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Thovlmplications of Computers for Mathematics

Education in Trinidad'and'Tobago
ABSTRACT

,Ih' fhis thesis we ;{nvestigate the effect of
comhuters on the secdnd;ry school mathemétics.cgrri;u}um“
“with pérticular emphésis“on the curricUlum‘ofrTriﬁjdad and
Tobago. |
In'thg'firég cﬁapter we describe, in detafi, }heb
structure of the education syStem’in Trinidad and Tobggo
together with the mqthemati;s curricﬁlum of the&seﬁondary
schoolé. fhe curriculum is notsgiOeﬁ for each grade level
in the high schools. Rather it is described as the
requirements for the ;ggsic ‘and General - Proficiency
examinations,'—adninisteﬁed .by the Caribbean Exgmination
Council and the Advanced Level Examination, adm{nistered
by Cambridge University, London.
| In the next Ehapterl'a'description of muMath, a‘r
symbolic computeﬁ-algebra, system whose algebraic and
analytical operations arg’ berond the capabilitiés - of
programming languages such as BASIC and Fortran, is given..
The capabilities of muMath and the HP 28C handheld
" computer afe observ;d“fn ofdeﬁ to det;rhine the effect of
the4éomputers on the teaCHThg of mathematical topics.

W



- ’ Alihopgh m;ny‘_cdmbutir algebra systomsSQAnd
,tburse@are ﬁoétaining quulos for fea;h{ng MAtﬁ§;;;ic;’;;oi
auailagio,.dnly»a fow.arévhoﬁtionod ihf@hc papor,‘ﬁut,tb?
mass ‘abafliﬁilityv“ﬁnd‘“imbﬁth~wlmplomontatfdn, 94 the
computers into the classboqn are-aggqped. Havinj,lookod
‘at the caﬁ;bflitioiqu the ccmputoh.alg;bra'sysfomgw}nd
the algebra taught in. the high schools: in Ténn,idaq and
- Tobago, a propcsal is madorfor changes in the algebraic
topics so thét the curriculum ' takes adva;;agq of  the
available tochnolbgy, and also reflects thortochnologicalb

ey

changes in the enbironmqnt;
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-~ CHAPTER ONE -
‘ IMPLICATIONS oF CCHPUTERS FOR m-rua-m‘xcs
'EDUCATION IN TRINIDAD AND TOBAGO e

,lntroduction

5 -

Tho'computqi’bovolutidn in North America yillA;ffoét |

odufation in the third world céuntrids jf bhly bocidie of

thé migration of largo'numbersuof intornationai'studonts‘

-

’hlgh ‘school curplculum will affod&j the entrance
requirements of the universities, and this will put

pressure on 6thor countries to idopt some of thq chandos

made in the North-Amorican ~high schools.  The

lessor-dovolopod countrnos might not be ablo.to koop up
- with th:s revolution. In many casosvbggausg of the lack
of funds to implomeng/;omputirs in the scﬁoolg, the lack

of teachors commi tted to introdbcing' a5moro appropriato

curriculum in the schools, and dotorronts to chango in the .

ex;mlning procedures of all studonts at all levels a )argo'

gap“ will develop’ bptwoen education in the 'douqlopid

countries and tﬁat'of the lesser developed countries.

The computer is here to stay, and wiiffgbnTTQOi'ié

affect the solving process and analysis of ﬁﬁfﬁoﬁiffcaT\””’

to North: Amorican UnlU'PSItIOS. Any major gha:%os in_thi .



‘problems. Therefore we must search for wars .to 1essenithe

inequities which mjghf develop because of “the computer
AN ' .
revolution. ~The  e%eadily decreasing cost of

microcomputers suggests that in the next five years the
cost_of:the.micbocomputer will be only a smgll‘fractfon of
the cost of educating a child, and the courseware for

these compufers in mathematics can be purchased at a cost
. > - -
much less than the cost of the textbooks. Conssquently

the lack of funds would be less problematic in

implementing computers into the high schools of lesser

developed countries. Thus with the auaiTability of the
microcomputer, we »suggesf ’fh%t a ‘new and appnppriate

mathematics  curriculum be introduced which takes into

consideration - the specjal advantages the? offer.

' Rationale
Heid (1983), Ralston ~(1985), Wilf (1982), Tucker

(1987), and others were all egéited by the entrance of
T3

computer algebra systems, but thelr pPOJected date of the

arrival of: the handhe]d computer came far sooner than thev

&

had estimated. Ra]ston said, - in 1985, that handheld
symbolic mathemdtiﬁa] systems would be available within a

decade. However, the. handheld HP 28C computer was made

available to the public in January, 19787, ~Just as mass

-—
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production has made the cilcuﬁator available at a very 1 ow
co;t, it is/ expected that‘ soon the Qandhtrd ‘combutor
algebra system will be available at‘awcost lTess than ghat

of ~a textbook. _"Tho National ~Council o¥ Teachers of

Hathohatics —kNCTH,;,IQBS)VJhis advocated the qio of
‘ calcu];tors in schools .at all‘grgdoﬂIQOQIs in classwork,
hgmowdrk'ind QUaiUitiOh. Similarly computers and rilouont

cpdr#owaro should be used in schools as an ihtogral part

of the mathematics curricélum. They can be used pét onl?

in the éalculator |hodo, but also as a programmfhg and
.broblom-soloi;gAtOOI surpassing all the h;asons offor?ﬁ b;
,_tho‘NCTM for the intrOdu&tjan of the calculator into the -
classroom. bﬂ I
. Other educators are predicting the area of applied
mathemaﬁics will chango rapid]y. Engolman..(1§7d) says
that it may be possible that the wrong ;kiyls are bofhg

taught in the schools,’

.¥ the engineer will hau‘ all‘futuro integrations
performed by a machine, why bother to teach a bag

of tricks that he will immediztely forget. Why

not teach him how to use the¢ machine as a partner
in solving his problem (p. 103).

Therefore the curriculum should reflect the changing needs .

of the phrs{ctst,— engineer and other appltied

mgthomatlcians.



" Ralston (198%), on the same subject, says that,

Calculus is no longer the obvious starting point
for the study of applied mathematics itself or
for the study of those discipiines where
mathematics is heavily applied. ... Thus in the
future discrete mathematics will play a role
egqual to that of calculus in the first two
undergraduate vears of mathematics (p. 494).

‘While Coxford (198%) gives an opposing view,

In order to study computer science at the
university level, the study of calculus is
required. Therefore changes in the algebra
‘curriculum must leave in place the goal of
algebra as preparation for calculus (p. 53).

" However all agree that changes must be made to the

. existing curriculum, and in this thos?fr’suggostions abd

<

?

made for changes in the algebra curriculum at the high

school level.

Assumptions

Haﬁy studies, toornumorous to-quoto, support the

introduction of computors and computor courseware into the

schools as a teaching aid. Thoso stud:os'hauo shown how

slow learners, low abnlnty studtnts, and abouo-auorag‘

students hrau'o atl bcnoﬂtod from;: tho use of computors.'

Therefore a fucfﬁor study to show the tduantages of

ih&iémonting computers was not undertaken, and the

advantages are acknowledged herein. Combutors are_'



- s

~wversatite, ta?i g on the roi; Nl tdtcr, “thalkboard,
proﬁ}em-solger ana ;alculgtor; and.tg}ching modules and
consewarevpackaQQS‘are becoming aQ#ilablé faster than- the
pubfication of textbooks. Thére‘abe many teachfngrmodules
and courseware packages. which are appropriéte ?or»dée by
students;'anq man}'whith'are not aﬁpropriate,Abut‘on)y thé
muMath ciouzr‘s;uaare and the ﬁandl:»eldh HP 28C c'omhu‘ter have
beeh>considérqd in some detail in this pap;rT‘

Educatofs (e.Q.y  ¢arpenter et al., 1980; Fer et
- al., 1984) have noted that théré must be some cﬁanges*ih
the high school curriculum. Other mafhématics educators
have stated that the introductioh of cdmputers iqto the
c!asshOOm makes aﬁai?able free time (cf., Kuliky Kulik,>&
,Cphen,_1980; 0’Shea & Self, 1983). Under the aSsqmpéion
that the limitations of implementihg cohputers into the
%chdo!s can be overcome, recommendations have been made
concerning what should be taught at the high school-Teugl,
and what should be omitted from the algebra.curriculum in,

secondary schools,

Purpose
The evaluation of muMath on the Apple lle computer,

and a brief summary af the capabilities of the HP 23C
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é
héndhe?d computer were given to show the power 6fbcombﬁter’
algebra sysfeﬁs, These systems weaken the arguhents ?or
)stuﬁ;fng'»méﬁy topics' fn mathematics .sdch as. ¥ormé1
integration of complex expressions; Béforé_l?éB} no: one
hadvfouﬁd an algorithm‘;or fnéegration,,but in that yearv
. Robert H. Risch developed’such an algorithm at the Syst;m
Déue}oﬁggnt C&rporafion in California. Solutions for
integration bhob!ems which were 'preuiou51y obtained by
paper and pencil manipulation can now bé obtained onv

handhéld"compﬂfers. - The availability of 'symbolic

mathematics syafems will ~change what is taught in

secondary schools, and how it is taught. In this thesis

LY

the following questions will be addressed:

(1> Which topics wi]l,rem;in in;‘;nd which topics will be
omitted from the mathematics -cgrriculuﬁ, or covered in
less detail? l

(2) What will be done with extra tfme?

The following six criteria will be used to select topics

to be'ina1uded in the new curriculum:

1. The student should do all’those things that can be
done moﬁe.eff%cient]y by hand with paper and pencil, and
those that cannot be done more efficiently by hand with

the computeb:
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2. It is .more important for  the ‘student to learn the | :
underi?ingvgoncepts leaving éhe time-coﬁsumiﬁg §ct1uLties
to,rthe . computer, ‘Xhe guailability ofi qalculators,
handheld computers and printers, and michochpufehs mékes
fitr fess ’impbrtant for péiAStakingly> céfry ouf ang :
division, addition of - fractions; V-Factor_i-zat’io_n of
pof}némfals,,but more important to be ;b}e»to{check the
reasonableness of the result. o . :

3. The student shouldr be able to per{ohm simple
ar-ithmetic and glg;braic operations. This js to.ensure
that the student not only does not lose anr manipulative -
éki]]s in mathematics, but aléo'does not spend too mﬁch
time on mechanical .operations. .The'.time can’ better be
usedvin gaining a befter understénﬁ?ng  of mathematical
concepts, and in solwving p%oblems which occur ih,realistiﬁ
situatfons. -

4. The‘computer frees us from the drudgery of’fong and
complex calcu1ations; therefore the student should‘uée the
ffee time to explore variations of the gr6b1em§;ﬂand the
way these variations afféﬁt the answers.

5.,»The topics, where possible, should be those neceisarr

to exist in society and problem solving should be relevant

to ‘real life’ situations. The computer can simulate the



8
problem-sclving environment, therefore, problems ascigned

should. 5rouide realistic experienceé in the area of

mathematics being taught.

&. The particular topic should be required or helpful to
the student at the Uniueﬁsity'leuel; thdt is, it should .
aid in the study of calculus and othervapplied and pure

&

mathématicsvcourses;
% These-qdesfions wil[»bg applied mainly to topics in
algebra hptjbhly bet;use it is strongly emphasized in the
high schqols, bqt also because algebra prouides~th§ toﬁ]s

with which most problems are solved in the reai world, and

without algebra it would be diff}cUlt to proceed to higher

-

mathematics., Algebra is not simply a generalization'ofA

topics in arithmetic;_but also covers topics such’és sets,

relations and functions, - problem-solving, .,and
frigonometry;.hence these topics will be considered for

inclusion into the curriculum.

Procedure

o

In the second chapter, a deécniption is given‘of the

|

structure of the secondary schools in Trinidad along wi th

v

the examinations written at the fifth {(the Basic

Proficiency and General Proficienc%), and seventh year



(Advanced level) after entering high school. The specific .
° Y : S : . )

objectives of the mathematiCS'curricu]um are given in the -

appendices along with- copies of the examihations, The

.Caribbeaﬁ‘ Examinaiion. Council (C.X.C.) 'adenistersv the

i _Basic Profiency and General Profiency examinations, and

publishes a report on the work of students in mathematics.
The report includes statistics on the performancefbx,th&

students\cn‘the examinations, and the aheas.of weakness

indicated br the students’ solu{}ons to fhe problems. The

1924, 1985 and }1?86 reports are aléo included in the

~appendices, J ‘ ﬂ
A deScriptich of muHath and its capabilities are .

given in chapter‘thr?e, along with examples to emphasize

its ability to handle symbols ;hq " to perform exact

Patjoﬁa] arithmétic.' | An evaluation of the muMath

courseware wéé'afso done to determine the appropriatenéss

- of imp]ementihg muMath in‘ the high <school mathematics
programme. muMath was cho§en becagse 4 js the best known
computer algebra srstem avéilab]e, it s ;'red;ction ot
the very powerf;} MACSYMA, and'because the courseware is
available, for approxiaately $50.00 on the computer, the

Apple Ile, most often found in high schools. MuMath is

easy to ‘use, sequential, and very powerful. The handheid

Eod
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, , - ,
'HP:2BC computer is briefly described, byt in‘compar)son
muMath has ‘§ larger mémprr, ~$nd can  per¥orm‘
é}hpli¥fcatiohs of algébraic exﬁreésions. | -
/, In thé fourth Ehapter,' we will consider whether the
topics in alg2bra taught ﬂat the secondary. school - in
Trinidad are needed forlwork in mathematics at a(hjgher
level, for the understanding of basic concepfs {n algebra;
or whether the topic is requiredrb; the student targ;ist'
in sotiety;' Thevcﬁitehia listéd éﬁbue will be used to
Judge which of the topics in élgebba should remain in the
high school curriculum, First; _the basie ‘concepts,
considered to:bevnecessary’to understand higher concepts.
iﬁ algebra’ aﬁd‘ for the generalizatisn of arithmetical
procedures, afe—given. Next, some of the topics which afd
- in developing skills neceésary to exist in-spciéty and for

*\

workK at a higher level of mathematics are described.

§

-
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MATHEMATICS AT THE SECONDARY SCHOOL LEVEL -

IN TRINIDAD AND TOBAGO .
The Republic of Trinidad and Tobago, as well as many
other  Commonwealth countries, adopted the British

education system. In most cases this system remained in

operatiohbbecause it a11oweg.those countries where\thehe

were too few schools to aécémmodate every student to weed

ouf fhe weakeﬁvstudents‘at euér;<7eue1vo$ the educationaf
hierarchy. Also, all examinations in this’ Sys{emi are
administered from Eng}énd’so these Comhdnwealth countries
were not burdened with this ta;k, and they still had a
wor ! dwi de acceptabhke standard of educatfoﬁ.

sufficient school§:t0>acéommodate every child from the age
of five to\eleﬁen yeéfs, .preuer, from thé\beginning'of
Secondary Sch§o1 ;héf; are nqt‘ enougp spacesrlfpr every
student 50 the places available are filfedfby‘tﬁe students

[

who achieug)thé best grades. _In 1979, in an effort to

- .
grant each student at least eleven years of free education

an&_ﬂh:*eliminate the Common Entrance Examination <{(which

.- -

the students write at the age of elewen years to obtain a

‘place in the Secondary schools), more schools were built..

These schools were built in the American fashion of Junior

In the Republic of Trinidad‘and Tobago thehe'ari
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and Sénibr Secondary schools, and the education system
showed soﬁe signs of’Americanizafion. Howewver, because
there still were nofﬁenough schools at the Secondaby leuel
the .Cdﬁﬁbn Entbanée Examinatibn was retaﬁﬂéd. In. ¢F§
f?fO’s, wifh the British educ;tion s}stém sthYlv{ﬁ place
and American-)ike schoo}s‘in exfsten;e, the deéisiohfwas”

égdé to graduall} diécandr the British and Amebjcén"
education syrstemgy and to3setvupkfhe géribbean EXam}na%ioﬁg
Councfl (C.X.C.> to administer a Caribbean education
system. The first examination set and administered E;A{EE*“w-,
Caribbean Examination Couhcil was i“'1?79;. Thekgarl E;
.reblace thé British sducation system Has nof.béeﬁ 4u1fy
realized; hence the education system whiﬁﬁ ‘wiyl bgv
desEFTb;d in the following pages is a mixture of all t;re; |

.

gducati06 systehs existing at once.

After five yearg of Elementary sChqol education iﬁe
student at age {1 writés'the Common Entrance Examination
also kndwn as the 1! plus examination. AﬁﬁroximateT; 28
000 students write the examination, but not aJ]‘of‘them
5bt;in a pTaée in tﬁe.g@conagryrscthI;‘because there are
about 20 000 places available at the.'sécondary. school
, evel, and the top 20 000 students4obtajﬁ these places

regaréf@é; of grades. In 1984, 27 992 students wrote the

1«
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Common Entrance Examinétjon and 20 230 students -gained

"places in the Secondary Schools. At present, students'who o

do not succeed either stay for another two years at- the
séme Elementary school, or those who can afford to pay; go

tq priu§te schools, and euqnfual]y write the University of

London Geperal_Certificate~of*Examinati&n at the Ordinary

Level and probably the Advanced Level Examinations. An

indiuidual;can regisfer/and writéithe University of Loﬁdon;‘

Examinations or the - Caribbean Examination Council

examinations privately, but cannot write examinations set

by Cambridge University .
1t is virtually impoésible to determine how many

private schools there are because they are run by private

indiﬁidqals is a business:ehterprise., They remain open’

depending on the ability of the indiqidual to run a
successful business. It is anticipafed that.theﬁe will_bg
p]aces'%or atl studenté in the Sedondar} Schools, and the
Ccmmdh Entrance Examin#tions wiltl pe’a]imina}edfsome»tfme

in thegfutuhe.

Students ‘who succeed' at the Common Entrance

Examination are placed in. three types of schools. The
“students wjth the best marks are placed in the best school

13-
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or the firit.chqice of the'three sthoclg‘requestedbon the
appliéafTon fbﬁm; The tﬁbee types of'échong are: -
(1#*5 ?-xear school S . .
-— ’-(2);} S-year schboll
(3> a jupior secondary school (3 yéars) .
Th#re are 24 ?—yegr schools, And‘thése schools are béttér
Known as the Assisted;Secéndaby Schaols becaﬁ%e they are
-partially ControTled by different reiigioué organjzations;
THg S-year schools, a]so Known as the.Gouérhéént Secohdah} .
-and Cbmposite schools, are not as Qgestigous asAthe ?Pyear.

, as in the 7-year schools,

" schools but the studehts hebe(

do not have to write any exams until their fiféh year.
Should they obtain the neceséarr qualific;tioné,at the end
‘of*the fifgh.year and wish to continue their educafion
rthey must be accepted by one of the 7-year .schoo1s.’
Stﬁdents inrfhe ?;yé€r échools who are suécessfuT on the
Caribbean bExamination CouncflﬁVGenerafﬂ exém{natjons Aaré
“automatically arlowed to sit the G.C.E. Advanced Level
examinéiibns in the seventh xear., Thefe are é?‘GoUernhent»
Secondary and Composite Schools which wgpevbgilt and ére”
7ma}ntained solely by the government. There'afe 25 Jgﬂlbf,{

P -

Secondary Schools also called the 3-year schools. after

three years in a Junior Secondary School the students

©
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wrii te’ ™another oxaminatioanhich determines whether they
should be placod'in'al?'xoar school, a S-year schéol,:ohid

Senior omprehensive schoolQ There ‘are 24 Son(or

Comprehensiuo-schools, also Known ﬁs the 2~year schools,

and ‘thise focus -on trade sKills and other sk\il]'s' which

%

prepare the 'stUdehts for non-academic careers. Thes

—

students would most likely write the Basic Proficiency -

\

Examination -in 'subJocts such as wqodwork; ‘Fashion and

Fabrics, Food and Nutrition which will be described later.
The betffr_gstddohfs ‘go -:n to the 7-ffnr ‘and AS-yoﬁr
sChools; Th; ;tudonts in thQXP-yoqn‘an;75fyo§r ;chools;
;n# those students trinsferrod\from &ho Junior\SocondiEY
schools are putfinto three groups at th; qﬁdof fho'third N
vyear depending on the skills they ﬁauo di;plaYQd in prior
vears. };o three groups are Science, Gongrad, and Arts.
The stﬁdfnt;‘fn th; Science group_;ro’;lquod to
take courses in subjects such as Chomiﬁtr}, Phxiicirgnd o
"Additioﬁil Mathematics"”. 'Thiékopportunity:isinotQBrantod
to students in the Gdnoralﬁahd Arts groups. ;This impllog.
that only stuaonts in the Science group will be able f61§6”*“‘*‘*
beyond the fifth year level in mathematics. e
" In the fifth year the students in the 5-y6;;///%

" schools, the 7-year schools and'thQ,Sonior Comprehensive
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"QChﬁols write the Caribbeéh Examination Council. (C.X.C.)
examinations, ¢ither the Basic Proficiency or General
Proficiency set bé th§ Caribbean Examination.Counéﬁl, oﬁ
the 'Additiﬁna]' mathomatfts fxamination set by Cambridge
University. anyvstudonts in thoAScience~group may write.
the General Certificate of Examination <(G.C.E.) in

"Addi tional"® Mathomgtics which is fft and marked by
Cambridge University.  =Additional® 'ﬁafhematics is an
onricﬁod fohh of' the General Proficiﬁncy mathematics
course. Up fo June 1984, students who wrote only the
Goﬁoral Proficiency Ex;minati&n.diq not qualififto write
the Advanced Level Hafhomat{cs  Examination ~set by
,f/é;mbridgo Unjuorsity;‘  Howoupr,‘ the new Caribbean
Examination Council Ras rovﬁsod the éUrricufgm,' and
additionaf topics . have been included in the General
Profiéiqncy Syilabus to meet the nfods of those who will

be:

‘(a) functioning in the technological world; such as,

agriculturalists, engineers, scientist, economists,
(b) proceeding to study mathematics at an idyanced level,

(c) engaged in the business ana?commencial world.

: N .
In QUno, 1987, the new General Proficiency

examination replaced the 'Additional' mathematics
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examingtidn set - by Cambriqgt University and London
University. Table 2.1 gives the results bf the
'édditionai'>mathqmatics. examinations which were sot}by
Cambridge University before they were replaced by the
royisod General Pﬁoficigncy oxaminatjdn.} As montronoﬁ

previously, in most cgsosuonlf the students successful in
_the 'Additiona!':mathgmatits examination (and students who
porforﬁ very weil on the General Profici;ncy examination)
have the opportunity to itudy for a further two years in
mathematics  in ~order to write the Advanced Ileve]
oxaminitjon.. Therefore, from tr = results in Table 2.1, we

can say that approximately 750 students write the Advanced

level examination.
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__Table 2.1

Results of the "Additional® Mathematics Examination

Year -

" No. 'of Students 1983 1984 1985 1986
Registered. | 1 715 1603 1593 1 030

~ e

Passed  s49 ¢ 703 714

Those studdnti who write the Basic ?poficiency

Examination do-nbt r'qufrt .»h;éhcr level of"mathomgiics
}in their careers, and a pass atvthii Iougl comploéos.thm
requirements \for mathematics at the high school level.
The students writing the Basic 'Proficionc? Exam‘nation

come from the Arts bgLoup. The following subjects are

offered on the Basfc Proficioné;'Examinatioqi\rﬁrtsgAgtg;_
and‘JCraftt Bookkofpﬁng; Caribbean bestory, Clothing and
"~ Textiles, Craft, English A, Food ind Nutrition, French,
General Electricity, Gcography, Home ‘Hanagtmtnt,.
Integrated Scionc;‘ 15 Mathematics, Metals,. Office

Procedures, Principles of Business, Social Studies,

Ry

S
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Spanish, Technicatl Orawing, Trpewriting and Woods.  In

this group ovory‘ student writes an examination in

'Hathomaf{cs at Basic Proficiency level. In 1985, 'S S?lv

students quto the m;thohatics examination at this loufl

and 4 571 obtained at;loast a passing grade.

The 27 subJectQ’of?orod on the C.X.C. General

- - g ' .
 £§o+icioncy examination include those subjects offered at

the Basic/ﬁroiicioncy Level. The additional topics are

Agricul tural Science, Bioclogy, Chemistry, English B,

Integrated Science 2, Mathematics, Phrsics, Principles of

AcéoUntk, and Shorthand. The gtudonts writing the General

Proficiency Examination come mainiy from the General group

and are likely to’go,into vocations (secretarial work) or

, i .
professions not requiring mathematics beryond the secondary’

schoql level. A . '

Basic Proficiency Examination
The contentd of the mathematics curriculum are
geared towards tiaching the student how to perform well in

examinations. In the fourth and fifth years thg students

spend their time only on topics they will be tested on in

the examination; the §ifth year is mainly spent completing

the study of topids on the examination, and practicing on
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preuiousheXaminatidns.k Befoﬁ; the‘Junemexaminationbﬁeﬁiod
thg,fstudentsﬂ write a "mock“ Vexamination- under~r§imilar
cpnditohs as‘those of the 'F}él“vexamihation.

The mathematics examination in'BasTc Profi;iéncr
consisfslof.two papeéé.b On paper 1 yoq aﬁe allbw;a 1h
30min ;ﬁ which to CoﬁpIete &0 mu1tip1e¥Choice duestidns on

the fo]]o%f%g:

Iggig W © Number of Items
Sets .H - ‘ 13
Relations énd Graphs . »6
Computation L _i . é
Number "Theory o &
Measurement ’ - é
. Consumer Ar[thmeticr ' ?
‘Statistics . é
Algebra - o 9'
Geometry .‘ ' S

On*paper {1 you are allowed 2h 30min in which to-complétg
the questions., The questions require essays or short

answers, and the students have to answer all questions in



tkis section. fho ptr;entago of the
are ‘@s follows:

° Topig

Refations and functions.
Computation

Measurement
Consuﬁ;rvﬂrithmotic
Stafistics

Algebra

Geome try

total marks

HMark
15

10

10

20

15

13

13

21

allocated

" The specific objectives for each topic on papers 1

and 11 aro‘doscribod in Appendix A along with examples,

and a copy of the 1985 Basic Proficiency examination is

included in Appendix D."'Tablo'2.2 shdws‘tho number of

students who registered for the Basic Proficiency

examination, and the number of students who actually‘wrofpi

~

the examinations together with the grades they obtained.
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Results of the Basic Proficiency Examination

22

19.47

: o | Grades
Yoar° No. Eng. No. Writ, _ ; .

- | 1 11 111 1y Y
1981 10 470 208 "52 1 260 1 389 3 860 2 pgé
1984 ® 414 109 229 876 981 14’1;5=i;908
1585 8 47% 571 145 426 818 2 404 1 578
1984 s 489 242 188 657 1f021 2174 1 232

- Pfrcontages
1o 111 v v

1981 10 670 203 0.57 13.65 15.09 41.94 28,71
1984 . 9 414 109 2.82 10.80 12.09 $50.74 23.52
1985 8 47% S71 2.60 11.24 14.68 43.15 28.33
1986 5 489 242 3.01 12.53 41.47 23.50
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Bonébal Proficiency Examination

In 1987, , the General Proflcltﬁcy.Tmathoﬁatic:
examination replaced the G.C.E "Additional® mathematics
examination at tho‘ohd of the fifth year of secondary
school. Students  are rospon;ibli,for all material on th‘
Basic Profidion;y Syllabﬁi, th;»ccmpulsorr :oétion of the
ngefalProficioncy Srilabus and three QUostiéns from the
Optional section of the General Proficiqncyvsyllﬁbu;. The
questions are based an roLationsA and"functiong,
trigdnomotrf, and vectors and matrices, and one quo:fion
must be chosen from -each category.

(1>Relations and functions |
Thoxspéci?ic]obJoﬁtluos‘fon this topic are:

(a) Sketch the graphs of the functions of the form

Y = ax-n yhere n = 1, 2, or.3 for-a given domains,

(b> Draw the graphs of the sine, cosine and fangont'
function between -340 and 340 degrees,

(c) Find maximum and minimuﬁ values of quadratic functions
by the méthogpof completing the square, i |
(d> Apply the idea of gradient b5f an area under a cufvo to
problems in the physical, bioclogical and social sciences,

(e) Solve simple quadratic inequalities,
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(£) Use linear prbgrimmin§ techniques_to solve a system of
two linear equations.
(2)Tcigonometry

" The spociffc objectives for thisntopic are:

Ca) -Recogni se. ind use the 'tridonomotrical ratios of
special ahglos:o.g. 30,45, and 60\dogreo§, o :

(b) Prove iimalo trigonometric identitios.;ontaidﬁnghsfnq;
cosine, énd tangent, | o |

(c) Sbluo practical prbbloms inbblving hquﬁts and
distances in easy three dimensional situations,

(d) Use vector arithmetic to solve problgms which occur in
the ph?sicaf world, d
() Calculate the distanéo be tween points on the ;irth as

~

a sphere, measured along parallels of latitude or

‘meridians of longitude,

(f) Determine the latitude and longitude of a point on

earth’s surface given its distance from another point
whose position is Known, .

(3> Yegtors and Matrices

(ad Perform transformations such as enlirgomonts,

L .

rotations, reflections, shears and stretches on a 2 by 2

matrix,
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(b) Bive the transformation équivalent to two linear
transformations of a 2 by 2 matix in the plane where the
origin remains fixed,

(c) Find the determinant of a 2 by 2 matrix,

(d) Id?ntify a singular m;trix;
(e) Find the inverse of a non-snngular m#tr|x.

The spoc:flc objectives of. the topfcs in the Gyﬁoral
Proft:aoncr srllabus whtch hauo not been includoq/in thd
Basnc (coro) syllabus are described in Appendux B. Tablo‘ .
2.4 shows tho numbor of studonts who roglstorod for‘tho | .
General _Proflcnency examination, ;nd ¢ho 'numpor of
qsfudents who actuilly wrote the oxaminaﬁ(pas togotﬁor wi th
the grades ‘they obtained. ~ In Tab}é/,2.4 the grades
assfgnod are I, If, 111, IQ, and V. /6rado 1‘Etprostnts a
_distlnction,‘araao IT is a crodlt, ﬁrado III is a ﬁasslng
mark , and grades IV and V _are failuros in mathomaths_at
thg_fifth year level. Table 2.3 shows the total number of
students who’ passed either the Basic or General

Proficiency examinations at the fifth year level.



~Table 2.3

Accumulattd'R59ﬁ1ts'd¥ the C;X:Ci Examinatioﬁs—,.

‘Basic and General Proficiency ExamihationSj

1981  ie¢sa - . 1985 1986

Number Entered 18 453 . 22 495 22 480 19 399
Number Writing 16 524 19 808 17 255 17 932

Number Passed ~ 8 063 . 8351 8 478 8 246

~
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Tablo.2.4

‘rResults of-tho General Proficiency Examination

N

- 13

710

: Gradeg B
Year - No.Reg. No.Writ 1 - — -
: S 11 111 v :i/r\\‘ -
1981, 7 783 7.321 ‘gfs' 1 664 3 déo 74 _514_ |
1984 13 281 11 6;; 922 2_40? 2 936 3 §52 A 582
1985 14 005 11 484 841 2 838 3210 3 785 010
i986~”13 710 12 490 776 259 3 038 5 353 927
P’rcoﬁtagos -
- 1 11 111 v v
1981 7 783 7 321 .26 22.73  41.25 10.18 14.58
1984 13 281 11 499 7.88  20.57  25.09 32.95 13.52
1985 14 00s 11 é84  7.20 24.29  27.47 32.40 8.64
1984 12 690 6.1  20.45 23.94 42.18  7.30
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Advanced Level Examination

TheABasic Proficiency and the General Proficiency

exaanatiohs are written at the fifth yéar.‘ The next step
is study at the Aduancéd l;uel, but it is important'to
note that the dgcisionS'aade ;t the third year wh;n~fﬁé
‘students are placed in thev sé}ehce, general or »arts
categories are ,How important because studentsv from the
arts &ore cannot take métheﬁatics at Aduanced Level,
Prior to the Jdne'1987 exémination, a stugeﬁt continueskto
study mathematics only‘ifzhe has obt;inéd a_ﬁass on the
Génora] Proficiency examination and  the "Addi tonal ®
mathematics examination. Since the  Géneral _Proficiency
examination has been revised, a pass on fhe "General
Proficioncy examinat{onris required for furthef study in
mathematics. At this stage;'students who are successful

in the General Proficiency ekamination, that is, those who

obtained a pass in three out of eight‘subJects including

mathematics, have the option to study three tubjects plus

the compulsory subject General Paper for two years. The 3
subjects must all be in one category; for example,
(a) History, Geography, and English Literature,

(b) History, Geography, and Economics,

ey
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(c) Qfstory,.English Literature and Ecooomics,
(d) Physics, Chemistry and Mathematics,
(e) Chemistry, Zoolob} and Mothématics,
= (£) Zoology, Botahyﬂanq Mathematics otc:.
0f course theso ohoices are controlled by other faotors
such as the auailobility of suitable ‘toachors in the

- . o
schools, and the facilities auailablo/in the schools such
as laboratory GQU;pmont. ;Tho’Aduanch level mdthomatics-
examination can be wfitton ;in several forms where the
emphasis'changes for esach examination, |

The Mathematics Advanced Level examination is set oy_
Cambridge University. The mathematics Advancoojlouol

syllabi B,apd Furthor B weré withdrawn in 1986. Syllabi
A, B and Pure mathematics will overlap with Syflabi C and
?urther C in 1987, and syllobi A, B and Puro'ﬁofhomaticg
will be removed in 1988, From 1?88 the students will
writo‘ooly the Syllabus C and Further Syllabus C Advanced
level ‘examinations. Tables 2.5 and 2.4 iﬁow the number of
students writing the Advanced level examinations, and the
grades obtained by the studonts who wrote the
examinations. The grades ranoo from the highest grade A

to a failure F.



" Table 2.5

Number bf students taking the Advanced Level

Examination

N “Year
Examin#tion‘
1982 1984 1985 1984
Syl}ébus’a ’.‘ , {?sl 146 149 90
Syllabus B 478 455 | 678 - -
_é&éyllabus'c ] - - - 623
Pure Mathematics 10 3 4 ' ;q
qugher Sy1labus A 27 28 31 24
FurfherxS?llabus'B e -13 20 -
. Fur ther Syllabus C - - - , 20
Total | 712 850 882 - 75?
/
- /



31

Table 2.6
Distribution of Grades obtained on the

Advanced Level Examination

Grades
Year A B c D E 0 - F  Total
1582 66 8% 83 74 129 171 100 712
1984 104 114 78 75 180 177 122 850
1985 109 156 84 91 174 153 115 = 882
1984 124 131 43 82 139 118 120 757

Total 403 470 288 - 322 622 &19 437 3201

Total = Tofél numbervof students.

g0 = Pass at a 1level gf the General Proficiency

Examination.
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The Advanced level gxamination consists of two
three-hour papers each wogth 304 of the tofaf marks. The
Advanced Jevel mathematics examination Syllabus C consists
of four papers. Every student must write Paper | which
cons}sts ’of several brief questidné, and seven 1onger.

questions. 0On paper | students must answer all the brief

queétions and .four of the seven longer questions. Du 9
the two years the studgnt has spent studying for the
Advanced level examination onlyg_@wo topics would be
- taught, and students will write 7 out of 10 exemination
questions on these two topics. Students must write seven
questio%s on two of the three papers; Papers 2, 3 and 9
.chntain five questions each ‘06 ‘Particle Mechanics,
Probability and Statistics, and Pure Matéematics.

-The Advanced 1euel‘mathematics éxamination Further
Syllaﬁus C\consisté of four three-hour papersrfrom which
the student does Paper 1, and another one of Pap}rs 2¢ 3,
and 4, Paper 1 contains 12 questions on‘»algebra;
algebraic structure, analysis, complex nuhbebs, matricgs
and linear spaces, and vectors; the student is expected fo
complete seven of the 12 questions, Papers- 2 and 3

consist gf ten questions each on mechamics and statistics

respectively, Paper 4 consists 15 questions with five
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questions each on mechanics, statistics) and \humerica]}
analysis. On Papers 2, 3, and 4, the student is expected
to complete seven guestions. The spéﬁific objectives of
Sy1labi C and Further'C4ane given in Appengix C, and the
vtopics which are commdn to both sytlabi C and Further C
are-the fd?lowing: | |
1. Addition, subtraction, multiplication, division and
factoring of polrnomials;
2. Given a quadratic equation in one,uariab1e:r
(a) solve the equation,
(bi find maxima and minima by completing the square,
(c?dsketch the g?aph;
3. Graphing of pq]ynomia]s and simple rational
functions; |
>4. Graphré function and its inverse;
S. Finding the sum of finite series;
é. VDifferentiation and integration of sums, diffefences,h
»proddct and quotient functioné;
7. Use differengiation in finding gradients, maxima,
minfma, rates of chznge and curve sketching;
8. Use simple logarithmic and exponential'functions;
?. Use simple technigues of integration, including

-integﬁation by substitution and by parts;

/N
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10. Sketch the graph of simple trigonbmeéric functions;

11. Prove sfmple trigonometr?cLidentities;

12. Eiven a matrix, find the transposé .matrix,_ the

inverse hatrix, Endvthe.determinant;

13. Use the properties.of comp]éx numbers; such as sum,
product, and quotient of twdAtomplex numbers, and

De Moivre s theorem.
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Figure 2.1
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Work ﬁefce

COMMON ENTRANCE EXAMINATION

Structure of Trinidad and Tobago Education Sygtem.
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CHAPTER THREE
COMPUTER COURSEWARE o -

Computer algebra systems exist with the capacit} to
ﬁanipulate algebraic symbols and ‘to perform alggbraic
operations at speeds never before thought possible. The
best known computer algebra systems are MACSYMA, developed
at the Massachusetts Institute of Technologry; REDUCE,
douoloﬁod at Stanford University, the University of Utah
and Rand Corboration; ‘SCRATCHPAD, developed .bY the
International Business Machines Corporation; SMP,
developed at the Ca!ifornfa Institute of Tochnoiogy; and
ALTRAN, developed at Bell laboratories. However, the best
Known computer algebra system available for the
mlcrbcomputer is a reduction of MACSYMA Kknown as muMath
aiuolopod at the Soft Warehouse in Honolulu. MuMath is
written ih a hrogramming language called muSimp designed
by David Stoutemyer and Albert Rich, and is»;uailable'f@r
the Apple 11, Radio Shack, IBM and TRS-80 migéocomputers.
MuMath is described by Pavelle, Rothstein and Fitch
(1981), Steen (198i>, and Wil# (1982)> as the most
sophisticitéd and widely available computer—-algebra system
available, Its algebraic and analytical operations are

beyond 'the capabilities of programming languages such as
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BASIC and Fortran.- Because of Ehe ablility of muMath to
manipulate abstract symbolic aTgobraic oxprossions,‘muhath
was chosen as the courseware most.l;koly to be implemented
in the classroom. MuMath porfofms:as.<a mathematician,
working with symbols and le;uiﬁg calculations to the final
step. Steen says * They do algebra, and calcdlus, and
linear algebraj; indeed, they do uﬁrtually everything
taught in the first two yoars.of uniu?rsity mathomatiés.'
(p. 250>. These computer aigop?a systems will change the
sKills required both in the ‘real world’ and in institutes
of higher learning, and eventually the school curriculum.
Because computer algébra systems have proved toc be very
useful to'mathomaticiins, scientists and even students,
the capabiitties of muMath will be discussed Iin the
following sections to determine its suitability for the

classroom.

~ An Ouerview of MuMath
Using *muMath on the Apple 11 computer is as
conuoni‘nt and interactive as u;ing a pocket calculator.
Expressions are transformed aﬁd‘simplified when they are
entered, and exact rational arithmetic and exact infinite

k4

.arithmetic up to 411 digits are performed. For oxaﬁplo,

ra
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173 + 1/6 = 1/2 : 12 (1/2) = 2 % é 1/2
100! = 933262154439441524814992388854264670049071
596826438162146859296389521?599?9322991§§
089414&39761565182862536?792082?223758251
185210916864000000000000000000000000.
Hence the use of ﬁuMath in thit calculator mode éliminates
the nooa to write and enter long programs. Fof example,

expressions can be expanded over a common denominator;
%
complicated trigonometric expressions can be written in

terms of the six basic trigonometric identities; linear
srstems and quadratic equations can be solved; the n roots
o# an nth ddgf.o Qolynoﬁial can be found; matrix inverses,
matrix product and matrix dot produét can be performed
when the entries are non-numeric; and the calculus
foatutos allow one to perform symbolic integration
(definite and indefinite), fiﬁq deriua;fﬁis, -1imits and

summation of sequences. The user is free to experjmonf by |
entering and manipulating. formulae and can immcdiétely see
results. muMath employs the mathematical symb;ls that the
computer does for the mathematical operations, for example

*» for X

** for exponents

7 for diuisidn.
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MUSIMP . COM
/N
TRACE.MUS ARITH.MUS
/7 N\
ARRAY .ART ALGEBRA . ARI
MATRIX.ARR - o
2
EGN.ALG |

TRGPOS.ALG TRGNEG.ALG DIF.ALG LOG.ALG SIGMA.ALG

/

SOLVE.EGN

TAYLOR.DIF INT.DIF LIM.DIF

INTMORE . INT

Figure 3.1 Hierarchical Structure of muMath.
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In the piragrgaphi below, .the contents of the

different files will be described and the operations

allowed in each file will be given.
In w the symbolis: #, / , - , + , () are

used for multiplication, division, subtraction, addition,

and bra.ckoting/._This file does not solve n!, y*x, ghd

other mbro/d”émpl icated computationsg\zr//, » S
- In"'muSimp as many files '‘as yoU need can be entered

‘r\/int_o the run‘ning‘sys‘tqm (aCcording to‘the mathematical
’h’)i/orarchy)v. If one is using _tho fil; Eqn.Algebra and
'/'noods to find the root of /ah .equation, then the file
Solve.Eqn can be addod'u/ah/i/ch gives a soblution= to the
problem. - 5 - .
arith.Muys porfp’i*ms rational arithmetical operations
such as additsoq,';Ubtraction, division, multiﬁlication;
factorials an’d/"how‘ors. Here you can work in differ‘ﬂ;t
bases, from two to thirty-six, by simply using RADIX
(<baso>)/.,,,/,,,,l/uhoro the letters A, B, C, D, ... denote ther
digi/;/s" 10, 11, 1;, 13, ..., You can perform modulo
aln«ivvthmotic. We can find greatest common donominator,
Jowest common multiple, absolute values, lengths of n!,

y“x,; and minimum integer. If solutions are preferred in
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the diﬁima] formaf rather than tho»rational,,iriﬁtional
form you use ’POINT: 10% for ten decimal places.

Som§ common notations ar§ introduced:
#E - the base of the natural logarithm 2.71828
- #] - the square root of‘—l
#PI - the ratio of the circumference of the circle to the
. diame ter. ;

Some examples of the calculations which can be performed

using this file are:

HECHI x #PI) o —y

4494 = 20350773823TJ4061005364520540917237403%48417
. N .
983632040754729491494846189340294 T

LENGTH (4444, . 23

LENGTH ¢100!> = 158
GCD (23 478, 549 999) = 1

GCD ( 54 388 742, 2 159 830 521> = 3 <(Calculation

taKes less thah 1 second.)

ABS (-1%) = 15 | .
MIN (7, -2) = -2 ,

] VAri por#orms easy algebraic simplications

using arithmetic operations. The following commands can
-be used:
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NUMNUM- cﬁntrols the distributipa 64' factors in the
nu&orttor of an oxbrossion.oéor j/sum in the numoritor_ |
a * (b +c) (=== ~.*b + axc
DENDEN- cantrols  the dis;‘ibut}on of %actors .in the
dinominat;r over a sum in/%;o denominator- o
1/a #» 1/¢b + ¢y <mm==> 1/ ca®b + -a%c)
DéNgUH cﬁntrols the distributioh‘ of - factors in_.the.
doncﬁinafor\:? an expression over a sum in the numerator
1/a # (b + c) (====> bla + c/a |
BASEXP controls the distribution of the BASE of an
expression over the oxponeht
a“(b + ¢) (====> a‘b #* a‘*c _
EXf’BAS control} the gistribution_of thg exponent of an
prrossibn'ouor the BASE
(a®b) * ¢ <;--->° a‘c * b'c
PWREXPD control;'whothir or not intogof ﬁowors of sums are
oxpandod’in ngmorators and/or dencminators -
ZEROEXPT controls tﬁi use of the following identgty that

-

is valid for all a not equal to O.

ZEROBASE controls the use of the following identity which
is only valid for positive a

0"a ==——=> 0
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For,fxémpler,éXPD,expand§ the,numegator and denominator,
and then/cQaluétes and QXprqssfo?)'
EXFD (5x52.- 25x

and FCTR semi44acf0r§ the ndmerator and denominator,
FCTR [<x2 + 2.x + 1)/¢1 + x)1 = [1 + x(2 + x)1/C1 + x).

Egn.Alg allows oqﬁatidns to be solved step-wise (?ou
hauo‘tq give the 6cxt szzp manuilly); Note: you'must
distinguish between = and ==, where in the first case the
eégation ie put in a simpler form and in the second it

solves an equation for a given dg;iablo. An example of

this procedure is: ? EGN: &#x°2 + 3¥#x == |2%x;

L

Bux + S¥x 2 wm |2%x

EGN/x

3 + &#x == 12

:oﬁii‘.)@ )

EON +(=3);

&ayx == ©

Y

| ? EGN/G;
¥

9 x == /2,
Solve.Egn finds the roots of a wide variety of
equations by solving for x doing all steps automatically,

for example, SOLVE (xé6 4 2.x4 .
’ - -x2 x) generates the

values x = -#I, x = #I, and x = 0,. and SOLVE (x21 1,

»

x)

generates 21 values for x:
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X = ~HE (40 ® HI % WPI /21),
x m ~HE* (38 % HI * WPI /21>,
x = -HE* (12 * HI * HPI /7)),
x = ~HE~ (34 % #1 # WPI /21>,
‘x = -HE* (32 % #I * WPI /21>,
x = -#E* (10 % #1 * #PI1 /7)),
x = ~ME* (4 % BI » WPI /3y,
x = —HE* (26 * #1 % #WPI /21D,
x m -HE® (8 % W1 * #PI /7),
x = -HE* (22 ¥ H#1 * WPl /21>,
x m <HE* (20 % #I * #PI /21>,
x = -HE* (& % Wl * WPI /7)),
x = -HE® (16 % WI * #P1 /21>,
x = -HE* (2 % W % WPI /3,
x = -HE (4 % W1 * WP1 /7)),
. x = =HE* (10 * #I * WPI /21),
x m —HE* (8 % #I » #PI /21),
x = ~HE* (2 % WI % WPI /7y,
x = ~HE* (4 % Wl * WPI /21,
x = -HE* (2 % NI * #PI /21),
X = =1,

Arr i performs simple arithmetic operaticns on

arrays. The fdllowing notations are used:



{ > column vector4:a1so'€ - KCTRL-L>

B, > - <CTRL-0)

£ 1 row vector also [ - <KCTRL=-K>
1 - (SHIFT M)

{ [a,b,c]: [d,e,f],[g,Q,i] } an array with 3 QB@s and 3
columns., Given the matrix A = ¢ 1, 31, [&, S1 3, then
¥ou can easily find A*~-1 = { [-5/13?73/13],
16713, 1,131 3, Det (A = -13, and A*2 = < (19, 181,
(36, 431 3. | |

Matrix.Arp perfdrmé such matrix operatiuns as matrix
transpose, nnu?tfp]icatisn, po@er ~and inuerse} One vcan
alsu find the determinant of a matrix as well as the dot
proabct. |
VDot Product: arrarl . arrar2
Determinant: Det (array) >
Idenlity matrix: IDMAT (<positive integér;>
Transpose: array {CTRL-L) .
Powers:v array CTRL-R>

-~

Inverse: arcay =1 ]
I1f a mailrix is a square, nonsingular matrix,'then
- B/7A is egquivalent to & # (B -1),

Some examples of matrix operations are: .

det ({1 1 11, fa b cl, ta2 &2 (233



(b, = a)(c2 -32y,/¢(p2 - a2y

]
Lo |
'Y
|
N
+

~ = (b - a)(z = a)(c - b)., [simplified]

A= (lx 0 0 01, [t x 0 01,0 1 x,07,

A=l = (t1/x 0 0 01, t-1/x2 1/x 0 01,
(1/x3 =1/x2 1/x 01,
T-1/x% 1/x3  =1/x2 1/x1>

Aali (ix!l o0 o 01, [11.x10 x1! g o931,

[55.x% 11.x10 xIt oj,
(165.x8 55.x% 11.x10. x1133,
gogar&thm.é}g performs log simplication such as
lvg (a.b) = log a + 109 b ’
log (a/b) = 1o§ a - log b -
log a N = n.loug a |
Trggos.Alg performs the simpTi;atioﬁ of posigibe
trigonometric expressions by reducing cﬁmplicated
trigonumetric functions to expressions containing only
sines and &osines and replacing trigbn%mg¢ric functions

raised tou an integer power greater thah one to linear

expressions. Tne control variables are:
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" TRGEXPD: 2% (or any multiple of 2) conQorts an expression

to one containing only sines and ﬁo;inos; |
tar(Ad.cos(A) + 1/csc(A) = 2,8in(A)

TRGSQ: Aﬁt converts an expression containing powers 'of

sundry trigonometric functions to one containing cosines

and vice versa,

- -

2 Ccos (A2 4+ (1/csc (A2 = | + (cos (A2
TRGSA: 33 rbplados an expression containing products of
sines and cosines by one containfng linear €ombinations of

»

sines andjcosinos of angle sdms,
$ind¢A) = 3/8 - 1/2.c08(2A) + 1/8.Co8(4A)
cos3(A) = 5/8.cos(A) + 5/16.c08(3A) + 1/16.cos(5A)
TRGEXPD: 5% (6r any multiple éf =) ‘roplacos'vintogor
powers of trigonometric functions by sines aﬁd cosines,
and replaces powers and products o%l sines by linear

combinations of cosines, or vibo-ucrsa,

€os Z2(A).sin(A) = sinCA) /4 + 3in(3A) /4
Trgneg.Alg simplifies trigonomotric arguments. The
control variables, described for Trgpo;.Alg, perform the
operations in the roplacom;nt of érigonomotric functions
by multiple angles and angle sums. Angles are assumed to
be measured in radians and inuerse sing +or~oxamplq is

denoted by ASIN,
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A = ([cos(x) sin(x) o], [-sin(x) cos(x) 01, [0 0 113
ASINCA) = ([cos{x) =-sin¢x). 03, [sin(x) cos(x) 031,

(0 0 113, S -

Rif,Alg performs the first pactial derivative of an

3

ixpression with respect to a variable given the command
DIF (expression, uariablo); Higher-order partial
" derivatives can be obtainéd. If the differentiation rule
is not known to the system, you‘obtain a value of zero,
but ryou can add new differentiation rules for new
functions or operators. Some examples of the capacify of
‘Dif.Alg are:

DIF (LN (3x2 4 .x) = (&x. + a)/(3x2 4 ax))

DIF (HEX,tan{x)/x, x) -
= -ﬂEx.EXQ£::/x2 + WEX.sec2(x)/x + HE™®.tan(x)/x.
Int.Dif\perfarms. definite symbol ic integration given
the command IQ* (expression, variable). —
INT<{2.x/(x3 + 1), x) =
( log,(i2 - x + 1) ; log (Ix + 11) 3} / 3
s atan (2x - 1)/31/2
INT (x.3in2(x), x) = -cos2¢(x)/2.
Intmore.lnt is an extension of Int.Dif which performs

indefinite integration and enables one to perform more
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complicated differentiation. Addifional integration rules
can be added. Some oxamblos'arot

CDEFINT (x2, x, 8, 1) = 8/3

TDEFINT (Sa.xé,.}, 0, 1) = a

Tarlor,Dif p}?fdrms Tiylor series expansion given the
command TAYLOR (;xprossion, variable, cxprbsgion point,
degroe[po;itiQo]);

TAYLOR (#E;in(x), x, 0, 4> = 1 + x + x2/2 - X4/8.

Lim.Dif or 1imits of functions performs the one-sided
limit of a mathematical expression as one of its varlabloi>
approaches a value fbllowing the ¢ommand

| LIM (o#prossion, variable, point, TRUE).
(1) Limit is’ a function which gives the 1imit of the

expression as its variable approaches the point. The
cptional TRUE asks for the limit from the left. [If FALSE,

or not requested, the 1imit is obtained from the right.
(2> Limit can bovaNF or MINF denoting plus infinity or
minus infinity rospoctiuoly.x |

? LIM ¢ sin(x)>, x, MINF- ) - <

? The appoaran&e of the question mark tells us that
the offie-sided limit does not exist.
LIM (1/x, x, 0) = PINF

LIM (sin (x>, x, PINF) = ? (limit does not exist)
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LIM (1n x, x, 0) = MINF
LIM “85 +X0/(2.%2 = %), x, PINF) = 1/2.
If the file Intmore.Int hai already been ldaded,_you?can
perform the following integrations:
DEFINT (1/x2, x, 0, 1) = PINF
DEFINT (1/x2, x, 1, PINF) = {,
Sigma.Alq performs closed-form summations and
products,hsuch as SIGMA (Uj, j, my, n) = Un + Um+i +...;Un
‘PRODUCT ¢ Ui, Jy my n ) = Um *,,.% Un.

This file requires Algebra.Ari and Lim.Dif.
PROD (1- xn)>17, n, 1, 2) = (1 = X>17.(1 - x2>17,

The Capabilities of muMa th
An overall picture of the muMath program has been
given and we wil} now address somq'questions‘concerning

how and whether this program could be wused in the

soconda;x«{Ehools.
Ease of Use

The calculator mode is easy to use and the basic

operational procedure in my opinion can be taught in less
‘than 10 minutes at the beginning of each topic being
introduced. The student will have to learn symbols

different from those used with paper and pencil, but these

N
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can be introduced as you proceed through the mathematical
hierarchy. Numerical calculations are speedily done on

the computer; for example, Table 3.1 shows the time taken

for the various calculations.

TABLE 3.1

Time Required for L !~ s Operations

Problem? Time Taken in S;conds
T 30! | 0.4
S0 ! ‘ 1.5
MeX = X = F 7
(x=2>/(x+8) + (x=1)/(X=2) = 15/7 3
L x*25 + 1 =0 Ss

4x"2 - 8x + 1| = 0 _ 14.2

The major drawback in using this program for arithmetic

processes is the time it takes to load each musimp file
.unto the desktop; Table 3.2 gives the time it takes to

load each file into the desktop:



Table

3.2

Time Taken to Load File

. 92

FILE TIME
ARITH.MUS Sn Sés
ARRAY .ARI 2m 12s
MATRIX.ARR 2m 4és
ALGEBRA .ARI 4m 30s
EGN.ALG 40s
SOLVE . EQN 2m 4s
TRGPOS.ALG im 53s
TRGNEG.ALG 2m 7s
DIF.ALG im 49s
LOG.ALG im Ss
SIGMA.ALG 2m 168
TAYLOR.DIF 21s
INT.DIF 3m 45s
LIM.DIF Sm 128
INTMORE . INT Sm 41s
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As an instructional tool muMath is efficient because

it allows both student and teacher toc start from the

basicé, and move upwards in the files so that the student
at a.specifig time wWill have at 'his or her’ disposal only
the Knowledge he or she vhas learnt dp’ to that point.

Later on in the course, he or she could solve all complex

problems on the computer and understand whiat has been done
at each step in the solution. Also the st;pﬁby-qtop
format of the Eqn.Alg file gllows the student to practice
as much as one likes while learning how to solve algebraic
§quation§ using equal addition pbopertios, ?actoring or
substitution methods. Having mastérod fhese techniques,
one could, at a later time, find roots of polynomials by
ﬁsing simple commands.

Limitations

One Eannot obtain the factors of a polynomiaf
equation, but the roots of an equation can be obtained.
The lack of factors may have been.deliberate since there
are suppohtoF§; such as Usiskin (1980), who ;ocommond that
factoring be dolo;od because factoring is}only impor tant
when studying the remainder theorem and the factor

theorem. Usiskin says that "factoring does not work for

the vast majority of trinomials ...Sc we must conclude
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.
that factoring mis,not a strong technique for solving a
quadr;tic that'might come up in later experiences." (p.
413). | - |

MuMath cannot perform integration by parts except by
manually instructing the computer in each step of the
procedure.

The programming mode is not as easy to use as is the
calculator mode, and as such it is not very convenient for
teaching Geometry. This programming might be beyrond the
sKills p-F a normal high 'schoo’l ;tudont;’ so i¥ another
program with ail the skills of muMath described ih the
overview of muMath Qand ~addi tional pldtting capabilitios
becomes au;ilablo it would Eov preferable. With .q£:>
!

improvement of programe to include graphics, the lure of a

visual aid for the teaching of mathematics will make such

a program more acceptable than muMath.
. Another drawback is the absence of visual or graphic

information. MuMath cangot provide graphs of functions.

As this has alwars been)a valuable fqol in transmitting

mathematical ideas to students this will be a drawback for

the implomontation'of this\b(ogrim in the high schbols.\

L
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Ih fyiness of muMath

I bqﬂioéo thaf all advocates forbusing c;}culatori

in the classroom will have no obJoction} to using muMath,

for ft is a more s&phist}catod toq!lwﬁich i;b:jl}\sy to

operate as the ca]cuTator- and is many times more

‘ef¥icient. >Although it does not allow simulation, Lt)is
ﬂntéractiqo and programmable and this together with ‘the
calculator vmodo wouid make it an asset in teaching

mathematics. This program, if'lsqd, seems certain ﬁo miko

available free time through the elimination of many manual

drill problems. Concepts may be taught with the aid of

simple prablems, and more difficult problems can be solved
by induction and the use of the computer.
I based my description of muMath on hands—on work on

an Apple II microcomputer. 'l read through the

documentation with no other outside assistance. My

impression is that muMath has a gboat deal toc cffer

students from G@hades 7 through 12 as the material s

/

fairly easy to/mastor in the calculator mode and has some

useful [opor;tors like differentiation and integration.
Its calculations are quickly and efficiently completed as

described above; that is, a pause of 1/2 to 2 seconds for

‘easy problems which increases to 30 to 40 seconds for more
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eed and accuracy of muMath

difficult problems. The
’allaa ono to por{orﬁ more diffixult calculationé and ' to
consider the Etopobties of a llarger number of :more
difficult problems. MuMath Has; s‘its limitation;, the
lack of computer graphits! which is essential in-Gépmetry,
a'd no plotter for obtaining graphs of a function.
 The virtue of\muHath is that it allows the student
;o'go through every step in solving equations before ﬂsihg
sihplo commands to obtain a solution. It is aﬁ%o"a
:ppputor algebra system. The advantages of this type of
program over a numerical one are that it leaves all
calculations to the finil }tago tp_prouont rounding off
errors, and when asked to solve the quadratic oquatién,
4x*2 -~ B8x + 1m0, instead of rospdnding wi th 0.1339?5 and
1.864025 it gives -2°1/2 and 2° 1/2 (values better than
Vthq prouious.aﬁproximato calculations). Also for thoseﬁ
who do\ not wish to learn how to progr#m, it is not
diffidult to use. ' |
High school students would be most likely to use
muMath because it allows the user to add on files in a
hierarchy. For example, one can learn arithmetic from the

file Arith.Mus and then add on the file Algebra.Ari to

learn to practice the manipulation of uariqblés. While
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..you are4usihg Algebra.Ari, " the Arith.Mus +file ii still
auailab&e "simulating your memory of the operations you
have ‘leahnf previously. Also the presence of a
programmiﬁg mode allows b;th teachers and students fd»use
this type‘ of instructionv it it is deemed to be most
effective. This, however, can be left up to the teacher
because it is not generally accepted that toaching
programming yields higheﬁ student achievement than simply
téaching with the use of a computer. éork (1987) wﬁites
- that * Leafning eprogram is already a rapidly i‘nc‘roas’ing
activity in our-qchools. Unfortunately,,whoro it hagpens
at tﬁis l:uél it is often a disaster, harming more ‘than
helping the pupil.® ¢p. 13). However later on in the book
he sﬁggosts that grade ? or between the ages of 14 to 14
is about the right age to begin th§ study 6frprogramming;
Hence such deciiions can be left up to the institutions

or the classroom teachers. R

\?
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An Evaluation of MuMath

Chrambers and Sprecher (1983) have given a checklist

for the evaluation of ﬁcoubseware.l I have used these
criteria fo evaluate muMath’srcapabilities.
nten e

(1) xng;rggtgr—géntrglleg,Paramgtgr%. Can the course@are‘

be adjusted tarough the use of optidhal barameters to
modify problem difficulty, time allowancé,-problem tyﬁe,
use of sound, and other variables? |

Yes, the courseware can be \adJusted using the
programming mode to introduce different problems such as
time-distance-rate. Also the student can épend as much
time as needed on a level which is difficult for himself
and use the.C?Tputer—Assisted Insfruction (CAI)“gs a drill

and practice tool.

(2) Aggyragy. Is the instructional content accurate,

7
-

congsistent 2qd complete?

Yeos, because the files are set up in a hierarchy, the
student proceeds from one level of difficulty to another.
Moreover, 2ach stage ha€ all the information about loqgr
levels of mathematics. This completeness and consistency

allows the student the opportunity to learn the underlying
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concepts. Those ideas which must be momorized,lQnd are
retained for only short periods of time, are retrievable
" oh the computer.

(3) Environment. Can the coursewaﬁeﬂbe used by teams as

well as by individuals? is it app}opriafe‘in unsupervised
sgttings? |
The ‘cour§ewafe can be used by teams as well as

individuals so fhe‘teacher can‘teach on a few screens. [t
is simple enough to use in any unsupervised aetting aS‘the
program can be taught as described in the muMath fil§.
(4) Pe gg¥. Is the <content presented in a manner
consistent with the style and approach? ‘Is. the content
m;de unique for each student?

‘The content is not made unique 405 each student, but
it is presented in a consistent manner. Since each child
spends as blovg' as h'o or she wishes 6n one section, the

1

slower learpers are not at a disadvantage.

(3 eggwﬂ Judging. Can misspellings be accepted? Can

answers. be anticipatéd? Are ‘moaningful prompts and

responses provided? ’
Misspellings cannot be accepted aﬁd_answors are not

anticipated, bﬁt meaningful prompts and responsos' are

provided especially in the computer algebra system.
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0

. (&) Branching. Is the. sequence of the présentation of

materials determined by the answers provided by the
student or is it fixed?

No it i not fixed,

'(7) Learning Theory. -Are the uses of Tearning theory

~Zw

concepts appropriate (i.e. positive reinforcement, fixed

ing theory concepts are not used to reinforce

and variable reinforcement, feedback, etc). .
Learﬁ/s

Jearning. However, muMath allows one to proceed at his or
her own pace and to master a section to his or her own

csatisfaction,

<§gﬂ Time Allowance. Is the anticipated Qnount of time
reqhired to complete the lesson appropriate?

This courseware has not been incorporated into the
school mathematics curriculum and has not been used as an
integral part of the course either as material or as &
learning aid. Therefore there has been no attempt to set
time limits 46r appropriate Ieggons.

(¥) Progress Reporting. Does the courseware provide a

summary that is useful in assjisting the student? Does the

5] . . . . .
symmary i{tseif represent positive reinforcement?

-
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The courseware does allow one to read the contents of
the \{l}és but the summary does not provide poaositive

reinforcement for any leérning activity.

10 Profescsiconalism, Is the courseware free of
typographical error, other careless mistakes?
There are noc noticeable errors or carelecs micstakes in

.

the courseware.

Technical lssues

1) Ucser Friendlinecss, Do the ihstructions and the

operational aspects of the courseware razpresent a problem
for the student? fAre responses and informational néeds of
the student adequaje&y‘anticipated?

The instruttio;s and the oderational aspects of the.
courseware are easy to teach and will not be difficult for
the student to leérn, but this depends to a‘farge extent

on tjg—\ﬁeacher‘si ability to irstruct the <ctudent

especially in the programming mode.

(2> Erreor Trapping. Do unanticipated recponses cause the
courseware tc halt 6r result in a strange systém mescage”?
Are there dead ends?

Yec, there are cystem mescsages ¥ you type incorrect

——

mathematical sentences, but we have made’a]lowances for
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explaining about new symbols so these should rarely occur

if one is careful.

€3> §géed ofggkecution.'IS’the amount of time required to

load the program and evaluate responses appropbiate?.ére

distractors used when pauses are encountered?

There are no distréctors used, but the amount of time
required to load the %iles is inapprapriate. Table 2.3
gtves the timeAtaken to load the files. |

{4) Appearance. Are the font and 'spacing eésiiy read? Is

there effective wuse made of blank spaces? Is there
overreiiancé on text? Is effective use made of coloﬁr,
graphics and sound?

There almost no reliance on the text and the ﬁuMath

package does not have graphics.

Student-Oriented Review

(1> Student Control. Can the student cortrol the pace of

the lesson? Are the lesson parameters to be controlled by

the <student appropriate? Can the student easily obtain’

help or terminate thes lesson?
Since muMath is to be part of the course méterial, the

pace of the lessons is controlled by the teacher.
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(2) Freedom from Technology. To what extent is thé
touﬁﬁéware independént ot Knowledge about microcomputers?

The cQurseware‘is almost completely independent of
Knowledge about_micfocomputers.

(3 Motgr Skills. To what extent 1is the courseware

dependent on exe-hand ccordination, reaction time, and

other phyrsical ability?
The courseware is independent of these motor skil}s.
(4) Motivaticnal Value. Does the courseware actively

involve the students or must they be encouraged to
complete objectives?

The muMath program is juct a'part of the cufriculum
and does not actively perform any of the motivational

activities.

Other Symbolic Manipulators
At the International Commission on Mathematical
Instruction in StrasboUrg in 1985, Howson and Kahane
(Churchhousze, et al.,, 198&) made the following comments
concerning symbolic mathematical systems:
The best Known such system for large computers
is Macsyma and the the best known for
microcomputers is muMath. These syetems do
symbolically the standard procecscses of

secondary school and college algebra and of
calculus. Thus, they differentiate, they
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integrate (definite and indefinite), they do.
polynomial algebra, they do infinite precision
rational arithmetic, they sclve linear systems
and quadratic equations - all symbolically.
although they will provide normal numerical
answers, too, whcn the user wicshes., ...The

most important point to note for this document
1 that these systems are rapidly becoming more
powerful and wiil soon be available on handheld

computers. (p. 35).

’ ' No <ooner said than done, in January of 1987,
Héwlett Packard announced the HP 28C, a handheld cempuf?ﬁf///
The HP 28C is well described by Tucker (1987). HP 28C is
a normal size hand calcul;tor which plotse functions on a

\wigall dot matrix screen with its own small prihter which
can be operated by remote control from a distance of about

S0 cm., It not only plotsw graphs but also does matrix

operations, equation solving, numerical integration, and

" symbolic manipulation. It ié ditferent from the standard
calculators in its use of the Reverse Polish Notation
(RPND or stack logic style of calculation. You Key yaur

input before a command, ajso Known as an argument, and you
can Key'jn‘an expression in the algebraic form it appears
in any textbook. The data can be entered in id,diffenent
styvles: | fixed values, real numbers, binary, striﬁgs;
arbitrar» sequences of characters, ‘uectors, ma@rices,

list, names, and mathematical expressions or equations.
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The stack, the amount of inhut, can be as large or small
as requ;red. The computer is menu driven, that is, its
Kers -are all-purpose function Kers su:h- as logarithms,
exponentials, statistics, complex arithmetic, plottingJ
modulo arithmetic, random number generator eﬁc;. For
example, the TRIG key producee armenu of the trigonometric
functions. There are 20 menus with a varying number
se]ections; foh example, "UNITS" key gives 120 built in
conQersfon units; and you can also pﬁogram HP 28C for
other conversi@ns. Tucker says that a student should feel
comfortable using this calculator after an hour or two,
and after using HP 28C it is indeed possible. You do not
need to understand all the mathemztical concepts to use a
certain topic, because the HP 28C acts‘an electronic tutor
telling you what operations you can perform and how to
perform these operations. For example, if xou want to

plot the graph of

¥

Y = (X2 4 4x o+ 1) / (x2 . 1> you use the menu Key

"“PLOT". The choices displared at the bottom of the screen
are STEQ; stores the equatioﬁ, RCEG; recalls the current

equation, PMIN; sets the Ilower-left plot coordinates,

!

PMAX; sets the the upper-right plbt coordinates, INDEF;

selec fs tpe plot independent wvariable, DRAW; gketchs the

~

A

A
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graph, PPQR;:Pécalls the plot parameters list, RES; sets
thérplqt, AXES ; setsrthe'intersection of the axes, CENTR;
sets centre oprlot.display, #W; adjusts the width of a
plot, and #H; adjusts the height of a plot to allow you
perform all these operations by pressing the Key. .You can
perform more than 374 operafiéns, and because HP 28C is

fully programmable you can store your own operations.



CHAPTER FOUR _

- A NEW CURRICULUM

The Implicétions of using MuMafh of any
otﬁer Symbolic Mathematical Systemyas an
Instructi om& Tool
In the'fﬁture an individual who wants to perform a
mathematical tésk will not search +for the releéant
textbook, but ‘will tuén instead to a computer-based

information network for a method, or solution to his

problem. Large computer networks, and the availability of

high-powered, low-cost computers are changing the
mathematical needs of the individual, These needs are

reflected in the curriculum, andAwe require_alteﬁations to
the Eigh school curriculum to satisfy those needs. In the
same way as the launch of the Sputnik starteq the new
mathematics movehent of the 19460’s (the new mathematics
was not introduced }nto Trinidadian high schools until
1270, the availability of the microcomﬁuter will bring
into existence a new and more ‘appropriate curriculum to
satisfy the needs of a comﬁuterroriented scociety, Some of
'those needs consist of meeting the entrance requirements
of the uniue?sities, developing in <ctudents—a logtical
reasoning approach to solving problems, and teaching

problem—-solving skKills which are appropriate to real worid
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situations. We »wilT{ expect a curriculum which also
satisfies the needs of students in lecsser developed
S - p
e s

e

rountries such as Trinidad.” The computer can perform aSpé ,*’

chalkboard, drilf'anq/éﬁéctfce teol, tutor, and in other
ways such as in CAIl (Computer-Assisted Instruction? andr

CAL (Computer-fssisted Learning’. Ne‘can_find or wpife

programmes such as Logo, . computers such as HP 28C, and

courseware such as TK Solver f{cf., Nil]iams;yt?&?) whgaﬁ

can perform in some of the ways listed previously, and can

perform in a less t ime consuming manner';fhan the
traditional paper and pencil methods. M;ﬁ? mathematics
e

educators have stated that the introdgz{ion of computers
into the classroom makes{avai]ablg/4?:e time (cf., Kulik,
Kulik, & Cohen 1980; 0’Shea & -e{¥ 1983). The ability of
the computer, to perf9rh in the manner described
previously, is ackngwfgdged; howéuer, the aim of this
thesis is not /91/;}scuss all awvailable courseware and
their capabil{}ies,‘ or to quote the numerous studies
showing the successes and in some cases failures in fhe
implementation of the microcomputers in the teaching of
mathgmatics. The ;im here is to make recommendations on

what should be taught at the high school level, what

should not be taught, and what should be omitted from the
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existing curriéulum assuming that the problems of.
implementation can be overcome.

| In »the 4ollowiné ‘section we iufll ook at a new
algebra curriculum. This cuériculﬁm; however, is not
independént of fhe entire mathematics curriculum in the
high sﬁhool;..THerefore-we will coﬁhent, where necessary,
on otheh topics thch should not be ouerlookeg such ;
statistics which is becoming more' and more important in
problem 503uing and in interpreting graphs and data, At
each'step we will Keep in mind t;; words of‘Atiyah (1984),
" Mathematics is really an art - it is the art of au;iding
brqte—force calculatiaon by developingv cbncepfsv and
techhiques‘which eﬁable one to travel more lightly;" kp.
43> . |

In particular the following questions will be

addressed: | .
(1) uhich topics wiil remain in, and which topics will be
.oﬁitted from the mathematics curriculum, or covered in
less detail?
(2) What will be done with extra time?
The following six criteria w{ll be used to celect topics
to be included in the new curriculum: .

1. The student should do all those thirgs that can be

done more efficiently by hand with paper and pencil, and
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thosg tha; cénnat be done more efficiently by hand with
-the computer. B

z. It is mo?e imbortant far>the student to }eafn;the
underliying concepts leaving the time—-consuming activities

to the computer. The availability of calculators,

handheld)computers and printers, and microcoMputers makes

it less importaﬁt to painstékingly carry out‘ long
division, addi tion of fractions, factorization of"
polynomials, but 'important to be able to check the

-y .
‘reasonableness of the result.

3. The student .should  be able fo perform sihple
arithmetic and algebraic operationsJ This is to ensure
that the student does not lose any Aanipulétive skills in
mathematics, but alsoc does not spend too much time on
mechanical operationgg The time can b?tter be uéed in
gaihing a better understanding of méthematical concepts,
.and in sofving problems which occdr in -realfstic‘
situations. | |

4, The computer frees us from the drudgery of long and
complex calculations, the student should use the free time

to explore variations of the problems, and the way these

variations affect the answers.

L

b et WA

3. The topics where possible should be those necessary to

exist in societry, and problem solving should be relevant . -
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..
to ‘real life’ situations. The computer Ean simulate
problem solving environments; therefore,-problems assfgned
should provide realistic experiences 'in fhe arQa"Bf
mathematics being taught.

&. The particular topic should bé required for or helpful
. K . Y .

in® future work in mathematics ; that is, it should be
‘ &,
useful to the student at the University level in the study

- of Ca]cu]us, or applied mathematics courses, -
o .

-

Elementary Algebraic Concepts

Thevbasic concepts in algebra that are defined here
are those which generalize the arithmetical procedures
such~‘a$ place uéluekvsystem; addi tion; subtraction;
multiplication; ‘diuision; prime factorization; positive
and negative integer or fractional exponents; and simple
.factoriné using the distributive 1aw; foh/example, éx + bx
= (a + bix. These are ,reduired in most algebraic
procedures, and the abilit» to manipulate equations using
these operations is necessary for higher algebra, and for
solving most problems 4whicﬁ occur in real world
‘situafions. The\ability to express a word problem as a
relationship between wvariables and then to solve the
function obtained is the ’underlying concept in
problem-solving. “It Rﬁs becoming‘ increasingly lecsg

important to solve equations because of the- numerous
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5
whiceh car ‘salve

computer' algebra‘ systems auailéElé
equations, but it is becoming more important to be able to
definé tHe relationship be tween the variables. However it
is still imggrtan; to sclve lineaf equations and obtain a
splution‘set either by graphing or a}gebraic,manfpu]ation.'

The following topice are considered essential using our

notion of basic cdncepts:

1. a/bv + ¢c/d = (ad + bc) / Ebd ahd other addi£ion,
subtraction, division, énd& multiplication algori thms
should be taught since fhese‘operations are basic to all.
arithmetical procedures. Also the :commﬁtatiue,
associative and distributive laws,‘ addition ., of zero,
multiplication b% one, -and other properties used'ih these
algorithms should be re-emphasized., It is important for
the student to realize that in ‘prob]ems in whigh' these
operations were used,_é, b, ¢, and d_+irsf represented'the-
whole Humbers, then +fractions, decimals, rational and
irrational numbers; hence th?y Pépresent any real number.

’

The computer algebra systems can. worg @ith integers, .
rational and irrational, algebrai; symbols, and complex
numbers. It is becoming increasingly less important to be
Vable to compute long dfvision; multiply . complicated

expressions, and to add fractions either mentally or on

paper. All these probiéms can be more efficiently done on -
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the computér, hence it is more important to;uﬁderééand the
éteps being taken fn the compﬁtation s0o as to check *‘!e
‘correctness of the results.

The Caribbean Examination Council (C.X.C.) (1984)
reported that students,- on the \Basic | Proficiency
examination, showed  wéakness in eimﬁlifying élgebraic
expressions such as éas5c + 4bs3d. This indicétes that
the student did not grasp the coﬁcept of adding fractiohs,
br first obtaining equivalent fractions "with the same
denominators and then adding the numerators?

6a/5c + 4b/3d = 6a.3d/5c.3d + 4b.Sc/3d.5c

= (18ad + 20bc)»/15cd | |
Learning the concept instead of solv;ng, wi th paper_and
pencil,'increasingly more difficult but s;milar problems

which can be done on the computer seems more appropriafe.
- 4

2. Some topics taught at the lower lewels in disjointed
parts should be brought together and re-emphasized, <cuch
as Patios,‘fracfions and decimals which are all equivalent
forms. The sfudent should be able to convert to and from
decimals, fractions, percentages a5d ratios.

The C.X.C., (198&) repo?ts that on question 6 (Appendix D>
most students attempted to +find 24 and 34 of the gross
jncome, but only about 204 gained more than half the

possible marks. The graphic capabilities of the computer



74

L4
allow one to easily show the relationship between ratios,
fractions and decimale b% simulating actjvifies such as

dividingra cake and sharing it among friends.

3. Measurement problehs such}as %inding perimeter, area;
and volume are very comman jn‘arithmetic, while {iﬁdjng
thé max?ijum area and uqlumé;‘given cert;in constraihts,~
is commoen in aigebra-wdrd probléms. In most cases the
trpe ofr4figprés jusedi are limited because ‘it is
time?cohéuming to {ihd\fﬁe area of figures which are not
sdpare, Eéctangle, triangle, parajielogram, circle or any
combinéti?n of‘these. These cbnstraints<do not exist an
computer Eourseware suéh as the modules deweloped by Bork
(1987).’ Here sfudents‘can find fhe area of a blob on the
computer screen'by fillihg in sq;ares where thé size of
fhé square can4be adjusted so thét the total area of the
squargs approximate vérx closely the area of the blaob. I+
the student has learnt how to calculate theiarea of simple
figures, it is no longer necessar} tovdo mény problems
rdealing with finding the area of a similar figure. The
Knowledge of simple measurement formulae; for. example the
area of rectangle, should be applied when finding the area
of more realistic shapes such és that of a pond or 1lake.

In this way, the student learns not only how to find

areag, but also the difference between perimeter, area,
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and volume, and the <sKills of approximation. Thus the
problem df approximating the area.of a circle with that of
an. ?olygon is a simple extrapolation of the ideas
decscribed before. A _ .
The C.X.C. (1984) reparted that 85% attempted the
questioﬁ on finding the area of the given figure which
fequired division into a rectangle~and triangle, but only
5¥ gave good‘ﬁesponses, fhe‘f;X.C. (1985 reported’that -
tfinding the area of rgctang?ES and. squares, calculating
he length of a side of a <cquare given its area, and
cg! ulating the area of non-squares were topics’jn which
the students were 31J°pre§ared. The modu195wde§eloped by
Bark 'sﬁould gi;e tgé student a better understanding of

measurement in it simulation oF realistic activities

requiring measurement.

-

4, Algebraic manipulatione- propertiec Tike éxponentg
shéuld be taught: (i> an yx am = a¢(n+m)
CiiD Cahym = a¢{n x m)
Ciii> atl/n) = the nth root of a

Civ) at=n) = 1/ (an),
Exponents, rootse and factorization are all’ couehed “in
arithmetic, but the student gngTE be aware -that the rules
hold for any real number ard any variable x. These three

~taopics are used in finding the <cquare root of a number

¥
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from }ts factorization. Any humbéﬁ can be written as a
product of primes; if a prime éppears éore thén once Qe
‘can rewrite the factorizat.ion as a'produ:ct of different
primes to some power. I the exponents of ite factore are
even, then yau simply‘use the properties of exponents to
determine the square root., Sup&cse the  prime
factorization of M = A %,A X A x A x BxBxCx C x D x D
x D xD xDxD can be rewritten as |
M= A4 x B2 x C2 x D6 = A2 x B'x Cx D32
Therefore the“séqahe roct of M is A2 x B *'C_x D2,
Algebraic manipulation develops logical and phe;ise
reasoning <kills, and wherever neceséary, exercises to

obtain this skill should be performed.  Such an exercise

is recognizing patterns in when given a2 se

‘ example; given 1 + 3 =4
1+3‘+5'=9_\
1 + 3 + 5 + 7 =

16 W ‘
find 1  + 3 + 3 + 7 + % + 11 + 13, These exerclicses
only develop some deductive and heasdwing skillé; but also
tie together geometry and algebra. f

Another form of algebraic manipulaticon is ;umMation.
Although it is an arithmetical procedure, when it is used

in describing, with a set of wvariables, the pattérn of a

given sequence it becomes an algebra problem. Bork (1987)



sars that logical reasoning skillsg musf be taught because
studies show that they do not develaop naturally.
Summétion is also very important in statistics.°

The C.X.C. reported that on . the i984 General
Proficiency examinatioﬁ_almést all the students attempted
to sglve a problem designed to test tbese skills, but’only
10% scored half of the marks assigned. The sfudents were

also unable to work with negative fractional exponents.

S. Factoring and solving easy equations where the

distributive law is used should be taught, but factoring

N

of quadratics and higher degree polynomials should not.

The quadratic egquation should be used to solve polynomials
‘ T

of degree two.

-b/2a + (b2 - 4&:)1/2

K =
“or x = =b/2a - (b2 - gacrl/2
This ?brﬁula is important as it is used all ﬁhrough the

mathematics programme at the university leﬁel.'

The C}X.C. “1985) reported on the General
Proficiency examination that about 204 of the <ctudents
tried to solve the word problem involving a quadratic anﬁ'
a linear equgtion. 30% gave satisfactory;responses; tEe
others were unable ‘to’ express " the Lfelationshipe

algebraicaliy ewen when .given the srmbolsz' and the

st&&ents who obtained the correct equation could not

o
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factor fhe*expression. The examples belowliffustrate the
‘type of problemsydone badlr: , ,
(a) If 8a -1 = 5, solve for a.
. , |
(b> Simplify éx — 2(x — @ = ?

(c> I+ a = -3 andsb = -3, find a - b.

4. In order to solue equations, the compute; wi}l ask for
the function so the student should Know the diffgrence
between an equation and a function. The computer, when
given a function, gives a table of pairs, (x,r>, of
values. Therefore it fs Qot important for the student to
maﬁually complete a table of (x,ry}) wvalues. ft‘ 1S,
however, important for thé the student to be able-to give
itHe roots, intercepts of the equation,:and the performance
of the graph fon{increasjng and decréasing values of X u
With this information the student can sketch the graph, or
defermine thhe correctness of the graph done on a computer.
The student should not spend much time skKetching numerous
graphs w;th paper and pencil, but use the time developing
the skill of describ}ng what: they should look like, and
what are its minihumaand maximum points, roots, domains
and ranges and many other proéenties. The fime used in

P

E sketch{ng graphs could then be - used in solving word

<z

.problems. .



. The C.X.C. (1985) reported that oﬁ the General
Proficiency examination one of the 'queétions tested the
student’s ability to sketcﬁm guadratic graphs and make
inferences from it} two—thirds af the @fUdehtg attempted
this question, but only one—quartéf of those who attemptédj
the qugstion gave .satiafactory‘ responses. %hei main
difficQItiés were in solving the equation and {n reading
the graph. The C.X.C.‘ (1984) also reported that many
students were- unaware of the chéracteristics, such as
max imums and minimums, of the graph of a quadratic
fuhctioh, and the rélationéhips be tween the axis of the
parabola and the roots of {(x):=0.

The use of the computer for the cal<ulations imposes
on the student the need to understand the relationships
and characteristice inherent in the problems rathe~ than

obtaining values with no meaning.

7. Graphing of linear equations and inequalities.
Since the computer graphic sretem will be used in

most cases to produce graphs later on, the studgnt only

_needs to spend a small amount of time on paper .and penci

graphing in order to understand the Cartesian co-ordinate

csyetem.



General Algeboaic Topics

@

To determine whéthe? the topics should remain in the
curriculum or how much ;mphasis should be placed on fhe
topic, the ?o]lowing questions will be asked: Why is this
taught? 1Is the topic useful in the future? Can we solve
real. world probléms with the information? Witl .the
information bev.required only by a <cselected mumber of

students? The topics'which appear to be mnecessary for
~higher algdbra or ca]culu;, for sofvfng‘ problems which
occur in the ‘real world’, and for developing‘in students

skills such as deductive and logical reasoning ability

will be listed in the following pages.

1. Bases

Computers, other thén computer algebra systems,iuse
binary operations. Therefore to understand the operations
ot the computer; the student should be ab]leo work in
different bases,'fo cenvert to and from base. ten and other
base% with some competency. The computer readily changes
from one base to another as described earlieﬁ. For
example, to convert 497 from base ten to base six: |

497 = (82 x &) + 5

82 = (13 x &) + 4

13 = (2 x &) + 1

2= (0 x & + 2



81

497 = 2145,

Similarly we can describe an algorithm for conuert;ng_froh
any bas;Aback to base 10; Fihst obtain the digits.of the
number, al, a2, a3,... ai(N+l}) and the base z. I+ the
number has N+1kdigits, then éualgate the polynomial
al.z"N + a2.z2"(N=1) + ........ S+ aN.z + a(N+1).,
This topic is inadequatély covered 1In a}ithmetic, but 1t
is considered'important fér the binar?~notation system.
An important consequent of teaﬁhing bases is that it gives
the student a gocd)grésp of the place walue numeration
s¥stem which is not unde and whep counting is leafnt by
rote. ? q
‘The C.X.C. (1996) reparted that in the Basic
Prgficfency examination students | showed a lack of
unaerstahding of binary operations, and in converting from.
A ‘ e . :
_base five to base ten; im - the General Proficiency
examination studentse found it difficult to write,  a number

in expanded formsin the base eight numeration system.

2. Greatest 'Common Divisar® N
:/ Euclid’s Algorithm for finding the greatest common
divisor. cf two integers is an importapt topic because it

formsftherba:is of factoring and division of polynomials.
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a =4(bx ql> + rl
b = (rl x q27 +r2 \ *
rt = (r2 x q3> + r3 ‘.’
rg = {r3 x q4> + r4
This procedure ‘continues until the'remaindfr r is zero,
and thisi prpcgdure wjl] stop %because there exists a

decreasing sequence of remainders rl, r2, etc.. Then we

usw the propertyathat'i4 an integer k divides M and k also

divides N, then K divides (M+N).

3. Polynamials - . : '<?

N

‘TthAtop}c is considered to be importa;%%eince it
plays a very important role” in higherpmathematics.
(a) Algebraic suﬁ o#ﬁpolyﬁomials
Let Al{x> and B(x) ‘be p61§hom$als ;f degree n and m
respectively, where m and n aréiQhole numbers. The next
step, starting wi th fhe highe;t power, add coefficients of
x with the same;pbwérs. Al the compdter'algvbra Sy;}emé
perform this operation, therefore it Ls ihportant‘only to
understand the steps ,in the proced;re, and té pr§c£ice
with polynomials o#idegree at most four, | | | |

The computer algebrafsystems available ﬁerfbrm the -
addifion ot polynomigls when simplifying an expressibn, or
when finding the roots of an equatidn. | It  §5 not
important éo perform many such gxercﬁse%, but f@e s;udent

e . o
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shéuid undersfand, and be able to describe the steps in
the addition algorithm used in the courseware. Iﬁ many
cases the studen;mgaes not understand what.steps should be
p;rfdrmed; especially whenrthe coefficients are rétionél..
Since factoringrof polrvnomials of degree higher than two
is nét recommended; exercises in manipuléting polynomials
iFOUId pot contain a degree higher than three or four.

id . L .
The use of the computer for these exercises, and shifting

- the -emphasis to understanding the steps® encourages the

develaopment of@precisibn and logic in thinkiﬁg. L

-

(b)Y Multiplication %ﬁApoiynomia]s My

Muitipl}cation of polynomials i3 an extension of
multiplication using the distributive Jaw. ~ It 1s only

necessary to perform multipiicatigns such as,

a(x + y) = ax + ay, xCax + b) = ax2 bx, and

"Cax + blicx + d) = acx2 + bcx + adx + bd

@

= acxZ + (bc + ad)x + bd.
The preoduct of polynomials Alx> and BLx) is another
pcolynomial, say'Caxlp of degree n+tm. ~ special case of

multipliicatton of polynomiais is-expanding «(x + ¥)N_ The

coefficients of (x+>)n lcan be obtained from Fascal ‘s
RS

Triangle. i A
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then . { ‘
1 1
1 2 1
1 3 3 1
1 4 é 4 , L
For example, (g YYOZ = %2 4+ o2xy + ¥2, Thfs method of
mgltipiying polynomials IS used in many computer

programmes, and should therefdbe be introduced to the
students. In most cases in problem solving, the student
does not require a knowfedge of solving equations of
degree higher -than fwo, so it is inappropriate to spend
vafuable class vtime manfpulating polynomialzs of higher
dqgree.

M\
(dY Division of polrnomials

The C.X.C. reported that on the General Proficiency
examination students were unabfe to identify which of
a2 + b2 ; a2 - b2 |, (a - 2 ; or 2a + b2 contained the
tactor (a3 + b). The ability to divide simple polrynomials,
& Qquadratic equation diui&ed by a linear, 1< neceésarr

si1nce the Advanced 1eye¥ examinatians
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require the student to sketch fhé graphs ot rational
functfons. If the stgdenté cannot obtain the graphs on a
handhe{d computer, a Knowledge of division is needéd to
find. asymptotes in the graphs. Ho@everl einée such
computers dé exist, it becomes less impoffant as the
computer becomes more available for the student to perform
this operation. Therefore division of polynomials should
anly b; taugﬁt Jas #s aﬁ extension of the Euclidean
algori;hm méthod, tor finding the greatest common divisor;
a.procedure sometimes used by the computer to. carry out
this operation.

Alx) /7 B(x) = C(x) with remainder R{x)

ACx) = Bix).COOH + RxD
if the degree of A{x> = m, and degree of B(x; = n, then

degree of C(x> = m-n, and degree of Rix)» ¢ or = n-1. For

example, if Aalx) X6 + x4 + x
B(x) = x2 + x

then C(x>» = ax9 + bx»2

and R(x) = fx + g

o

(e) * Greatest common factor of two polynomials
By extending the idea of division one step furtheﬁ, we can
find the greatest common factor of two polrynomiales AOx)

and B(x).



ACx) Bix) . .Qix) + ROx)
Bi(x) = R(x).Q1{x) + Ri{x)
R1{x) = R1(x).Q2(x) + R2Ox)

L

degree of RZ(x> < degree of Rl{x) ( degree of R¢x), hence

the algorithm stops when R(x> = 0.

“¥3 Finding the value of a polynomial §t a éouht.x = z.
One method of fiﬁdiné{the;value of a polynomial ACx)
at a point x = z'is‘by using Horner’'s algorithm. Th]s_
question can also be rephraséd as a division probliem:
divide A(xY by (x =~ z2), The first stéb in Horner’s

=

algorithm is to write the polynomial in descending degrees

‘of x, placirig a zera wherever some power of., x is missfng.
Now write the coe++}cient5 of the polynomial on thg first
row &, bﬁ,c, etc.. In the first place of the third row
write ghelséme value which appears in the first zlace ot
the first row, that is a = A, In the second place of the
second row write the product of é and z, and 1n the éecond
place of the third row write the sum of A.z + b = B. " Mow
-place B.z in the third place of the second row, énd B.z +

—

c =C in the third place of the third row, oy will
=5 . j

finally obtain a polynomial with coefficients A&, B, C,.
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arnd - degree one less than the degree of the -polynomial

Alxi), For example, AlX) = x"3 + 4x°2 = @x:¥ 7 at
x = 2 _ e
i 4 -3 7
2 2 12 18
{ & 4 29
Therefore COx) = x2 4 4y + 9 and R(x) = 25. UWhen R(x) =

0, the value x = a s a root of the equation,

éormu!ating such a problem helps the student to
develop the abil ity to set-up flowcharts, a set of logical
and cequential steps, to a&approximate aaswers, and  to
understand the steps taken by the comppter to produce a

salution. In most cases the ability to find the rcots of

= e

an equation and to sketch the equation is necessary only

2

for doing well on an examination; an understanding of the

steps is more appropriate to current technology.

Word Problems and Probiem Selving . E
4, Algebra is essential in solving word prob]ems, but a -
common argument used by students to exp]afn'the;r baredom
in mathematics is¢ that word problems such as age and
mixture are not reatistic, and are of little‘ use 7;

assisting them to cope in society.' The computer allows

realistic simulation of wordupboblems; for example, TRIP,
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described by Gould and Finzer (1%981), is a computér system

for animating' time—rate-d}stancg probiems., TRIP was

designed for ctudents who can <scive algebra}c equations,
Jut have difficulty setting-up the equation. UISICALC, an
electronic spreadsheet ¥§r solving problems rlnvo\ulng
price, cales, cost, revenue and profit, and TK Soluef, an
equation solver, Dboth designed by Software Arts are also
available,

Another example, is one described by Kelman (1983

a

Qhrch is;guailéble on the microDYNAMO courseware:

Rate = K gtemperature of coffee - %empérature cf room)
le the formula for determiming how long it would take for
a cup of coffee to cool to some drinkKable temperature.,

Bork and Trowbridge (1%987) also deécr{be learning modufes,

using socratic dialogue written as programs in Paccal on

the Terak 3510 microcomputers, which aid n problem
soTving. Mot only 12 1t important to be ab\é to formulate
and sclue realistic word preoblems, it iz alsoc important to
understand formulae inva problem solving context.. Kelman

sars, "It forces the student to consider what effects

different parts of the problem have an each cther, and 1t
allows them to consider those probiéms; which 1t makes no

sense to talk about”. f(p., 822, For example, 1n finding

the csguare rooct.of a number, it would make no sSenze to
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ralk ;bout square roote of neéative numbers, but one 6oqu
talk about rcube"’r-oots of negative numbers, ‘The
microcomputer makes available a new Kind of problem i an
appﬁopriafa problem—-zsclving environment, The ability b%\
computer algebra systems to allow students to exbréss a
question tr =ymbolic form, and for  the computer to
calculate the answer in such a.form; enables the étudent
to ask "what #" quest;ons better than if a specific

solution was obtained. It is more important-to search for

1

varitations, exceptions and standard behaviours than to
abtan an‘answer.

The following question appeared .Qn the Generai
Proficiency 1986 examination:

The graph provided shows the fall in
temperature of a body after it was put
into a special container to cool.

- (a» Using the graph, estimate
i) the temperature of the body four minutes
after It was put into the container ‘
fri13- the average rate of cooling of the body,
in degrees per minute, for the first twelve
minutes, after being put into the container
Crit1)  the rate of cooling of the body when
1ts temperature was &4 degrees. '
(b2 Assuming that after 20 minutes, the
temperature of the body continues to fall at
a constant rate, estimate the temperature of the
bod» | hour after being put inte the container.

The C.X.C. reported that %4.2/ of the students attempted

\

this gquesticon intended to test their ability to read and

-
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interpret information presented graphicaiTy.,‘Only 107 of

the answers were rated‘satisfactory or better.‘

The C.X.C. (i?86) reported that on both the Basic
and Proficiency examihat:qns &tudeﬁts were unable to find
the cost price’ gLyeﬁ the sellind price and percentage
profit, and they had little knowledge of the terms ‘gross

. itncome’ cand “taxable income’” in simple problems.

S. Functions, Relations and Plotting of Functicns
Al1l the above concepts will be uf%]ized in salving
equatione and the plotting of functions. Aﬁ »algebracc
equation f(x)» = 0 of’degree n has n roots. Now suppose
x = al is?a root-of ¢(x)=0, then
+<;T\Ek\px - ai>.é1<x> degree of f1i(x) = n-{

fl1ixy = (x - a2, degree of f27x) = n-

[N

FNOxD = (x = a1),(x = 82 .0x = a3) .... (x - aND.A

T
where al, a2, a3, etc. are real or complex numbers, and &

i canstant, - » ‘ T

~

~.

The student should be abf@ to recognizé a functional
~relationship N & word. problem, and to expresz the
re%ationshié 3¢ & mathematical formula. Aleo, becaucse of
the importance of statistics, the student should be able

tocgise a3 suitable function when giwen & plot of some
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“experimental data. There are many function plotting

programs available, Where it would take - at least a few

E=3

class sessions to discuss the differences in.the.ghapﬁgﬁ‘

y = f(xJ y = f(=-x oy = 2 f(x)
y = £02x) y = f(x = 20  y = f(x) - 2
y = fix + 3> y = $(x) + 3 y = 2 f({x = 20 + 3,

N 4

it,takeé‘on]y a couple of minutes to d{splay these graphs

)

on the screen. Hence the notion of functions, equations

and pltotting graphs-shoﬁld bevkadéht in the high schools,
but the student %hOu[d not sﬁend;S.to & weeKs of class
time ﬂegrning how to set up.the funqtiPn; graph it and
then describe fts max imum, minimﬁm, récizt étc.; Tﬁfﬁh
student not only learns afgebra,'but also some geometry;
such as shifting, expanding; shr;nking aﬁd othebl
transformations,  With the comﬁuter, .in the case of
quadratice, Knowing the gquadratic formula and applying iér
to;'0btain fhe roots, and béing able to describe the
fu%ction, and rfinally checkiag your image of the;;graph
with one-on a computer screen would %ree up lots of time
tc work more app!igafiqns‘and to ésk more questions about
the dynamics ‘04 the functibn.- Also the word problems

should be morevvaried than the usual projectile and profit

and loss problems., Fe; et al., (1985 say of the computer’

£
g

in the classroom,
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... It begins with real-world situations and
promises the best motivation: learning
something obviouslty useful. It sidesteps the
almost unsolvable question of ‘How much
technique is enough?’ by allowing students to
progress as far as their needs and interests
permit. It stresses informal easy—to-remember,
and powerful successive approximation and.
graphic methods that should do much .to build

" the intuition our students so often miss in
our- haste to teach manipulative rules for the
many algorithms required by formal methods. (p.1Q

The C.X.C. (1984, 1985, and 1986) reported that

- students showed weakness when using functional notation onk

both the Basic and General Proficiency examinations. The

advanced feuel examination requires that. the student
shouldéﬁe able, when giueg a quadrétic equatioh inq one
variable, t§ solve the equation, to %fnd maxima and minima
by.completing fﬁgisquare, and to égeich the graph. Al
thece operations can be performed by the computer, ;nd the

students should be able to perfbrm these operations, but

rather than ?ocusing on(ﬁerforming these operations the

time should be cspent applying the ,knowTedge to solving

more ‘real worid’ problems. \ ’ >

4. Matrices and Solving Linear Equations

" The Advanced level mathematics examination requires

that the student use Guassian e]iminafkoﬁrwhen solving a

system of linear equation. It i an eleg;nt method, and

: . : »
one which the computer uses in solving a srstem of linear

92
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equations. ,Baéic matrix arithmetic, such as addition, .

subtraction, scalar multiplication, and multiplication of

matrices is used in so]Oing_}inﬁj} gqyatﬁqﬂg.
(a) Addition of Matrices ' -

Suppose A and M are two m x n matrices, then A + B is»aﬁso
an m x n.matrix with each of its entries being the sum of

‘the corresponding entries in A and B.

{(by Subtraction

Similarly, A — B is an m x_h matrix‘wjth each entry being
the difference of the cqfrésponding entries in & and B.

(c)> Scalar Mu]tip]icatii; . |

If ¢ is a constant and A ah‘m,x n matrix, then ;é is;an m
x;nrdgtrix where each entry inm A is multiplied by.cf

(d> Mgltiplicatiog

Given two matrices A, an m x n matrix, and B, an nox s

matrix, then A x B is an m x s matrix. For example,

L ! 2 3 [ 2 3 -
A = B =
3 2 1) ‘ 1 2
| o1
f 1x2 + 2x! + 3x0 1x3 + 2x2 + 3x11
A x B = ' | , _
3x2 + 2x1 + 1x0 3x3 + 2x2 + Ix! 1

The student should be able to solve a system of
linear qquatjons in at most four variables. Solving-ef a

srstem of linear equations is important in_  many
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application prob]ems,‘but’there many calculators available
’whi:h make hours of paper and pencil manipulation

unnecessary. {One needs only to Know how to solve a system.

e - —

of linear equations in two unknowns to understand the many

P - -

steps taken by the calculator tolobtain an answer. Let us

take three equations in three unknowns

Xy Yy Za
(1) ax + by + cz - d = 0
(2 ‘ex + fy + gz - h = 0
) ix + Jy + Kz - 1.= 06
For example (1) 3x + y + 2z = 13
(2) X + y -~ 8z = -1 ’
{3) =-x + 2y + 5z = 13
(10 7= (2) = (4); 2x + {0z = {4
(2> - (3 = ($H:  3x - 21z = -15
3 x (4): éx + 30z = 42
2 x (5): . éx - 42z = -30 o o
72z = 72
z = |

Substitute z = 1 into equation (4): 2x + 10 = 14



Substitute x = 2 and z = | into equation (1): & + y + 2 =

12 to obtain » = 5, " (The HP 28C handheld computer gives a

Ay

solutfonv for this system of linear equations in 10

ceconds.)
v Mafrix operatidﬁs are import;nt for thelstudy of
higher mathematics, but the ability to solve-a system of
linéar equ#éions ié necessary to solving “real world’
—problems; therefore both fopfcs should }emain in the

curriculum., However, finding inverses and determinants of

matrices seems inappropriate with the available technolgy.

7. TIrigonometry 4

LY

Since this topic is usu;lly introduced in the high
schgols Cin Algebra 11 and 12-or the last two rears of
.high school), and 1ncorporate§ geome try, measuremenf; and
functions and relations; it is an essential area of
mathematice which should not be omitted.v Tfigonométry‘is

required not only at University level, but for any applied

F

mathematics course since it s Qseful‘ even to the
carpenter. ’TrLgonometric concepts evolve from both
arithmetic and geometry, For example, given a circle

-

which has 340 degrees and any cector or fraction of the
circle you can find the angle which the arc subtends or
given a right angle ¢triangle you can introduce the six

basic trigonometric Ffunctions: sine, cosine, tangent,



identities, toc simplify trigonometric expressions, and to
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gecant, cosecantk'hqd cbtangent. Now that we see that
trigonometry is an important link in the chain of basic

mathematical concepts, we have to decide what are the

basic concepts in-trigonometry and what ¢an be now done on

the computer. . The HP 28C dispiays the graphs of °

=

calculators operate in both ‘degrees and radians, and to

distinguisﬁ between ‘the two one must _.understand -the
relationship ¢in - muMath the 'angles are assumed to be
measured inAbadians)f‘
(a2, Ré]ationshiﬁ between. degrees and radians.
A radian is that angle A subtended}at the centre O of a
circle by an arc of iength equal to the radius.
2.HP1 radians = 360 degrees ) .
1 radian = 180 degrees /P#Pl’= 57;295779513..
The sfﬁﬁent is required) to be able Vto prove

trigonometric identities and to simp]if) trigonometric

‘equations because these skills are required in calculus to

sketch the graph of trigonometric functions; he or che iz

also required to set-up an expression in a form which

makKes it easy to differentiate and integrate. The ability

*of the ’cdmputer algebra <eystems to prove trigonometrig

differentiate and integrate complicated trigonometric

trigonometric <functions in less than 30“‘Sec0nds. ~ Many
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4uhctions make it less - important to perform these
operét(ons wigh paper and‘pencil.‘ Nat only i; it time
conéuming,‘ but it does not take advantage of the
B : . -y » o , .
available te;hnology. The time can be better spent in

understanding that the derivative is the slope of the

- b2
s

tangent line to the graph, and can be used . to find.

T .
maximum and minimum points.

8. Logari thms, Léaérithmiérand Exponential Fumctions

It is importaﬁt to tie - together the Eelationship

be tween éxponenta,and/+égarithmé co that it becomes an

intuitive and natural step in algebra. »Thi% topic s
required in h[gheﬁ algebra,invordeh to golue broblems in
‘population ghowth and radioéc{ivevdecay; Therfore it is
necessérx/fob high-school students to undérsfand the
basic operations. Graphs 70? gboth logarithmic and
exponential functions are egsilr obtained on- computers,

and problem solving courseware for thesg type of

%
2 s

problems will be adgilab]e in the futﬁre.% Therefare

only the basic operations should be taught ifiaecessary.

1y = Xa,, then logy = a.,—-
So one would exp;ct the properties of‘logarithms to“be
similaf to tﬁe”propertiesbof'exﬁopents:

i lag x¥ = log x +.log ¥

A log x/y = log x - log ¥



Ciii) log (x3) = a (log x>

9. Differentiation and Inteqration

Although differentiation and integration are not

. done at the hibh school level in North America, it is a

Eequiremént of ‘the Advanced level s»llabus, Eﬁgelman

{1%720) describeé' another symbolic computation system,
MATHLAB,Yas 4911§ws:"Thé’;rogram (has] genuine Knowledge;
if asked “How witl you dj4¥érentiateIth7s?" fpl‘lOB?: The‘
program w‘l?/ respond © by perf&rming“,the requested
differentiation, pausing a% eacﬁ Stgp to. explain what it~
is doing. MuMath can verify. trigonometric iéenties,
c%ﬂculaté limits, andwper¥orm jndéfjnite integration 4§r

which partial 4racti5b5eare &ommonly used./‘Therefone it

~

is becoming more important to be able to perform any'othér

\
Y

than simple differentiation and integration:

Summary

We have described those topics we believe to be

impobtant and which should be taught to take advantége of

the availdble technology. Howewver, ii is not expected
\'that the computer will take the place of a1l paper and’
pencil tasks, but that the student <chould obtain the

-manipulative skills necessary to understand mathematical

concepts, and be able to determine the reascnableness of
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the answer obtained on the '¢omputeﬁs. - Developing in

students a better understanding of the mathematical
concepts is more importaht than doing many exercises or
learning by rote. Also the tqpicé should not ‘be

introduced in pieces at different class levels,  but in

'wholg and integrated parts; eath»topic fied to the other

'so that there is a naturé] and imntuitive approach to the

next topic.,

With the computers available, only that amount of

calculation which is necessary to obtain some manipulative

skill will be done with paper and pencil. At the same
time the basic concepts will be introduced to the student
zo that the student wiTl irela{é the probiems to all

problems of that type, and computer displars and graphs

will be used to aid in wunderstanding the topic.
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. Objectives of the Basic Proficiency Examination
The Bgsic Proficiency examinaﬁfoﬁ ‘consists of
questions ;n njne topics: sets, relations and gfaphs;
camputation, number . theory, .meaéuremenf, cansumer
arithmetic, s}atistics, éléebfa and geometry. A Copy,of
the curriculum could hot be obtained, and the specific
obJectibes, d? each of the nine topics given below, were
determined bfrom c;pies ,o% the actual ‘examinatiOns +ro;

different ryears,

The specific objectives (S.0.) for. Sets are:

1. Describe\ a set, and give examples of well-defined
sets,
Example: The set of numbers qgreater than -3 and

less than +5 can be symbolically represented by
‘ (A (n: n < -3 & n > 5 ‘

(B (n: =3 < n < +5 O
(€ (n: n > =3 & +3 < n )
. (D) ¢n: -3 > n > +5 )., _
2. List the members of a set from a given descriptiony
3. Use set notation to describe a set and its subsets;
4, Ildentify equivalent and equal,kand define the

difference between the two;

3

S. Describe the differences betweennfinfte and infinite

sets using one-to-correspondence;
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4, Calculate the ‘number of sub%ets of a ‘set of n
eTements;

7. Find the complement, union and intersection of given
“ N -
sets,

Example: 0n csquare paper where 0 is the origin
and A is the point’(S,O), show by careful drawing
and shading the following sets: '

@ = (¢ E: QOE< or = 3 units) and

R= (¢ F: AF{ or = 4 units> '
(i) Clearly indicate, by shading, the region which
represents @ intersection R. -
(ii) List five points (with integral coordinates)
. which are members of Q intersection R. )
8.. Construct and ucse Venn diagrams toc show subsets,

complements, intersection.and union of sets, and
solve problems inuvolving not more than three sets-

Example: In a class of 35 students 23 do
Integrated Science, 20 do Agriculture and 6 do ’
neither Integrated Sdience nor Agricul ture.
(i> Let x represent the number of students who
do both Integrated Science and Agriculture,.
Draw a Venn diagram to illustrate the data
given by putting in the appropriate regions
" the number of students taking only one, both,
\ ar neither of the two subjects.

(ii) Form a suitable equation in x and-ssoclve -
tt to find the number of students who do bath
Integrated Science and Agriculture.

. The specific objectives for Reiatiggs agg-Braphs

are:
.- Recognize a relation;

Example: A man had $100. He went to a meatshop,

a bookstore and a drugstore. He spent three
timee ae much money at meateshop ae he did at the

¥
B %‘}
[ 4 F« %ﬂ
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drugstore. He spent $12 less at the bookstore
- than at the drugstore . He then had 37 left.
{a) Using $x to represent the amount he spent
at the drugstore, express in algebraic terms
(i? the amount he spent at the meatshop
(iid> the amount he spent at the bockstore
(b> Obtain an equation for the total amount
of moriey spent and hence calculate the amount
he spent at—the drugstore.
Give the set of ordered pairs which satisfy a

relation;
Example: Complete the table for the function

y=x% 4 o2x -2

- - ———— Y — . ——— T . M - — - — ————— i ———

Use arrow diagrams to show relations;
Describe a function as a 1 to 1 mapping;
Use cet notation:*to describe linear functions;

Use the functional notations 'and draw graphs to show

variations; e.g. fix =-> x2, or f(x) = x2 and 4 —
y = 2)(2;
Example: Jean has twice as many 10c coins as

25c coins in her purse. She hasg less than $2.60

in coins. Let t be the number of 10c coins and
the number of 25c coins.

(i) Write down two algebraic statements to

represent the relations (a) between the number

of each type of coin; and (b) the total value

of each type of coin and the total amount of

money Jean has,

(ii> On a sheet of squared paper draw draw

graphs to represent these two relations,.

(iii) List all the possible pairs of numbers of

10c and 25c coins which Jean could haun in her

purse,
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10.

1.

12'
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Draw a barlgﬁart, pie chart, histogram, frequency

b P

polygon; and the rectangular Cartesian graph of a <5etva

—of data;

Example: One month Mr.Ragbeer spent some of his
income on food (FJ), housing (H>, and
entertainment (E>., He saved the rest (S). The
‘chart illustrates how he used his month’s income
of $720.00. About how much did he save?
(A $300.00

(B) $240.00

(C) $90.00

(D> $45.00. -

Interpret data represented in pictorial form;

‘Draw and use graphs of linear and quadratic

functions;

Find ‘the gradient of a ]ine‘as the ratio of the

o

vertical risevto the horizontal shift;

Example: 4

(a) Using a scale of lcm to represnt ! unit
on each axis, plot on graph paper the points
P(2, ~-1) and Q(-2, 5. ‘

(b> 'Calculate the gradient of PQ. :

(c) Determine the point where PQ meets the y-axis.

(d) Write down the equation of PQ in the form
Y = mx + cC. . ,
(e) Hence or otherwise determine the solution of

3x ~ 2y = 4 —
, x =y =1 :
(f)> Shade the region of » greater than or egqual
to (x = 1) for x greater than or equal to zero.- N
Solve problems dealing with exponential growth such™
el

as population growth, multiplication of'bacteria; and

compound interest;

- SRRV

Read and interpret graphs of exponential functioné;

T

&
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12.’>Read and interpret graphs of exponenfial fhﬁctions;

13, Uece graphé to find the sotution set of a system of
) linear equations; |

14. Find the zeroes of quadratic eduations;‘ .

15. Draw graphs to bepresent inequalities in one or ‘two

yariables, and use them to find the solution sets of

problems;

The specific objectives of Computation. ~
.  Perform any of the -four basis operations with .

rational
numbers;

Example: Which of the following is the best
approximation of (375 x 29) v/ (4.95 x 2.78>7
(A 1400 : : o
(B> 1200
(C> 1000
(D> 800
2. Conwert from one set of -.units to another, given a

—_—

conversion scale (e.g. convert local currencies to

g 2.

th'ose currenciec most commonly encountered in the

Caribbean);

2. Solve probleme involwing fractione, decimals,

-

percentages, ratios and rates; and be able to’convert

13

fractions to decimals, or percentages, ratios and

rates
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and vice versaj
Example: . Calculate the following:
i $19.97x%x17 ,
¢ii> 107 of $€524.00
Ciii) 125 x 0,063 x 8 x 199 A
Ectimate the result of a computation and contruct a-
range in which the exact value must liej
AppFOximate a value to a given number of signi¥fcant
figures and express'any decimal to a given number of
decimal places;
Write any rational number in the standard form

(gcientific number);

The specitic objectives for Measurement.

Calculate the perimeter of a polygon and the

circumference of a circle, and their combinations

given the necessary measurements;

Calculate the length of an arc of a circle subtended
angles which are factors of 340 degreesy
Calculate the areas of Pectané]es, triangles,
parallelograms, trapeziums, circles  and their
combinations;

Example: Construct parallelogram ABCD such that

AB = &.5cm, BC = 4cm, and the angle DAB = 3é
degrees. By making t necessary measurement

calculate the area of t parallelogram giving
your answer to the appropriate degree of accuracy.




figures; - = —

S. Calculate the areas of sectors of circles;
€

4, Calculate or estimate the areas of irreéularly shabed

&, CalcuTate the surface areas gnd volumes of simple

right prisms and pyramids;

7. Calculate the surface area and volume of a sphere;

&. Use correctly the \S.I. units of measure for

volume, mass, temperature, and- time;

area,

?. Estimate the margin of error for a given measurement;

 Example: A spértsmaster timed one of his

‘athletec owver the 100 metres dash. The athlete

took 1.5 seconds by his watch to cover the

distance. It is believed that the actual time

taken is in the range (11.5 + or - 0.1) seconds
and that the length of the track in the range
(100 + or - 1) metre. Use table or sliide rule,
to calculate the average cpeed, correct to 3
significant figures, of the runner, if
(i) the track was actually %9m long and he took
11.8s, : , s
(ii) the track was 10im long and the athlete took
11.4s, ' '
(iii) express the range within which the average
speed of the runner lies in-(a+ or = b)m/s.

lq. Make suitable measurememte on mape, or scale drawing,

and use them to determine distances and areaj;

11, Scolve word problems involving measurements;

The specific objectives for Concsumer Arithmetic.

1. Calcula}e profit and loss as a percentage;

SO e
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. S | SRR
- - »
- ‘- . ‘ B ' ¥
Calculate discount and sales tax when these are given
as a percentage;

Calculate marked pri;e when cost price and percentage

of péofit, loss, or discopnt are giveny’

iCalculaté/payments by installments as in simpie cases

of mortgages etc.,

Example: ,

i) A refrigerator can be bought on
hire-purchase by making a deposit of %480
and 15 monthly instalments of $80 each.
Calculate the hire-purchase cost of the
refrigerator. ‘

(ii) The actual marked price of the
refrigerator is %1 400. This incliudes a
‘sales tax of 12%. . -
Calculate the sale price of the refrigerator
if no sales is included. . .
Calcutlate tax, rates and bills from instructions;

Calculate simple‘intéres@kﬁdepreciation, and.compoundv

-

for not more than three periods;
Solve problems involving measures and money

(includingexchange rates);
Example: The Rates of Exchange at a bank
are as as follows: EC$!1.00 = BD$0.75
’ ‘ and Us%1 .00 = BD%1.%98
(i) A traveller changed EC$#1 400 to
Barbados currency. Calculate the amount
received, ' _
(ii> Qf the amount she received she spent
BDS$210 and exchanged the remainder for US
currency. Calculate the amount in US
currency she received for this exchange.
Calculate returns on different types -of investments;
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Example: %5 DOﬁ was put .in a fixed deposit
account on 1 January, 1984 for one year.
Calculate the total amount received at the

end of the period, if the rate of—interest

‘was 12.5% per . annum. ‘ : .
9. Solve word problems involving simple interest,

compound interest, and depreciation-

.Example: A man borrows %5000 from a bank
at 4.5 % compound interest for 3 years. He
repays the loan and intege=t in 40 equal
monthly instaliments. I¥ the bank calculates
the total interest due in the following manner:
Interest on $5000. for 1 year
+
Interest on $4000. for 2 year
T : +
e’tc .
4
Interest on $1000. for 5 years; n
then use the table to determine: '
(i) The total interest due on the loan at the
end of S5 years; » :
(ii> The amount the man repays each month, correct
to the nearest cent. '

»

The specific objectives for staﬁistics.

1. Construct a simple frequency table from a given set
of dataj )

2. Given clgse size, determine  clas5 interval,
boundaries and class limits from a given set of data;

3. Cohétrdct a group frequency téble-from avgiuen set of

datag ‘ —

4. Draw' and use pie charts, bar charts, line graphs,

histograhs and frequency polrgons;
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S:* Determine mean, median, and mode for a given set of

1o,

2

data; N o

"Determine when it is most appropriate to‘use orie of

e =
the measures of central tendency as the average for

a set of data;

Determine the range, interquartile, and semi-quartile
f _ (

hange'for a set of dataj

Use_diagramsvand tables to represent the outcomes of

ideal expebiments{

Determine relative frequency and probabilities of
simple events;

Example: A table of random numbers is opened

and a 4-digit numeral is chosen. What i's the
probability that -the number is exactly divisible
© by 357 S (AY 0.1 ‘ A .
’ (B> 0.2 LT
(C> 0.4 o . -
(D> 0.5 ‘ o

FPredict the expected wvalue of ‘a‘ given set of

outcomes;

"The specific objectives for Algebra.

Use symbols to represent numbers, Operatiohs,
: , v .
vartables and retations (comutativity,
associativity);

Perform the four basis operationse with algebraic

expressions;
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11,

inequalities ,in one unknown;
. . 3 . -7

it4

Substitute numerals for algebraic symbols in simpie .

ralgebraic expressions;

Translate verbal phrases into algebraic symbols and

vice versa, and solve word problems;

Example: One side of a rectangle is Scm long
and another side i x c¢m long. If the area of
the rectangle is greater than 5S4 cm’ squared
find the set of values of x and the least
integral value for x. =

~Find the solution set of linear equations and

'v;;»

Apply  the ‘di;tbibutiue law to insert or remodg
brackets in algebrafc expressioné;

Simplify fractions of the form aw/cy + bx/dz'wheré
a, b, c,'and d are integers and w, x, ¥, apd z can be

integers or variables;

Use the laws of indices to manipulate expressions
with integral indicecs;
Solve simultaneous linear equationg algebraica]ly;

Example: Solve the simultaneous equations
) x + 3y = 95
2x + vy =5

Use linear ecguatione and ineqgualities to solve waord’
_problems;
Uee symbols to represent binary operations, and

perform <imple computations with them;



‘The specific objectives for Geometr \- . B
. . Use protractor and ruler to draw and measure angles

‘and line segments;

. -

2.. Uce instrumernts (not necessgsarily restricted to ruler

and compass) to construct polrgons and circles;’

TN

L 3. ,Use‘vthe‘ properties ’of/ rars, perbendiculars, and

j N angles to /draw accuraté gébhetricai fiépres;

4. Specify traﬁslations in a plane és vecfors, written
as column matrices, ‘aﬁd_. recognise them  when
specified;

5.. Sp?cify what are thg felafioqs betwéen an object and

its Hmage”ﬁn a plane when it is rotated about a point
in that plane;

Example: Triangle LMN with coordinates (1,2,
(2,-1), (3,3) respectively is rotated through %0
degrees in an anticlockwise direction about the
origin. The image of triangle LMN is triangle
L°M’N”, What are the coordinates of L’;'M’,~and N”-7
é. State what are the relations between an object and

its image in a plané when reflected in a line in that
plane;

Example: Triangle PGR is rotated through 90
degrees about P in an anticlockwise direction.
The transformation maps P onte P, Q@ onto @, R
onto R7. Which of the following statements are
true? \

(A) @=Q"(B) RQ pergendicular to R'Q"

(C>» @’P" is parallel to GP (D> RP perp.to R'@".
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7, State what are thebreiationé be tween an obgject and

its image in a plane under a given enlargement in

that plane;

e

8. Identify a trancsformation in those listed in 4 to 7
_above given an object and its image;

Example: T is -a transfaormation which maps
triangle LMN onto triangle L'M‘N‘, such that
L(=4,2) =-> L7(=-2,4>; M(-2,3) -> M’(—5<2);
‘and N( -2,2> ~=> N’( 2 2.
(A rotatlon through +%0 degreeq about N
(B) reflection in the line y=x
(C) rotation through -90 degrees about N
(D) reflection in the line y = -x.
?. Identify csimple plane figures poscsescsing translation,

bilateral and rotational symmetry;

Example: If PQRS is any rectangle such that FQ
iz not equal to QR then FPQRS has two of the
following properties

I. Rotational symmetry of order 2

IT. Rotational symmetry of order greater than 2
Il1l. No axes of bilateral symmetry

IV, Two axes of bilateral symmetry

‘Y. Four axes of bilateral symmetry
Which are the properties: (A) Il andg V
, (B> I and I11 (C>» I and IV (DY 11 and IV.
10, Recognice and apply:

{a) the properties of polygons and Circ}es

(b the‘properties of congruent triangles

(¢c> the cohcept of similarify to geometric figures;
11. Use-thefproperties of the4faces, edges and wvertices

of simple solids to draw two dimensiondl

representations of these colids;
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13.

14.

'g 117
Use;Pyth§goras theorem to séivé’#ihple problems (nd
formal proofs required);

Detemine the sihe, co#fne and tangent of acute ahglés
in-a right-angled friang]e;

Use éimple trigdnometnjcal ratios to sol;e problems
based on measﬁrements in the physical world, é.g.

heights - ot bui{f}ngs, angles. of elavation "and

depression, and bearings (Tables of formulae will bQ

providéd);

-
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Objectives of the.Geﬁeral Proficiency éxamination

The cspecific objectives for Sets.

1.

Apply the results n{a U B) = n(A) + niBY - A /N B
in the solution of simple problems;
Solve h;oblems arising from the intersection of not

more than three cets;

~ Use UVenn \QiagraaﬁL\to reprecsent word problems from

~which conclusions‘can be made;

Example: In President’s Secondary School the
students study many subjects including phyrsics,

mathematics, history, 1literatures If a student

studies physics then he studies mathematics.

A student studies history if and only if that
student does not study physics. Ewvery one who
studies history also studies literature.

Let U = ¢(students and President’s Secondary School)

H = (students whe study history> R
L = (students who study literature) .
M = (students.who study mathematics)

P = (students who study physics>

{Two possible Yenn diagrams are given?’
Using -the information given above and the
di agrams given; briefly explain your decision
for each of the five statements: -
I. All physics students study mathematics;
I, Some history students study mathematics;
111, Some literature students study history;
IV. Some students study neither physics nor
history; :
V. All literature students study history.

The specific objectives for Relations and Functions

1 a

Recognise simple functions which have inverses;
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Recognise the differences between functions defined
by the same formula for different domains;

Interpﬁet and use of the functionai notation,
e.g.f(x), g(x);

f: x => x"2 + 1,91 x => 3x - 2, ¢(find

(ay gf(ly (b)) fqlly (c) ff(- \
Use graphs of a given function to determine:

' Example: Given that f, g are ct:on: :uch that
.F
2

(a) the elements of fhe aomain which have a gqiven
image or vice versa,

(b>) the interval of a doméinvfor,wﬁich the elements
the.range may be positivé or negative,

{c) the interuaf‘of a domain for which the elements
of the range may be grea?er:than or less than a gigen
value,

{d> the roots of a given function, B —

{e) the maximum and minimum wvalues of the function
over a given interval of the domain; -

Example: The graph provided shows the fall in
temperature of a body- after it was put into a
special container to cool., ) '
(a) Using the graph, estimate

(i) the temperature of the body four minutes
after it was put 4nto the container

¢ii) the average rate of cooling of the body,
in degrees per minute, for the first twelve
minutes, after being put into the container
(iii) the rate of.cooling of the body when
its temperature was 44 degrees. -

(b) Assuming that after 20 minutes, the
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temperature of the body continues to fall at a

constant rate, estimate the temperature of the

body 1 hour after being put into the container,
5. Use graphes of functions tc solve simple problems;

Example: A farmer wizhes to buy some goats and
cows,., He has pasture for only 50 animals. Goats
cost $300 each and cows %500 each, He can expect
tao makKe a profit of $250 on each goat and $350 on
each cow. -—
ta) If he has $24 000 to spend and he buye g

goats and c cows, obtain TWO inequalities
connecting g and c. ,

{(by Illustrate these inequalities on the same
graph.

- (c) Determine how many of each type of animal

he should buy to obtain a maximum profit. A
4. Find rate of change by determining the gradient of a

linear function;

7. Recognise the relation between a certain angle and

the gradient of a curve;

Exampl®as: The speed v Km per hour at which a
train i1s\(travelling after t hours is given by
the equation ‘
= 5t + 4.
i Calculate the speed when t = 0.
After 2 hours the train reaches a speed of w Km
per hour and maintains that speed for 1 hour.
Cii Calculate the value of w. o
The train accelerates again and its speed is
now given by- the' equation
v =5t + 1, when t > or = 3,
Ciii). Draw the speed/time graph of the journey
for t between.l and 8 using 2 cm to.represent : —
1 hour along: ‘the horizontal axis and 2 cm to
represent 5 Km pr hour along the vertical axis.
Civd Use »your graph to calculate the distance
travelled after 8 hours. '
8. Estimate the wvalue of the gradient of a curve by

constructing a tangent to the curve at a given point;
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?. Estimate the area under graphs by "counting squares"

or by the trapezium ruie;

The specific objectives for Geometry.

<

/1.

»

State the relations between an object and ite image:

'

(a) as a result of a composition of transformations

involving reflection in two parallel lf%es,

{b)> under reflection in two,iﬁtersectfng lines néf
necessarily at right angles,
(c) under the transformation of a glide reflection,
(d) when it is sheared,
(e) under the transformation offstretching, includ§ng
one way and two-way stretching;

Example: What ié the image of the square 

0¢0,0y,ACQ,1>, B(1,1>, €C(1,0) under the
transformation

¢ 1 -1
T =
1> 7 " e -
A second transformation U maps ¢1,0) onto (4,3),
(0,0> onto (0,0>, and muttiplies all lengthe by
a factor of 5. Write down the matrix of U.

What is the image of OABC under the composite
transformation UT, (that is, T followed by U). -
Locate the image of ax set of points when the

transformation menticoned in (1) are performed;



~J

123

r

"Perform successive transformations combining any two

of } e}largemehts, translations, rotations,

reflections, shears and stretches;

Find the eduation of a line given the Eoordﬁna{ee_of

two points, the gradient and the coordinates of one

point, or the léngths of the intercepts;

Example: M™M(3) and M{8) represent reflections in

the lines ¥ = 3 and y = 8 nrespectively. I+ P has
coordinates (r,s) and point @ = MI{8).(M(3)¢(P)),

then what - T

(i is the length of FQ

(1i) are the coordinates of Q.
Make conjectures about the properties of and the

R |

relgtiohs betwéén géometrical objects and prowve that
they are thgé'OPYfalse; 

Exémpléi$'which of the following is never true?

“{AY a reflection followed by a reflection is.
equivalent to a rotation, :
(B)Y a reflection followed by a reflection is
equivalent to a transiation, '
(€) as translation +followed by a rotation is
equivalent to a rotation, ’
(D) a reflection followed by a translation is

equivalent to a transiation.
Convert angles in degrees to radiance and vice versaj

‘Calcutate the Iéngth of an arc of'a circle;

Ca]cu]at? the area pf-a sector of a circley
Exampie: A chord PQ of a circle of radius 10 cm
is 3.18 cm from O the centre of the circle,.
Calculate (a) the .angle in radians subtended by
the arc PR at O,

(B> the length, in cm, of the arc PQ.

(c) the area, in cm2, of the minor sector OPQ.
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The specific objectives for Algebré.

1.

2'

' ) , a1 ,
Factorize expressions of degree no higher than twoj
Recognise the difference Qetween those algebraic
statemehtg which represent equations and those that

represent identitieé;

Solve quadratip equations by factoﬁization,

completing the square or. by using the quadratic
formulaj

Example: (a> Express $x2 _ I0x + éj in the

form (ax - bY2 - ¢, where a, b, and c are
integers.
Solve word problems inveolving quadratic equations;

Example: A BWIA Tri-star jet travels 80 kKm/h-
faster than a 747 jet liner. The Tri-star
takes one hour less than'the 747 jet Lo travel
a journey of & 280 km. Denoting the speed of
the 747 jet by x km/h: .
{a) Write down in terms of x expressions for
the time taken by (i) the 747 jet liner
¢ii) the Tri-star jet.

Solve a system of equations;

Example: Find the coordinates of the points of
intersection of the curve y = 10 - x = 2ZxZ

and the line » = 7 - 2x. . '

For what wvalue of x is the expression

10 = x = 2x2 a maximum? What is the maximum
value )
Prove simple. theorems in -algebra, gecmetry, and

number theory using algebraic techniques;
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The specific objectives for Statistics.

1. Use the midpoint of the class interval to estimate

2.

\

\

the mean of data presented in group frequency tablés;
Calculate the mean of data presented in group
frequency tables;

Example: The scores of 8 students of éA on a
quiz were: 32, 57, 58, 74, 74, %8, %%, 100.
Calculate: (a) the mean score. .

(b> the standard deviation, giving

your answer correct to one decimal

place. : '

(c) 8 other students in a parallel’
- form &D completed the same quiz.

The mean of their scores was 74 and

‘the standard deviation was 2.88.

- Comment on the performance of the

two forms. : ’ ,
Construct a cumulative frequency table for a given

set of data; ’

Determine from the cumulative b4requency table the
proportion andsor percentage of the samﬁle above or
below a given ualué;

Draw and use a cumulative frequency curve;

Calculate the standard deviat}on of a set data;
Select a random sample and make reasoﬁable estimates
about.some of the charactericstics of the population;

Analyse statistical data, commenting on the  average,

the spread and the shape of the freguency

&)

distributions®

W%
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7. Calculate simple probabiilities,

4 126

Example: Six men and four women, including a
man and his wife apply for a job at a firm.
¢a) Calculate the probanility that, if twe
applicants are selected at random, at -least
one of them ic a man. o .
(b5~ 1If the man and.his wife are selected,’
in how many ways can two othr perscons also
be selected from the remaining applicants.
{c) Calculate the probability that, if four
applicants are selected at random, the man
and his wife are selected.

The =pecific objectives for Trigonometry.-

1. Determine the circular functionse between 0 and 360'
degrees as the components of the position wector on
the ‘unit circle; ‘ . ; S

2. Determ}ne the trigonométric ratios for angle A;

‘?'3. Use thé sine and cosine formulae in the solution of

trianglésj_

Example: A vertical pole TF is standing on
level ground. P and @ are two points 18 m
apart on the same edge of a straight road.
running from east to west past the pole.
The bearing of F, the foot of the pole,
from P and @ is 20 and. 350 degrees
recspectively. The angle of elevation of T
from P is 15 degrees.

(i) Draw a sketch of triangle FPQ
indicating on your diagram the bearings of
F from P and Q.-

{ii> Calculate the distance PF ,
(iii> Calculate the height of the pole TF.

.4, Calculate the area of a triangle given two s%ides and

the included angle by meanc of the formula



Grea of “aBCl= 172 ab sin Cj
5. Prove simp]é trigonometric identities.
~ Example: Prove that

cos x + sin x. tan x = I/COS‘XVfOP % between
--0 and 90 degrees.

The specific objectives for Yectors and Matrices
1. Add vectors by the triangle or parallelogram laws;

Show that a scatlar may be distributed owver addition

Z.
of vectors;
3. Associate a position wvector ‘with a given . point _

PCa,b);
4. Perfohm'pre— and post- multiplication of matrices;

S. Show that matrix multiplication is not commutative;
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APPENDIX C S

Objectives of the Advanced Level

. ] e
Examination
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The Ad;anced ]quf mathematics examination Syllabus C
consists of four papersz. Every student must write
Papef 1 whith consists of several brief. QUéstions,

and sewen 10ngér questions. On paper | students must

answer all thd brief questions and four of the seven
longer questfions., Students must write seven
questions ‘two of the three papers. Papers 2, 3 and

4 contain five questioné each on Farticle Mechanics,

Probabili.ty and Statisticse, and Pure Mathehatics.

The Specific GbJectives for Paper -1.
Addi tion, subtraction, multiplication and division of

polynomials;

Find the roote of polynomials using the Factor
theorem;
Sketch the graphs of "simple rational algebraic .

funétions; . , .
Given a quadratic equation in one variable:

{a) solve the egquation, |

»(b) find maxima andAminima by completing'the square,
{c) skKetch graphs;

Sketch simple curves such as ¥ = K(x"n);
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i1,

16,
17.

18.
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Transform a gfaph ot the form. y = (x> to graph of
the form v = a.fix)>, » = f(x) + a, ¥y = f(x-a), y =
flax?;

Uee the six 7trigon0hetric functions and their
periodic-properties and symmetries; | N
Simplify and solve trigonometric equations wusing
formulae such as siniA +'B), sin‘2‘é + cos"2 a =1,

1 + tan"2 =sec"2 A and r.cos{A+b); ’
Sketch the graph of>simplé trigonometric equations;

Calcu}ate the approximations sin x 7 x, tan x ~ x,

and cos x 7 1- 0.5 x"2;

Find the angle between a line and a plane, between
two planes, and between two skewed lines;
Find the sum of arithmetic and geome tric

progressions;
Use binomial expansion to find (1+x)"n;

4 .
Vectors in two or three dimensions, multiplication by
scalars; . \
Given & function determine whether 1t s one-to-one
and if it is find its inverse;
Graph a function and its inverse;

Use simple logarithmic and exponential functions;

Define the derivative using limit;
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249.

25.

26.

27.

28.

State the derivatives of standard functions;

Use differentiation in finding gradiente, maxima and--

minima, rates Qf change, and in curve sketching;

Use ‘sfmple - techniques of -ﬁntegratioﬁf~ including
integration by substitution and by partz;

Evaluate definite integrale with fixed limiﬁs;_

Find the area under a curve as a limit of a sum of

areas of rectangles.

" Solve simple problems on permutation and combination;

Use the method of induction in summing finite series;
Given the matrix A find the transpose matrix, the
inverse matrix and the determinant;

Expansion of functions in the power series;

Integrate using the trapezium rule.

The specific objectives for Particle Mechanice.

l .

W

Newton’s laws of motion and motion in a straight line
stated as functions Of time, uelécitr ar distance;
Problems dealing with a smooth pulley;

Hooke ‘s law of elasticity;

Paths of projectile;

Uniform circular motion.

The specific obJectiveé tor Probability and Statistics

~



Basic probabilty Yaws such as

P AU B = Pftay + P (B - P TN B);

Use of E. (aX #b)> = aB(X) + b

»Var (X) = E(X"2) = [ E<XX) 1°2 -

Var (aX + b) = a"2 Var(X)

and uniform, binomial and Poiseonézistributions;
Knowledge of sampling methods énd. distribUtiong,
estimation of pohu]ation parameters, and calculation
of means;

Knowledge of hypothesic testing and significance of

sample means.

"The specific objectives for Pure Mathematics.

1 »

2.

3.

Find the area of a sector;

Conversiaon from cartesian to polar coordinates;
Knowlédge of complex numbers:

(f) aléebraic and trigonometric forms,

Cii? gum,' product and quotient ¢ two comhlex
numbers,

(iii» De Moivre’s theorem without proof,

(iv) use of e“i0‘= cos 0 + i sin 0Oy

Curve tketching for rational functions;
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S. Finding the roots of an equation by éimp!e graphical
or numerical methods}

&, .Solving firét and second order differential
quations;

7. Vectors and wector arithmetic;

The Advanced level mathematics examination Further
SyllabUS\C consists of four three-hour papers from
which the student ddﬁs Paper 1 and.chboses one of
Pépers 2, 3, and 4.

Paper 1 contains 12 questiones on algebra, algebraic
structure, analysis, c;;blex, numbers, matrices and
linear spaces, and vectors. Papers 2 and 3 consist
of ten questioﬁ; each on mechanics aéd statistics
recpectively. Papef 94 consists 15‘ questibns with
five questions each on mgchanics, statiétics and
numerical analysis. On Papers 2, 3, and 4, the

student does seven questions.

The specific obiectives of algebra.
1. Sketch the graph of polynomials and simple rational
functions;

2. Find the sum of simple finite series.

The specific objectives of Alqgebraic Structure.




1.
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. Define closure under associativity, commutatiQity -and
distributivity}

Use of equivalence classes and equiyalence relations}
. Detftine and use the properties of groups;

. Describe an isomorphism between qroups.

The specific objectives of Analrsis.

SKetch the gréph of the <ix hyperbolfc functidna and

their inverses; ]

. Fiﬁd the derivative of hyperbolic functions and
inverse hyperbolic functions;

. Perform éxp?icit and implicit ‘differentiatioﬁ, and
integration; |

Use integration to find mean values, centroid5,>

lengths of curves, and areas under the curwve;

The specific.objectiués of Complex Numberce.

. Prove de Moivre’s theorem for & positive integral

L]
exponent;

2. Use the propertiec of complex numbercs.

i,

The specific objectives of Matrices and Linear Spaces.
Know the properties of a linear space such as linear

dependence and independerice,



”

2, "Find the determinant of a 3 x 3 matrix;
. Find the inverse of a S'X_S matrix;
4. Find the eigenvalues and eigenvectors of 2 x 2 or 3 x

3 matrices. P

———

The specific objectivees aof Yectors.
1. Find scalar and vector products;

,2. ‘Define the properties of vectors..

PAPER 2
" The specific objectives of Mechanics.
1. Find the point of equilibrium of a rigid body under a

copfanar set of forces;

(V)

Reduce a system‘of forces to a single force through a

given point;

3. Find the centre of ma of a body;

4, Calculate relative velocity; T

5. Calculate acceleration in

checular motion;
! —_—
6. Calculate harmonic motion of a simple pendulum;
7. Calculate kinetic energy.
PAPER 3

The specific objectives of Statistics.



Know the shapes and 'phoperties of simple

distributions;

s

QSQ t-distribution and Chi-squared distribution;
Draw scatter diagrams;
Calculate correfation caoefficient, reéression‘
coefficient, and contidence Ijmits;

PAPER 4 ‘ /\$>
P%her 4 consistsfrgf three QQJiOhS:“ .mechanics,
st&tisticg and numerical analysis. The spe;iffc

objectives .of mechanics and statistice are the <came

as in papers 2 and 3 respectively.,

The specific obJectiues;of Numerical Analrsis.

1.

2-

~J

Uéevof Tay]or;s and Maclaurin’s series;

Approximate functionérby polynomials; and calculafe
the margin of error in such approximatiéns;

Solve equations of the form f(x) = 0;

Solve a <cystem of linear equations by Guassian
elimination;

Perform numerical integration wusing. the ;rapeznum
rule or Simpson’s rule;

Perform step-by-step differnetiation;

Fit simple curves using the method of least squares.
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1. Without using tables, calculate the exact value,_o'f
2.8 (4 — 2.95) \
7 x 0.4 (5 marks)
2. (a) Express in its simplest form
4x + 1 =2
4 6 . A ( 5 marks) .~
(b) Given that i » i denotes m + 3u
Evaluate 3+« {1.2) ( 3 marks)
3. (a) A car left Mandeville at 16:00 hrs and 'arrived’in iKingston at

17 :30 hrs. It travelled at an average speed of 60 kilometres per
hour. Calculate the distance from Kingston to Mandeviile.

(b) The car then left Kingston at 18:20 hrs and arrived in Montego
Bay at 22:05 hrs. If Montego Bay is 210 kilometres from
Kingston, calculate the average speed of the car on the journey
from Kingston to Montego Bay. - { 6 marks)}

4. A man had $100. He went to a neatshop, a bookshop and a drugstore.
He spent three times as much money at the meatshop as he did at the
drugstore. He spent $12 less at the bookstore than at the drugstore.
He then had $37 left. | |

(a) Using Sx to represent the amount he spent at the drugstore,
express in algebraic terms ‘

(i} the amount he spent at the meatshop

(i) " the amount he spent at the bookstore

_(b) Obtain an equation for the total amount of money spent and
hence calculate the amount he spent at the drugstore. '
{ 7 marks)

GO ON TO THE NEXT PAGE
0582/F 85
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5000 — ———— .
- T/ T
T 7 I/
’ T P77 7
L — V7 2
—— " T T } /7//47% /e
4000 — A YA
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B S 2 AV
Vo A 2 Vo
Y A /7747
3500 : T R R 1 R
- , 7 R 7 R 710, R L0
KA A
P g A

3000 ™90 1981 1982 1983 1984
| %
{a) The bar-chart above shows the amount of money invested by a
company over a five-year period. |

() Write down the amounts invested in 1980 and 1983.

(it) Calculate the mean amount invested per year over th%
5 year period. o

(ili)  Estimate the amount invested in 1985, assuming the
trend shown in the graph continues. Give a reason for.
your answer. |

(iv) Calculate the angle which would represent the amount
invested in 1983 if the information illustrated in the
Vba'r-chart above is to be represented on a pie chart.

o (11 marks)

(b) A box contains 10 similar balls, 4 of which are yellow. The
first ball taken out at random is yellow. It is not replaced.
Calculate the probability that a second ball taken out at
random is yellow. { 3 marks)

GO ON TO THE NEXT PAGE

0582/F 8% ’



6. (a)‘
(b)
o
7 ‘(a)
(b)
0582/F 85
/7

4

-4 -,

S5 000 was pui in a fixed deposit account on 1 January, 1984
for one year. Calculate the total amount received at the end
of the period, if the rate of interest was 12.5% per annum.

$5 000 was also put in a fixed deposit account at a different
bank on 1 January, 198#'“?’& 6 months. The rate of interest

was 125% per -annum. On 1 July, 1984 the total amount
received was reinvested for a further 6 months at 12.0% per °

annum. ° Calculate the final amount received at the end of
the year.’ ‘

State whether (a) or (b) was the better .ipvestment, giving a
reason for your choice. : {11 marks)

‘“‘,/ ‘

Cailcu!ate each of the following 102 significant figUres:

(i) The volume of a cylindrical tin of height 20 cm and

diameter 28 cm.

A}

{1i) The number of litres the tin can hold given that
1'litre = 1 000 cm3. B

(iii)  The volume of a spherical ball of radius 4.2 ¢m.
Calculate the least number of these balls that can be put in

_the tin so as to cause the water to overflow, if the tin contains
9 litres of water. ‘ (12 marks)

D

o GO ON TO THE NEXT PAGE
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8. a) (i)

.5 .

A refrigerator can be bought on ‘hire-purchase by

rnéking a deposit-of S480 and 15 monthly instalments
of S80 each. Calculate the hire-purchase cost of the
refrﬂgerator. -
(11) The actual marked price of the refrigerator is S1 400.
' This includes asales tax_of 12%. Calculate the sale
price of the refrigerator if no sales ta_x is included.
\ ‘ ' ( 6 marks)
. {b) The Rates of Exchange at.a bank are as follows:
- ECS1.00 = BDSS0.75 .
and USS1.00 = BDSS1.98

(i)

(i1)

0582/F 85

A traveller'charjged ECS1 600 to Barbados currenéy.

Calculate the amount received.

Of the amount she received she spent BDSS210 and
exchanged the remainder for US currency. Calculate
the amount in US currency she received for this
exchange. - ’

(Assume that the buying rate and selling rate for

BDSS1.00 are the same.)
( 6 marks)

GO ON TO THE NEXT PAGE

141
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(3a) Using a scale of 1 ¢cm to represent 1 unit on each axis, pl'ot on
graph paper the points (2, —1) and () (-2, 5}.

- (b) Calculate the gradient of p().
(c) Determine the point where () meets the y ~axis.

(d) Write down the équation of PQ in the form
}/ = mx + C
{e) Hence or otherwise determine the solution of

4
1

It

3v + 2y

X =y

Nt

WV
)

for «~

W
!

- (f) Shade the region
(15 marks)

*

GO ON TO THE NEXT PAGE

0582/F 85



10.

ABCDI s a regular pentagon inscribed in a circle centre O, radius

12 cm, as shown in the diagram above. 1Al is the mid-point of DC.
(a) Calculate the angle DOJC (in degrees).

(h)  Calculate DI,

{c) ‘Hence, find the perimeter of the pentagon.

L

(10 m‘arks‘)'

END OF TEST

0582/F 85
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- FORM TP 8418 . - , JUNE 1984
CARIBBEAN EXAMINATIONS COUNCIL
SECONDARY EDUCATION CERTIFICATE
EXAMINATION
MATHEMATICS

Paper 2 — General Proficiency

Candidate’s number . . .., .. ... T

Answer Sheet for Question 7 (i)

Score Frequency | Cumulative
1 - 10 1 1
11 - 20" | 3
21 - 30 a4
31 - 40 | 16
41 - 50 25
51 — 60 27
81 — 70 10
71 — 80 8 '
81 - 90 4
91 — 100 C 2 -

Write answer to 7 {iit) below,
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SECTION |
Answer ALL the questions in this section.
1. (i) Evaluate, without using tables

1002 x 0.14
0.7 x 50.1 ( 3 marks)-

(i) Evaluate, using tables
vV 0.749. ( 2 marks)

(i) A household used 60 cubic metres of water for the first h'aH
' of 1983. In 1983, water rates for domestic users for a half
year were as follows: R

$1 .05 per cubic metre for the first 50 m? /

$1.25 per cubic metre for amounts in excess of 50 n? J
N 4

5% discount on bills paid within two weeks of billing.

Calculate the amount the household paid for the half year,
assuming the bill was paid within the two-week period.
(5 marks)

-,

2. {i) A rectangular: wooden beam of length 5 metres has a cross N\

section 20 cm by 15 cm. The wood has a density of*600 kg

per m>,

2 wé‘j"fha') Calculate the volume of the beam in cubic metres,

{b) Express the answer for (a) in standard form.

{c) Calculate the mass of the beam in kitograms. .
© (6 marks)

GO ON TO THE NEXT PAGE

0292/F 84
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U = {natural numbers}
P = {factors of 12}

7Q = {factors of 6}

R =~ {m\__:ltiple/s'oHZ} -

(i)

Draw a Venn diagram to represent these sets and show on the diagram
in the appropriate regions the members of P, O, R andP N Q".
(5 marks)

v/ 4 '
R . B S . Q

l& - 8cm >]’

In the figure above (not drawn to scale) PS is an arc of a circle of
radius 5 cm and Q is the centre of the circle. RQ =8 cm, PR =7 cm,

Calculate
{a) the size of angle 0
(b) the area of the shaded portion' bounded by the arc PS and the

line segments PR and RS. (use n = 3.14)

(11 marks)

~

GO ON TO THE NEXT PAGE

0592/F 84



4, The points 4(0, 9) and B(0, 4) are mapped by a rotation with centre
C on to the points 4" (8, 7) andB’' (4,4). ' ’ .

(i)

(iii) |

(1)
(iii)

{iv)

0592/F 84

Usmg a scale of 2 cm to 1 unit on both axes, plot the points
A,B ;4 andB

N

State

- {a) What is the rela'tion ofAdandA't0 C

(b)  the size of the angle BMC, where M is the midpoint
of BB'.
. \ ,
By suitable constructions find the coordinates of C. Measure
and state the size of the angle of rotatlon to the nearest
degree,
(10 marks)

Copy and complete the table for the function

vy=x2+2x—2

X -3 =2 -1 0 11 2

y . 1 -3 : 1

Using a scale of 2 cm to represent a unit on both axes, draw on
graph paper the graph of the function for -3 < x < 2

Draw the line y =x + 3 0n the same graph and write down the
coordinates where y = x + 3 cuts the curve,

Hence,solve the equationx? + 2x — 2 = x + 3.
(13 marks)

GO ON TO THE NEXT PAGE

148
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6. (i) ‘ Sirﬁplify the expressiow

‘40-%(“% - a_%) ! -

State your answer using positive indices.

- ( 3 marks)
i) Givenm= /1 = n?
o N
express i in terms of m.
-~ ( 5 marks)
i) LetU=(3 2) and ¥ = (2 3
11 3 5
(a) Write down U ~! and V !
1b) Calculate UV
(¢)  Determine which of the following matrices U ~! 1V !
or V11 U 7!isequal 1o (UV) !
( 6 marks)

GO ON TO THE NEXT PAGE

0592/F 84
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7. [An answer sheet is provided for this question.] .

The table below shows the distribution of scores obtained by 100
candjdates in an examination.

Score Frequency Cumulative

1 - 10 1 ' 1

11 - 20 | 3

21 = 30 4

31 - 40 | 16 R
41 — 50 25
51 — 60 27

61 — 70 10

71 - 80

81 - 90 4

91 - 100 2

(i)  Complete the column for the cumulative frequency on the
answer sheet provided. ' o L

(i) Using 1 cm to represent 10 units on both axes draw the
cumulative frequency curve on graph-paper.

(i) From the curve estimate
(a) the median
‘ (b) the probability that a 5tudent chosen at random

obtained a score less than or equal to 35.
(12 marks)

GO ON TO THE NEXT PAGE

P
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.SECTION Il
Answer any THREE questions from this section.

e . e
Relations and Functions

An object moves from rest and travels for 70 seconds. The speed
changes uniformly over each* given time interval shown in the table
below. The speed shown is the value at the end of the time interval.

Time Interval | g _ 50| 20 - 30 | 30 — 50 | 50 — 70
“seconds '
speed , . 5 | 5 6 | 0
ms ! ;[\ ’ |
a

(1) Using a suitable scale, draw the speed-time graph on graph
paper. .

{i1) Calgulate the atgeleration during the last twenty seconds,

(i) Calculate the total distance travelled in the seventy seconds.
" { 9 marks)

GO ON TO THE NEXT PAGE

05982/F 84
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Algebra

I “ , {

9. A slidingwd& 1o be put in a wall of area 81 mzk. The area of the
door must not be greater than% of the total wall space. The width of
the door is 6 m more than the height.

Calculate the greatest possible height of the door.
‘ | ( 9 marks)

Geometry

10. In this question assume that the earth is a sphere with circumference -
40 000 km at the equator.

(i) Given-that P (0°N, 75°W) and Q (0°N, x°W) are points on
the earth with Q 1 800 km west of P, calculate x.

(ii)v "Calculate : ﬂ

(a#  ~the shortest distance between A_(30°N,“42°W) and
B (24°S, 42°wW)

(b)  the distance between RN45°N, 50°W) and S (45°N,
22°E) measured along the parallel of latitude in an
eastward direction from R. '

( 9 marks)

GO ON- TO THE NEXT PAGE
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" i) Intriangle ABC sbove,angle Cisobtuseand CD is perpendicular

to AB. Prove that _4 = b_ .
Sin 4 SinB .

(ii)  Prove that for any acute angle 4

! + tan A4 = 1
tan4 SinA4 CosA

( 9 marks)

GO ON TO THE NEXT PAGE
0582/F 84 '
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" “Vectors and Matrices

12, The image of the point Plx, y) under the transformation

| 1 0\ . Uit !
T = s P ix,y).

)

(i)

0592/F 84

- Expressx',p' in terms of x and y.

Calculate the coordinates of the images of the points 4 (0, 1),
B(2,1),C(2,4)and D (0, 4) under T.

Plot on graph paper the figures ABCD and A'B' C' D',

- Describe the transformation geometrically.

( 9 marks)

A
GO ON TO THE NEXT PAGE
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4. (i)

C592/F 84
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) ~ Statistics

13. The table below shows the frequency distribution of the marks
obtained by students of Forms A and B on a mathematics test.

o FORM A FORM B
MARKS Frequency - Frequency
0o - 9. | 1 4 4
10 - 19 9 '
20 - 29 24 - 20
0 - 3 8 |
40 — 49
50 — 59 0 :
" | Estimated Mean ' . 246
Estimated Staﬁdérd | 12_1'
deviation ' .

Calculate an estimate of the mean and standard deviation of
the marks of students in Form A, )

COMP’ARE the means and standard deviations of the two
marks of the two forms and COMMENT on these statistics,.

( 9 marks)

Probability

In how many ways can a committee of 5 be chosen from

5 men and 7 women?

Calculate the probability that if a committee of 5 is chosen
there-are 2 men and 3 women on this committee,

{—a { 9 ma'rks);

GO ON TO THE NEXT PAGE
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15. (i)

(ii)

16. (i)

0592/F 84
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-Reasoning and Logic

(a) Prove that the statement ~ (p V g) is logically equiva-

lent to the statement ~ p- A ~ g.

(b)  Given p : Sheisa St. Lucian,

and g : Sheisa mathematician

write 3 verbal statement which corr‘esponds to
~ {(pV gl
Write the co\n\)ersé of thé.following implication
If n = 7 then n* = 49

£ n.is an integer, state whether or not the converse is true,
Justify your answer,

( 9 marks)

It is given that

1+ 3 = 4 = 2°

1+ 3+5 = g = 3

1 + 3+ 5+ 7 = 16 = 42

+3+5+...+417+19 =100 = 10°
(a) How many terms are there in the sequence

1+ 3+5+ .. .+ 97 + 99)?

(b) Write down thesumof1 + 3+ 5 + | + 97 + 99,

GO ON TO THE NEXT PAGE

.
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