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The uSes of programable calculators in the

mathesatics classroom are presented. A discussion ©of the
Yaicroelectronics revolution® that has brought programable
calculators into our society is alsc inc'uded. Pointed out is that
the logical ¢r sental processes used tC program the programable
calculator are identical to those used to program ary cosputer. A
list and descriptiorn of thirteen mathematical- ard computer-related
concepts that students can learr by working with programable
calculatcrs is presented. The report corcludes witk four additioral
uses of these electronic devices by teachers and pupils ip the

classroom. (PE}
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INTRODUCTION I was an elementery school etudent in the late 1930'e snd
attended the Ernest Pruseing Elementary School in Chicago's
far porthwest eide, It was a rather new echool then, It had an excellemt
reputation for achievement and, as I recall, it wae provided with the best of
everything that could be provided during the great depreseion, Wa had one
of the firet "adjustment teachera” in Chicago aud I remesber taking a lot of
tasts that ultimately reeulted in my skipping o grade. But what I noticed
about the adjustaent teacher (apart frowm the fact that ehe was an attractive
young womsn) was that ghe used a etopwatch and & alide rule. It vas the
first tims in wy 1ife that T had eeen such things. I remember that I had to
build up my courage to ask her sbout them snd ehe demonstrated thes to me.
I had no use for a etopwatch, but a ruler that could do arithmetic seemed
like a miracle, I had to have one,
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1 saved nickele and dimee for what seemed an eternity and finally
bought a wooden elide rule with "painted on" numbers and a little fastruction
book., The elfde etuck in the rule like glus on damp summer dsys snd fell cut
if you tilted it during the dry daye of winter, I remesber how dissppointed
1 was vhen I foumd out that it could not add or subtract, But I was the only
student in the 8th grade that had one and I cerried it with me wheraver 1
wat, ’

Later on, at Carl Schurz High School an algebra teacher caught me using
#y elide rule og en exsmination, Her scolding made me feel as if I were
“chesting.” When I later found time to explain to har my reasons for using
the rule ehe etated that it was a "crutch” and that I was doomed to going
through the rest of my life carrying a elide rule. I had e nightmare whare
someons etole my rule and I was unable to sultiply 3 by 4, The truth is,
however, that ehe was partielly correct., I have elways had one with me until
I purchased my Texas Instruments SR-52 calculator. My expeneive Pickett
elide rule now eita in my desk draver at the college gathering dust.

Many educators, with good rsasons, fear the use of elactronic calcula-
tors by children in the elementary and eecondary schoole, I am eurs that
sany of you have heard their argumente, They are often difficult to answer,
Last year I was 8rading a problem one of my students handed in for a etatis-
tics course I was teaching, About half way through the problam her numbere
etatted making no eense at all, I couldn’t follow her logic, When I asked
her to explain the logic of her solution ehe etared at the paper for a vhile
and then said, "I think my batteriee wers getting weak.” I confees to you
that I did not know whera to begin to help her, I was aleo worried that a
student might aome day flunk out of college becsuse a transistor fafled.




-2-

THE MICROELECTRONICS REVOLUTION But in reality, the "wicroelectronics

revolution" is with ue and the world
will never be the same as it was before it started. It is by no means over.
Wheress, in the past a tasnagsr had to be able to add and make change to gst
a job we now find that in the "fast-food" hamburger shops the youngsters prsss
buttons with picturss of hamburgers, milkehakes, and fried potatoes on them
and ths microprocessor in the register totals up the bill and indicetes the
correct change for the billes you offer in payment. Within a dscads or less
most collsgs students and many high eschool students will havs cotputers of
their own with higher level languages auch as BASIC or PASCAL and graphics
capabilities. The calculator is now virtually taken for granted by children
and varsions of Texas Instruments "Spsak and Spell" will be tsaching vocabu-
lary and spslling. The quastion is not, "Will we make ues of celculators in
the schools?," it is, "How will we do so0?" 1In 1971 I purchasad ona of ths
first "hand held" calculators (the Monroe Modsl 10) for $ 350.00. A much
bettsr machine can be purchased at Radio Shack or K-Mart for about ten dollars.
I have in my home & parsonal computer system (ths Heath H-8) which is mors
powerful than the "MANIAC" computsr which was used to verify the methematical
equetions for the first hydrogen bomb which was dasigned at Los Alamos, New
Mexico two dscedas ago. Thers is no turning the world back.

THE PROGRAMMABLE CALCULATOR We are concerned hers, howavsr, not with
calculators and their uses, but with
programmsbls calculators. It is very important that we draw a clear distinc-
tion between thesa two because, despita their obvious similaritias, thsy are
really very diffarent machinas. A calculator simply performs oparations that
are familiar to the user and can be performed hy the ussr without the calcula-
tor. The programmable celculator introduces & new mental process and a set
of new concepts that must be learned. The programmable calculator is a com-
putar disguised as a calculator. The "stored progran" concept snd the uss
of sequential stsps following an "algoritha" to solve a problem is & computer
process. This difference provides us with the opportunity to develop in our
studsnts & method of thinking that will prova to be of great value as they
face the world of the future.

Let us sxamine this difference by reference to the diagram below.
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A calculator contains the featuras shown inaide tha dashed linas shown
above, All actual calculetions are performed by tha arithmetic unit which
aanda tha rasulta to e display (light emitting diodea or paper tape), Input
of numbers (data) ias accomplished using the keyboard. Certain kaystrokea re~
quire the arithmetic unit to address pre-progrramed subroutinea which extract
aquare roota, calculate logarithms or trigonometric functions, or in more
coxplax machinea convert degreas to radians, aolve rectsngular to polar coor-
dinates, etc.. The analogy to the central processing unit, input/output func-
tions, and subroutine branchas is obvious to anyone with & passing acquaintance
with computer architecture. The aimilarity ie even greater when we recall
tha fact that all oparations are actually done in binary code using such atan-
dard computer techniquea as two's complement arithmetic and tha rulas of Bool-
ean Algebra. All thet need be sddad to build a completa "digital computar"
ia to provide a program memory which ia sequanced by a "clock" which feeds
the atepa to the arithmetic unit at ¢ spaad within the limits of its capscity
and s data memory which can atore numerical data on e "destructive raad-in,
non~deatructive read-out" basia, All programmable calculatora have thesa faa-
turaa and they differ only in memory sizea, apeed, proviaion of remote racor-
ded program entry, and the "richness" of the inatruction aet provided to
manipulate the various "blocks" shown in tha diagran.

The key point is thia, The logic or "mental process' used to pProgram
the programmable calculator ia idantical to that uaed to progrsm any compu-
ter, In the calculator, programming is dona by defining a aariea of "key-
strokea" that will solve 8 problem for the user., In computar languagas auch
as "ssaembler languagea” or ao-callad "higher level" languagea auch as ALGOL,
BASIC, APL, FORTRAN, COBOL, FOCAL, PASCAL, etc., we uaa a fixed gat of written
instructions in a rigidly defined syntax to golva the problem, 7The mental
proceas used by the programmer is fundamentally the same. It involves deve-
loping an "algorithm" which breaks down the solution of the problem into a
seriea of saquentisl atapa which must be executed in an exactly dafinad se-
quance, There is no room for ambiguity in e¢ither case.:

PLANNING ALGORITHMS The key to developing programs that will aolve

problems using computers or programmable calcula-
tora is akill in developing algorithms, The programmable calculator ie-
ideal for introducing this skill because the user can concentrate on tha
problem of how to accompliah s goal without the added confusion of learning
the syntax of a computer languaga. Thia is not immediately obvioua., I had
tha unfortunate experience of doing all this backwards, My first efforta at
building algorithms were with the IBM 1401 computer which had a FORTRAN com-
pilar. I had little prior experienca with computers and no inetruction in
their use, I acquirad the IBM technical manuals and spant sote weaks before
I could gat any idee of how to get numbers into the card readar snd reaulta
out on the printer, During most of this time I had to opersta the computer
myaalf and the shear aize of the thing was unnerving, 7The few programmars
around the cosputar did not know FORTRAN and kept trying to correct my syn-
tax, not my atrategy. Moat of my errors wera in program flow, not syntax,
The compiler caught scst of my esyntax arrors., Tha computsr was faithfully
doing what I told it to do, not what I wanted it to do,
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Aftar about s Year of thia experience, I was vriting many succesaful
programs, but my efforta tended to waste & good deal of computer time and
printar paper. At gbout this time we acquired an early programssbls calculs-
tor in the paychology department. 1t was made by the Monroe company and we
had to punch octal codes into blue carde to represent keystrokes, which was
vomewhat confusdng at firat. But I found that solving problems with this
calculator gave me much greater skill in writiing FORTRAN programs for the
large machine. No one prior to this took the time to teach me the fundsmen-
tal process of designing efficient algorithms. I was too worried about loaing
control of the high apeed printer which could empty most of a box of paper
bafora the computer operator could step it or ip counting card columns to
construct input formst statements.

When we gee demonstrations later on in this confarenca of problem solu-
tions using programmabla cslculators we should keep in mind that the process
ve ara uaing includea & series of concepts that ara necesaary for the affi-
ciant planning of algorithms. The prograzmable calculator can be usad to
teach and/or illustrate “hese as we develop this gkill in our atudanta. The
following ie s 1liat {(not complete, of courae) of the kind of concepta I am
referring to.

1. The use of a "program." The key concept which students may not
undarstand initially is that of using a "program" to solve a problem. The
programmable calculator has in common with the digital computar the fact
that ueing a supplied program allows the user to solve a problem which he
may not know how to aolve, Once a program ia written it can be used many
timea. A program I write for test item analysis in 1971 is still widely
usad at our university (and in many other placea) to evaluste multiple
choice tasts. It performs thousands of calculations using some rather ®o-
phisticated slgorithms. Most users are unaware of the atatistical nicetiea
it contains. They do, however, understsnd the output it produces, and that
19 all that mattera. 7Thie 1s the "magic" of the computar; programming lan-
guages are universal. Pre-written programs are available for all program-
mable calculators and they are very useful.

2, Planniﬁz seduential steps for problem solutions. While some texts
start out with "flow charts” and diagrame which define an algorithm, the

atudent should first learn 8 fact of life. A computer can only do one thing
at a time. This is true of all computers, no matter how expensive or sophis-~
ticetad. We can, by clever programming, make a machina seem to do several
things at the same time. However, if we have one central processing unit
through which all data must flow, the computer has the capacity of doing only
one thing at a time. This is very evident when using a programmable calcu-
lator where the aequence of the keystrokes i1s important and the task nast

be reducsd to a finite number of steps done in a certain order.

3. Planning the order of arithmetic operations. While I am sure that

the teschera of mathematice present here today teach their students thet an
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algebraic expreesion or formuls is merely & convenient "shorthand" for epeci-
fying the order of arithmetic opzerations, some of my students act as if they
do not know this. Planning the aeries of keystrokes needed to solve an eque-
tion can reinforce the student's understanding of the importance of this order.
For example: a + (b/c) ¥ (a + b)/c.

4. Memory etorage and retrieval. Skill in manipulating memory ie a mark
of the good programmer. The concept of depositing intermediate results into
a memory "bucket" for latar use 18 not intuitively obvious. Lesa obvious ie
the placement of a constant like pi or e into & "bucket” for later use on a
repeated baeia. This ia easier to eee on a programmable calculator than on
a computer ueing & language like BASIC where we might say, "LET X2=2.712828."
The beginner doee not aee that the computer will reaerve a fixed number of
binary digite in memory to hold the velue of the variable designated as X2.
Most programmable calculatore allow the user to add to a memory location or
aubtract a velue from ita contenta directly. Thie is excellent practice.

S. Planning input/output operstiona. The output of & calculator is
typically a number (or & saries of numbers) on a lighted displey or on e paper
tape. The builder of the algorithm must plan when the program is to diaplay
theae nunbers and he must "document" hia program so the user will be adble to
identify what the numbers mean. He or ahe must also plan the program eo that
it will pause so that deta can be entered into the sequence via the keyboard

8o that program flow can procede. This is a skill that has & positive trane-
fer to the learming of computer programming in the future.

6. Branching forward or backward. While program execution is sequential
the sequence doas not always procede in & single direction. Some parts of ¢
program may be executed only one time while others may be executed many times
to accumulate sums, producta, quotienta, etc. Thia is easily accomplished by
"labels” in many calculstora. Some calculators allow the user to set "flega"
which cen be tested to bypass "GOTO" inatructions which branch programs beck
over previoua stepa. Practice with these techniquea ia very vsluable.

7. Conditional branching. Most programmable celculators allow testa of
the value in the "eccumulator™ or diaplay register to see if it ia positive,
negetive, or zero before branching to & portion of the program occure.  The
teat for "greeter than, less than, or equal to" & certain velue is easily
accomplished. Such branching is so frequently used in computer algorithms
that it ia actuelly difficult to write @ program of any complexity thet does
not wie this technique.

8. Forming repetitive "loopa." Using the above concepts it is poseible
to teach the conetruction of programe which "loop" through a seriea of stepe
for either 8 fixed number of times or until a desired reault is accompliahed.
While this ia planned for in programmables which have a "decrement memory and
branch when gzero” instruction, it can be done with any programmable which
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providas for tha "+-0" branch tast, Learning the concept of "looping" ie
difficult for many students who first attempt it with "FOR-TO" loops in
BASIC or "DO" loops in FORTRAN. It is one of the most widely used techniques
in the conatruction of computer algorithms.

A good exercise to teach this concept is to have the student writs &
program to obtain the square root of a number uaing the method of succaseive
approximations auggested by Newton. This is how many computers calculate
square roots.

9. Clearing storage. The fact that memory locations can hold "garbage"
from previous program steps and must be “clasared' or set to zaro if they are
to be added to or subtracted from will become painfully clear after atudents
write programs that “bomb out." I violated this rule tha other day after
over a dacade of computer and calculator use and hundreda of successful pro-
grams in use all over the country.

10. Overlaying mwemory. It ie an excellent builder of mental discipline
to fit a large program into a machine that is limited to a small number of :
memory astorage locationse. Clearing and re-using memory locations builde good
programming skilla. I find myself sometimes gatting careless in thia ragard
vhen using my home computer vhich has 24,000 bytes of memory which will soon
be expanded to 40,000 bytes. Starting with a large machine can develop bad
habitcs.

11. Use of subroutines. Most programmables allow for construction of
aubroutines to perform repetitive chores with economy of program ateps and
mamory storage. Thie is & concept that takes some practice before it becomes
a matter of habit.

12. Indirect memory addressing. Some programmebles allow for branching
to a program step epecified in a memory location. This value can be the result
of calculations within the program. This is an advanced skill but it is wi-
thin the capabilities of bright students. It provides a very powerful tool
in the construction of some algorithms. )

13. Concern for program length and execution speed. There are, of
courae, geveral ways to construct algorithms to solve any specific problem.
All of. them are "correct" if they produce the desired results. The "beat"
algorithm is the one that provides the result using the fewest program stepe
or keystrokes. Since the "clock' in a progrsmmable calculator is relatively
alow as compared to a computer 'clock™ this speed difference is more obvious
vwhen uaing the calculator. The ahorter program ies also easier to load eince
there is less chence for error.

The list is not complete. However, it does suggest how much a person
can learn from the use of a programmable calculator. The 1ittle machine that




fita into a pocket or purae is in fact an extremely complex marvel which con-
tains thousands of electronic components arranged so that they can be instruc~
ted to solva a myriaed of problems. In at least this one area, that of teaching
tha building of algorithms, ita use in the clasarcom ia very valuable. The
poaitive transfer of these learninga to future learnings should be obvious.

OTHER USES VWhile up to now my interesta in computer algorithms, programming
languagea, and digital electronice clearly have influenced my
presentation of how programmable calculatoras can be used effectively in teach-
ing in elementary and secondary schools, there are many other usea that cen
be found for them that have educational value. It is a feature of this con-
farance to explore these potential uges through the exchanga of idaas. The
shared creativity of many skillad educatora can open up avanues and approachna
that could not be foresean by a eingle person regardless how creative he or
she may be. Again I must reach into my own experiences which serely suggest
how fruitful the field is, I will 1lluatrate a few ideas that I have. In
moat of these the teacher does the “programming® but there is no reason why
a student or a group of students could not ba involved in this effort.

1. Curve plotting. In teaching the concept of the “normal curve" to my
introductory statiatics students I try to convey the idea that the curve hae
no "standard" shepe but 1s a plot of an aquation involving cartain constante
and varisbles. The constanta are pi and e and the variables ara the mean,
the number of acorea, the standard deviation, and the individual acores in
the diatribution. By writing a program for the calculator which aolvea for
the height given the values of the variablea previously mentioned, I can plot
the curve several timea to ghow what effect the variables hava on the shape
of the curve, Solving

~x-w 2282

h = It e

s/ 2%

for h given n, 8, M, sand X fifty or 2 hundred times ia a prospect no man caen
face with equanimity. A ahort program for my Texas Instrumenta SR~52 givea
tha values of h in 8 few seconds and allowa the curve plotting to go or. In
a secondary school class the "feel" for simple equations employing powera of
2 or 3 could be of value. It might glso be usef1l to plot linea by aclected
pointa in linear methoda where a program for a '*least aquares' fit of a line
to a set of points is easily written.

2. Building tables. I have written siwmple programs using the formulas
fcr compound intereat to determine how much I must save, given current bank
intereat to have enough money to purchase additional memory or peripheral
devices for my computer at a certain point in time. I also calculated de-
preciation schedulea for the SR-52 for my income tax form. I can sse poasible
uses for thie kind of programming in teaching business mathematice or even
consumer aducation to atudents who will be users of credit in a few years.




3. Science education. I received a "lunar lander game" program with
the SR-52 and I spent a few hours playing with it. Most of the time I impac-
ted tha moon at various veiocities and theoretically killed mysslf several
timee. I can aee, however, that the acceleration of a falling body could be
demonetrated, or the trajectory of an artillery ahell estimated, The eass
of plotting data pointa gives a better feel for the dynamic nature of whet ie
happening rather than the static feel one gets when it tskes considarsble
time to eetablish a single data point. I have also used the metric conver-
sion programs when wy favorite scotch suddenly appeared in half liter bottlees
and 1 wanted to calculate the price per fifth gallon.

4, Mathematica clessea. Tha combination of tha availability of trigo-
nometric functions and programming cepability helpad me varify the correct
operation of a "Biorythm Plotting Program”" I placed on ay home computar and
the computer system ueed by our univeraity. The aina function is used to
gensrate the curvaes, of course, but verifying the plotted points in the com-
puter program helped "debug” the operation of the program and insure that the
leap yeare were handled properly. 1 can sae many possibla usee for thie kind
of programming in couraes in algebra, Beometry, aolid gaometry, trigonometry,
etc,. My lack of familiarity wi.. the secondary curriculum in theae aress,
of courae, limits me in anticipating uses.

I will leave the rest to you and I am eager to sae how much I will
learn before tomorrow 1s over. Thank you for your kind attention and I
hope that you wiil find this conference to be of value in our common goal
of improving the mathematics akills of our students.

- End -




