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FOREWORD

K. Allen Neufeld

University of Alberta
Edmonton, Alberta

Calculators are here to stay.: To be more spe-
cific, electronic hand calculators are being in-

creasingly used as an instructional aid in the scnool
and as a convenience in the home. This is not to say
that calculators will always receive such high atten-
tion. The slide rule, abacus, and even the ordinary

pencil and paper have all "had their day" and con-
tinue to be used in varying degrees.

The purpose of this Monograph is to present a
variety of papers addressed to the use of calcula-
tors in the schools. Educators in Britain, U.S.A.,
and Canada were invited to submit articles either
for initial publication or in reprint form from
other journals. Articles from the November 1976
issue of THE ARITHMETIC TEACHER devoted entirely
to calculators are not used in this publication
hecause of their availability to most schools at
present.

K. ALLEN NEUFELD

You are encouraged to sample the opinions and make up your own mind, peruse
the specifications and buy appropriately, study the research and consider impli-
cations for your classroom, and select activities which will supplement and en-

rich the mathematics curriculum for your students.




PART ONE

Opinions




CALCULATORS IN THE CLASSROOM:

PROCEEDINGS OF A SYMPOSIUM SPONSORED
BY ROCKWELL INTERNATIONAL

The proceedings of the symposium held in Chicago, December 1974, have
been reprinted with the permission of Ronald J. Baron of Rockwell
International.

In December, 1974, an audience of Chicago-area teachers and stu-
dent teachers participated in a unique symposium entitled: Calculators
In The Classroom, sponsored by Rockwell International.

For nearly four hours, the invited teachers Tistened, questioned,
and commented as a panel of university-affiliated educators talked
about the potentials and promises of electronic calculators as teach-
ing aids in middle-grades (VI through IX) arithmetic classes.

The symposium's moderator was Dr. Max Bell (University of Chicago);
the three other panelists were Prof. George Immerzeel (University of
Northern Iowa) and Drs. Joy Rogers and Jack Kavanagh (both of Loyola
University).

A11 of the panelists are faculty members of the schools of ed-
ucation at their respective universities. Further, Dr. Bell is af-
filiated with the Laboratory School of the University of Chicago, and
Prof. Immerzeel is affiliated with the Price Laboratory School of the
University of Northern Iowa. Dr. Bell and Prof. Immerzeel hold degrees
in education; Dr. Rogers is a psychologist; Dr. Kavanagh is a
statistician.

This report on the symposium contains synopses of the comments
made by the panelists, and of the question-and-answer session that
followed the formal presentations.

DR. BELL:

"We are here this morning to announce and usher in a new revolution in
pedagoqy.

“To any old hands in teaching here today, this will sound depressingly
familiar, because we've heard the rhetoric of revolution before. We've
been told in the past that new techniques are going to revolutionize the
way that we teach ... that we must all prepare for a new way of doing




things. We've all Tived through films, and closed-circuit TV, and teach-
ing machines, and programmed learning, and language labs, and computer-
assisted instruction, and so on ...

"Nevertheless, in the case of electronic calculators, there is a sound
basis for believing that something really new is about to happen to the
way arithmetic is done - and the way arithmetic is considered - in the
classroom.

"I think that there is a good reason to believe that calculators are not
simply a minor advance in technology, but are, instead, products that will
have a substantial effect on the world at large, and, possibly, on the
classroom too.

"This morning, we will explore this possibility."

(After his opening remarks, Dr. Bell introduced Prof. Immerzeel to the audience,
and noted that "George Immerzeel has been using calculators of one sort or another
as teaching aids for over 10 years ... he will try to 'turn you on' to the use

of ealeulators, and will show you how they can be used as aids to the teaching

of basic arithmetic and mathematical concepts."

Prof. Immerzeel distributed copies of a student workbook he developed that con-
tains scores of unique calculator-based exercises; Rockwell 20R calculators were
distributed for audience use.)

PROF. IMMERZEEL:

"One of the first things I have learned through my experience with
calculators is that you first give a calculator to someone (be he a child
or adult), and then you provide the student with 'experiences' built around
the use of the calculator. A teacher must resist the temptation to tell
the student how to work through a problem ... to 'flow chart' the operation
for him."

(Prof. Immerzeel led the audience through a series of exercises that demonstrated
basic calculator operations and fundamental arithmetic principles.)

"The point I continually want to make is that the calculator will do more
than just calculate. It will put a focus on ideas if we, as teachers, learn
to use it properly. Initially, the calculator helps you get right answers,
and it allows you to do problems that are more complex than you've done in
the past. But, it can do a Tot more than this if we (as teachers) learn how
to design material that makes full use of a calculator's capabilities."

(A member of the audience asked: "How can a calculator help other than by doing
the computation?"” Prof. Immerzeel replied:)

"Because it gives you the facility to build basic arithmetic concepts as
well as perform computations readily.

"Some people say a calculator just calculates. I believe it is going to
increase the teacher's ability to expose children to concepts and ideas.
You can take almost any subject in a middle-grade curriculum, and if you use
your imagination, you can find ways of using a calculator to reinforce it.



I don't believe that the calculator will replace the other things you do in
class ... I think it will support them.

"T think one of the things we must emphasize to students is that there
are many things you can do better in your head than on a machine. I think
we must make sure that students understand this. I don't think that the
calculator will ever replace a student's knowledge of basic mathematical
facts, but I do think it is going to change the level at which we operate.

I think it would be silly to spend considerable time in the future teaching
children how to divide three digits into five digits, but, I think it is
equally silly not to teach them how to divide by two digits. They need

this kind of skill, but they aren't going to get it because we say they have
to have it ... they are going to get it because we build ways in which they

will get it.

"The important points I want to share with you are these: First, you don't
teach someone to use a calculator by telling him how to do it ... you teach
by getting him to do it. In the process, he will learn a 1ot more than the

calculation you are using as an example.

"Secondly, I believe that the calculator offers us a new way to get at
basic ideas.

"Thirdly, I really believe that the calculator is going to substantially
affect the mathematics curriculum. It is going to change the teaching
parameters. Some things are going to become more important, some things less
important. The calculator opens a complete new set of objoctives in the

problem-solving dimension.

"Here's an example. I happen to be involved in an experimental project
in problem-solving. We are using the calculator because we can get at
problem-solving in a way we never did before. Besides calculating more
quickly, we can get more 'experiences' in a given period of time.

"During this project, I once asked fifth-grade kids to determine how
many pieces of paper they could tear from a sheet in one minute. The teacher
I was working with thought I was a bit crazy, but everyone in the class tore
Tittle pieces of paper. Then, we asked ourselves: 'How long would it take
the class to tear a piece of paper for every citizen of Iowa?' And: 'How
much Tonger would it take to tear a piece of paper for everyone in the U.S.?'
These are hard problems if you are working with pencil and paper, but not if
you have a calculator."

(Dr. Bell suggested that the audience be prepared to ask Prof. Immerzeel practical
questions about calculator usage during the panel discussion to come later. Dr.
Bell noted that Prof. Immerzeel's long-term classroom experience with calculators
- first mechanical and later electronic - was "the best kind of experience to

have. "

The next panelist to speak was Dr. Jack Kavanagh. Dr. Bell prefaced his intro-
duction by explaining that advice on the future use of electronic calculators
in elassrooms might well be garnered by studying 'the lessons that have been
learned about the use of mechanical calculators in the past.”




He cautioned the audience, though, that "There is a sense in which this is an
analogous experience, and a sense in which this is an irrelevant experience.
Mechanical calculators have certain flaws and difficulties that make the class-
room use of electronic calculators a new and different proposition.')

DR. KAVANAGH:

"Basically, I have compiled a technical paper. But, instead of reading
it to you (and having half of the audience go to sleep) I want to summarize
what we did and what our objectives were.

"Essentially, we questioned if mechanical calculators could be used to
improve the achievement and attitude of low achievers in mathematics. Work
done as early as 1937 showed that the achievement of normal students could
be improved by the use of calculators.

"We randomly chose 125 junior high students who were at or below a 'C'
average for two years. We distributed them into five groups: a pilot group;
two experimental groups; and two control groups. We then ran a pilot first
quarter, an experiment and control the second quarter, and an experiment and
and control the third quarter.

"The pilot was used to determine methodology. We took 25 basic concepts
(communitivity, associativity, and the 1ike) and split them into 10 teach-
ing units. We gave students a unit at a time, and asked each student to
complete each one to predetermined criteria. At the end of each unit, we
gave the students a test devised to measure mastery of the work unit.

"We were interested in several things. First, we Tooked at the achieve-
ment level at the end of each unit. Next, we wanted to know how many stu-
dents in each group completed all 10 units. Finally, we were interested
in attitudes, and we used a standardized mathematics attitudinal inventory
to measure this.

"Our results were interesting. Although we could not measure an increase
in attitudinal growth of the experimental group compared to the control group,
the second quarter experimental group showed significantly greater achieve-
ment than the control group.

"We later found, though, that the situation was reversed in the third
quarter ... the control group achieved better results than the experimental
group. We interpret this reversal to the fact that our mechanical calculators
began jamming frequently in the third quarter. Students frequently wound up
with incorrect answers, or else didn't have a machine to use.

"There was one other positive result we observed. In both experimental
groups, a significantly larger number of students completed all 10 units
compared to the control groups. This means that even though students often
got wrong answers, they were better motivated to complete each exercise. I
think that this in itself says something about the use of calculators in the
classroom.



"I am certain - based on my own intuitive feelings - that a new experiment
using jam-free electronic calculators would show positive results regarding
academic growth."

(The next speaker was Dr. Joy Rogers. Dr. Bell introduced her by noting that
"Joy Rogers, like the rest of us, has been through numerous revolutions which
turned out not to be. She has some advice for us about the use of calculators
as teaching aids, and some ground rules for determining whether or not a new
device - such as the calculator - is likely to be truly useful in a classroom.'

DR. ROGERS:

"The people I really want to talk to today are the ones who influence the
spending of money. I think that is probably all of you. If you walk through
a school and find the dustier corners of that school, you will find a place
with a sign, slightly mildewed, that says 'Language Laboratory'. Only 15
years ago, language laboratories were really 'in'. If you wanted to get a
Federal grant, write the words 'Language Laboratory' anywhere in the appli-
cation, and your grant would be funded. About five years ago, I noticed
the mildew had started to stick to the signs, and you simply could not find
any new references to Tanguage laboratories in professional or non-professional
journals. The super-sensational trend lasted 10 years at the very most.

"T think we can learn something from the Language Laboratories. You are
sitting there now with a delightful Tittle gadget in your hands. Something
you have enjoyed using for an hour-and-a-half or so, and something that you
can see has important instructional applications. However, I think there
are some cautions to keep in mind when we talk about using calculators in
schools, and, more importantly, spending school money on them. I don't think
the tale of the Language Laboratory need necessarily be a forecast for every
instructional innovation that comes along. This one, for example, I think
could be successful. I'd l1ike to identify some things that one ought to
Took for in a teaching aid ... things that make it a decent and enduring
teaching aid.

"Briefly, I think there are three points to keep in mind. First, I think
a decent, enduring, respectable, lasting teaching aid should be inexpensive
and it should be durable enough to be used by a Tearner. Second, I think it
has to be controlled by the Tearner. Third, I think it has to solve problems
or do things that the learner wants done.

"When I say I mean that the teaching aid has to be inexpensive or durable
enough to be used by a child, I don't mean inexpensive in a relative sense.
I think I mean that in an absolute sense.

"Take, for example, the cassette recorder, which is, in one sense, inex-
pensive. It is inexpensive enough that parents buy cassette recorder for the
children as gifts. But, in the classroom the children are not allowed to
use cassette recorders as if they were inexpensive. Teachers tremble if the
cassette recorder is about to fall off the table or if the child does some-
thing the least bit unusual with it. Often, they are locked in vaults and
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are not accessible to children except under specific instructional circum-
stances. Children do learn things from cassette recorders ... the ones their
parents buy them. The ones in the schools don't aid Tearning. I feel that
if something isn't inexpensive enough to let relatively unsupervised children
use it freely, then it's too expensive to be a valuable teaching aid.

"An obvious essential feature of any teaching aid 1is that it does actually
teach. That is, it responds to the learner's behavior in some consistent way
that is satisfying or interesting. Notice that when you picked up those
calculators after the first experience of turning them on, you had an oppor-
tunity to discover a device that responded to you. Given enough opportunity
to play with it, you just might discover for yourself the kind of principles
(mathematical) that a calculus professor would love to have the time to teach
you.

"But, if a classroom is stocked with a lot of electronic calculators
that are Tocked safely in a closet - except during arithmetic class, at
which time they are cautiously placed on the tables to prevent any danger of
them being dropped - I think it Tikely that the calculator will be as
disappointing as the cassette recorder. To be a genuinely effective instruc-
tional tool, calculators have to be inexpensive enough to be taken to the
gym, the playground, the lunch room, the band practice room, or any place
where mathematical questions are of interest to learners.

"The second feature of a lasting teaching aid, I think, is a logical
outgrowth of the first ... that it can be controlled by the learner. An
excellent example of an existing teaching aid 1ike this is the book. The
design of the book has long given it the potential to be a useful teaching
aid. Before Gutenberg, books were chained to the walls. Only monks, who
would treat them very gently, were allowed to read them. But, after printing
presses made them reasonably inexpensive, books became readily available to
real Tearners. And the reader controls many of the aspects of the operation
of that book.

"If those of you who are thumbing through your calculator exercises right
now would Took at what you are doing, you will realize how many aspects of
the book you actually control. You can read it at any rate you want, you can
refer to any part of it you want, it can be read in a variety of different
places, or different circumstances, or even different body positions. If
you get interested in the book, you can continue with the book; if you find
something that I am saying interesting, you can direct vour attention away
from the book to me, and when I get a little boring, you can go back to your
book.

"In contrast, consider something clumsy Tike the 16 mm motion picture pro-
jector. Most frequently the projector has to be operated either by the
teacher or by a specially trained student assistant. It can't be conveniently
stopped for an_individual learner because it's usually shown to a large group
at one time. It's difficult to assess only a particular portion of a film for
reference. It is almost impossible for a student to view a film if he was ab-
sent, or whatever, anywhere other than the classroom in which it is presented
at the time at which it is presented. In consequence, it's easy to find



schools that are relatively well supplied with books but have only a few rel-
atively rarely used motion picture projectors. The point here is that an ef-
fective teaching tool needs to be at hand whenever there is a problem to be
solved or any object of curiosity to be investigated.

"The calculator has the potential versatility comparable to a book. A
learner can move it, or use it, in about the same range of situations that
he would use a book. It is kind of amusing to speculate what the world
would be Tike if we all had the calculator habit to the extent that so many
have the book habit. You can imagine an ordinary individual thinking through
some new mathematical concept with the aid of his pocket calculator ... in
his car while he is waiting for a light to change ... on the computer train
in the morning ... at breakfast, in lieu of his paper ... or even in the tub
while he is soaking. And the size and shape of existing calculators make
these uses very possible.

"The only barrier is that most people, who are now adults, have grown up
without having mathematical freedom. Simply, the calculations involved in
solving practical problems are likely to be so forbidding that the adult
would never have thought about playing with mathematics as a pastime. If,
however, it is now possible to produce a generation of children who can cal-
culate any item of curiosity, their own baseball averages, or imaginary
problems, such as how much gas would it take if we drove the car around the
world - and without the computation for this sort of thing, it would be a
totally burdensome chore - then maybe they will grow up to be adults who en-
joy mathematical thinking.

"A tiny, inexpensive calculator ought not to present a problem for either
educators or manufacturers. It is true that educators will have to begin to
think of mathematics as somethinag more than computation. The fact that you
are here, and the trends that I have seen in modern math, would suggest
that mathematicians are interested in teaching something more than
computations.

"This leads to the third feature of an enduring teaching aid. It should
solve problems or do things that the learner wants done. A good example of
that kind of tool is the slide rule. But, remember, a slide rule requires
user sophistication that a pocket calculator does not. They are cormplex,
and you have to know at which end of the scale to read the answers, and where
the decimal point should go. These limitations prohibit use by a nine-year-
old who wants to know how many sunflower seed packages he could buy if he
had a million dollars. But, an electronic calculator can give this child
speculative capacity.

"T think that we will pay a price if we fail to keep these things in
mind. If you want to understand fully the dimensions of that price, go back
to your school Monday morning, pick up the storeroom key, and go into the
storeroom. I think you will find the whole language laboratory Tibrary
stored in that storeroom somewhere. You are probably going to discover
several broken projectors that no one has either the expertise or the in-
terest to fix. There are probably a couple of yellowing teaching machine
programs and several crumpled audio tapes with a stack of empty take-up
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reels that no one wants to use. There will be the laminating machine that
no one ever did figure out how to use and probably a box of dried-out over-
head projector crayons that would crack if you attempted to use them. And
you might even see the acoustic coupling for the computer terminal that was
taken out two years ago when the budget dried up. I don't think schools
need any more expensive dust catchers, and I think storerooms are quite
full enough.

"So in buying electronic calculators, let's buy them and put them in the
KIDS' hands and NOT in the storerooms ... that's my point."

(Dr. Bell expanded on Dr. Rogers' comments by noting that "the classroom practi-
cality of caleculators" is an important factor in determining the ultimate utility
of calculators as teaching aids.)

DR. BELL:

"I became convinced a couple of years ago, when I first bought a primitive
calculator, that they were fun to use, and couldn't really help but turn kids
on. But, could we safely put calculators in the kids' hands? Was it a
practical thing to do?

"When calculator prices came down to the level where a few hundred dollars
would buy a reasonably big collection of machines - in general, 'practicality
is a function of price - the University of Chicago bought me 25 calculators.
I scattered them around the Hyde Park area in the hands of teachers I trusted.

"Some teachers I gave one or two calculators; other six or eight. My
instructions were to take a calculator home, see what you think it is good
for, then (if you want to) bring it into your classroom.

"My first results weren't promising. I asked a teacher: 'How do you like
the calculator?' The teacher answered: 'I Tove it! It's a beautiful Tittle
thing ... I put it in the vault.'

"'Why is it in the vault?' I asked. 'Well,' she replied, 'I was afraid
that I would catch hell if I lost the thing.' I told the teacher that the
point of the experiment was to see if the machines were tough enough for
kids to use ... to find out if the kids will 'rip them off' at an excessive
rate ... to see if they will break down in service. I told her that the
University will stand the cost of lost or busted machines. She finally did
take the machines into her classroom and I received enthusiastic reports de-
describing the ways her kids used them."

({@ addition to the three university-affiliated panelists, Dr. Bell invited three
Chicago city school teachers to comment on actual teaching experiences with calcu-
lators for the use of these teachers.

Mrs. Sharye Garmeny gave a detailed presentation recounting her experiences with

two groups of students. Dr. Bell introduced Ms. Garmeny as "a gifted and percep-
tive teacher.")
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MS. GARMENY:

"My first experience involved a summer school program for remedial stu-
dents. They were young people who had not been placed in any particular
grouping and were between the ages of seven and 10. They had been identi-
fied by their home school teachers as in need of remedial instruction in
reading. It was necessary to divide up a three-and-one-half hour session
into areas other than pure reading, and so mathematics was included.

"My initial reason for bringing the calculators to the students was to
see what would happen in terms of their motivation to find out things about
numbers.

"As it turned out, I had six calculators and an average of 12 young
people each day. We set up an alternating schedule. No child had a calcu-
lator every day. My main interest in the beginning was just to give them
out to the young people and Tet them see what they could do with them. One
of the first and most interesting things was the fact that the young people
perceived from the keys that were indicated that they could use the machines
to add, subtract, and multiply. They were not too sure about that other
symbol with the two dots and the slash line in between.

"They began by working out problems that they knew answers to. Well, I
know that 2 + 2 = 4, and when I feed this into the calculator, does the
calculator say that it is 4? It did. They began to trust the calculator.
The calculator had proven itself. They knew some things and the calculator
knew the same things they knew.

"Soon, they began to feel that the calculator could give them answers
that they wanted. A play 'store' was set up using empty containers that
the students brought from home. Here was an activity-based learning situa-
tion that allowed the children the opportunity to work with numbers in
different ways. Of course, we had a cashier, and people would go to the
store and shop. The cashier would use a calculator to determine costs for
the people as they shopped.

"These kinds of experiences were very interesting to the young children.
It was always a question of, 'When will it be my turn to do this?' and 'How
accurately can I work with the calculator? and 'What kinds of things can I
find out?' They checked not only the calculator, but they began to check
themselves and each other.

"It wasn't necessary for everyone to have a calculator in order for the
calculators to be effective. And I think this is an important fact, because
if you are thinking of instituting a program using calculators, it might not
be realistic to think initially of a calculator for every child.

"Multiplication became a big issue because my students wanted to find out
what happened when they used big numbers. And, of course, when they would
see these big answers coming out on the calculator, they would want to know,
'"Well, how does the calculator come up with a number like this ...', because
somehow or other their understanding of multiplication had not reached the

13
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same level as that of the calculator. This gave me an opportunity to work
with them on the distributive property. Now, we all know about the distribu-
tive pronerty and what that does to children, but in this particular instance
they were promnted to be curious about it because of something that the cal-
culator had told them. So then when we did get around to the kind of rote
instruction that consists of a teacher lecturing and students Tistening,

they were very interested in what I was explaining to them because it was
going to help them to understand something that the calculator knew how to

do that they did not yet know how to do.

"The presence of the calculator seemed to make the idea of mathematics
instruction more appealing to the children. The word got around and kids
came from other classes to see the calculators. The students would share
the knowledge and the information that they had about what the calculator
could do, and they became more assured about themselves, not simply as stu-
dents working in math, but as people and in their relationships with other
children in the school.

"The program proved to be a very positive kind of experience for the
young people, and the end-of-term evaluation suggested that they had in fact
become more proficient in terms of their understanding of basic principles
of elementary school mathematics.

"The second group that I am going to talk about are eighth-graders in my
home school who are in a remedial class. I assume that some of you know
that some of the young people we find in remedial classes are there, not
purely because of their level of ability, but because of their acceptance
or disapproval or dislike of patterns as they exist. I have found this to
be true of some of the young people in this class. They really have good
skills, but for whatever reasons, they have not chosen to indicate their
skills and abilities. Instead they choose to exhibit behavior that labels
them as unable to perform.

"The class is composed of twenty young people, 13 and 14 years of age,
and we have a total of eight calculators. Students are grouped in clusters
so that their use of the calculators again is not on an individual basis all
of the time. In their initial introduction to the calculators, the questions
were, 'What is this?', 'What does it do?', 'Who do they belong to?' So,
initially, here again the activity with the calculator was just a kind of
exploration.

“In terms of activities, their primary concern initially was in checking
for accuracy. Many of the young people in the class can perform, but their
rate of performance is slower than that of an average student. Their use of
the calculator as kind of a follow-up experience to an exercise was really
to check themselves out. If a student takes the calculator and checks him-
self instead of waiting for the teacher to come over, then there is more
immediate response which is very important to these kids. They really cannot
wait too long to find out that they are doing okay. Waiting for the teacher
can delay this to the point that they lose interest and desire to participate.

"Secondly, when word problems are involved, the calculator becomes an
important tool for solving problems. The question still is 'what operations
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do I need to perform in order to do this problem?' And this is the question
I am interested in having them answer for themselves. Because, to my way
of thinking, this is what I am concerned about.

"In terms of the benefits of using the calculators, I think that one very
obvious advantage is that they provide an opportunity for students to check
up on what they are doing. That is very fundamental; but, calculators also
motivate a kind of curiosity that I as a teacher am not always able to come
up with. I have seen an actual change in the performance level of these
students. I have seen an enthusiasm and a desire to really become involved
in mathematics and what it means; so that as far as a teaching aid, it is
a teaching aid that is very important to me now, and I think that the stu-
dents can see the advantages of it."

Garmeny's comments completed the formal presentations. Dr. Bell continued

the program with a few of his own observations.)

DR. BELL:

PROF.

"The questicn is not: 'Will calculators come to be a factor in modern
Tife?' - they will! As price continues to drop, they are certain to be a
factor in the 1ife of every man, every citizen, because neople will buy
them and use them. The real question is: 'Will calculators become a signi-

ficant factor in the classroom?' I believe that the answer will depend on
whether or not we can find ways to exploit them for pedagogical reasons, and
thus use them to advance the knowledge of mathematics in our classrooms.

"We have always had slide rules. They are very handy, but are of Timited
applicability. You cannot add on a slide rule, they don't place decimal
points, and they require a fair amount of instruction in use. Consequently,
although they are useful teaching aids, they are limited in applicability.

"At the very least, calculators give us a tool that lets kids experiment
with numbers ... they provide opportunities for simnle experimentation and
play and fiddling, some things we don't let kids do enough.

"Early reports of their use suggest that they are highly motivating.
But, I caution you that almost anything new is highly motivating for a while.
Prof. Immerzeel has been using calculators long enough to be able to answer
the question: 'Does the motivation wear off?' - George?

IMMERZEEL:

"The novelty of calculators is fairly short-Tived. Students keep finding
new ways to develop ideas with them. You will find for yourself that you
need a source of things to do with the calculators in your classroom.
Calculators represent a tremendous capability, but the play period is fairly
short. Both you and your students need input ... you need things to do with
your calculators. So, in the long run, it depends upon your imagination as
a teacher as to whether or not the motivation disapnears."

15




DR. BELL:

"Okay, so motivation strictly from a standpoint of novelty wears off
quickly. But, motivation based on the obening up of new possibilities of
calculator use keeps going. For example, I have seen kids use a calculator
for instant verification of the things that they suspect and to check out
the things that they are doing.

"For many years, I have preached that the fundamental problem with school
mathematics is that there are too few links between the arithmetic pushed at
the kids and the real world. Here is where the calculator can do some lovely
things.

"With widespread use of calculators in the classroom, the whole artificial
barrier to understanding what the world is really like ought to drop. Real-
world problems - with real-world numbers - can be handled as easily as the
nicely-rigged textbook problems of today.

"The clever use of algorithms, the efficient ways to do certain calcula-
tions, the generation of data and patterns, the verification of hunches, the
checking out of things which the student suspects ... all of these provide
possibilities for exploiting calculators in a pedagogically fruitful way.

"Let me say at once that I am not optimistic that we will do this sensibly.

Some years of being in education has indicated to me that it is never safe
to be optimistic about such things. 1 only say that there is substantial
potential here which, if we behave in a reasonable way, can be exploited.
Though I am not optimistic that it will be done, I say that it can be done.

"The emphasis will inevitably change if calculators become commonplace
in the Tives of citizens. Fractions will have very little use anymore ex-
cept in order to set up ratios. Fractions will be practically useless as
indeed they are already. Decimals will come to the fore very early. The
business of how to place decimal points by making sensible estimates will
have to come up and get attention. The artificiality in school books will
no longer need to be there.

"One question that seems to come up again and again is: 'Will they get
stolen by the kids?' None of the calculators I distributed were stolen.
Will you comment, Mr. Nelson."

(Mr. Charles Nelson was another of the Chicago city school teachers who partici-
pated in Dr. Bell's experiment and was invited to speak at the symposium; Ms.
Mary Page was the third.)

MR. NELSON:
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"I have 167 students, and I believe that they feel that the calculators
belong to the group as a whole. The calculators have not 'walked off', in
spite of the fact that I don't lock them up. I Teave them in my drawer, and
everyone knows that they are in my drawer. Perhaps students inclined to
take a calculator are afraid to do so because they are afraid that the group



will report on them. For whatever the reason, the calculators have not
'walked off'."

PROF. IMMERZEEL:

"We lost two calculators for a period of time, but they were recovered.
The teacher who had them left them - in full view - on a shelf in an office,
and so two kids had an opportunity to take them home. I don't believe there
is much danger of Toss in a classroom situation, but I think there may be
some danger if we are not careful about visible storage."

(Dr. Bell announced that the panelists and guest teachers would now answer ques-
tions from the audience.)

QUESTION:
"What is the failure rate of calculators in the hands of students?"
DR. BELL:

"We have not had any calculators break because kids use them. However,
there is a definite failure rate ... usually in the first hours of use.
Reputable manufacturers will exchange calculators that fail electronically,
and so astute administrators will order a few extra machines to allow for
this phenomenon. If you can get over the first few uses of the machines,
then they seem to work well. Also, be sure to buy your calculators from
a source that offers repair facilities, because any machine will eventually
need some kind of repair."

QUESTION:
"Are calculators 'crutches'?"
DR. BELL:

"There is an objection to the use of calculators that is not easily
overcome ... a moral objection. I hear over and over again that it is
wrong that something (arithmetic) that has always been so hard should now
suddenly be so easy. There is a deep streak of puritanism in us - a kind
of hair shirt philosophy - that I don't think will be easy to overcome.

I recognize this in many of the arguments I hear against the use of
calculators in the classroom. I think that this may be our most difficult
problem after cost."

MS. GARMENY:

"If a calculator were off-Timits in dealing with mathematics in 1life,
then I would say we have an important issue here. But, then, I don't see
any conflict. My experience with calculators shows that the young people
still have to know how to perform the operations in order to be sure that
their calculators are going about their business properly. I don't see a
conflict of interest in using calculators in instruction."
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PROF. IMMERZEEL:

"T would Tike to respond by saying that what are acceptable crutches
for adults are also acceptable crutches for children. That is, if you
expect adults to use calculators, then they shouldn't be forbidden to
children, at least in most cases."

MR. NELSON:

"If you have a student who reaches the seventh or eight grade and who
doesn't know his multiplication facts, it is pretty hard to teach them to
him. What do you do with the higher mathematics that makes use of these
facts? Do you stop right there with this child? 0Or, do you give him a
multiplication table and let him do the rest of the work he has to do?

"I think of calculators like that. I would give a child a calculator to
to do multiplication if it meant he could continue with other work he is
required to do."

QUESTION:

"I want to modify the original question. What devices are tolerated
as crutches in school?"

DR. BELL:

"What do schools tolerate as crutches? I think they tolerate (panelists,
tell me if I am wrong) whatever an individual teacher will tolerate."

PROF. IMMERZEEL:

"I am bothered by the moral issues that are being raised because they
are unreal. We aren't Tooking at the world in terms of what it really is.
The calculator is not going to go away. And, in addition, the calculator
is merely a tool.

"We have on a aiven day in my classroom something that we want to
accomplish. If the calculator helps us accomplish it more efficiently,
then we should use the calculator. The students are not worse off if we
use calculators to accomplish a particular instructional objective. We
should ask if the calculator is the best tool for accomplishing an objective,
rather than whether its use is moral or immoral. I don't think that the
calculator has any morality at all."

DR. BELL:
"There is a question raised here that is more than a moral question.
What do you say to a school board or parent who is concerned about a student's
ability to continue without the aid of a calculator in the future?

"One hopeful answer would be that using a calculator won't lead to the
rotting of the student's mind, and won't lead to the loss of ability to do
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ordinary calculations. I suspect we will have to document this answer by
more research."

QUESTION:

"Are we doing kids a disservice by making them memorize computational
facts? Is memory training an essential part of education?"

PROF. IMMERZEEL:

"It's my opinion that without basic computation reflexes you are a cripple.
Why? Because I care a Tot about estimation and being unable to develop a
quick 'more-or-less' answer to a specific problem. To get this kind of
answer you have to be able to manipulate the flow of numbers quickly and
easily."

DR. BELL:

"T don't think you can do mathematics without being able to compute. I
think computing is part of thinking."

QUESTION:

"What is the effect on the class if the school doesn't provide calculators
for students, but some students use their own machines?"

DR. BELL:

"This problem has already come up in universities. Initially, it was
answered in different ways, but now, if a student needs a calculator, he is
expected to get one. Many colleges negotiate arrangements for the students
to get them cheaply, or they rent them to students (often through the univer-
sity bookstore)."
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CALCULATING MACHINES IN SCHOOLS

Scottish Central Committee on Mathematics
Dundee, Scotland

This article, which appeared in The Times Educational Supplement
(Scotland) and in the Bulletin of the Scottish Centre for Mathe-
matics, Science and Technical Education (June, 1977), has been
reprinted with the permission of Editor D.C. Fraser and Director
John A.R. Hughes of the Scottish Centre.

The continuing rapid development of technology has brought about widespread
changes in the everyday lives of all of us. Since the end of the second world
war, our lives have been transformed by jet aircraft, the spread of television,

transistor radios, the computer and many other less obvious technological advances.

A11 of these, especially the computer, have influenced curricular thinking in

some measure, but the sudden appearance on the market of cheap pocket-sized
electronic calculators has had a powerful direct impact on education, an impact

so sudden that a majority of senior school pupils in Scotland (and not a few
younger children) may well be in possession of a calculating machine by the time
this paper appears. The purpose of this paper is to review the priorities in
arithmetical and mathematical education in the light of the new situation, to

make recommendations regarding the extent to which the use of calculating machines
should be encouraged at various stages in education, and to consider the types

of machines that are most appropriate for school use.

1. It is probably fair to say that the instinctive initial reaction of
many teachers of mathematics is to be somewhat alarmed by the widespread
availability of calculating machines. People have been saying for many
years (probahly since the adoption of the Arabic numeral system in Europe
some five centuries ago) that arithmetical skills are on the decline, and
whether they are right or wrong, there is good reason to suppose that skill
in arithmetical computation will indeed be eroded by the habitual use of
machines. On the other hand, skill in computation is not an end in itself,
and if it can be shown that the skill is now irrelevant, then there is
1ittle point in bewailing its disappearance. What we must do is to make
as rational an assessment as possible of the new priorities in arithmetical
education, accepting that these priorities will be materially affected by
the availability of calculating machines.

2. Computational aids, in the shape of logarithmic tables and slide rules,
have of course been used in schools for many years. Both are open to the
objection that they erode the more elementary computational skills, and it
is doubtless the case that some slide-rule-using Sixth Year pupils would be
more than a little shaky on long division. That this has never been a cause
for serious concern is probably attributable to the fact that logarithms and
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slide rules are used only by relatively senior school pupils who have al-
ready acquired a fair measure of arithmetical competence and understanding.
This delay in use arises not because of any arbitrary edict from the mathe-
matical/educational establishment, but because both these computational aids
require a considerable measure of mathematical sophistication before they

can be used at all. The child who attempts to work out 7 x 9 by logarithms
needs to be able to Took up tables twice, to add 0.845 and 0.954, to look up
a table yet again, and finally to use the characteristic of the logarithm to
sort out that the answer is 63 rather than 6.3 or 630. It is fairly easy to
persuade such a child that it is easier simply to remember that 7 x 9 = 63.
In many ways the slide rule is still more treacherous to the unsophisticated,
since it makes no distinction between numbers whose ratio is a power of 10
and so requires a considerable feeling for numbers on the part of its user.
The essentially new educational issue introduced by the advent of the pocket
electronic calculator arises from the fact that a calculator is usable by
quite young children. It may indeed be hard to persuade the child in primary
school who presses 7 9 [=] _ and instantaneously reads off 63 that there
is some point in committing to memory the 36 non-trivial multiplication facts
that constitute the traditional multiplication tables and the comparable
addition and subtraction facts that are the basis of the standard arithmetical
algorithms. Should we care? Ve believe that we should, and offer justifica-
tion for our belief in the next few paragraphs.

First, there is the sheer matter of time. Properly used, calculators can
save huge amounts of time, but if one happoens to remember that 7 + 9 = 16

or that 7 x 9 = 63, then one has the answer before the instructions can

even be fed into a calculator. It is quite simply more efficient to remember
some arithmetical facts of this type. There is,no doubt, room for difference
of opinion regarding which facts should be remembered and how many, but
surely they should include the previously mentioned multiplication tables up
to 10 together with addition and subtraction facts to an extent indicated

by the examples 8 + 9 = 17 and 15 - 7 = 8.

Secondly, though it is interesting and useful that 7 x 5 = 35, it is also of
interest that 35 = 7 x 5, and a calculator is not nearly so useful in estab-
lishing a factorization statement of this sort. The arithmetical competence
that is the basis of numeracy consists of knowing facts like this both ways

round, and it may help to persuade primary school children of the importance
of basic arithmetical knowledge if more emphasis is placed on partitions and
factorizations.

Thirdly, it is unrealistic to suppose that one will always have a calculator
within reach when an arithmetical problem arises, any more than one always
has a dictionary within reach when one is in doubt about a meaning or spell-
ing. If pupils are to be properly equipped for Tife, they must be able to do
some simple arithmetic without a calculator.

We are arguing that the importance of 'tables' is unaffected by calculators
and that competence in this area should continue to be a major aim of primary.
school arithmetic. We are not, however, arguing that calculators create no
change at all in teaching priorities. Let us examine some of the tradi-
tional arithmetical skills and attempt to reassess their usefulness in the
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new situation. The algorithms for addition and subtraction of large numbers
continue to be useful, and many people in suitable cases still find it quicker
and more reliable to do such calculations without a machine. On the other
hand, when the numbers get larger or the column of figures gets Tonger,

there comes a point where even the most dedicated arithmetician is glad to
have a calculator to relieve him of the drudgery of computation. It seems
reasonable to suppose that the adults of the future will reach this 'cut-
off' point sooner than those of the present time. This surely does not
matter a great deal. The conclusion is that, while the algorithms of addi-
tion and subtraction should continue to be taught and practiced, there need
not be the same emphasis as formerly on the development of speed and accuracy
in the extended written application of these algorithms. Speed and accuracy
in mental arithmetic remain important, as we shall see later.

The same conclusion applies to the more difficult algorithms for 'long'
multiplication and division. The fact that algorithms exist is a point of
some mathematical importance, and we believe that children should continue

to be able to apply them in simple cases. However, these skills are nowadays
very little applied in real adult 1ife, and we must expect that they will
tend to fade away.

The question of when to use a calculator is an important one, on which
pupils will require guidance. The 'cut-off' point referred to above even
now among adults varies widely from individual to individual, and one must
expect that variation will continue in the future. If one takes a graded
series of arithmetical tasks such as

5+ 7, 8% 6, 17+ 15, 23 + 48, 17 x 15, 23 x 48,
668 : 23, 27.48 x 133.72, 2876.52 : 346.9,

people will vary in their judgment as to when a calculator is necessary.
We would not regard it as important if a generation were to grow up with
only a general idea of how to tackle the last two of these without a cal-
culator, but we would regard it as quite disastrous if the first two could
not be answered from memory, and extremely disappointing if the third and
fourth could not be done mentally.

The matter of mental arithmetic is a very important one. It is a feature
common to all calculating aids that errors, when they occur, tend to be of
a gross nature, leading to an answer that is not even approximately correct.
It is an essential aspect of numeracy to be able to know whether an answer
is of the right order of magnitude, and the unwillingness of pupils to per-
form even the most rudimentary checks on their calculations is a constant
source of disappointment. Anyone with a calculating machine handy will use
it to multiply 19.35 by 21.77; the numerate person knows in advance that
the answer will not differ very much from 400. Mental arithmetic, unlike
paper and pencil arithmetic, remains an indispensable skill, but possibly
the emphasis ought to change. We would suggest increased emphasis on oral
questions in class such as "About how much is 53.1 x 32.7?7," to which there
is no one answer, but to which the first answer might be "a bit more than
50 x 30, that is, a bit more than 1500," while a more refined attempt might
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be "about the same as 50 x 35, that is, about the same as 1750." (The exact
answer is 1736.37) There is a vast scope for activity of this sort, and

one could even make a game of comparing approximate methods offered by dif-
ferent class members, using a calculator as an adjudicator. Other examples:

About what percentage of 178 is 577 (About the same as 60/180,
that is, about 1/3, that is, about 33%)

What approximately is 17/43 as a decimal? (About the same as
16/40, that is, about 2/5, that is, about 0.4)

Would you beljeve_that 1/13 is anproximately equal to 0.187?

(No, because 5 < = 0.1)
The ability to answer questions like these is the quintessence of numeracy
and is totally unaffected by calculators. The skills involved are complex
and take time to acquire. Perhaps one may hope that calculators will re-
lease more time for the development of these skills.

It is probably fair to assert that the unease felt by many mathematics
teachers regarding the use of calculators is in inverse proportion to the

age of the pupils involved. Their worry is that children will begin to use
calculators at too early an age and will fail to develop the kind of numeracy
we have described. By contrast, pupils in Higher or Sixth Year iMathematics
can concentrate all the better on genuinely mathematical ideas if they are
released from the drudgery of repetitive arithmetic. In any event such
pupils have all for many years used logarithmic tables or slide rules as

aids to calculation, and it would be excessively puritanical to object to
this new computational aid solely on the grounds that it is better and
easier to use. Calculators also enable mathematics to be applied (whether

in statistics, science, or geography) to real rather than artificial data,
for the arithmetical drudgery formerly involved in handling real data is
reduced to manageable proportions. This, too, is surely a change for the
better. We would in fact see it as an important part of mathematical edu-
cation in secondary schools that pupils should Tearn how to make intelligent
use of calculators. This learning should not consist merely of finding out
which buttons to press. It should emphasize the wisdom of checking a calcu-
lation either (as nreviously described) by making an approximate mental
calculation to verify that the order of magnitude is correct or by perform-
ing the calculation twice. It should also emphasize the necessity of giving
answers with an appropriate level of accuracy. For example, if the sides

of a rectanqular piece of paper are given as 10.1 cm and 8.3 cm respectively,
a calculator readily gives that the diagonal has length 13.07287268 cm, but
it is essential in any real-life situation to realize that the sensible
answer is 13.1 cm, that is, that the answer should not be given to a higher
level of accuracy than the original data justify. This, of course, is a
general point but is especially important in the present context since calcu-
lators give so many decimal places.

As regards primary schools, we would not go so far as to suggest that calcu-
lators should never be seen in the classroom. We did suggest above that a
calculator could be used by a teacher as an 'adjudicator' in an approxima-
tion game. Additionally, the children might use a classroom machine
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themselves as a check on sums done by paper-and-pencil methods. It might be

also that children could be stimulated into greater interest in arithmetic
by handling and using what is in fact a very remarkable and highly enter-
taining toy. Nonetheless, we see a very limited place for calculators in
the primary school and reiterate that they must not be allowed to prevent
the development of the kind of numeracy we have described. We would empha-
size also that a certain level of mathematical sophistication is required
before a calculator can be used with any confidence. Many of the simpler
and less expensive calculators assert, for example, that (35 # 9) x 9 =
34.99999999, and some arithmetical understanding is required if one is not
to be disturbed by this.

The first years of the secondary school are a time of consolidation and
extension of arithmetical understanding. !Ye see danger in too much reli-
ance on calculators at this stage, though with growing understanding the
danger would diminish, and we certainly would not advocate a situation
whereby pupils might be using calculators in every classroom except the
mathematics one.

It is,of course,a corollary to the use of calculating machines that there
is now no point in teaching logarithms in the arithmetic syllabus as an

aid to computation. This does not,of course,mean that logarithms have no
place in the curriculum. They remain an immensely important idea in mathe-
matics and their position in the S5 syllabus is quite unaffected by the
irrelevance of common logarithms as a computational aid.

It is time now to consider the social issue of whether the pupil who owns a
calculator has an unfair advantage over the pupil who does not. It is,of
course, possible to exaggerate the importance of this point. Success 1in
examinations, whether in mathematics or in other numerate disciplines, de-
pends far more on understanding than on computation - depends, that is,

far more on knowing which sum to do than on being able to do the sum.
Nonetheless, it must be conceded that a time advantage does lie with the
pupil who has a calculator. He also has an advantage stemming from the
greater confidence he can have in the results of computations, for he has
time to check them. This may be an argument for setting out to provide a

calculator for each pupil in S3 or above. It is not an argument for banning

calculators altogether.

Is it possible to provide calculators out of public funds? The simplest

calculators (which are certainly capable of doing everythina that logarithms
previously did) seem to cost between £6 and £10. This is in fact not a great

deal of money: schools currently buy books for their pupils, and at the
present rate of progress books will soon cost more than calculators. The
total sum that would be required to provide every pupil in S3 to S6 with a
calculator sounds quite large, but viewed as a fraction of the total cost
of education it does not appear so significant. At this time of restraint
on public expenditure it is probably not feasible to enter into a specific
new commitment to purchase calculators in the large numbers that would be
necessary, but it is important to measure the financial problem against an
appropriate scale and to realize that in the Tong term such a policy is by
no means out of the question.
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The low cost of calculators is also a relevant consideration if one considers
how many parents are likely to be able and willing to buy a machine for their
children. There must be comparatively few families in Scotland who would be
seriously inconvenienced by the outlay of £6, and the evidence is that huge
numbers of parents have already demonstrated their willingness in this re-
spect. Indeed, many have spent considerably greater sums by purchasing more
expensive and sophisticated machines for their children.

The most likely outcome, unless we specifically make plans for something
different to happen, is that schools will provide an inexpensive basic calcu-
lator to the minority of children whose parents are unable or unwilling to
buy one. This will certainly keep oublic expenditure to a minimum and will
minimize the disadvantage to children not in possession of their own machines.
For the advantages at school Tevel to be gained from having a more expensive
and sophisticated machine are slight. It does sometimes save a little time
to be able to read off trigonometric functions from a machine, or tﬂ be able
to change a number instantaneously into scientific notation (a x 10,

1 s a«< 10), but at school level the main benefit of a calculator is in per-
forming the basic arithmetical operations, and even the simplest machine

does that. Indeed there is probably an actual disadvantage in having too
sophisticated a machine, for in the hands of an unsophisticated user the

very complication of the machine presents perils. One of the disturbing as-
pects of the present situation is that parents are in many instances buying
over-sophisticated machines for their children, in the mistaken belief that
the advantage to their child is in direct proportion to the cost of the
machine.

Reference has been made to basic 'four-function' machines, and the opinion
has been expressed that such machines are adequate for school purposes. It
is time now to consider the specifications of a machine that would be ideal
(as opposed to merely adequate) for school purposes. Here we shall limit
ourselves to the years S3 to S5. For Sixth Year Studies work a full
'scientific' calculator could be useful. It should be emphasized that at
the present time there seems to be no calculator on the market specifically
designed for school use and that the specification given below dces not
correspond exactly to any machine currently available. It comes closest to
the 'semi-scientific' machines which presently retail at about £20.

a. The machine should have a clear, bright display. Its keyboard should
be easy to read and use, with firm, positive action switches.

b. It should have a fully rechargeable battery. Experience in schools
indicates that machines are frequently left switched on.

c. It should employ algebraic rather than reverse Polish logic. As an
example of the difference, on a machine employing algebraic logic the
routine for determining 5 - 3 is

5@ 3 8 _,

While on a machine using reverse Polish logic the routine might be
something like

5 H 3 =
25
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We feel that this latter system can confuse a beginner.
d. The machine should have a square root key.
e. The machine should have at least one memory.

f. Sums of squares should be easy to handle. This is often achieved by
having an (x4 key, a single memory, and a facility for adding to the
number in the memory.

g. It should include the trigonometric functions and their inverses.
h. It should have a 'clear last entry' key.
i. It need not have a percentage key.

j. It should not include an automatic constant facility. Such a facility
enables (for example) 8 x 5, 8 x 6, 8 x 7 to be computed by a routing

such as:
8 [x] 5 [=] (40)
6 [=] (48)
7 [=] (56)

The constant multiplier 8 is 'held' in the machine and need not be re-
entered each time. This device can be useful for repeated calculations,
but can certainly be confusing to a beginner, and for school use the
disadvantages probably outweigh the advantages.

If 'semi-scientific' or 'scientific' machines come into widespread use in

in the senior classes in secondary schools, then trigonometric tables will
virtually disappear. While we see some advantage in showing pupils a page
of tables so that the general behavior of (say) the sine function in the
range 0° - 90° can be seen, we do not believe that it would matter greatly
if the use of tables ceased to be taught in schools. It is a skill that

has 1little virtue in its own right and can very easily be acquired if neces-
sary at a more advanced stage in education.

Summary of conclusions:

a. Calculators are valuable to senior school pupils, and their use should
be encouraged.

b. They should be used by pupils only when a substantial degree of arith-
methical understanding and competence has been achieved.



COMPUTATIONAL SKILL IS PASSE

Editorial Panel
The Mathematics Teacher

This article,which appeared in The Mathematics Teacher, Volume 67, Number 6
(October, 1974), copyright 1974 by the National Council of Teachers of
Mathematics, has been reprinted with the permission of Editor Henry B. Tunis.

Soon nearly everyone who faces an arithmetic problem will be able to call on
a lTow-cost electronic calculator as an aid. For more elaborate calculation, re-
mote communication with a computer will be almost as easy. This development has
led many teachers and students to question the high instructional and testing
priority currently assigned to speed and accuracy in arithmetic computation.
Their doubts have been exoressed in a variety of controversial propositions and
pronosals for curricular change.

The Mathematics Teacher Editorial Panel posed the following seven issues to
a sample of teachers, mathematicians, and Taymen. Their responses are given here
in percentage form, along with some of their positions and justifications, which
help to identify the consequences of emerging technology and alternative instruc-
tional policies.

1. Facility with arithmetic computation is the major goal of elementary and
junior high school mathematics teaching today.

68% Agree [ _ [ ' ] 32% Disagree

2. Speed and accuracy in arithmetic computation are still essential for a large
segment of business and industrial workers and intelligent consumers.

84% Agree | ) ] 16% Disagree

One always needs to check mechanical contrivances.

Ability to make accurate mental estimates quickly is now most important.
One doesn't carry his pocket calculator around at all times.

Calculators will not soon be as readily available as pencil and paper; more
time will be wasted getting to a machine than saved using it.

Unit pricing decreases the importance of calculation for consumers.
Inexpensive pocket and desk calculators provided at company or personal ex-
pense have all but eliminated the need for computational skill.
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When is the last time you saw a salesperson do mental or paper and pencil
computation?

Impending adoption of metric measurement implies that computation with
rational numbers should be Targely confined to decimal fractions.

48% Agree [ 777777777774 52% Disagree

The housewife will still want fractions of a recipe, and these fractions and
ratios are not always best expressed as decimals.

This is true for the low achievers; others should spend more time with p/q.
Working with algebraic fractions requires considerable knowledge of all
kinds of fractions.

As long as we measure time to the quarter of an hour, sell shares of stock
at 35 7/8, measure material by eighths of yards, or even concern ourselves
with degree and radian measure, we must continue to work with all kinds of
fractions.

Probability requires common fractions.

Halves, thirds, and quarters are too commonly needed.

Eventually the average citizen may have no use for fractions of the type p/q
We need more experience with the metric system before we can express an
opinion.

We should examine the European experience.

The decimal notation has always made more sense than common fractions; it
makes use of the basic whole-number computational algorithms and avoids far-
out common denominator problems, and so on.

In the face of declining arithmetic computation test scores, the energies of
mathematics instruction should be concentrated on these skills until achieve-
ment reaches mastery levels.

48% Agree [ W+ 52% Disagree

Mastery of computation is not essential to do the kind of arithmetic think-
ing that is important in programming, estimating, and checking answers from
machine computation.

Yes, particularly for those teachers who have misunderstood the call for
emphasis on concepts and excluded drill.

The business person or consumer who is arithmetically illiterate and dependent
on machines would be lost when the machines are not available or in good
working order.

Kids compute as well now as they ever have.

Not everyone can be expected to achieve mastery of computation skills.
Continued practice with straight computation is tedious and boring to

teacher and student.

Introducing geometry into Tower grades is as important as computational skills.
Spend the money on making calculators available so we can get on to more
important mathematics, 1ike learning when to perform arithmetic operations.




Mastery level might be a Tong way off, but we should certainly strive for
significant improvement in skills.

What we need is to establish individual mastery levels for each child, re-
flecting his or her ability, expectations, and so on.

The energies of mathematics instruction should be spent on problem-solving
skills and applications of mathematics.

Weakness in computational skill acts as a significant barrier to learning
of mathematical theory and apnlications.

61% Agree | V.7 777777773 39% Disagree

Yes, to the extent that errors in calculation prohibit building on that
resuit.

There is correlation, but doubtful causal relation.

It is through arithmetical examples that one gets the feel of what theory
and applications are about.

How can one expect to Tearn algebra as generalized arithmetic without knowing
arithmetic?

If a person is not sure of an algorithm, he cannot concentrate on the theoret-
ical issue or application.

I know a brilliant mathematician who cannot do basic computation.

Students today show increased knowledge of theory and applications.

This is true when it comes to applying theory to applications; those who
make contributions to theory but have weak computational skills are
exceptional.

What electronic calculator helps factor trinomials?

Many instructional texts use simple skills in illustrating mathematical the-
ory and applications.

Many slower students Tacking computational skill have, when given access to
a calculator, easily mastered some difficult theories and applications.

The more important understanding of concepts and quantitative relationships
can easily be supported by computation equipment if student skills are weak.

Every Grade VII mathematics student should be provided with an electronic
calculator for his personal use throughout secondary school.

28% Agree [ V777 77 ~4 72% Disagree

Cost would be prohibitive for the initial supply and the replacement due to
theft, damage, and so on.

With costs plummeting downward, a school system can no longer consider the
cost prohibitive.

Students would become too dependent on the calculator as a crutch.

This should wait until Grade VIII or IX or when students demonstrate computa-
tional proficiency without the calculator.

Maybe even at an earlier age:.

In China, students are taught to use the abacus early.
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Access at least should be provided. )
Students' minds would get lazy and operate less efficiently if the machines
were available.

Availability of calculators will permit treatment of more realistic applica-
tions of mathematics, thus increasing student motivation.

96% Agree [ _ 7] 4% Disagree

We won't have to avoid the messy real-life situations or reach for a set of
tables; we can deal with the approximations encountered in real measures.

In my experience, student interest and success increase when calculators are
available for use.

The motivation is often short-lived and artificial.

The standard text problems rigged with "nice" answers deceive students.
Calculators will support the efforts of less able students.

HOW DO YOU FEEL?

Have the above questions identified the key issues in determining the impact

of calculating equipment on mathematics education?

Do the opinions of our preliminary sample reflect the beliefs of most NCTM

members?

Have you had exceptionally good or bad experiences with calculator use that

can be shared profitably with other readers of The Mathematics Teacher?
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THE INFLUENCE OF CALCULATORS ON
MATHEMATICS CURRICULUM

Joseph F. Hohlfeld

Cedar Falls, Iowa

The combination of technological advancement and price reduction has made
the electronic calculator available to virtually anyone in our society who wants
one. Pocket-size calculators and desk models alike today have capabilities be-
yond the wildest dreams of 15 or 20 years ago. And the price of these machines
has gone down while prices of most items have gone up. The curriculum has al-
ready been affected, and the changes have only begun.

The curriculum has already been changed by the availability of these ma-
chines. An ever-widening segment of the student population has access to ma-
chine computation. Students will use machines to save labor whenever they can.
Teachers can and should prevent calculator use at those times wiien caiculator
use would interfere with specific learning objectives. But at other times
teachers should not, and many times teachers can not prevent student use of
calculators.

Changes in the curriculum can result from sheer pressure, or they can come
out of thoughtful work by educators. Pressure has resolved the issue of whether
students should be allowed to use calculators. Careful consideration by educa-
tors is needed to determine what curriculum changes will be positive and there-
fore should be encouraged, and how to minimize the negative influences. Educa-
tors in many fields are facing the need for such thoughtful planning, but those
in mathematics education have a special interest and responsibility in guiding
the influence of electronic calculators in positive directions.

The calculator is a powerful thinking tool in its own right, and students
must be taught to use calculators effectively. We need new experiences in the
curriculum which are designed for student mastery of the calculator. Other
changes may be more difficult, but perhaps even more important. The calculator
must be considered in the design of student exercises on other topics. Most
exercise material for present mathematics curricula is designed to be done by a
student without the aid of a calculator. Many of those exercises are well de-
signed to help a student master a particular educational objective or set of
objectives. Students who use calculators to do those exercises probably will
not master the objectives for which the exercises were designed, because the
calculator will prevent the student from gaining the experience the exercises
were designed to provide. Student experiences must be designed to enable stu-
dents to master the same objectives in the presence of a calculator.

That part of the curriculum related to the teaching of computation may be
influenced most. The activities designed to teach computation to a student
without a calculator may be inadequate to teach computation to a student with
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a calculator. But the availability of calculators is no reason to neglect the
teaching of computational skills. The availability of the machines will require
educators to modify the student activities used to teach such skills. Some work
in this direction has already begun.

Some of the programmable calculators have been programmed to provide drill
and practice routines to help students Tearn computation. Research on the use
of these and other immediate feedback devices seems to indicate a positive effect.
Creative teachers are also designing various activities for using calculators to
help teach computation. Among these activities, games are becoming popular. One
game is called Target and requires one calculator to be used by two players. The
name comes from a target interval that is established before the game starts.
The first player enters any number as one factor into the machine. The second
player enters a number as a second factor and obtains the product. If the pro-
duct is in the target interval, the second player wins. If not, the product stays
in the machine as one factor; the first player enters a number as another fac-
tor and obtains a new product. The game continues until a player wins by obtain-
ing a product inside the target interval.

This particular game provides practice in computational estimation in multi-
plication (or perhaps division). The example is presented here not to show
teachers how to play the game but as an example of how a calculator which is or
is not programmable can be used to teach computational estimation. The key to
the game lies in the fact that students who can estimate computations well are
more likely to win. The desire to win may provide motivation to learn to make
better estimates. The teacher can control the difficulty level for individual
students by judicious pairing of students and corresponding selection of the
target interval. Difficulty increases as the length of the interval decreases.
Practice in computational estimation can thus be provided in a game setting.
Other games and activities can be used to teach other computational skills, but
games will not be the only innovations.

Fractions may actually be easier to teach with a calculator than without
one. The idea that the fraction 3/8 means 3 : 8 becomes immediately useful to
the learner since the calculator is restricted to decimal fractions. Learning
decimal equivalents can be a shortcut to calculating them each time that they
are needed. Fractions may be introduced at a much earlier age for most students
of the future. Decimal fractions will certainly become of greater relative im-
portance while the value of common fractions may diminish somewhat.

Students may need to be convinced that learning to compute has value now
that the calculator can compute for them. Perhaps they have even heard adults
take the absurd position that students no longer need to learn to compute. Not
only are caiculators often unavailable when needed, but many calculations are
easier to do without a calculator. Some examples of exercises that are easier
without a calculator are 300 x 60, 48 - 2, 10% of $367.50, and 3/8 x 24. Of
course,one must have some computational skills before these can be done more
easily without a calculator. People who fail to learn to compute are handicapped,
and the calculator may provide some help, but it cannot overcome that handicap.
Whether "Modern Mathematics" deserves the criticism it is receiving for a de-
emphasis in the teaching of computational skills is another issue, but similar
criticism would certainly be appropriate for a program that would attempt to
substitute the teaching of machine skill for the teaching of computational skills.
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The point is that the activities used to teach computational skills in the
presence of calculators probably will differ from those activities used to teach
the skills without calculators, but the skills can still be taught and must still
be taught. As the computational skills are taught, the calculator can become a
powerful tool in the teaching of other mathematics. Electronic calculators may
help teachers put computation into its proper perspective with respect to the
rest of mathematics.

Computation has always been and will continue to be a necessary component
of the elementary and secondary school mathematics curriculum, but it has never
been a sufficient component. Perhaps the advent of the inexpensive calculator
will help to point out that fact. Indeed, students have a Tegitimate comnlaint
if everything they learn to do in mathematics can be done faster and more
accurately by an inexpensive machine. As teachers of mathematics we need and
have always needed to teach computation, but we need and have always needed to
teach more than that. The calculator may very well serve to make both teachers
and laypeople more aware of the needs in mathematics above and beyond computa-
tional skills, and such awareness may prove to be the greatest contribution of
the calculator.

Many mathematical ideas are not computational ideas in themselves but are
based on computations. Students who follow the computations may comprehend the
idea better, but teachers often find students unwilling or unable to do enough
computation to understand the ideas. Even students who have mastered computa-
tional skills are reluctant to do excessive computation as a part of other
learning. The calculator places a whole new perspective on what computation
is excessive.

An old activity for teaching m involves having students measure the circum-
ference and diameter of a variety of circular objects using a variety of measur-
ing units. For each object the student is asked to compute the quotient: circum-
ference divided by diameter. The activity involves much computation and, due to
computational error, teachers often find it difficult to even convince students
that the quotient is a constant, let alone a particular constant. The objective
itself, "the understanding of w," 1is often lost due to the focus on the computa-
tion. With electronic calculators, students can concentrate on the objective,
check and re-check measurements, and the activity has a much higher probability
of success.

Similar examples abound in the studies of sequences and series. Who wants
to sum 1 + %, + %. + %. ... by hand? With a calculator it can be rather enjoy-
able, and tﬁé experiencé can be powerful in helping a student understand
convergence.

Electronic calculators with programming capabilities lend themselves to a
whole variety of mathematical learning situations. Programming itself involves
logical thought and mathematical reasoning. Functions can be programmed and
studied. Students can Titerally put in X and get out f (X).

Iterative processes are worth studying and yet the computation can be over-
whelming without machine help. One example of iterative thinking is a process
for computing square root usually attributed to Newton. For the initial step
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in the computation of the square root of 17 one might guess 5 as a first approxi-
mation. (Any guess will work, but close guesses are more efficient.) Divide

17 by 5 and the quotient is 3.4. Average 5 and 3.4 to get 4.2 as the second
approximation, which is better than the first. To repeat the process 17 : 4.2

= 4,0476. The average of 4.2 and 4.0476 is 4.1238 which is the third approxi-
mation, and better than the second. The process can be continued indefinitely
and requires a decision to terminate when closer approximations are no longer
desirable. (When a calculator is used, Timits are imposed on the process by the
capability of the calculator used and the ingenuity of the person operating it.)
Any process is said to be iterative if it involves the repetition of an algorithm
where the output of one cycle is used for the input of the next cycle in order

to obtain successively better approximations. Newton's method applies not only
to square root, but can be applied to a root of any polynomial. Iterative think-
ing is very productive in a variety of applications, some of which involve com-
plex algorithms and computation that would be overwhelming. But with a pro-
grammable calculator, all steps of the algorithm can be programmed once, and

then repeated easily and accurately. Thus iterative thinking becomes accessible
to study at the high school Tlevel.

Compound interest is a topic that has been hard to teach because of the
volume of computation involved. Typically, we assign a few exercises to show
a student that interest is computed by multiplying principal by rate, and that
the sum of the principal and the interest becomes the principal for the next
period of time, repeating the process for the total time of the investment.
Then we show the student that the value of "one plus the rate" can be used as
the base of an exponential function which simplifies the whole process. Too
often the exponential simplification is given to the student before the student
has experienced enough computation to know just what is being simplified. With
the calculator more computations can be done prior to the simplification, and
perhaps the whole experience will be more meaningful.

Many textbook examples of mathematics applications involve carefully
selected numbers to keep the students from being overwhelmed by the calculations.
Students often recognize such problems as contrived, and approach them with
little enthusiasm. With calculators available, the exercises can be more realis-
tic. Perhaps we will see more problems in which students collect their own data
from the world around them. Making applications more realistic could have a
positive effect on students' desire to study mathematics in the first place.

In summarizing, then, educators will not be allowed to decide the issue
of whether students will or will not use calculators. Students will use them.
If the students use calculators to complete student activities which were de-
signed for students without calculators, the effect on student learning will
probably be negative. But if curricular materials are designed to take full
advantage of the power of the calculator as an educational tool, then perhaps
student use of calculators will lead to increased mathematical achievement.
Students may even find mathematics more interesting and more useful.
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CALCULATORS — A REVIEW
Marie Hauk

Sherwood Park Separate School District
Sherwood Park, Alberta

INTRODUCTION

For at least the past two decades, educators have been investigating the
potential of using calculating machines as instructional aids in elementary
school mathematics. More recently, the availability and increasingly lower
cost of the hand-held calculator prompted most teachers and mathematics educa-
tors to ask if it should be used in the classroom. The past few years have seen
dramatic progress. Mini-calculators are widely available now for less than 10
dollars. Many adults are buying them for everyday use. Children are using them
at home and bringing them to school. Today, the question no longer seems to be
whether or not calculators should be used in school but, rather, how they can be
used most effectively.

Hopkins cites an historical analogy to the present situation. In one of
Plato's dialogues, Phaedrus, concern was expressed that written materials would
cause decay of the oral tradition of memorization and recitation. Hopkins con-
cedes such a loss, but points to the greatly increased amount of literature which
can be appreciated through reading. In the same vein, he says that widespread
use of calculators in mathematics education, like any technological advance,
will not be easily accepted. He refutes the argument that calculators should
not be used because they do not carry understanding of basic operations by assert-
ing that algorithms can also be done mechanically without meaning. He says that
using a calculator does not mean that understanding is not a goal. It is merely
a faster and more accurate replacement for pencil and paper algorithms. Gains
will be greater than losses because more time can be spent doing more complicated
word problems and studying the theory of mathematics.

Hawthorne says that the anticipation of inexpensive calculators influenced
the lack of drill in modern arithmetic programs. Few jobs require Tengthy calcu-
lations with paper and pencil, but basic operations must still be understood.

Etlinger distinguishes between using the calculator as a functional device
for tedious computation and using it as a manipulative device to facilitate learn-
ing. Gawronski says that the type of use could be good or bad, depending on the
task and age of the student: both views can be rationalized in the curriculum.

If used as a functional tool for all computation, current objectives would be
changed from using algorithms to using a calculator.

Rogers warns that the calculator, 1like other teaching aids in the past,
could become obsolete. She presents features of enduring teaching aids, for
which the calculator has potential. It must be inexpensive and durable enough
to be used anywhere that mathematics questions might arise. It must be con-
trollable by the learner in terms of starting, stopping, and rate of working;
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and be adaptable to a variety of physical positions. It must satisfy individual
needs and be self-contained to prevent planned obsolescence.

Sullivan reports on classroom trials carried out in two Grade VI classes
in New York during the 1973-74 school year. The major goal was to try to find
if and how the calculator could enrich, supplement, support, and motivate the
regular mathematics program. The calculator proved to be a successful motivator.
It led to more sophisticated calculations, was useful in checking answers and
intermediate steps of algorithms, facilitated verbal problem-solving, encouraged
exploration of topics requiring complex computation, and supported regular
topics. Sullivan feels that the outstanding impact of the calculator may have
been its power to motivate increased attention to decimal fractions, and
interest in their relation to common fractions.

Bell reports that the initial motivation of using calculators is high and
persists for a long time, providing that interesting activities are available.
In fact, he found that children 'demand' such activities. Even kindergarten
children can benefit by using calculators for number readiness activities,
as reported by Scandura. For this age level, desk model calculators seemed more
suitable than hand-held models because the keys and display are larger, making
them easier to use and read. While specific instructions on calculator operation
appeared preferable to open-ended exploration, all the kindergarten children
observed were motivated to learn mathematics, and their attention spans were
greatly increased.

The National Council of Teachers of Mathematics Instructional Affairs Com-
mittee identified the following nine justifications for using the hand-held
calculator in the schools:

1. to encourage students to be inquisitive and creative as they experiment
with mathematical ideas;

2. to assist the individual to become a wise consumer;

3. to reinforce the Tearning of basic number facts and properties in addition,
subtraction, multiplication, and division;

4. to develop the understanding of computational algorithms by repeated
operations;

5. to serve as a flexible "answer key" to verify the results of computation;
6. as a resource tool that promotes student independence in problem-solving;

Vs to_so]ve problems that previously have been too time-consuming or impractical
using pencil and paper;

8. to formulate generalizations from patterns of numbers that are displayed; and
9. to decrease the time needed to solve difficult computations.

e have at our disposal a small, inexpensive calculator that computes
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quickly and accurately. Its inevitable impact on the elementary school mathe-
matics curriculum has concerned educators warning against its wholesale use in

the classroom until the large problem of how it should be used has been rigorously
examined. Many pros and cons have been raised concerning this issue. While
formal research is really just beginning, many informal studies and observations
have been and will continue to be made.

COMPUTATION

One of the biggest concerns regarding the use of calculators in school is
that children will become dependent on them and lose, or not develop, mental
computational skills. These concerns are legitimate, but both formal and in-
formal studies are showing that calculator use does not undermine meaning. It
can, in fact, facilitate understanding.

Many educators including Bruni, Ockenga, Gibb, and Immerzeel have pointed
out the necessity for sharpening estimation skills when using the calculator.
Bell reports that while children do tend to accept the results shown on the
calculator, they also accept the results of paper and pencil algorithms. In
fact, poor judgment of significant figures is revealed by calculator use. Calcu-
lator errors tend to be large, and estimation skills, which are important in any
case, must be learned. Bell also found that children seem to quickly gain good
judgment in deciding when to use their heads or the calculator.

Bruni has found the calculator to be useful in developing standard
algorithms and in discovering alternative ones. Ockenga advocates use of se-
quenced calculator exercises which can be effective with hard-to-teach ideas.
An example of this is the placement of the decimal point in the division
algorithm.

Fehr, in 1955, conducted a two-week controlled experiment which tested the
effect of hand-operated computing machines as an aid in learning both the mean-
ing and pencil and paper skills of multiplying by two-digit multipliers. Though
he found no significant difference in favor of either the control or experimental
group, there were factors which indicated that prolonged use could be advantageous.
Both students and teachers enjoyed using the machines, but the teachers had to
simultaneously learn how to use them and teach with them. Though the experimental
groups had to Tearn pencil and paper as well as machine methods at the same time,
they still made normal gains in pencil and paper achievement.

Fehr followed up with a half-year experiment involving Grade V children.
He tested the hypothesis that pupils who use computing machines to learn arith-
metic will gain significantly in both pencil and paper computations, and in
arithmetic reasoning compared to a control group not using machines. The experi-
mental group gained 4.4 more months in reasoning and three more months in com-
putational ability than the control aroup. There was, however, no statistically
significant difference in the final achievement standing between the two grouns.
Again, the experimental group had learned both methods in the same time, and they
enjoyed the experience.

Rudnick reports preliminary findings from a study in progress. It was de-
signed to measure the effect of the availability and use of a mini-calculator on
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students' total math achievement and their ability to perform pencil and paper
skills. It is a full-year study involving 600 seventh graders in two schools.
Classes were randomly assigned to experimental and control groups. The curricu-
lum was not changed for either group. Calculators were not used on pre- or post-
tests, but the exnerimental groups used them on the second post-test. At the
time of writing, no statistical differences in achievement were found between

the two groups, but slight differences favored the experimental group. A survey
of parental attitudes revealed that parents were evenly divided on whether or

not calculators should be used in school, but most parents felt that the students
should Tearn how to use calculators.

Schnur reports on a controlled experiment conducted with a summer compensa-
tory education program where most students were bicultural. Both groups received
the same instruction on the four basic operations. The experimental group used
calculators to verify or do some problems, but neither group used them on pre-
and post-tests. Analysis of these tests revealed significant differences in the
computational ability of the two groups, favoring the experimental group. There
was no sianificant interaction between ethnic background and calculator usage.
Neither was there significant interaction between sex and calculator usage, but
there was a slight trend to favor females.

Schafer, Bell, and Crown reported on a study conducted with fifth-grade
children at the University of Chicago Laboratory School. About 120 children
were divided into an experimental and a control oroup. Following a computational
pre-test, on which the two groups showed no significant mean differences, the
control group was aiven calculators to experiment with and solve problems. A
parallel form of the pre-test administered one week later again revealed no over-
all significant mean differences between the two groups. The calculator group
scored significantly better on examples which could be worked by simple calcu-
lator manipulation, but did not score as well on examples requiring additional
information or more than one operation. Concern was raised that the control group
might have become dependent on the calculator, using it inappropriately. The
authors suggest that more experience may lead to better judgment in this respect.
Also, as the children involved, overall, tended to score above national norms on
standardized computational tests, the authors question whether lower achievers
may produce different results. General impressions from the study were that the
calculator necessitates sharper estimation skills, and has great potential for
motivating children to Tearn mathematics and discover new concepts.

CONCEPTS

Concept learning is proving to be an area where the calculator has great
potential. Immerzeel describes the calculator as a "portable, hand-held math
lab" providing a source of experience with numbers in a fast, efficient manner.
Tonics not pursued previously because of the computation they require can be
introduced earlier and developed further.

The calculator itself seems to promote discovery. Bell reports that, in
learning to use the calculator, children tend to ignore unfamiliar keys, but
their presence eventually sparks curiosity and interest in exploring new ideas.
Gibb says that the decimal solutions of calculators will cause the study of
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rational numbers in decimal form to anpear earlier in the curriculum - a change
already anticipated by the shift to the metric system. Similar changes have been
predicted by Elder and Scandura, who have found that children are eager to use
large numbers because the calculator handles them so easily, and they discover
negative numbers by experimenting with the subtraction function.

Van Atta suggests using the calculator in an intuitive approach to learning
laws of exponents, Pythagoras' theorem, square roots and logarithms. Such an
approach is only marginally possible without a calculator. The large amount of
paper and pencil work required is prone to error and mistaken conclusions. Pat-
terns in mathematics have long intrigued children, but interest quickly wanes
when the computation becomes tedious and boring, and undetected errors cause
frustration. The immediate feedback of the calculator lends itself well to trial
and error procedures involved in the discovery of number patterns. Number prop-
erties and relationships can also be formulated faster and inductively with the
use of a calculator.

PROBLEM-SOLVING

The calculator's greatest potential may well be in the realm of problem-
solving. Many educators, in advocating use of the calculator as a problem-solvina
tool, have quickly pointed out that the nature of the operations must still bhe
understood.

Gawronski says the calculator should not be used for problems which can and
should be done mentally. If handled properly, the calculator will save time and
relieve comnutational drudgery. More time can be spent on problem-solving skills,
and the curriculum can be expanded in a problem-solving direction.

Another advantage recognized by Immerzeel, Gibb, and Schumway is that prob-
lems can be more realistic. Numbers do not have to be chosen to have integer or
'smooth' answers. Children can generate their own problems from their own experi-
ences. Immerzeel says that the calculator enables students to tackle more complex
problems, and solve verbal ones much faster.

CONCLUSIONS

The issue of calculator use in schools continues to be debated and the ques-
tions arising are being investigated by educational researchers. Lewis expresses
the thoughts of those who support calculator usage by predicting that the calcu-
lator "may revolutionize mathematics teaching." But curriculum changes will not
appear overnight; they will only occur if and when teachers are convinced of the
calculator's potential.
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Specifications




SO YOU WANT TO BUY A CALCULATOR

Daniel T. Dolan

Columbus High School
Columbus, Montana

Mathematics educators throughout the country are faced with a new crisis in
the classroom, the hand calculator. Prices have decreased dramatically in the
face of widespread inflation, and continued Tower cost coupled with increased
sophistication is predicted. It is now possible to find a simple calculator at
the same or lower cost than that of a mathematics textbook.

If teachers intend to begin this work with students, the choice of machinery
becomes a fundamental problem. Selection today is varied, and prices fluctuate
almost daily. Thus far, teacher input has not been significant with respect to
the machine features most desirable in the classroom, so we must take what the
manufacturers produce.

During the summer of 1975, 11 junior high teachers from Montana were involved
in writing and developing materials for a junior high school curriculum. A seg-
ment of this program includes materials and activities utilizing the hand calcu-
lator. As the program was to purchase 100 calculators for pilot schools, several
firms made calculators available to the team for analysis and testing. Wallace
Judd, who has published a number of curricular materials for hand calculators,
worked for three days as a consultant with the writers. He was extremely help-
ful in directing careful analysis of each calculator. As members of the team
worked with a variety of available machines, it was obvious that features
varied widely, even where keys were identical.

After careful analysis, the teachers involved concurred that anyone consider-
ing purchase of calculators for schools should spend considerable time in study-
ing each machine and its functions. The following features were found to be
most desirable for use with junior high students.

1. ALGEBRAIC LOGIC. Most calculators today are being produced in this mode as

opposed to arithmetic or adding machine mode. Algebraic logic allows the problem
to be entered as it is written. For example, 5 x 2 + 6 = 16 can be solved by

pressing the keys in exactly that order, similarly 14 - 3 =11 or 24 : 6 x 2 + 5
= 1.6. Laws of operation must be considered in problems such as 6 + (2 x 5) =

It must be entered as 5 (:) 2 (:) 6 (:) s

A machine with arithmetic Togic is immediately distinguished by the (:) (:)
keys. An addition problem such as 5 + 3 + 7 = must be entered as 5 (:) 3
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7 (:) __. A subtraction problem such as 17 - 5 =  is entered as 17 (:) 5 (:)
__5 however, it can be entered as 5 (:) 17 (:)___. The latter may possibly Tead
to the suggestion that subtraction is commutative.

The algebraic logic is most consistent with the natural way that a student
thinks and does mathematics. Thus, it would seem more appropriate for increasing
understanding, rather than introducing a new mode of operation along with the
calculating tool.

2. FULL FLOATING DECIMAL. Most of the newer calculators are being constructed
with this capability. One can check this feature quickly by entering 17 + 3 =

If the answer is displayed as 5.6666666 on an eight-digit display, then the ma-
chine has a full floating decimal. If, however, 5.6666667 is displayed, the
machine is rounding off in the last place.

Calculators which contain a selector switch with F, 0, 2, 4, allow both
floating and fixed output. One should check these outputs with the selector at
each position to find out if the calculator is rounding off the answers.

The capability of selecting the output mode can be very desirable in the
junior high school classroom. In many situations it may be desirable to use an
integer output along with a decimal input. For business or monetary problems,
the round-off at two decimal places can also be useful. Analysis of repeating
patterns in conversions of fractions to decimals necessitates the full floating
decimal.

A caution is necessary here concerning the calculators that claim 12- or
16-digit display with the use of special key (:) . On one such machine, any prob-
Tem such as 17 ¢+ 3 = _ results in a terminating decimal. The answer displayed
is 5.33333 (lower register), 330000 (upper register). The final six digits are
displayed by pressing the (:) key. Thus, all rational numbers result in termi-
nating decimal in the eighth place.

3. A SEPARATE CLEAR ENTRY AND CLEAR KEY. We found that some machines have only
a (:) key and if a mistake is made with a single digit entry, the entire problem

must be cleared and one must start over. The clear entry key (:) allows one to
clear only that which is on the display, without destroying other data which has
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been entered into the machine. This can be of great value to students that have
not yet mastered the keyboard.

Some calculators with eight-digit display will indicate an error if the num-
ber entered, or the result of an operation, exceeds eight digits. Others will
display the answer with the decimal point in the correct place, and indicate that
the number must be multiplied by 108 or some other power of ten. The latter ma-
chine is certainly more appropriate. In both cases, most machines which were in-
vestigated are then frozen; that is, no further calculation can be done until the
machine is cleared with the (:) key, thus, clearing the entire problem.

On one machine, however, it was possible to press the (:) key in order to
cause the overflow indicator to vanish; then one could continue with the operations.
It must be remembered, however, that the displayed number is still a number mul- i
tiplied by 108. One might think that this feature has little or no value, but ‘
several instances were investigated where it became a definite advantage.

4. CONSTANT FACTORS. Be careful of this one. Some older models have a (:) key
for this purpose. Thus, the student must remember to set it. He may also find

that the constant is stored in the memory and this will affect his use of both the
memory and a constant. Again, one must be careful as machines were found where
the first factor became a constant for one operation and the second for another.

This is easily checked by doing the following:

Press 6 @ 5 e 30 5, the second factor, is constant for

Préss 7 a 35 multiplication |
Press 1 e 5 |
Press 15 (:) 5 (:) 3 5 is constant for division

Press 20 (:) 4
Press 30 (:)

Any machine used in the classroom should be consistent using the same factor
as a constant for all operations. It seemed most appropriate to us that the

(o)}

second factor should be the constant. This alleviates possible confusion with
respect to the commutative property for subtraction and division.

5. CHANGE OF SIGN KEY @ . This is most desirable if one wishes to use
calculators with integers. Care should be taken to note the Tocation of the minus
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sign on the display. Some models place it to the right; others have a small Tight
indicator. Our consensus was that it is most desirable for students to have it
placed to the Teft of the display just as it would be written on paper.

One calculator with upper and lower registers indicated the minus sign to
the left, sometimes. However, the result of multiplying a large number (five
digits or more) by a negative number was displayed as a positive number. The
minus sign was displayed only if the (:) key was depressed, and then it was in-
dicated on the upper register to the right. A student using this machine might
easily get the idea that the product of a positive integer and a negative integer
is positive, especially if you use very large positive or very small negative
numbers.

6. MEMORY. While this feature is not an absolute necessity for junior high or
elementary school students, it can certainly save a great deal of time in more
complicated problems. Some machines have a simple store €£E> and recall Gﬂb key,
whereas others have an accumulating memory (:) (:). The Tatter will add or sub-
tract the displayed number to the contents of the memory with theQ[) key or(:>
key.

Once again, be careful in analyzing calculators with the memory feature. We
found one machine with a functioning memory, @[) and (:) , that added the answer
obtained, when using the equal key, automatically to the memory. If the(:) key
was then used, the result was added a second time. Thus, if one pressed 3 x 2 = 6,
six was entered into memory. If (:) key was then pressed, 12 would be the result

in memory.

This particular method of memory usage could be most confusing to young stu-
dents. They would certainly wish to see the results of each step in a problem
and then enter it into the memory. It can also cause trouble if one forgets, and
presses the equal key before the (:) key.

If a memory machine is to be purchased, be sure that it contains a separate
clear memory (:) key. Some calculators we analyzed had one key to clear the
machine and the memory . One press cleared the machine and a second cleared
the memory. We found this to be a definite disadvantage. If a problem involved
several calculations which were to be placed in memory, one had to be sure that

46



the memory was clear before starting. At various times, we found ourselves clear-
ing the problem and the memory because of lack of foresight. Students would cer-
tainly have this same problem.

Another feature important on a memory machine is the memory indicator. Stu-
dents may forget from one problem to the next that data has been stored. Thus,
a light or display indicator of some kind is most beneficial.

Each of the teachers involved in this writing project had previous experience
with calculators. Some had machines in their classrooms, while others had inves-
tigated various models for purchase in their district. Since then, each of us
who Tooks at a new model calculator will carefully scrutinize each feature claimed
by the manufacturer. We will also make certain that those capabilities are con-
sistent with the mathematics being taught and the level of understanding of the
students who will use the machines. Teachers and administrators desiring to pur-
chase calculators will serve themselves and their students well to take ample time
in the same type of analysis.
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SPECIFICATIONS FOR ELECTRONIC
David Jesson CALCULATORS Frank Kurley

University of Sheffield Rowlinson School
Sheffield, England Sheffield, England

This article, which appeared in Mathematics Teaching No. 70 (March 1975),
the journal of the Association of Teachers of Mathematics (ATM), has been
reprinted with the permission of Editor David S. Fielker.

The day of the £10 calculator has arrived. Maybe even this remark will seem
to express unwonted surprise if the downward spiral in prices continues. But,
whatever the future holds, there is no doubt that many teachers in schools of all
types are beginning to consider buying one or more of these machines. With this
in mind a group of interested teachers at the 1974 ATM Conference set out to pro-
vide some guidelines which would specify what to look for in a basic machine.
This is a machine which could be used almost universally in the classroom, with
age groups of at least five to 16.

Perhaps a word of explanation is necessary here because this article is con-
cerned with machines without memories and without scientific function keys like
LOG, SIN, COS, and so on. It is not that these machines are unimportant, but
that with Timited funds available a basic machine which meets nearly all the cal-
culation requirements of children up to 16 would appear to have an overwhelming
priority. The basic machine's price already matches that of the cheap transistor
radio, and there are numbers of cases on record where these have been bought for
children by fond relatives. There are many apparently similar machines on the
market and it was felt that some guidelines would be useful to get best value
combined with maximum applicability from the money spent.

A basic machine should have the following, in order of preference:

natural order arithmetic;

floating point;

underflow;

constant key to operate on all four operations;

eight-digit display;

not too small, fingertip sized keys;

rechargeable batteries, with alternative mains operation; and
CLEAR ENTRY key.

coONO O PWwWwN —

These items can be checked by using the following tests:
1. Does it use natural order arithmetic?
(a) Key in: 7 -2= (5)

Look for a separate "=" key. Beware of machines that have "+=" or "-=" keys since
these often demand an 'unnatural' arithmetic in the sense that calculations on the
machine do not follow the written order even with simple binary operations.
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(b) Key in: 8 -5x 13 +7 = __ (5.5714285)

Each operator is a binary operator, working sequentially from the left. This cal-
culation should be evaluated as though bracketed from the left; that is,
(((8 -5) x13) = 7).

2. Does it have full floating point arithmetic?
(a) Key in: 123 : 456 x 789 = (212.82236)

This will indicate whether the intermediate calculation result (0.2697368) is
carrying maximum decimal places. This should be so, and even if a fixed decimal
place setting is provided, the intermediate calculation should still be carried
out to the Timit of the machine's capability. A severe fault in the decimal
handling is evident if this chain calculation is not carried out satisfactorily.

Some machines demand that each part of a chain calculation be completed with
an "=" key, and this may lose significant figures in the final result, because
the displayed digits are only part of those used in a calculation. Depression of
the "=" key may destroy the non-displayed digits.

(b) Key in: 1 :+ 81 = (0.0123456)
and 1+ 81 x 100 = (1.2345679)

If the machine has the capacity for doing arithmetic to more than eight digits,
the last operation will give the maximum set of significant digits that can be
displayed on the eight-digit calculator. Clearly, if the machine has this facil-
ity, it will be more accurate, in the sense of avoiding rounding errors more
successfully.

3. Does it indicate when figures have been dropped?
Key in: 88888888 x 2 =

The full answer is 177777776, one digit too many for the eight-digit calculator.
Observe how the machine handles this.

Some machines give 1.7777777, with the decimal point indicating one place
dropped, associated sometimes with a flashing display. Other machines indicate
this condition by the absence of a decimal point. This is less satisfactory be-
cause it appears to give an authentic result, whereas it is only a partially
appropriate result. Normally all calculation should be termintated when overflow
appears.

4. How does the constant key operate?

Almost all of the Tatest calculators have a constant facility, most usually in-
dicated by a 'K' key, which allows entry of a given value to a store. The basic
machine should allow this constant to operate on all four operations.

(a) Key in: CLEAR 2.3917 = K (c) Key in: CLEAR 2.3917 =
Then 5.56 = x Then 5.67 = -
should produce 13.560939. should produce 3.2783(000).

(b) Key in: CLEAR 2.3918 = K (d) Key in: CLEAR 2.3917 =
Then 5.67 =+ Then 5.67 = :
should produce 8.0617(000). should produce 2.3706986.
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The clear key on many machines clears not only the display but also the con-
tents of the 'constant' store. This store is best considered as holding a con-
stant and an operator. On the same machines the operator needs to precede the
constant. This is best checked using the multiplication example, 4(a).

5. How many digits does the calculator display?

There are a number of machines which can give more than the eight figures we feel
sufficient. The important point to note is that eight figures is the maximum
likely to be of use, so that more figures either cost more or alternatively are
displayed in two parts. There seems no advantage in this. However, the apparent
capacity of the machine may be limited to its displayed digits, in which case
rounding errors may occur. The test at 2(b) is useful for deciding this.

6. Is it large enough?

If too small, it can easily be knocked on the floor, or slipped into a pocket or

briefcase. Keys need to be tested to see that fingers don't touch more than one

key (inadvertently) at a time. The display should be clearly visible from a wide
angle of view, clearly readable in daylight conditions.

7. Can it be easily used in a classroom?

This implies rechargeable batteries and a mains unit for recharging. The time
between charges is also important. In general, machines that keep all eight
digits' positions lighted will drain the batteries more quickly. Light emitting
diodes (leds) are more efficient than other forms of display. If a mains unit is
bought for recharging, check that it is rated at 240v AC. A number of those in-
spected are rated at 220v AC, and will have a diminished 1ife on the mains supply
in U.K.

8. Does it have a 'clear entry' (CE) key?

As already noted, the CLEAR key will clear both the display and the constant store,
which may be undesirable in the middle of a calculation if a mistake has been made
in entering a figure. A CLEAR ENTRY key allows the re-entering of a corrected
number if the mistake is noted before the next operation key is pressed. This can
be very frustrating in a sequential calculation if no CE key is availa