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This paper considers how & computer-oriented mathematics curriculum might be
introduced . into a developing country whose resources might be limited and
whose students might not be as well prepared as students from industrislized
countries.. A specific case study is presented of an institution in a devel-

oping country which introduced & computer-oriented mathematics curriculum
in conjunction with the government's sccial action progrem and the local in~
dustry. The performance of computer-sriented methematics students versus the
traditional students is guantitatively evaluated.

Lo INTROBULTION

Fducation in developina countries has al-
ways tended te follow the patterns of ed-
ncation of the former colonial masters.
This is particularly true in the case of
mothematics where colleges and universi-
ties in the provincial capitals usually
follow a sophisticated mathematics cupr-
riculum which has little relevance to the
"masses”™ -and which conteributes littles &f
at alls to the overall development affort
of the countiry. '

Hany developing countries whose popula-
tions are soaring and whose food subply
is perennially insufficient produce an
annual crop of research criented mathe-
maticians. This. in itself« is by. no
means harmful. However:s research mathe-
watics does reguire a "research atmos-
phares” i.e. colleagues. communication
facilities. library facilities and per-
haps some hardware. These things are
usually lacking in a developing country.
As a result the annual crop of ressarch
ariented mathematiciang is divided intoe
three groupss

{a} Those {usyally the "cream of the
crop™}t who become part of the
tragic "brain drain® which af-~
flicts so many developing coun-
trigs. ‘ »

fb} Those who ao into neon-related
jobs in industrys op
{e] Those who go into te teaching to
train sore ressarch orlented
mathematicians who then gither:
{a} Become part of the "brain
drain® :
{bl 6o inte non-related iobs
fc] 6o into teaching to train
more mathematiclians who:

{a} "Brain drain”
(b} Men-related jobs
{c}] Teach. who then:

{al

(b}

(e}

#
L4

. ¥
This infinite segusnce does little e
contribute towards national development.

e have ssked ocurselves what "kind" of
mathematices iz required for a developinn
country without compromising the intee-
rity of the mathematician. This peper-
documants the efforts of one institution
in one developing country seeking an an-
swer to this guestion in one area of
mathematics. ,

2. THE HOST COUNTRY

Tince the "host country™ for this proj-
ect is the Republie of the Philippines a
faw words of backaround meterial micht
he in order. ‘

The Philippines is an archipelago of
7,117 islands stretchinag for nearly 0000
kilometers off the southern coast of
mainland Asia. As a develeping countrya
the Philippines is faced by a number of
serious preblems. Aaricultural produc-
tion has been insufficient to meel the
existing and growing demands of the
countrys in spite of the fact that 85%

of the population depends on agriculture
for their livelihood. Industrialization
has not developed sufficiently te providg

-a firm economic base« nor to effectively

ytilize the best human and natural re-
saurces of the countey. Horeowvers bthe
industry which hag developed is concen~
trated in only a few areas. '

i
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tducationally the Philippines presants a
paradoxical picture. Four hundred years
of sxposure to the "elitist™ education of
the Spanish colonizers followed by fifty
years of exposure to the American concept
of universsl education produced an edu-
cational system which boasts of a school-
house in every barriod one of the highest
literacy rates in all ef Aslas and for
which the per capita enrolment in higher
education is second only to the United
States {followed by Israel. Australias
dapan and Sweden’ Sources UNESCO Sta-
tistical Yearbook. 19LBZ.

This paradoxs i.0. educational alignment
with the developed countries and economic
alignment with the developing countries-
has produced & poor match between the
"autput™ of the educational system and
the "input®™ for industrial development.
The infinite seguence discussed in £l.

iz most visible in the Philippinaes.

3. COMPUTER-ORIENTED WA?HEﬁATICS

in experimental program in computer-ori-
ented mathematics wasz introduced at De La
Salle College« Menile+ during the scadem-
e vears 1973-74 end 1974-75 to attempt
to improve the "match”™ betwaeen academic
output and developmental needs in three

First end foremost it was felt that some
drastic neasures had to be takan to im=~
prove the "survival®™ of students in the
mathematics program. In general. stu-.
dents come %o ¢ollece with a poer back-
aground in basic mathematical skills.
6ften times students are graduates of
provincial high schools whare 1ittle
mathematics is taught. Students needed
to learn mathematics more effectively and
it wes falt that integrating basic com-
puter progrémming into the Freshman math-
ematics curplculum would help develop the
psychological schema nacessary for affec~
tive mathematics leerning. {P4. below
glves some exsmples of how this can be
acconplished.} '

Seconds the Philippines. which is enly in
the begimning stages of industrializetion.
could swing towerds "hard” industery. with
their incumbent pollution and environmen-
tal problans op touwards "eaft” induste
for which the educational and 3@cinlug¥“
cal conditions of the country are better
suiteds Since there is slready a large
demand for "computer trained™ people in
local induztry it seemed wise te begin to
produce gradustes who are capable of as~
-suning positions in this needed area.
Furtharaore. as the economic problems of
developing countries become more compli-
-cated and computer simulation techniques
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become morg sophisticated. we can expect
that computer trained oraduates will be
in ever increasino demand’ even a cursory
knowledge of computer techniques will be
a valuable assset. The current- and ex-
pecteds sharp decline in the cost of
hardware can only accelerate this phenom-
erion. Hences in the interest of National
Pevelopment it seemed necessary to intro-

duce students to "the computer” as part

of the standard curriculum.

Finallys in a country for which.seventy~-
five percent of the population subsists
at the marginal level and for which near-
iy all eof the young people from the upper
classes attend colleae. some sort of so-
cial involvement on the part of cellege
students is essential. Accomplishing
this as part of the computer-oriented
mathematics curriculum would further en-
hance the value of this curriculum for
National Developmant.

In summary then. the computer-oriented
mathematics curbiculum at De La Salle
College was envisioned to lie in the in-
tersection of the areas of {1} effective
learning. (2) National Development. and
éa? soclal involvements as illustrated
elowsd ‘

7/ ERFECTIVE
(. LEARNING

[ soctar  \{l}
(_INVOLVEMENT

AV warionaL
X DEVELOPMENT

4y THE CURRICULUM

The experimental curriculum was divided

into three areas: a mathematics area
which included the technical materials
per ses & National Development area in
conjunction with local industry and a
social involvement area in cooperation
with the government's Youth Civic Act-
ion Program {YCARY.

Y.L. The Nathematics Arsa

The standard mathematics curriculum for
technically oriented students at De La
Salle College consisted of four math-
amatics cpurses. each lasting one sem-
ester and each worth five credit hours.
The foupr. courses weres:

Semester - I -~ Algebra/Trigonometry
Semester I -~ Caleulus T '
Semaester IIY -~ Calculus II
Semester IV -~ (Calculus III

which covered the fundamentals of single
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and multi-dimensional calculus with the
necessary prerequisite algebras trigonom-
etry and snalytic geometry. A one semes-
ter “"computer fundamentals” course was

a corequisite for the second and third
SENESLErS.

In the experimental curricylum. the Same
four semesters were used to cover the
same materials but the number of units
per course wag increased to six. The
extra unit counting as a "compiuter lab-
oratory™ for the "computer-oriented”™ lec-
ture.

In developing the experimental curriculum
it was felt that the curriculum must be
truly "computer-opriented.” not merely the
addition of computer related toples to
the conventional curriculum. This was

to enable the students to becone betier
problem solvers. an aim consistent with:
pur Hational DPevelopment woals. Hore
than just pragmatic conslderations. we
believe that "perheps the oreatest value
to be gained from the study of mathemat-
ics is the abilitv te solve problems." to
quote Gaorge Pélya {%}. Furthermore
humaw'@aiﬁgﬁbﬁin% besically Tgoal directe
ed organisms™ {9}. this would make math-
amatics "fun.®

When we say "probles solvers” we do not
maan to restrict ourselves only to the
clasg of trivial probless which the stu~
dent might encounter in & basic mathemst-
ics courset we are trving to establish s
“way of 1ife”™ for the student. duotina
another well known wmathematics aducators
teorge Forsvthes "The most valuable ac-
guisitions in a sclentific or technical
gducation are the general-purpose mental
tocls which remain serviceable for &
lifetime. I rate natural language and
mathematics as the most lweportant of
these tools. and computer sclence as a2
chird™ {kl.

In formulating tha experimental curricu~
lun arguments wers not presented sgainst
Teomputer sclence”™ but rather whether a
mathemaetics course was the "right place”
for the intreduction of such material.
duoting Rosser 185+ "I a mathenatics
course not snly teaches teachnical profi-
clency in the computer use of algorithms.
‘but also teaches mathematical tazchniques
which cen enable ths student te use the
algorithms more effectively {or even dis-
‘pense with thew on occasionts but mest of
#ll gets the sthdent in the hablt of
using these methematical techniaues reg-
wlarly- then without auestion this is the
best place for the student to learn the
glgorithnsg.”

Tn addition te the "orientad” aspect. the
experimental curriculum uses the computer
as a learning tools guite independent

from the computer related topics. The
most distinguished American mathematiciana
Garrett Birkhoff. has said. regarding the
use of the computer in basic mathematics
coursas: "To my minds the Juse of computers
is analogous to the use of logarithm ta-
hless tables of integrals. carefully

drdun graphs of the trigonometric fuhc-
tionss or carefully drawun floures of the
conic sections. Far from muddying the
limpid waters of clear mathematical think-
ing. they make them more transparent by
filtering out most of the messy drudgery
which would ctherwise accompany the wopk-
ing out of specific iliustrations.” {1}

In brief then. the mathematics area of the
experimentsl curriculum aims at integrat-
ing problem solvino technigues into the
hasic curriculum- using the computer and
to use the computer as a learning tool.
The basic toplcs in the experimental cur-
riculum aret ‘

I. Classical Loasic
In this topic we introduce the
student te the "mathematical way
of thinking.” Flow charting is
introduced as & way of makino
procedures "precise.”

I¥. <iagsical %et Theory
Using the "classical logic™ of
the previous section we introduce
the concept of & set. Flow chart-
ing leads naturally inte writing
siople prograwns which compute sets
of numbers.

4t the end of this section the
styudent should have & good under~
stending of abstract sets. as il-
lustrated by sets of numbers and
should be able to write a simple
program to tabulate & set such as
tﬁ’%i& $Q€s {aw%%&vwww}m

I1L. Number Systems

' sing the logic and set theory of
the first two sections the Natural
Kumber fystem iz defined as a set
of setss @cg. 5 = {dFs B = {ladla
ate. Binary operations of + and
% are defined on this set by cer-
tain rules.. :

This is the most difficult tople
te date for the students. The
computer is now used as & learning
tool by utilizing some short pro-
grams to demonstrate what is meant
by closures commutativity. etc.
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Trudents can now "code” an egua-
tion such &s 3X - L0 = § into a
computer program.and determine

its selution by trial and error.

If the above equation were
changed to 3¥X - 10 = 2. then a
solution could not be found with-
in the set of Natural Nusmbers.
This motivates us to look for a
number system which could provide
& solution for eguations like 3X
- 10 = 8. The student appreci-
ates that guest for a new number
systen begins with the problem of
deternining solutions for egua-
tionss his work with some simple
equation programs leads to this
appreciation. _

IV

With this practical problem as
motivation. some formal defini-
tiens are given for the Integer
Number System as was the case
with the Natural Humbers.

ihen the student sees that other
gguations. such as 3 = 1. can-
not ba solved withln the Integers
motivation is provided fer the
“"discovery”™ of the Rational Num~
ver System. In another use of
the computer as 2 learning tool
the student demonstrates thet
gvery pational number hasg a re-
paating declmal &xg&n@iQWa The
question Is asked "if we con=
struct & decimal expansion which
does not repeats: what kind of a
number would that bef” and this
is shown to be eguivalent to ask-
ing for splutions to equations
such as X? = 2. Hences the Real
Number System is born.

Finally. attempting to selve eg~
vations such as ¥? = -} leads us
to the Complex Number System and
the student learns how to werk
with complex nusbers in the com-
puter by dealing with pairs of
raagl numbers.

At this point the student has a
good deal of familliarity with the
basic number systems. from a
practical point-of-view and is
able to write a variety of simple
computer programs. UHe close this
toplc by introducing the student
to such concepts as "binary oper-
ation«" Hroups" "ring.” "field." o
ete. as geaneralizations of the
operations and number gsystans
which they are already familiar
with. Using the computer as a
learning tonl the student con-

i

structs tables for arbitrary bi-
nary operations. writes & prooram
for "clock addition™ and “clock
multiplication™ and for other num-
per systems which might not be
commutative or asscciative.

Functions

With the established concept of
set and & familiarity with the
various number systems the stu-
dent can establish a relationship
between one set of numbers and an-
ather set of numbers by means of a
"ryie® or “formula.” The use of
the computer ensbles the student
to explore such relationships in
much greater depth and much more
quickly than would otherwise be
possible.

Simple relationships such as the
pitch/lenath relationship for a
gquitar {p = 32 LO0G:(24/L]F or the
distance/time relationship for a
falling hody {d = lat®} may be -
computer plotted and examined in
much greater detail than could
be done by "hand plotting.™ Uhen
the trigonometric functions and
thelr inverses are introduced as
special kinds of "rules and Tor-
muleg the computer ig used to
demenatrate how these functions
hakave.

The computers real worth g shouwn
when students begin to combine
functions by mesns of "operations’
such as addition. multiplication
or composition. The student can’
easily agraph a function such as

. 2 5 Ty =
fFlx) = &@55&%3%{8; W 3x ?xﬁ

snd learn that there. are some val-
ues for which flx) cannot be com-

puted and that there are restrict-
ions on what values fix} may have.
Hence the concepts of domain and

range of & function is establish-

gde ’

The introduction of the tradi-
tional "ordered pairs” definition
of a function is then merely a
generalization of concepts firmly
established in the mind of the
student and hence is more readily
accepted.

Limits

Now that students realize that
there are points at which func-
tions may not be defined we ask
them to consider the function
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being defined for & = 0.
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which they readily accept as not
tizing
the computer the student finds
that fl6] can bs made as close

to 1 as he likes by making & suf-
ficiently small. The student ap-
preciates that & can never be e-
gual to zero and fl8) can never

fla} =

assume the value one- We then
write . '

tim LS -y

@3

which has a oood deal of intui-
tive feeling for the student.
ilhen we present then the tradi-
tional &~¢ definition of the
1imit students are able to assim-
jlate it as a generalization of
etheir intultive definition.

The study of llmits is one area
in which the computer-oriented
approach is particularly suc~
cessful.

"pifferential Calculus

Az with Timits. the opportuni-

ties for cemputer applications in

diffarential calculus ara numer-
ous. Petermining the eguation
for a secant line through two
points on the araph of e functien
and then uzing the computer Lo
"see” what happens when the |
polnts become "very closa™ ls

a natural way to introduce the
concept of the derivative of a
function.

For exemples long before we prov-
gd that D, SIN o= (038 students
had @aﬂiwgﬂ this relatienzship by

point~-by~point. differentiation of

thae Sine function end graphing
the rasults using a computer plot-
ting program.

Integral Celculus
The econventional technigue of
siicing the "area under the

-ecurve”™ into rectangular strips

is used to introduce the definite
integral. Using trapezoidal and
parabolic strips leads to other
integration technigues and is a
motivation for discussing errors
inherent in the computing procaess.

A zecond approach to ﬁétawminina
the "area under the curve™ by
means to random points in the
plane {i.2. Monte-Carle taech-
niques)y leads to a discussion eof
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various topics in probability and
statistics.
VIII. Other Topics
The above topics are completed
during the first year of the ex-
perimental curriculum. The second
-year of the experimental curricu=
lum goes into multi~dimensional
caleulus and various topics in
advanced. calculds. Most of these
topics are aeneralizations or ex-
tensions of what was coveresd dur-
ing the first year.

For example. partial derivatives
are now computed as limits of
two-dimensibnal functions and
their interpretation in three-
dimensions is more aeneral. but
the aumerical technioues are a
common factor which the student
recognizes as an extension of his
garlier work.

Infinite series is another ideal
application for the computer~ori~
ented curriculum. Plotting the
individual terms of a Fourier
Series expansion for a function
and seeing how they “sum up”™ to
the given function is.a most re-
warding experience for the stu-
dent. '

velonment Area

At the conclusion of the first year of the
experimental curriculum. students were
skilled engugh in basic computer proaram-
ming to assume positions in industry. In
cooperation with & number of computer in-
stallations.. arranserents were made to
field students as “"trainees”™ in these com-
puter centerse. :

As of this writing only one training per-
iod has taken places but the initial re~
sulte have been most encouraging. Stu-
dents find the experience a valuable com-
pliment to their classroom work and thoss
in industry are encouraged te find that
students are being trained in the field
of computer science-

4.3 The Social Involvement Ares

Computers can play an important role in
Mational Development and can invelve stu-
dents in work related to "the masses.”
This was done by establishing & program

in conjunction with the National Computer
Center and the Youth Civic Action Proaram
of the Department of Education and Culture
wherein students volunteer for six week
assignments with an agency of the National
Computer Center.
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students have worked in the computer cen-
rers ofs for example- the Department af
Agriculture and Natural Resources. the
gureau of Internal Revenues the Armed
Forces of ‘the Philippines Logistics Cen-
ter and other computer centers where comn-
puters are used for spcial development.

. RESULTS

Subjectively the student response was
most rewarding. As had been experienced
in schools abroads students showad high
motivation and nearly all students felt
that the compwyter alded them in better
understanding the concepts involved in
Caleculus. {31+ {13}«

{

objectively we were in & quandary as to
what type of testing instrument might be
utilized. Certsinly the second and third
aspects of the curriculum could not be
evaluated by any testing instnument --
their effectss if any: would take years
to measure and would have te be measured
on a National scale.

If we subscribe to the “"behavieral objec-
tives” philosophy to evaluate purely the
mathematical ability of the Students then
we would have to establish an abselute.
stendard by which te judge the perform-
ance of the students {5}. Ue were not
prepared to do that as we wera nore in-
terasted in how tha students undaer the
experimental curriculum compered with the
&?a students under the stendard curpic-
HAUMe :

e selected as our testing instrument the
"etandardized™ CALCULUS test published

by Educational Testing tervice {(Princeton
New Jerseys USAY. Since the number of
students under the experimental curric-
ulum was guite smalls each student was
tested. Obtaining testing subjects from
the standard currigulum was & different
matter since particvipation was on & pure~
1y voluntary basis. Therefore samples
are not prandom and statistical technigues
could not be applied to the resulets. In
ganerals however. students who volunteer-
ed from the standard curriculum were the
better students who felt that they would
1ike to measure thelr performance on such
a standardized test.

The resultss stated in the form of “Z~ile
of the average score obtained. were as
follous: '

TWO SEMESTERS OF STANDARD: $&2"i}é
FOUR SEMESTERS OF STANDARD: £S8%z=ile
L Tuo SEMESTERS OF EXPERIMENTAL: 70%-ile

That is+ students who completed two sem-
esters of the experimental cureiculum
performeds on the averages abovs 70% of
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the American students used as the “eontrol
group” for the standardized test.

be CONELUSION

As we salds thiz is but one small effort
by one institution in one developing coun~—
try. HNevep-the-less we febl that we have
demonstrated. st least on a small scale-
that there is a place for "computer-ori-
anted” mathematics in a developing country
and that it can make sianificant ‘improve-
ments in both the performance of students
and the relevance of mathematics to the
prahlems faced by & developing country.
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