’'silver oxide battery:’
short llfe : " hundreds of hours of life
red numerals or blue/green numerals: black numerals on gray, yellow:
- ' higher battery drain for blue/green - low battery drain
‘ than for red numerals .. - .o
: ~ red numerals not readable from " readable from wide angle
wide angle; blue/green generally ) . -
- ceadable from wider angle ' L
- - - L
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‘Mathematics Guidelines.

Bloomington: Indiana Dept.: of Public Instruction, 1977.

Mm:caicula’iors in M thematics Classes

" The advent of inexpensive, yet powerful “hand- -
held”’ calculators must be considered in connection with
mathematics curriculum revision. Although many

" guestions about the potential of using calculators inr -

xnathematxcs classmoms remain unanswered, the Na-

Calculators certainly will have an impact on mathe- -

matics curricula. They may change not only the kinds
of computatxonal skills which are taught but the
~manner in which they are taught. It is our feeling that
" meathematics teachers and curriculum planners must
incorporate, calculators into. regular classwork rather
than ignore or banish them. Teachers must find
- effective uses at all levels from primary grades to
“calculus.

Standardized achievement tests generally cover three
‘phases of mathematics: — computation, mathematical -
concepts and problem-solving.
computatxo-xal wizards and children can use them for
-basic operaticns with a minimum of mstructxon The
unanswered question at this stage is, *'Hov- can paper
and pencil computational skills be: preserved if ‘caicula-

- tors are available?” .The’ ccuntiess hours speni on
computation drili during the middle grades needs to be
_reevaluated. Is checkxng of answers- by calculators all
that can be done in this area? Many educators believe it
is - possxble to improve comput.anonal skills, for
~ example, in estimation and place value determmatxon
by using calculators.
- The sr=zond area of standardized testmg is that of
mathe:.z  :al concepts. Instruction in primeness, -
factori: 7 .un, odd or even, LCM, and other phases of
number cheory can be enl.anced with- use of the
calculator. The concept of liriits and related theorems
can be taught with greater effectiveness by using
calculators. There are many other concepts which can
be developed or reinforced trrough. the use of calcula-
tors and deserve greater exploration.

Finally, standardized tests include a su"test on
problem—solvmg. sometimes called applicatio..s. Here
is a pnme area where calculators should be used.
effectively.' Too often there is little time spent onc
problem-solvmg in mathematics classes due-to
difficulties with computation. This is true despife the
obvious importance of - practical apphcacxons forzthe
majority of students. Also, many textbéok problems
are trivial-and the numbers ere kept-artificially simple
because of difficult calculations involved. This need be
true no longer since the mrmcalculator can perform
realistic computatxons _a$ -easily as the simplified
.versions found in texts. The student is provided the
‘opportunity of keep/ing abreast of the problem at hand

EKC/

et Provided by ERC

Minicalculators are

9. Extend proble

)

tion pouncnl of Teachers of Mathematics has taken a
positive stand and encouraged exploration and re-
search. Preliminary investigations are inconclusive.
Only the future can reveal the emphasis and direction
that will be followed. :

without getting sidetracked with tedious computations.

The grade level and specific courses wiil influence
potential uses of calculators. In advanced mathematics
courses. the value of scientific calculators. including
programmable types, is quite evider:t. They will replace
slide rules and books of tables. We believe calculators
belong in all advanced mathematics classes as mvalu-
able tools. 7

Nearly all prerequisite skjlls to higher mathematxcs
can be strengthened by wel planned experiences with
the - calculator. Experunentatxon with the use of
calculators in mathematics classroems at all levels is

. strongly recommended.

" Following are some suggested uses of calculators in
the classrooms:

Reinforce comﬁutationa]-- skills. < -
Improve estimation of results. ' A
Aid in teaching place value.

h 0N

Develop nu'nber"cancepts . -
Stimulate inferest through games. =~~~ 7 -~

6. Solve proolems with factual data e.g..” local or
national sports statustxcs, busmess data consumer

buying, discounts, etc. e

7. Check answers m”cor":z;,- mon.

8. _Driil on a.nthmetxg,e"iacts" (élternatxve bo flash
cards). '/’ K

/ o e

.Ul

in the text to use larger or more
realistici mb A _; |

A goal coneom‘fént to learning more useful_mathe~

~Tnatics is the development of skill and confidence in

“using the calculator. Many adults are reluctant.to use

‘calculators and school is the most effective place for

" such orientation and practxce

In conclusion, it is clear that calculators. are

4 becoming a regular part of daily life for many people.
The mathemdtics classréom is the logxcal place to

prepare future breadwinners for the increasing com-
plexity of modern life — including effective use of

. calculators. Experimentation with the use of calcula-

tors in mathematics classrooms at all levels is strongly
recommended. A

26
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Teacher Notes fo‘r'Esﬁmcfibn and Your Colculator

Y

‘ Prereguisite Knowivdae:

(1) Round whcle numbers to-nearest 10, 100 : /;//’

-
-

{2) Round decimals to nearest whole.number -

- ) . -
* : -

. (3) Estimate sums , s
- v . ///

re
o

-

* Objectives: Given a ca]cuiizgnf the ch 1d will be ab7e ‘to:

(1) Use es+1na&,on skill tec docndo on-reasonabieness of
answers/to ado1txon problems solved on a calculator.

- - .

-’ - -
-

-

. 7
~
Materials

7 (1) A calculatdr for each student -

////// | . (2) Student Pago 5-1 K

. Even tnouan children will have the ability to solve problems rapidly
with the calculator, answers -will-be wrong i{ they enter the numbers
, incorrectly. Children will need %o be able to -judge i7 the answers
-t T the calculators ¢ive them are reascnable. Estimating skills are as
important as being abie tc entar numbers on a calculator. This
: exercise will rnive students a chance to practice this estimation
E?. . skiil. Make other sheets like this for subtraction, multiplication
and division.
- _ oo - A .

. | : ‘ cox —
.Calculzator Cookerv 3
Minneapelis Public Sch wols

T . . »




thfnk are wrong.

; Esnmmmm ancl Uﬂm

[lalr:ulaim

Denny did the ?o]]ow1ng problems on his calculator.
He,wasn‘t very careful and incorrectly entéred some
of the numbérs. Look éarefu]ly at each prbb]em;4
estimating each sum. Circle all problem§ you

G0 back to each problem and find

- the correct answer using your calculator.

cc-M

[Aruitoxt provided by Eric:
. A \\\\\\\\\\\\\\\-\\\\\\\\\\\\\\\\\\\\\\\\\3\\

27 2,57
831 36,9
7426 103.472
- 8676.9 143,242
23,45 + 7.62 + 894+ 18 = ___ 943,06 .
0,349 + 8,621 + Oils + 50 = 14,37
134 + 826"+ 931 +45 .= 1936 .
105 + 1592 + 200 = 3.78 = 275
7.24 + 9,81 + 6,31 + 3,33 = _ 773,12 ”
| 255 Y
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Teacher Notes for Multiplying Decimals by 10, 100, 1000

e

PREREQUISITE KNOWLEDGE: ,
1. EnEer decimals on calculator

2. Mu]iip]y on a calculator

OBJECTIVES: Given a calculator a child will be able to:
1. Discover a rule for multiplying a decimal by 10, 100, 1000.

-

_ MATERIALS:
1. Calculator for each student

2. Student Pages 3-3, 3-4, 3-5 duplicated for each child.

. This activity should fo]]ow mu1t1p1y1ng whoTe numbers hy 10, 100, 1000.. Have
the students do page 3-3 alone or in small groups and then compare results in
a large group. On page 3-3, they should discover that a quick way to multiply
a decimal by 10 is to move the dec1ma1 point 1 place to the r1ght Talk about

why that is so.

On page 3-4, children again can work independently but come together as a

large group to compare rules. They should discover that to multiply a decimal
by 100, move decimal point 2 places to the right; for 1000, move decimal point
3 places to the right. If they see this, try to generalize a rule for 107. ‘

For page 3-5, you are trying to combine rules for mu]t1p]yxwg"dec1ma]s and

whole numbers by 10, 100, 1000. Once a final rule is wr1tten, make a large
sign and post it in the classroom.

, © CC-M



‘Multiplying Decimals by 10, 100, 1000 |
. Use your calculator to find each product.

236 x 10 = o 7x10=__  9.36x10=___

2,36 x 10 = _ 4,27 x10= ____ 9% x 10= ___

.235'x 10=___ R27x10=_.  9BEx0=___

What happered to the decimal point ?

.
E
i
i
| Now without using your..calcul_ator answer each problem. oy j
!
i

53.6x 10 = . o 70Llx 1
5,36 x 10 = - 7.01x10=__
536 x 10 = | . 701x10=__
.0536 x 10 = 3 S 701.0x10=____
0 c o

)i

Check wnth your calculator. Wére you cofrect_?.
Write a rule for multiplylng decnmals by 10.

| .Wull your rule work for other decimal ?- .
Guess Actual Disp]ay_

63.472‘x“10 =

9372 x 10 =
3473.6 x 10 = __ | L
.00785 x 10 = T
34,56 x 10 = | ‘

‘ Look ciosely at ?he first factor in each problem and the answer.



. WIPECUT

‘Place Value
One number - giver and any~nun_;ber of players each with a calculator

Object of the Exercise -
To Temove one digit from the display without changing any -of the

_other digits.. «

How to Play -- -
“The number giver picks a number which all players enter into their

hand calculators, and says wh*ch digit is to be removed.

Example' In tze display 876563 wipe out the 7 w1thout changing
any other digi:. (Answer: 806543)

Example: Wipe out the 8 in .567891. (Answer: .567091)

 ADDITION EXERCISE

Two players an{ .e hand calculator

" ObJect of the exercise -- To get 100 on the display

How to Play - ‘ '
The first player pushes a single digit key (not zero) then pushes the

(+) key. The next player takes his turn by pushing a single digit key
(again not zero), then pushing the (+) key. Players take turns until a
- player pushes the (+) key and the display reads 100. The player who pushes
. (+) and gets the.display .to show 100 wins. If a player pushes’ (+) .and the
display shows a number larger than 100, that player loses.



Circle all the pairs of numbers ‘whose product is -24.- Use your hand
calculator. e :

: T .. |
xJas | x [.oo5] x f.01] x

.048

x J.a8f x Jl.s I'x | 4

Your Score. - D
. 12 or more Tops . .3teS - Look Again

"9 to 11 ' . Very Good - | Less thamn 3 You need help
'6 to 8 A Good Start! — '

\\. .
\.\: )

FIND THE MISSING NUMBERS

Make the numbers (horizontal and vertical) add up to the sum in the small
‘square. You cam work across and down. Your'calculator can help you find

SRS : missing numbers. o \

i

| | 7 | 3 5
? .2 : 6 I

S

DEC"’HAL mscovzx! oo



SUBTRACTION

Work each exercise to complete the magic square. The sums in the rows,
corums, and diagonals are equal. What is the sum?

1. 591 - 98 = ¥
- 1 2 3

2. &;5 - 237 =

3. 1569 - 1065 =

¢ 1303 - 827 = - - -
5. 974 - 509 =

6. 832 - 378 =

7. 1185 - 759 = - S 5
8. 1179 —Q647 = |

9. 3712 - 3275 =

i : ' ADDITION

. -Use a calculator to check these answers.
Circle every ccrrect answer.

‘25 127 581 621 1025 8192

- +65 +215. +917 514 6194 7158
90 342 1498 +87 +164 +6145

1222 7383 21495
- Use 2 calculiator to adﬁ.

97 . 49 927 381 8215 7213

- +68  +125 41065 106 6104 1816
' j 425 19153 4210

+117 +&F4 S . +1006

‘What is the sum of your six answers?

253




GIVE AND TAKE ™
2 Players . _ _ : 2 Calculators

Chject of the Game - To get your number over 999999.

The Play -- Each player enters a six-digit number in his or her calculator, no two

- digits of which are the same. A coinm -toss then decides who goes first. Player A

says, "Give me your 5's.' .(This is ar{ example: ' a player can ask for amy number
from 1-9.) Player B, reading his or he\r calculator says, “You get 500." :

The “give and take" of the gbove number depends on where the 5 occurs in the number

__'of Player B. If the number on the calculator reads 12345, B says, "You get 5";
12354, B says, ''You get 50"; 12534, B says, "You get 500"; 15234, B says, "You get

5000"; et cetera.

The player who "takes" adds the value of the humber. The player who "gives" -
subtracts the same value. -Thus, Player A says; "Give me your 5's." Player B says,
"fake 50." A adds 50 to his or her number; B s&b\tracts 50. ‘ .

If one player asks. for a number the other player cibgs not have (for example: A
asks for 6, and B says, "I have no 6's"), the play continues with B asking A for
a nunber. ' \;\ - :

. . .

Play continues until one player wins by going over 999999 No player camn ask for O.

If a player has two or more of the same digits in his or her nunmber, the smaller of
the two numbers may be given. (For example: 663790. The player gives 60,000, not
€Q0,0Q0) . K :

Strateyy — Putting a large or small initial number in the calculator can be very
risky. As you play, numbers starting with S and 6 will look increasingly attractive.
Also, players sometimes reveal the number they don't want to give away by asking

 for 1it.
Sample Play -——
A B
Starting Number: 765432 658792
Plays: ”
A: "Give me 2" 765432 658792
: + 2 ~ 2
. 765434 658790
"B: Give me 5" - 5000 4+ 5000
760434 663790
A: "Give me 6" + 60000 -~ 60000
820434 603790
B: "Give me 8" - 800000 + 800000
20434 1403790
B wins



MENTAL ARITHMETIC SKILLS

 Calculators have also increased the need for estimation skills and mengal
.arithmetic. Even though the student generally learns to visually check' each

entry in the calculator, it is still possible to make errors. Estimatfdn skills
are necessary to catch them. _ R !

We often spend class time in playing games using the calculator to increase estima-
tion skills. One of the favorite games is played with partmers. The'partners
agree-on a target range, such as 490 to 500. Through a series of. multiplicatlons
they try to reach a number within that range. For example,'the first ' student
enters the start number 15 and pushes (x). The second estimates, chooses to enter
28, and pushes (x). The machine shows 420. The first student estimates 1.3 and-
pushes (x). The machine displays 546. The second player estimates J9 and
multiplies to get an answer of 491.4. This number is in the target area, so he is
the winner. We play this game with all four operations and with a variety of

-~

targets. /

i

!



Mathematics.Resource\Project (MRP)

The following" act1v1t1es, reproduced with permission,
are samples of materials from “the Mathematlcs Resource Pro-
ject, developed at the Unlver51ty of Cregon aod supported
by a‘graht'from the National Science Foundation. Project
materials are now commercielly available from Creative
Publications. |

Mathematics Resource. Project materials consist of five
resources, each'containing'worksheets, calculator activities,
games; puzzles, bulletin board suggestions, project ideas
and teaching didactics. The resources have been designed
and creeted-for teachers in grades Sishrough 9.

Resodrce aotivitieslare highl& ootivational materials
designed to provide student practioe with all the basic
skiils including problem solving, mental computation, estimaé
tion, and measurement. Indrv1dua1 resource packets are
organized under the foll ow1rg titles:

Number Sense and Arithmetic Skills - 832 pages
Ratio, Proporticn and Scaling - 516 pages

Geometry and Visualization - 830 pages

Mathematics in Science and Society - 464 pages
Statistics and Information Organization - 850 pages

The sanmple materials are identified by the letters MRP
on the top right hand corner of the page.

For more information about Mathematics Rescurce Project
materials, contact: ”

Creative Publicetions, Inc.i

P.O. Box 10328 -
Palo Alto, CA 94303 ' e e e e e ...,_-,_-_,N__‘

271
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The following materials from the Mathematics RéSOurce Project were
included in the packet, but cannot be reproduced here due to copyright
restrictions: :
Estimation and Approximation
Fix That Leak .
I Need a Job Like That!
Closer & Closer
Four Investigations
'S:retch Your Calculator
Calculator Capers I ’
Calculator Capers T1
Calculated Codes
9-Time -
Cheery Sequences
Palindromes!
Curijosities
Persistent Numbers
That's Just About the Size of It!
Shopping with a Newspaper)
More Investigations
2x3 Good Times ]
The Reverse Double-Digit Magic Trick - Act 1

wnen You're Bot You're Bot

,
o




Mathematics Problem Solving Project (MPSP)

The following pages, copied w1th permission, are samples
of problem materials from the Mathematlcs Problem Solving
Project (MPSP), a project of the MathematiCS‘Educ;tion Develop-
ment Center at Indiana University funded by a grant from the
National Science Fcundation. The projeét was -cooperatively

developed by staff from the following:

University of Northern Iowa
Cedar Palls, Iowa

Oakland Schools
Pontiac, Michigan

Indiana Unlngég;tynﬁ_., ' ST
Bloomington, Indiana : -

Project materials consist of three booklets of lesson
outlines and three associated sets of problems organized under

the following headings:

Code .
Using Lists -0%# ; >
Using Takles $#--1 -
. Using Guesses - -6

The sample problem materials are identified » the letters
MPSP on the top right hand corner of the page.

Inquiries about the project or the materials\may be addressed
to: Professor «John F. LeBlanc,_Director

Mathematics Educatio Devezopment Center

Education Building

Indiana University

Bloomington, Indiana 47401

»



The followirg materials from the ‘Mathematics Problem Solving Project
were included in the packet, but cannot be reproduced here.,

23 YC 1
24 YS 1
11 we 1
12 ws 1
13RM 1
14 RB 1
27 RR 1
28 RS'1
1368 1
14 GM 1
13BC6
23C6
17 YM 6
18 YC 6
1W6
2WC 6
11 RV 6
12 RV 6 -
13 RM 6
14 RV 6
1GM6
~2 GC 6 S .
5GC 6

6 GV 6

11 GM 6

12 GC 6

19 GM 6

20 GC 6

(1]
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.\ TO BE DONE WIT: PAPER AND PENCIL.

'SUBTRACTION, * MULTIPLICATION, AND DIVISEON.

NCTM RECOMMENDATIONS

T0. ENCOURAGE PUPILS TO -BET.INQUISITIVE' AND CREATIVE AS THEY EXPERIMENT

. WITH MATHEMATICAL IDEAS. .

. TO ASSIST THE PUPIL TU BECOME A WISE CONSUMER.

TO 'REINFORCE THE LEARNING OF THE BASIC NUMBER FACTS IN ADDITION,

-

TO DEVELOP UNDERSTANDING OF COMPUTATIONAL ALGORITHMS BY REPEATED OPERATIONS.
t 'k : |
TO SERVE- AS A FLEXIBLE "ANSWEI_{ KEY" TO VERIFY THE RESULTS OF COMPUTATION.

TO PROMOTE STUDENT INDEPENDENCE IN PROBLEM SOLVING.

TO SOLVE P =eEMS THAT PREVIOUSLY HAVE BEEN TOO TIME-CONSUMING OR IMPRACTICAL

>

TO FORMUTATE GENERALIZATIONS FROM PATTERNS OF NUMBERS THAT ARE DISPLAYED.

-

TO DECREASE THE TIME NEEDED TO SOLVE DIFFICULT COMPUTATIONS.

-
5
v

.
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GRADES K-3

Cw
', .

. COUNT SETS OF OBJECTS, ONE TO TWENTY, AND DISPLAY THE NU’MERALS ON 'I'HE HAND ‘
. CALCULATOR. (COUNTII\G) : _ ‘

/ 1

GIITEN A SET OF NUMBER CARDS ONE THROUGH TWENTY, HAVE ONE PUPIL POINT TO A
CARD AND THE STUDENTS THEN SHOW THAT NUMBER ON THEIR HAND CALCULATORS.
(NUMBER RECOGNITION) -

3. RESPOND TO VERBAL NUMBER NAMES BY SHOWING ONE, TWO, AND THREE DIGIT NUMBERS
ON THE HAND CALCULATOR. {(NUMBER PRODUCTION)

4.- GIVEN AN ORAL NAME, A WRITTEN NAME, OR A SET OF C2JECTS, THE PUPIL PRODUCES
THE CORRECT NUMERAL ON THE HAND CALCULATOR., (NUMBER PRODUCTION) .

=~ e

5. DISPLAY A NUMBER ON THE HAND CALC'JLATOR THAT COMES BEFORE OR AFTER A GIVEN
NUMBER IN THE MIDDLE -OF TWO GIVEN NUMBERS. (NUMBER SEQUENCE) .

1 9

6. énow THE NUMBER THAT IS FOUR (4) TENS AND TWO (2) ONES. (PLACE VALUE) ¢

7. COUNTING ON THE HAND CALCULAZOR - -(PUNCH 1, PUNCH +, PUNCH 1, PUNCH +, PUNCH 1,
PUNCH +, ETC.)." COUN"‘ BY 28, 5s, 10s, ETC. (COUNTING FORWARD AN“‘ REVERSE) .

8. USE THE HAND CALCULATOR TO HELP PUPILS FILL IN THE 9 X S BASIC ADDITION AND
SUBTRACTION CHART. (DISCOVERING PATTERNS)

rd

9.. TO FIND OR VERIFY MISSING ADDENDS OR SUMS FOR ADLITiON AND SUBTRACTION ’
EXERCISES IN VERTICAL OR HORIZONTAL FORM. (OPERATIONS) . .

~

10. TO DISCOVER THE ROLE OF ZERO IN ADDITION AND SUBTRACTION ALGORITHMS = (ZEF2
PROPERTY) : ,

Y o



10.

oWk

GRADES 4-6

. GIVE AN ORAL OR WRITTEN NAME THE PUPIL SHOWS THE CORRECT NUMERAL ON THE

HAND CALCULATOR. FOUR THOUSANDS, 7 HUNDREDS, 3 TENS, AND 6 ONES OR FOUR
THOUSAND TWO HUNDRED SIX. (NUMBER PRODU\,TION)

USE THE HAND CALCULATOR TO FIND THE NUMBER THAT IS 1000° LESS THAN 6271 OR
8000. SHOW THE NUMBER THAT IS 100 GREATER THAN 4821 OR-4935. (PLACE VALUE)

USE THE HAND CALCULATOR TO VERIFY COLUMN ADDITION SUBTRACTION PARTICULARLY
WHERE REGROUPING OR BORROWING WAS NECESSARY, AND MULTIPLICATION AND DIVISION
EXERCISES (OPERATIONS)

TO HELP RECOGNIZE THE RELATIONSHIP BETWEEN ADDITION AND MULTIPLICATION.
6 X 4 = 24, 4blbbbrb+s = 24, SIMILAR RELATIONSHIP BETWEEN DIVISION AND
REPEATED SUBTRACTION. 21+7 = 3, 21-7 = 14, 14-7 = 7 7-7 = 0 (OPERATIONS)

ENTERING A LARGE NUMBER (6 -8 DIGITS) AND HAVING IT READ BY A PARTNER.
(PLACE VALUE) v :

VERIFY ANSWERS TO MULTIPLICATION AND DIVISION EXERCISES THAT -INVOLVE 10,
100, AND 1000. (OPERATIONS) '

USE THE HAND CALCULATOR TO DETERMINE IF T+~ FOLLOWING NUMBER ARE EVEN OR. '
ODD. -THIRTY-EIGHT, 653, 1,692, 29, 8,/0v, 728. (NUMBER THEORY)

CHECK THIS EXERCISE BY USING YOUR HAND CALCULATOR

37 R 2
+ 9 )335 . (OPERATIONS)

FIRST ESTIMATE THE ANSWERS AND THEN USE YOUR HAND CALCULATOR TO CHECK YOUR
ESTIMATIONS (ESTIMATIO\T) -

* "ESTIMATION HAND CALCULATOR ANSWER - -
- - - s
5812 + 4406 =
846 - 231 . =
479 x 24 = “ : -
8153 = 41 = .

SELECT THE LARGEST NUMBER IN EACH ROW. USE YOUR HAND. CALCULATOR TO CHECK
YOUR RESULTS. _ (ORDER RELATIONS) :

A 19 k 31 . © .B. 32x19
889 - 496 - 889 - 496
380 - 20 | o 400 - 19
2)520}:40_ . 2 x19 x 30

|

‘e } ¢
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GRADES 7-38

FIND THE VALUE OF 53 OR 40. (EXPONENTS)

MULTIPLY )} X2 X 3 X 4 X 5....9 =[_1. THIS PRODUCT IS CALLED 9 FACTORIAL
AND IS WRITTEN 9! (FACTORIAL) ‘

INSERT THE CORRECT SYMBOL> < OR = TO MAKE THE STATEMENT TRUE. THEN
CHECK 'THE RESULTS WITH YOUR HAND CALCULATOR.. (NUMBER PROPERTIES)

s x3 0 35 x &
178 - 6 (L] 178 - 7
127 x 428 [} 428 % 127
e - 32 X (4L + 82) C)ezx 41) + (32 X 82)

USE THE HAND CALCULATOR TO FIND THE LARGEST WHOLE NUMBER THAT MAKES EACH
SENTENCE TRUE. (DIVISION) _

A- NX6 &£ 493
B.. 9 XN &< 329 |
C. NX27 €< 1746 - . L

.” FIND m MISSING NUMBERS WITH YOUR HAND CALCULATOR. (NUMBER PROPERTIES)

573+ =573

17 X 86 = [::]xu |
(49 + 26) + 29 = 49+(24+D)
617XG=617 '
9’X(36X74)=(§XD)+(9}{V74)

WHICH OF THE FOLLOWING NUMBERS' ARE FACTORS OF THE FIRST NUMBER? (FACTORING)

.18 - > i
- 140 . — 1,

COMPLEIE THESE NUMBER SEQUENCES BY USING YOUR HAND CALCULATOR. (PATTERNS)

8, 9, 12, 18
7, 8, 11, 14, 17, 20

A. 7, 14, 21, 28, , , , , 63
B. 4,0, -4, -8, ; ; . -28
c. 1.0.5,0.25, 0. 175, , , 0.015625
pD. 1, 4, 9, 16, . ) L 64

(-3
U
"~

r's)
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‘8. USE YOUR HAND CALCULATOR-TO DETERMINE IF THE FOLLOWING FRACTIONS ARE
- EQUIVALENT. (CROSS-MULTIPLICATION)
&

A. 5 25 IR B. 17 | ~ 23
9 36 | 3L 37

9. PLACE THE DECIMAL POINT IN YOUR ANSWER. CHECK YOUR ANSWER WITH YOUR HAND
CALCULATOR. (DECIMALS)

A. 2.1+ 3.2 + 4.1 = 940
B. 5.49 X 3.2 = 175680
C. 239.5 + .19 = 12605263

10. FIND THE SQUARE ROOT OF 46 TO TEREE DECIMAL, PLACES. (SQUARE ROOT)

e



WORKSHOP EVALUATION

Ohio Régional Conferencés on Mathematics Education

Evaluation of the 5 Cor€erences ' o

The staff conducting the 5 regional conferences are .
interested in the participants' ré€actions to the conferences. .
Each participant will be asked to complete a gquestionnaire,
(pink form) which includes a set of multiple choice guestions
and a section for open responses. .

The goal of the conferences is to help the participants
prepare to conduct workshops or other in~sérvice activities with
teachers in their own or nearby districts. We will contact
you later to see if the conferences resulted in such workshops.
(This is an evaluation of the affectiveness of the Ohio Regional
Conferences.) - At -‘that-time you may have other suggestions for
the staff and we hope you will send them.

Evaluation gﬁ’FoIlow—ﬁg}Activities

1f you'éresent a workshop or- other' activity for teachers,
you may want to use the evaluation form in this section (white
form). Answer sheets are available from:

Len Pikaart
: Ohio University
- ' College of Education
McCracken Hall
Athens, Ohio 45701

<

The answer sheets will be provided free (as long as the
supply lasts). We ask that you reproduce the guestionnaire
itself. Please request your best estimate of the number of answer
sheets needed and return unused ones so they will be available
for others. We will score the answer sheets and send you a
complete analysis if you will perr.t us to include the data
from your piogram in our summary data.

We emphasize that no individual workshop or activity will
be :identifiable in any report of analysis we conduct. We would
like to examine the reactions to all the programs conducted &s a
result of the conferences to determine if we should use the same
sort of conference format in the future--thus, we want to evalu-
ate us--not you. Positive results would have great implications
for the National Science Foundation (supporting this project)
and perhaps for the Ohio State Department of Education. (Nega-
tive results would have implica:ions too!)

we hope you will decide to use the evaluation form and to
share the dates with us.
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* Conference Evajuaticon form v
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Seloct the cingle bost answer for you 19 e3ch gquesticn and merk acl
answers on the answer wacet. 1 the auestion ls rot arpropriate,
lcave i1 blank. ,

CParticipant Position

1. Are you:

. Elementary Scrool § serviser or Consultont,
. Supcrvicor of Grades =17

. Elementory Seraol © i

. Mathemavics fcucartian (Col oga Level .

. Other.

mMoOo >

-

Confarence (nieotives and Purpeses

2. tgw ¢livar were The obicotives or curpasesn of his conicrence?
objectives ant purpesei:

A. Wer clenly catlined trem the beginni
B, Bocame cioar 3% tThe conferoncg cevelnp

C. Became Somowhal Sl9ar as “no gonferonce proaraessoed.
. v !

(. Were referred 1o Only indorect
£ . Wore aevor mads Ciear,

&5 The agreement between The annGuncec purpose o the craference and what
+ ‘ e s
' T

was acth ally pro 3 was: ’
A. Supericr,
3. ADOVE averaad. )

L. Averam.
D. Below ~uvereza.
£. Poor.

Croanicut ion

4. How well wag the conferonie oroanized? '
A. The conforncse was oxtremely =201 Srorfioes and intograted.
. " \
4. The counteronce was Sequitely Lraenried.
C. The curfereng Jolase Grouarizaclon Than wiald sgen dosirenle.
L. The condurons, nad an onpie. ot nranization,
E. The comiorans o wes Tud Tignily oraanizety Thale wal G0 e nGuh
2

$ ] igue it 1ty . S I e e .
flexinitisy % meat Tnordiolart needd 30l QeLires.
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Frorestitor=r b i ant el tionanisg
L T vt am v st et s o
. {3y v foct thaet the oreaeh iers, wure wili If‘w} o 0w e st Rl e
thie ¢ oronge?
A, 1 o weiceme ta ek poronnal Roty o o ten as b onpeoded Bt
{2, O N I ?to.\:m?(.‘; ok Dornonal b, :
C. | telt hu or who wduld nive  Jorsunal hoelp 14 auked.
D. 1 felt hesitan® 'O s€ek porsongld hm a3
Mo [ delt that he or che wis uynaympathatic and uriateres®ed in
porticinant probiems.,
12, freedom of oarticipation in zoaferenze mealinzs: quentionsg
COMmEmMGTT v e
A, Almont slelvs souant.
£, Ctron SauanT
C. Usually al»nwcd.
N, Seidom allowes.
£. USU:JH‘,’ IHN’t‘Is"’.
. ",
Conferonce [Efoctivenasns
15, Did the conferorcs halp orepars vou 10 lese in~cervice activities on
prostem solviay ong caltculators?
, Ao Definitotly,
. It was @ heln &n botn.
C. On ore of the 1opics.
. i1 owas it oo,
e 1t was no holn, .
b4, hau'c you recermend This conferepce 0 ¢ geod fricnd whoue inata oot
ang backgrosng 2re similer te yours?
AL rocommeng nighly,
B, Tonorai iy orolummens.
C. Fecommoer i wit regervations,
. . wfinively nov.
o . _ .
P9, How wosld wou rato your sndersting oy of Problen Iolvitt us & resclt of
this conderenee?
. A. 1 loarand a lot.
) B0 My unduerstanding improve .. .
C. fow (duns were nes o g,

#
D. 1 learncg vory HiT e ‘
! learneg aimosT nstning.

g . .4 . M . a -~ < LIV - e -
P How worla you rmete yous u inn of the use of (Cicutaters an
. < -
:

schools as 2 Fesul bt of thi enCe

A. 1 tearnsd &4 ioT.

B. My ungurstanding imioauvad, ’

Co A fow TUC0s mere 1o To M. 4 .

DL b toarcae 3 osvony it ’
E. 1 Journed s.mont nuthinn,
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TEACHER IN=SERVICE ACTIVITY

Evaluation Form

Selest the single best snswor for you TO 6dch QuésTion and mark all answers
on the answer sheet. if the question is ndt anpropriate, leave !t blank.

‘e

3.

Are you:

A. Elementary schoo! teacher., grades Ke4,

B. Elementary schoo! teacher, grados 5-8.

C. Elementary School Principai.

D. Schoo! system agministrator. .

E. Other.

This activity focused on:

A. Problem solving. .

B. Using calculators. .

C. Both problem solving and calculators.

D. Some other topic but referred to problem solving or to calculators.
E. Some other topic. ‘ .

The -bjectives and purposes.

A. Were clearly outiined from the beginning.

B. Became clear as the activities deve lcped.

C. Became somewhat clear as the activities progressed.

L Were refarred to oniy indirectiy.

E. were never made ciesr.

The agreement between the announced purposes of the activity and what was
actually presented was:

. Superior.

B. Above average.

C. Average.

D. Below Average.
"E. Poor.

How well was the activity organized?

A. It was extremely wel! organized and integrated.

B. It was adecuately organized.

C. 1t had less orgarization than wouid seem desirable.

O. it nad no apparent orgonization.

E. It was too tightly organized, there was not enouch flexibility to meet

participanTt needs and desires.

How well cid this activity contritute to vour professional needs?
-A. Made 3 very important contributicn.

8. Was voiuable, Fit not essential.

C. Wwas moderately heipful.

C. Made a minor contribution.

E. Made no significant contridution.

How would you rate The usefuiness of the materials on Problem Solving?
A. Extremely valuable. ‘

B. Very useful. : .

C. useful. : 2)5’3

N. HMay be of use.

E. Useless.

-
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8. How would you rate the usefulness of the materials on Calcu'ators?

A. Ex-remely valuablo.
B. Very usefu!,
C. Usefu!l.
D. May be of use.
E. Usenless.
9. How clearty were your responsidilities during this activity defined?
A. | aiways knew what was epxectod of me.
8. | usually know what was expected of me.
C. | usually had a general idea of what was expected of me.
D. | was often in doubt adbout what was expected of ma.
E. | selcom knew what was expocted of me. )

10. Cons cdﬁrtﬂg *he size ot the group, do you feel that the leaders were willing
to give personal help?
A. | felt weicome o seek persconal help as often as | needed it.
B. | telt Tree 10 seek personal help.
C. 1 felt he or she would give personal help if asked.
0. 1 felthesitant to seek personal help. .
E. | felt that he or she was unsympathetic and unin?eresfed in participant
problems. .

Il. Would you recommend this conference 10 3 good friend whcse interests and
background are similar to yours?
A. Recommend :.ighly. "'"t\\
8. Geneially recommend, ’
C. Recommend with reservations. .
D. Definitely not.
12. How would you rate your understanding of the use of priblem sotv:ng as
3 result of This conterence?
A. | learned a lot.
B. My understanding :mproved.
C. A few ideas were rew to me.
D. | learned very tittie.
E. | learned aimost nothing.

15. How wouic you rate your understanding of the use of caICu,afors in schocls
as a result of this conference?
A. | learned.a lot.
8. My understanding improved.
C. A tew ideas were new to me.
D. 1 learned very fittle.
€. | learned almost nothing.

i4. How woulcd you rate the activity in general’
A. Outstanding and stimulating.
8. VYery good. v
C. Good. .
. D. Adequate, but not stimulating
t. Poor and inadequate. 22

&
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PLEASENTEAR OFF THIS PAGE AND TURN 1T IN WITH YOUR ANSWER SHEET.
- AN

N
.
.
~

S ’ N

1. Best features of the activity were:

-

-2. Worst aspects of the activity were:

/ o ‘_ ' .
' 3. | would suggest the fol 1owing:

/
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' ~ Ohio Regional Conferences - : ' | [“f.'
- on Elementary Mathematics Education T o

a

The two films shown during the conference are available for rental.

Expanding Math Skills with the Minicalculator: Classroom Management

Aesop Films, 18 min., 1976

Encyclopedia Britannica Educational Corporatlon
425 North Michigan Avenue -
Chicago, Illinois 60611

Rental: $14 for three‘days

_ SolvingﬁVerbal Problems

The Pennsylvania State Univer51ty, 21 mln-, 1970

Audio Visual Services

The Pennsylvania State University
Special Services Building
University Park, Pennsylvania 16802

Rental: $12 for first 'day, $6 for each additional day

-

¢

Arrangements to obtain elther of the films on loan may also be made with:

Marilyn N. Suydam . )

The Ohio State Unlver51ty : N
~ 1200 Chambers Road :

Columbus, Ohio - 43212

" Phone: 614-422-6717 | <

™D
!Xl .
0



*
Ohio Regional Conferences: Materials on Display

C ° Beardslee, Edwar& C. Teaéhing Computational Skills with a Calculator.
In Developing Computational Skills (edited by Marilyn N. Suydam).
1978 Yearbook. Reston, Virginia: National Council of Teachers of Mathe-

matics, 1978.

, Burns, Marilyn. The Book of Think. Boston: Little; Brown, 1976.
l .

/ Burns, Marilyn. The Good Time Math Fvent Bcoox. Palo Alto: Creative
/ Publications, 1977. . '

/ Burns, Marilyn. The I Hate Mathematics! Bock. Boston: Little, Brown,-i975.

C Chinn, William G.;’Deén, Richard A.; and Tradewell, Theodore N. ‘Arithmetic
[ and Calculators: How to Deal with Arithmetic in the Calculator Age.
/ San Francisco: W. H. Freeman, 1978.

/P Greenes, Carole; Gregory,‘Jéhn; and Seym -, Dale. Successful Problem
Solving Technigues. Palo Alto: Creativs 2ublications, 1977.

P Greenes, Carole E.; Willcutt, Rgbert E.; and Spikell, Mark A. Problem
Solving in the Mathematics Laboratory: How To Do It. Boston: Prindle,
Weber & Schmidt, 1972, '

Cc-P Immerzeel, George. -Problem Solving Using the Calculator,'Book 1. Iowa
' Problem-Solving Project, 1977. '

/! C-P Judd, Wallace P. Problem.Solving'Kit for Use with-a Calculator.  Chicago:
: Science Research Associates.

Kirk, Jim. Environmental Geometry. Haywérd, California: Activity Resources
- Co., Inc., 1972.

OSborne, Alan (editor). An In-Service Handbook for Mathematics Education.
Reston, Virginia: National Council of Teachers of Mathematics, 1977.

P Polya, G. How to Solve It. Princeton, New Jersey: Princeton University
Press, 1945 (1957, 1973).

c Steinbrocker, . Calcu/Letter. WNew York: Pyramid Publicationms, 1975.

-

' The Computer Society. Time 111: 44-58; February 20, 1978. - .

e

Didactics and Mathematics. Palo Alto: Creative Publicatibns, 1978.

C The Great International Math on Keys Book. Dallas: Texas Instruments, Inc.,
1976. : . _ ; s

C Math on Display (Multimedia Kit): Expanding Mathe Skills -with Minicalculators.
Aesop Films, Inc., Encyclopedia Britannica Educational Corporation. :

* : N L 3 .
In addition, Calculator Information Center bulletins should be checked
for other displayed materials on calculators.

259



‘P Mathematics Rescurce Project Marerials. Palo Alto: Creative Publicaticns.
€ Learnicg Kits. Fun with Math Facts. Dallas: Texas Instruments, Inc.
P  Problem Solving Issue. School Science and Mathematics, M:ooch 1978.
r Problem Solving Issue. Arithmetic Teacher., November 1977. .
v w ; '
~
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