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ABSTRACT

"PROBLEMS AND PROBLEM SOLVING STRATEGIES
FOR SENIOR SECONDARY SCHOOL MATHEMATICS'

The purpose of this project is to develop problems
and problem-solving strategics for Senior Secondary School
Mathematics and to suggest the methods for teaching probl

solving at the Secondary School level.

The study begins by reviewing previous work on:-
problem-solving methods; how to set up a problem; easy and
difficult problems; and explores factors that affect problem

solving.

In the first part, procedures on strategies of
problem-solving:- identified pattern in teaching problem
solving, presentation, attention, observation and exploration,
classification, were then discussed and further exploration
and generalizations were enumerated.

In the second part, problems of "Novelty" were presented.
The term "Novelty" problem could be generalized to include
abstract mathematical problems, or puzzles, curiosities and
recreational problems, requiring creativity or originality.

These Novelty problems will hopefully shed more light on
the creative aspect of mathematics learning at the senior
secondary school levels., Because of the importance of
problem-solving in mathematics examinations, a collection of

secondary school mathematics is presented.



Finally, sone suggestions for further research were
made to test the suitability of each itemin the unit. There
is a need for further investigations to ascertain whether or
not certain, or all itens are appropriate to N gerian students.
Thirdly, a nunber of areas related to the general issue of the
itens in N geria would provide rewardi ng research experience

and supply useful information.
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CHAYTER I
INTRCUUCTIOUN

Nigeria has undergone great changes in the
spheres of culture, poclitics and ecucation in the
past two decades. Thiese changes huve affected every
Nigerian in one way or the other. In addition to
these changes or the reason for these changes is the
constant importation of foreign culiure, politics and
education. These h:ve surely have adversc effects on
the people.

Amidst these changes is the =zadvincement of the
different disciplinces mathematics incliuded. As these
areas of knowledge were caught up in the changes, the
results were some uphcavals and harpunczaraness in the
development and undcerctanding of the different disciplines.
Furthermore, the disciplines witncessoed many uncoordinated
projects, abrupt chan_es and other ills, These upheavals
affected the progress and advaencement of mathematics in
the natiune.

Witl, this background in mind, thc question that
rom~ing is "what is hoppening in Sccondary School
Mathiematics Curriculum?" The senior sccondary school
Mathematics Curriculum looks very nuch like a hurried

work. It appears to have been conctructed with the
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students who will ¢o nc more mathematics boyond "ov
levei primarily in mind; and the two nain objectives
in ﬁeaching of mathemntics at the sccondary level (to
deveiop precise, logical and abstract thinking, to
provide necessary methematical backoround for further
education) seem tc hive been largely dignored.

Journals dealin;; with mathematics and the teaching
of mathematics devote considerable space to problems
and their solutions. The emphasis in this electronic
ege should be, not on performing algorithis in a rote
manner, but on developing and using algorithms to solve
problems.

Also, after the topics in algebraic proceasses, one
codid expect theg syllabus to introcduce "scleetion of
pertinent data from a problem with logic and if possible,
identification of problems with gsufficient/insufficient
data, for example, tc cestablish thot 2 = 1, given that
x and y bhe any two nonzero real number such that x = vy,
.» The inclusion of the problem sSciving would make the
syllabus discriminzry and it would H¢ posaible to fipd
those students whce con continue with mathematics at a
higher level. The syllabus as it is now,'leaveé a.wide
gap between the secondary school work and future learning

in mathematics,
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It is the view cf the rescarcher t..i we are

approaching a crisie stage in scicol mrthematics in
Nigeria. Policy mekers in educantic ore not confrone
ting the deepust problems faqing coeiety.e  With advan=-
cement iﬁ the socip=cconcwic énd ‘tochmological fields,
the life of the dindividusel is bucomin, more and more
complex, fraught with o number of plochloms which theo
individual and snciatf ﬁafe'io fzeoco din fhe near futufe.
The responsibility of the school becoimes increasingly
important, to develoep scientific atiituces in students
so that they may sclve their problems indopendently for
better adjustmont in the future comnle:r society.

Apart from all taese menticnod chove, there are
at least three mijor cnd urgent probhlomse faced in our
daily lives: In mathcliatics eduecatiocn ns relateou to
cur daily lives: |

(1) School mathematics is generallr nct keepiﬂg Pace
with the changing nccds for mathenicticai ability
dictated by develeping technologias,

(2) Most students arc not studying sufficient school
mathematics tc preparc them for theix Tutures as workers,
consumers or citizonsg,

(3} There is a growiag shortage of tuslified mathematics

teachers in secundury school classrocnic. . . —



This is cvne ¢f the reasons why the rTose-rcher feels
that this tcpic is relevant.

Since the mational policy un soucs tin has
determined th-t methonatices shoulll Decune ovne «f the
core courses in 211 scecndery schocls, nicthematicians, anu
mathematics~-educ-tors are faced wit gsericus problems
of curriculum rcor ccisation ant o~ onhiion, scme ¢f which
are:

{a) In thc revised lavels, sovme n.v zontent has been
introduced, sume 2l content has bDoe:r deleted, and scme
cuntents have been plioced cn differciil Lovels.

(b) New methcods =n< approaches such ns better problem-
solving techniques sriich will acceloerate the teaching-
learning processes in cur secoundary schccls have also
been built into the now wodel.

(¢) ittempts have been made to si :-1iiy these methods
into smaller units for easy understi:nding, and application
by bgth students anc teachers.

i major problem, 28 the resecarcier gees it, is the
fact that students =zre ill-equipned “r.. secondary schoolg?
to handle mathematical problems. 2. s the contention of b
the researcher that mathematics ic nooirly taught, if it
is taught at all. 3Soiie of cur oulst-nding mathematicians
have worked closely rith seconcory =ncl.ccl teachers in

finding alternative cthods of insty ction and discussing
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what should be incluced in the matacctics programme.
The Benin (1977) muiTematics conferesce and the sub-
sequent curricula that came out o LU Texre cases in
point in this directicn. Howevar, ©. is inpovetion
did not take roect, and was not given the onortunity
to prove its usefulness or otherwise wefore 1t vas
unduly abandoned due to criticism Tron the publice
Therefore these problems and problon solving strategies
are an attempt to siuplify ana, intceprate mathematics
with societal lifTe a8 mentioconed earlier,

Aside from the introduction ¢ new contents and
the proposals for =z better organicaticon of mathematics
curricula, the dominant themes of tiic rewvisionists have
been more emphasis on understandiinyg, ostudent involvement,

+ and discovery learning, Both uncerstanding and discovery

call for more thinking, More thinlking inplies more use
of problem solving techniques. One sojor result of this
project emphasis is that more teachors should encourage
students to proposa soﬁe bf their cwni zroblems, thereby
reducing the usc of niroformulated onesy and at the samo
time cencouraging croativity... a procondition for

successful liviag in our modern tecliiiological age.

1.2 Justification of the Studx
18 there ig an urgent need fron: tiwe Higerian
economic, social and politieal scciurxs e wmeet the

demand for skilled mangpower, it is evsocatial that money



and time are not wasted om incormplete 2ducation, a

common feature of ccducetional waste_ ce. Therefore, the
products of a sccond ry school systor st be trained

to comprehend anc think intelligentily, analytically and
comprehensively zboul the world of iliich Nigeria is an
integral part. Timc spent in a scconcory school should
not be wasted in mooorising mathesticsl Tormulac merely
for the purpose of guining a certilcoice & well.
planned out programre in mathematics oo in othi r svbjects
such as chemistry, puysics, biole y nnd cccuaui.ies - crn

play a major role in contributing ¢ The joroorr L educ:.tion

that the young Nigeris needs. In (ii c=i=, " 'rcfove. the
syllabus and approach to mathematics ust Do desigacd
so that the content iz meaningful ;.. uscful c¢vea to

those students who will receive no iore forual education
after the end of the senior (threc~ cars) sccondary
school. Willoughby (1967) suggested tihict the K.uo sl odge
acquired should have continued s 2 Ticonce for Ltue
students no matter what they do aftcr leaving the
secondary school. ilso Falokun (1S%.) states th-* +1
syllabus and approach to mathematics ..ve to bridge the
gap between the eccdouniic world of "o secondsr school
and life in school, r-ther than ! . e shovr cleavage
which at present rencers the schci. orl: wmal and wak
its products unablz tc contribute elfcctively 1c the

development of tne country.
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The purpose of iiis study, thorcfore, is to
develop probléms cnc problem solvin girategies for
implementation in thic senior secenGry scnool mathemzticse.
This will not only f:cilitate itz ~do.tion into the new
senior threceyears level, but also »r.ove some limita-
tions that have beun @ hindrance to tiie learning of
mathematies in Nigoric.

Very oftcn, in & young personts _ifc (if not in
everybody's), invelvenent in problen situations load:s Lo
frustration and scm_tices this mey rosult in "wishfui"
thoughts, or cyniciszri, (ne really scometimes wiczchi:r
that life would D¢ ccnstant and tii-t Tho few probiewms
therein could be done over and ov=er sSain in exactly tae
same way, or a shcrt—ﬂqt,.. a ma_ ic word could be inv —tod
for solving probleiis. If this warc se Imowing how *.
solve problcems woulid ot be so coimelling,

Frequently thc problem with genior sccondar  s:uocol
mathematics is that there is too 1lili{l:¢ problem solving.
The problems the reccarcher refers Uc lere are open-c.ided,
for which the students do not\ have re €y zlgorithr=.

Such problems require the students tc vuploy & veriety of
problem solving strotejies and tc cugase in diver-ent -

higher level thinking., Furthermorz, senior suﬂanmj

school students tend to love a puzzlcos; and wkew 1““) Ve



successfully solved azn interesting problan, they
usually are motiv-tcc to become ncre invcelved in the
reclated mathematicss Fuzzles arc Lntercsting because
we regard them ang ; 'mes and games o2 Tune It is the
author's contention that mathematics by puzzles can
lead students to appreciate and enjo, the study of
mathematics,

The justification for teachin; cludents how to
form and solve probloms that mey reculre gualitative,
and analytical thinking is crystel clooxr to many
educators, In whatever circumstziices they are, in
their jobs, or in souc instituticns of lecrning, students
will have to be -bDile L. solve prciicrc that very ofien
reflect real lifc sitv=tiocns, 1In {zcty toc be able to
do this is thc pay=off of their cduccticne. It iS :no:
an e¢xaggeraticn tc szy that; "...tiicre are few, 7 ny
kinds of instructicn that potentinlly hsove more values,
than the considcrablc effort teachcrs ocught to expand
in teaching their students how tc sclve problems
(NCTM, 1967: 233).

A relevant questicn that coul: be censidercvd :t
this point is: should mathemetics courses cont. W weve
problems? 4s notoec cvarliey, a study of the 1corKWj~

process reveals thrt the only way cn individual Can Le.rn



how to solve probl .:s is by solvin, thet. lolya

(1962) illustr-tes thic by the le-iin; of swimming.
If one wants to lesrn how tc sgwii, (¢> -1l.y tennis),

one must practicos

At present, in cur sceondary schcol, mathematics
te:chers have not scorn the importornee of teaching
problemesoclving, e¢ithior because ¢ L. . Ilgnorance about
the process cof lezrning, or from si:cor nceglect. Fart
of the blame, hcwevir, rests wit: T:: f-cts that most

examples and problgi:s presented tc [lZcrisn students,
|
up to reecent timoesy hove beon forci gzt to thom.

A

Qur stucentc, thorefore, wust study the process of
problem-solving nct s an end in its-if; but in order
that will later apgply the generalicationg, which in turm
will enable thom to tromsfer thetlr [ rublon-solving
ability to new probDlciis as they coice Wocdruff (NCTHL,

1967; 233) states;

see in fice of what is mcwn about

the relitive absencu ol tr zsfer of
leszrning In most scnccl zudjects, it

is the hceight of folly to 2:pect students
te develce) problem sclvin skills as an
incident i learning unii.cs considerable
time cnd attention is cowvolad dircectly

to it, ia wvhich cose 1i ¢2uizsas to be

incidontci e
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Therefore, th2 usefulness of tiic work and any

subsequent work on it is that, the Lrobloms and

prcblem scolving str o ies highli -t1.¢ in this paper
are likely to gencr-i. debates gucnl rirthematics
educ:tors and sucic o .ibate may le ... T. cucperative
research progrorme ~meng moethemotici s ond mathematics
edugators. If suc: cooperstive roso.°c.. prograumes

ere earried,out, w¢ usve a ¢hance -7 ri~liing substantial
pregress in incra-gsing our underst cin: of how
mathemati¢s curricula can be improvec Jcr the solution
of future preblens, This paper wi_ . i:nlight prcblems
and problewm sclvin; sirategies for senior secondary

s.hud& and will 2ls. offer suggosctions.

SURIL

This paper h:zp Desn gdivided intc si:z chapters:

Chapter 1 is the intrecduction, a T¢r -2 statement of
the problem, and ju:tification of = = ctudy.

Chapter I1 is the survey of liter. itz., It includes
(1) Fsychologicsl lesearch on Proi:lz. Solving: and

(2) w«esearch on ¥ rovlem Solwin; 3% ~ate. ies, wnd
(3) A Summary of other literaturs [2l-fui in the
resgarch procedures. These stvc’es represent the

background and point of departurc ¢ .z nresent study.
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Chapter 11l is prcble. solving teccir, strategies;
identified pattern in teaching proil:zu colving such

as Presentation, ;,ttention, (bserv (i:: znd Lxploration,
Classifigation, Ffurtizr Lxploratic:. =i Generalizations,
this aspect is digcucsed in detail.

Chapter 1V is the problems of Novel.Z, anc classification
of the MNovelty probl:us omto objec'iveu, contents and
activities/materizls were discussa: i cetails, The
last part consist o Zopics in the 779 syllabus and
how they fit into tihiz stated objectives, while the
remaining section consist of sawplcs of nroblems of
novelty,

Chapter V is a selection of over hundrec sxercises and
Questions from J,.53C YCY level mati:c:i..lics.

Chapter VI conclusici: and wecommendi:-tlons as well as

eomments on furthor necessary resc:c. oclr in this area.

umma
This study is centred on th: probicws and problem
solving strategies for senior sccond r; school.
The study revisws past work .. “roilem solving
strategies as well =5 vcroblems. 7Too study scems necessary
to £fill an importont _[zp in mathor-tics syllabus at a

crucial time for a;_.licaiion of Lie ¢.” ucich resylto.



Therefore, the noint of view in thic gtudy is that
enough problems znco sroblem solvin stirategies should
be set out in thz scicol mathemziics syllzous for the
provision of tcaching//learning for <:2 gsonior scecondary
students in Nigeri:z.

It is hoped th:=t this project wi’l Five planners
a guide, and the opvortunity for ciccussions on the
feasibjlity of the¢ .rcbLlems and proolcein solving strategies
for senior seecond:r, school. Th: golution te the problems
and problem solvin: strategies iacluceld in tur.: should

enrich the contcent =7 the mathem: “ics courses offered.

gefinition of Tergg

pefinjtions
& few terms will bDe given speci i meanings o
purposes of this study, slightly d _._srent or wor: sherply

focussed than tho goner:l usage of tlhic torms in other
writings on educsiicne. Before procceding any further,
¥ |

it is necessary o _igecuss thesc gucoccisl shades of

meaning.

Frobl = Solviqﬁ

“he word "PFroblam Solving" occurs in many different
professions anc diccic-lines and hio oy different nmiul ings.

Troubl.> sheating, for cxample, is . Tors of problom-selvings
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creating new icc¢c-3 or Inventing new procueis or
techniques is snothere However, sro-lel: solving in
mathematjcs is morc specifice To (7is study, activi-
ties classificed ~g prodlem solving in tcihomatics
include;

(a) Solvin_ simple word prouiuas that
appe~r irn standard tcizthoolis,

(b) Solvin_ ronroutine prclorc or puzzles,

(¢) Applyin; mzthematics %o Hroblems of the
regl® yorn, and

(d) Cre.tin; :nd testing mathumatical conj ==

tures thot may lead to neir fields ol study.

Novelty Froblem

The term "lovelty problem' ciulc Do sonerali od
to inelude abstroct mothematical - "o -lemr or puzzles,
recrextional problers, and problems racuiring crectivity

or originality, so iiz novelty problc: wijl shed mo:oe
light on the creziive aspect of motllhciiniics learning-
teazching at the scenior secondary sclool levels,

As an examplcej o farner has four sons and owns a sGuare
piece of land. e cecides to retire ::d take a UQUARE
piece of land in one¢ corner, equ-~.iL ¢- one=quarter “he
area of the origincl zquare. The roucinin, i.-shape

portion is to be divided equally :-rioi the four Sons



e e

b3

in plots of the sane size and shape.

done?
 Solution
7
7
Stages

1. What is the probliem?

Za This is to be divided by &4

1k

How is this

3 Subdivide to make it and divides by 4.

b4e (a} Try sguares.
Therefore 12 small squarses

12 = 3 each to get 3 sguares.
Ry _

-Ff v (.v Li}

Oniy two ways (a)

] b4
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4 Trials (:) fails

(b) succeeds fige(iil)

The student wiro wishes to beco..¢ an expert in
problem solving imust solve problung. There are no two
ways about it. Loolin; for a magic Torimula which will
make you cvernigihit ill only lead o cligappointicnce and
frustration..e solviig problems -ppoca~c .8 the woat
cardinal mathemnticsl zctivity. hc sclution of
problems is the mcst charucteristic -a¢ peculiar sort

of voluntary thinking', wrote thc roenowned american

psychologist Wil'icrm Jomes.

guestion, Excerc.sc¢ and Froblem

Thus a qu¢stion requires recoil, -1 exercise
provides drill zancd orictice, and o troblem requires

careful tho. zht z2uc synthesis of kncwloedge.



CHAFTEE II , -

REVIEW UF KELATED LITEMATURE

. ' o
This review of literuture will cover the
psy¥ychological kesesrch on problom sblvin;, ragarreh

on probleii. solving strategies and concludiin] romark.

2«1 Psychological Research on Problem-Selving

The Gestalt psychologists such as kohler (1625)
andeertheimer (1945} described problem~solving as a
matter of integrating previously learned responses,
Kohler ¢t al. (1925) nentioned that true problem-
polving was insightful, meaning that the organization
occured relatively sudden (the "aha'" experience} and
thet the organisation of responses was both enduring
and readily generalizable. DBut Shepard (1964) states
that:

Human subjects who are certainly
capable of problem=-solving and
thought do noet abandon this
faculty when they enter the
learning laboratory. On the
contrary, in order to deal with
the welter of unfamiliar material
with which they s&re suddenly beset
in the usual rate learning task,
human subjects will resort to any
strategy of heuristic device at
their disposal.

Kohler (1925) observed that his apes needed to
have previously learned the relevant responses belore

they could put fthese responses together into a

complete problem-solving situation, Thus, the apes

16
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who fit the two sticks together to fteach a banane
beyond the reach of either stick, had first to learn
that a banana outside the case can ke brought in wizth
& atick, Kohler concluded that when the ape fit the
two sticks into one, nore or iess by chance, the
solution to the problem occured swiftly, and
experience in solving similar problems may either
help or harm,

Harlow (1959) conducted a series of experimentsa
on monkeys and human subjects of low mental abilitioas.
tHle concluded that: "Generalizing breoadly to human
kehaviour, we heold that original learning within
an area is difficult and frustrating, but after
mastery, le~rning within the same becomes simple
and effortlasal,

Lester (1977) states that out of frustration
over our inability to deal successfully with the
problem=-solving dilemma, we have recently turned to
tihe rsychology literature for assistapce. Lester
Turther states some of theo most significant advances
in our understanding of the learning and teaching of
mathematics have resgulted from the efforts of
aducntional psychelogista, 1In support cof this view,
Davis (1960) states that the nature of the probleri~

sclving process and factors related to learning and
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teaching problem-solving have been given tonsiderable
attention by psychologistss In view of this, he
maintains reviews of psychology research on problem
solving begin with a statemént like, "Research in
human problem-solving has a well-earned reputation
for being the most chaotic of all idqntifiable
categories of human learning.n

According to Lester (1977), a variety of tasks
have been used in problem solving research and the
tasks found in the research 1iterature include puzzle
problems, anagr - probleqs,_cgnqepts. Idontification
problems, arithmetic computation problems, and
standard textbook story problems as well as many
other types. Lester states that problem solving
research has been conducted by experimenters with
very different positions on the nature of probleme
golving. £41so behaviorists, developmental
psychologists, gestaltists, and proponents of
information processing approaches have all contributed
to the research literature on problem solving.

Among them, Simon {(1976) stated how contemporaxy
information processing approaches could change our
current notions about thinking and learning. Somé
suggestions seem relevant for teaching mathematicel

problem—~solving: vizj
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An important component of problem
solving skill lies in being able
to recognize salient problem
features rapidly... and the skills
of searching for effective problem
representations are probably
learnable and teachable skills...

Another prominent psychologist, Maier (1970)
found certain features significantly affecting the
difficulty of a problem as:

"Misleading, incorrect solutions,

_ requirement for generating an unusal response,
difficulty in locating surmountable obstacles,
type of demands made on idea-getting versus
idea~-evaluating processes,

— motivation factors and degree of stress,"

Also Brownell (1942: 11) wrote a classic paper of
problem-solving that includes a section on "Practical
Suggestions for Development Ability in Problem-Solving',
and stated that: '"When a learning situation is intended
to be a problem, the relationships necessary to its
solution should be well within the child's understanding
and identifiable by him with reasonable effort."

In review of the cducational literature dealing
with problem solving, the psychologists and educators
have studied problem=-solving in a variety of contexts
in reviews and discussions of these researches

(Cronbach, 1954; Bichler, 1975; DeCecco, 1968; and

¥eDonald, 1965) make general conclusions that:
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Problem solving is impeded when
the problem solver is anxious,
threatened, or confused as to
the nature of the problem and its
solution specific procedures for
solving problems tend to improve
an individual's ability to solve
similar problems but tend to
inhabit resolution of problems
that require a '"mew" approachase.
when an individual understands a
principle and has had an
opportunity to practice its
recognition and employment in a
variety of situations, then that
individual is able to 'transfer!
knowledge of the principle in
subsequent problem situations,
(Gagne et al- 1975: 12).

Robinson (1977: 22) distinguishes the difference

between an exercise and a problem that:
An exercise is a verbal rentetion
of a mathematical sentences, or a
verbal description of a situation
of which some specific process
applies; while problem requiring
creativity, originality are
descriptions of situations for
which no routine process has been
previously learnecd.

Reys and Krulik (1980) state that whoever
develops or chooses problems must know something
about "goo" problome. When textbooule authors, or
teachers develop or sclect a problem, they must
consider these its levels of interest and difficulty
as they relate to the learncr,.

Although a few studics have investigated what

types of problems students prefer, no relationship

of these preference to problem-solving success was



found (Traveys, 1967; Cohen, 197?). If textbooks
continue to fail to present problems that challenge
pupils and that provide teachers with meaningful
instructional materials for developing problem-
solving skills, then teachers must accept the
challenge in which Wheatley (1977: 36) supports the
viaw that:

Students need to be faced with

problems in which the approach

is not apparent, and encouraged

to generate many alternative

approaches, testing each

hypothesis generated, ... students

will come to understand the nature

of problem=solving.

Research haa Tocused, in part, what makes
problems difficult or easy. Cromer, (1971); Jermen,
(1972)3 Loftus, (1974%); and Meyer, (1a76) have studied
the difficulty level of problems by using such
teghniques as factor analysis, in which a computer
manlipulates data on students' answers until the data
cluster intoc a number of groupings, or by ascertaining
the relationship of the data from any one factor to
total success, Cramer, (1971) classified such
factors as mathemgtical, reading, reasoning, and
process variablew, Beardoglies and Jerman (1973)
cixplored the difficulty level of a large nunmber

variance in difficulty level for the computatianal

problems considered, The studies suggest that
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factors Qf mathemﬁticai aChie#eﬁéﬁf accounted for the
most variance according to (Jerman 1972; Sagiv, 19?8¥
Zaleushi, 1978 and Webb, 1979). These studies suggest
that a problem is more difficult to solve when it ijso
vordy, requiring many complex, operational steps and

technigques to arrive at a solution.

S0 far we have discussed wmany advantages and
digsadvantages in variocus methods of teaching mathemstics
to student, It will be noted that the review so far
tend to be in favour of the problem-solving approech,
wvhich is the major thrust of this research. The
researcher is convinced that an innovative design
and teaching strategies of problem-solving for
secondary school students will greatly enhgnce the
tfeaching learning processes in mathaematics aducqtion
in our schools,

Other research conducted by Ammon (1973} and
Bolduce (1970) showed that manipulative materials,
pictures, diagrams, and similar aids enhance the
probability of a problem being understood and solved
correctly. But Hobinson (1973) noted that therc is
nao re_ationship between the use of materials and \
problem-solving success, on the other hand, Suydam
and Hizgins (1977) support that the use of concrete
and pictorial aids facilitate mathematics education

studies of secondary school children.
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Some studies have consgidered the structure of
problems at early grade levels (Steffe and Johnson,
1971). Nelson, (1977) attempted to structure
problems that are '"good!" for young children who are
not sophisticated in the use of mathematical symbola,
Nelson further stated that the physical structure of
a problem can make one more difficult to solve than
others, and requirements of one task can influence
young children's choice of procedure in attempting
another task when the same apparatus is involved,

The National Council of Supervisors of
Mathematics (1977) asserts that "learning to solve
problems is the principal reason for studying
mathematics!, and the National Council of Teacher
of Mathematics (1980) recommended that '"problemw
solving be the focus of school mathematics in the
1980s",. The impact of these documents and the 1980
HCTM Yearbook on problem-solving may well insure
that probleme-solving will be the "theme of the 19801's
{(in Krulik, 1980) in school mathematics",

There are parallel developments at the university
lovel. Halmos (1980) '“advocates more cmphasis cn
the problem approach to teaching". A subcommittes
of the Mathematical Association of America's Committceo
on the teaching of undergraduate mathematics (1980)

ig now surveying problem solving courses and plans
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a report "making recommendati ons regarding the place
of problem solving in the curriculum and ways to teach
it", (p.22%0.

The enphasis in recent mathematics research and
in the NCTM 1980 Year book indicate that there will foo
a maj or stress on heuristics, both in research studies
and in classroominstruction Suydam (1980), in a
research synthesis, writes that "research evidence
otrongly enhanced by teaching students to use a wi d©
variety of strategies on heuristics, both general and
specific". But Lester (1980) provides a broad and
somewhat more restrained overview of the problem
solving literature® |In both cases, the bulk of the
research cited is very tentative. Correl ations
bet ween the use of heuristics and conpetent problem
sol ving performance have been obtained (Kantowski.
1977)i and results in a variety of experinments
suggest that problem instruction via heuristics wil
enhance sttidents® problem solving performance
(Lucas, 1972; Smith, 1973; Gol dberg, 1975)-

Gorman (1967) analyzed research on word problens
conduct ed between 1925 and 1965 and identified 37
studies that were of acceptable quality. Ri edesel
{1969) Ilists several procedures for inmproving

probl em sol vi ng based on research* Kilpatrick (1969)
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reports on the problem-solving fesearch from 1964 to
1969 have similar implications to the present research,
Several researchers have examined the structure
éf problems and the effect of reading skills upon
the solution of problems., Burns and Yonally (1964)
found that pupils made significantly higher scores on
problems in which the numerical data were in proper
solution order,
| A number of other factors contribute to problem~
~solving achievement. Studies of Stevenson (1925)
and Corle (1958) reveal that pupils often give little
ettention to the actual problems; instead, they
almost randomly manipulate numbers. Smith and
Hedders (1954) found that experimental materials
and commercial textbook materials, were at a reading
difficulty higher than that prescribed by reading
formula wnalysis, Several researchers have identified
factors associated with high achievement in problemw

solving. According to Klausmeier, 1961: 148 states

gome traits as:

Intelligence, Computational ability,
ability to analyze problems,
arithmetic vocabulary, ability to
use quantitative relationships that
are social in nature, ability to
note irrelevant detail, and
knowledge ¢f arithmetical concepts.

Problem setting has also been found to be important

te problem-selwing achievement (Bownan, 1932). His



26

findings are mixed. However the generalizations
that problems should be of interest to the children
and relevant te lives are justifiable tonclusionse

2.2 Research on Problem-solving Stratesies

Moser (19€7) oupiesses a coucarn . hout the use
of manipulative materials. He found that children in
the primary grades used simpler and less efficient
processes (such as counting) when cubes or other
objects were avalilable. When materials were removed
and numbera mad: larger, the childre: n-ad ~oxp
sophisticated riratepies to colve addition and
subtraction problems.

Marcuczi (1980) analyzed and integrated the
findings from 33 studies conducted since 1950, that
mathods of teaching problem solving more classified
into four general types: vimg

1. lilodelling - a method chearacterized by the

use of visual aids, manipulative

materials or physical mod~ls to ilXlr-i-age
the conditions nr reolatio.chon in th
problem-

Qe Coa3tcialic = a methed cnmphacizing a

-

prescriptive approach to problem solving,

3e Guided discovery -~ a method where
enmropriate questioning strategies are
used to guide a student to discover the

solutioen of the problem.

4, Heuristic ~« a method stressing the
teaching of general problom-solving skills
such as drawing Jiggwems o> simplifying
a problem by using smaller ruchors.
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The heuristic type of problem«solving
instruction was not effective, according to the data
Marcucci reanalyzed. The systematic approach
produced a slightly positive effect, while the
rnodeling and guided discovery methods were about as
effective as the problem~solving instruction received
by a central group, Sowder et al (1977) also
recommended teaching problem~solving strategiaé as

a result of their analysiz of research,

Although Putt (1979) found no significant
differences in the probiem-solving performance of
fifth-grade groups taught or not taught heuristics,
the way in which studentz went about solving
problems chgnged as they were taught heuristics,
There was a marked difference in the wey they viewed
the problem sclving process, im the type of guestious
they asked for understanding a pXxoblem, in the
strategies they used for solving problems, and even
in the way they named these strategied.

Bredlie (1980) reported sixth graders could learn
heuristics from programmed materials, while Metwali |
(1979) found that giving faw problems plus
discussion between students and teacher was more
effective than working many problems, In addition

to finding that traindng on heurist{os increased



problem—-solving perfoxrmed, Herrington (1980) noted
that the traditional textbook approach of presenting
a step-by-step procedure for problem-solving
appeared insufficient. Students profited
aignificantly more from an approach involving
logical steps for organising information before
applying appropriate computational procedures.

Zweng et al: (1979) tried to find out how to ﬁelp
children solve problems by interviewing 162 pupils
in grades 3 through 6. When a child had difficulty
deciding what to do, the interviewer provided!

(a) a leading questions,

(b) a modification of the statement of the

problem, or

(c) a directive to use manipulative materials

or drawings, . d |
Thé leading guestion of moét help focused the childja
attention on the action, on partewhole relationships,
or on the size of the answer.

Carpenter ot al,., (1980) strongly encouraged
teachers to have children analyze a problem_and '
devise a plan. Childron should identify the relevant
data in a problem and decide whether it is sufficient
to solve the problem. They should apply a process ox
relationships in the problem, rather than solely

applying soms algorithm to whatever numbers are given.
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In support, Carpenter et al. (1980b) stated that:
Students do not learn problem-
solving strategices as isolated
skills te be used only in special
problem-solving lessonsees
Problem solving should be an
integral part of all instruction.
If studeats are to learn that
problem solving is an important
mathematical activity, they mneed
to see their teachers using basic
problem solving strategies when
attacking a new problem...

Zweng et al. (1979) also notice children's
difficulty with myltjistep problems. They reported
that by =ixth grade most students could sclve most
singlewstep problems without help. Multistep
problems were far more difficult, and there was no
discernible increase in performance between grades
3 and 6. Rate probloms were even more difficult
than nmultistep precklcims for al? ewcept sixth graders,

Emok of raading skill is Trequently proposed as
an important ingredient contributing to poor
problem=solving ability. Zvidence from many studies
has indicated that a correlation exists betwecen
reading ability and problem solving scores (Lee,
1980), although some previous research indicated
that it might accpunt for only a small proportion of
the variance (Kinfong and Holtan, 1977). These was

also evidence that instruction on reading skills

ocan lead to higher problem—-solving scores (Muraski,
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1979). Also Lutes (1926) compared diagrammatice- .
graphic procedures with nondirected experience in
solving many hetafogeneous problems, but there was
ne conclusion in the oxperiment.

Furthermore, several interview studies have
shown that even when students were taught formal
procedures for solving problems they actually used
their own devices first and then put their results
in the form expected by the teacher {(Burch 1949
Corle, 1958).

Bichler (1976: 86) oififers the following goneral
suggestions on how to teach students to solve
problems. Teachers snould:

make students aware of how they

are solving ptroblems, make sure

that students tave the necessary

prerequisies for working a

problen, encourage an atmosphere

conducive %o free inguiry and the

expression of idoas, set an

example as an intuitive thinker,

and keep in mind that students

have individual differsences in

problem=-solving abjility.
Although evidencoe 1s inconclusive on the best methods
of teachlng learning mathematics there are
indications that students improve in their ability
to solve mathematical problems when they are made

aware of both general, and taske-specific problem

solving prineiples, and when they have opportunity
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to practiée using these principles. However, many
research in secondary schoql mathematics teaching
indiéaﬁe that very little time is spenf on problem;
soiving and more time is devoted to discussing a
method than solving the problams,.

| It is the author's contention that the above
findings relevant as they .ight be to this research,
are by no means conclucive. This research is intendod
to combine various strategios in the teaching-
learning of.mathematics thhrough the puzzles/game
approache. This method, it is hoped will involve
both the teacher and the learner as joint ventures
in our educational enterprisc,.

Polya in his clasgsic work How to Solve it (1957}

seta forth principles that can be used in solvinge
problems, namely; understanding the problem,
davising a plan, carrying out the plan, and looking
back. Also Polya (1962: 30) states that:

The first rule of teaching is to
know what you are supposed to
teach, and teacher wishing to
impart the right attitude of mind
toward problems to his students
should have acquired that attitude
himself.

Helping students learn problem-solving is an important
goal of school mathematica and it has not been widely

advocated in Nigeria. This is why is of special
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significance to the study because lends ¢redenc.
to the importance and implications to the present
researchs
Kilpattick (1969) meke the following observiation

with reference to Polys's principles:

Modern intercest in heuristic the

study of the meiihods and rules of

discovery and invention is due

principally to Folya (1957, 1962,

1965), who has set forth principles

for problem-zolving whnich he

pestulates, correspond to mental

actions..s
Folya's theoretical steps could be translated into

classroom activities as indicated below, and this

comparison will give:

L

Chack

-

a guide for a model to be presented in the following
chapter. Some researchers have adapted Polya's
stops and have used thoem (or variations of them) in
doveloping instructional sequences for teaching

problem-solving.
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From the above literacture review s Jar,
it is then possiblc to exanine and identily _=o-Tlems
and problem solving sciratcpies walch will .0 T the
learning and teactiiig mathematies. In to . o:0%
chapter, the authcr will identify the ursiiom
solving strategices what are assovciated wi:. o Lhe-
matics teaching in Ligeri. ana offvyr sug - -octilcoo

for better teaching/leurniag in mathematico,
~ &



CHAFTER IIX
PRUBLEM SCLVING TEACHING 5TRATEGIES

This study wés developed from the atthortyg
previous experience with biploma I1:, "rrooiol
Solving in Mathematics wducationy, and 8.34, T8¢ ™
II, KE200: M"Strategies of Secondary Schoel
Mathematics Teaching! at ahmadu Bello Uniwvairsity,
Laria.

~This chapter deals with problew solving
teaching stratagies for students, preservics end
ingervice teachers - which will serwve ags an
additional unit in the syllabus of mathemr:ztinc
for senior secondary school. The procedur:zg on

. e,
[PVl cha v}

strategics of proller soclving: ldentifiecd
in teaching problewr solving, presentation, =zitention;
observation, and exploration, classification will be
discussed and further explorution and genwersliliztions
will be emmmermted.

Frohlem-so.ving situations are freguantls
manufactured superficialily by the teacher or 27
coumercial dealers in educational meteriris oo they
may misrcpresent the mathematical problzws vrcomntered
in the student's world. Therefore, materi:.ls ghould
be provided which honestly require mathewn.sticnil skills
which the students can presently employ iu :roblem-

solving situzntions.

If toachars are to develop the prollein scliving

gapabilities of students, it is necessary ¢ prepare

34
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these teachers in this crucial art and skill of
problem-solvinge The preservice teacher is young,
full of enthusiasm, end Lhas not as yet adopted the
erroneous belief that teaching specific algorithng
to solve specific problems is the only answer to
teaching problem solving.

Fundamental to a preservice programme for
teachers of mathematics is the clarification of the

meaning of the terms Problem and Problem-solving.

Many teachers use the words duestion, Exercise and

Froblem interchangeably, but there are differences,

As an example, let's look at the following:

What is the product of 8 and 7?7 or

What is 8 x 77
Is this a question? An excrcise? A Problem? or ig
it all three? It depends!

Thus a question requires recall, an exercisc
provides drill and practice, and a problem requirces
careful thought and synthesis of knowledge, In
support, Krulik and Rudnick (1982) state:

What is a problem at one time

to one person may be an exercise

or even a question at some later
stage of what person's mathematical
development, Furthermore, what is
a problem for onc¢ person can easily

be an exercisc or a question for
someone else.
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A preservice program should also be.eiplicitly stated
and carefully demonstrated te the students that
problem-solving ig a processe As a process, problem=
solving is the meanz by which an individual uses
previously acquired knowledge and understanding to
gatisfy the demands of an unfamiliar situation.
The student must gsynthesize what he or she has
learned and apply it to the new and different
situation. A preservice program should take futuro
teachers through the same kinds of activities and
experiences that they will require of their own
students over years, hence, like any other skill,
problam-solving reguires of practice. The teacher
bas to learn or invent the games himself/herself.
There are two components of the issue of problene
solving for the classroom teacher. One is the
practicgal side. What is my rationale for the choicas
1 am making in the clesaroom? What do J 40 with tihe
studentsy t¢ promete problem-solving? The other is
- the theoretical side. There is no separation between
these two aspects of responsible and effaective
classroom practice. Theory without practice is uselesagg

practical application without a theoretical base i

kS

irresponsible (Burns, 1982). Teachers must have S

opportunities to smolve problems as a regular and
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on~going part of their duty experience. For teachexrno
to produce students that will be probhlem-solvers
they need to blend the twe together.

Teachers need models of problem~solvers who ara
active learners to émulate, seekers who are willin:
to plunge into new situsitions, not always knowing the
angirer or what the out-come mijnt be. Itts important
that tcaciers focus on the thinking involved, not just
the ancwer. Since much of cur curriculum is answers=
oriemtac, This ?V°52¢t y therefore, provides us with
the perfact oprortunity to make the curriculum process-
oricnteds. Teachers must be willing to learn along
witlh their students, and to share their own striving
with the gtudents when some problems are difficult,
so thet ctudents can see the strug.le alonyg with the
tezchiorese These were il'e obgeorvationszs made by the
reazaracier during the teaciuing of problem=solving to
PDiplosie IT of Mathematics-Education,y ahmadu dello
Univercity, Zaria 1981/8% Session. ‘

Very often teachers pretend te know all the'
anosrizrs to the problews. This aizes them, in the eyes

2 students, to possess a monopoly of knowledge

o

of
wiie to Lie researcher, is <cI'ronouds The researcher
ig advorcoting an integrated approaci in problem-

solving wiereby students and tsachers see a problem



toéether.”defiﬁe and design how to tackle it together.
Thus the students become learners and teachers as
wells Cur rationale is that wien gtudenta are given
the opuortunity to teabher and lezirn, they can there-
fore proceed to learn on their own since one of the
aims of scucation, is teaching chilcren how to learn.

The researcher also noted that teacher-training
progroras in mathematicea education that have a weakness
in co:z2on, namely, concentration on akills at the
expanse of thinking. This is true forlfacets of the
prescorvice education of mathematics teachers, and for
matiematical content and for pedafogys.

Cormitive mathematical behaviour.éan be cléﬁ-
sified into three broad categories or levels. The
first irvolves mewmorization of facts, definitions,
rules and procedures. At this level a student is
Jjudged successful if he remembers, what he has read
from wooks or taught by his teachers, and can
meaningfvlly reproduce them in the same context. For
exziple, a student who has been gstiown a proof that
the 3w of the measures of the angles of a triangle
is 13C° can recall, reproduce, and understand the
prooi, but he may not have the ability to use this
information to find the sum of the measures of the

anglzs of & quadrilateral.
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The mental activity of generalizir:; or trans-~
ferring knowledge from one learning context to another,
similar one ig the avcond level of methiematical cognie
tive behavior. For cexample, the persci who operates
at this level of thinking should undzratsnd the
operational algorithms of base ten and ealso be able to
understand thense algoritiims in some otler Lases,
particularly when the student has access 4o the
appropriate basic knowledpe which we Lo~ will enable'
him generate new knowledge.

The third level of mathematical Lthiniidng involves
reorganising and restructuring the varicilies in a
problem so thet new relationships wiich Tzceilitate
the findinmg of a soclution can eumerga, Avitzl and
Shettleworth,(1968) describe this as +-s f0uen
search" level of mathematical thinkin_, and oxperience
that is missing from so many teacher elucsiion
programs for prospective teachers of mathematics in
Nigeria.

Krulik (1982) shows a flowchart of {.e problem
solving process (sgee figuredl) the boldly outlined
command boxes indicate the procedures thict sre basic
to the problem solving process. In our classroom
thias set of rules cccupies a central Toasition.

Reference is constantly made to it in ou¥ atitempt to
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Fig. 1 A Flow Chart of the ProL iem-Solving Process
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—

Adapled from Krulik, Stephen and Rudnick, Jesse Problem Solving: a Handbook for /
te wchers Alhn and Bacon, inc. Boston, Mass. 1880
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help the preservice teachers become good problemns
‘solvers. The same flowchart will later serve &5 the
basis for the teachers' own teaching guide,

For most preservice teachers, the most difficult
and important part of the prohlem-solving epproach is
to "select a strategy". A wide variety of problen:
solving strategies must be identified and illustrated
by the use of many problem situations. Some piroiems
and solution strategies just naturalily fit togather.
Indeed, more than one strategy may be necessegry Lo
solve a particular proolem. The researcher malntaints
that preservice teachers should be encouraged co find

multiple solution strategies as suown below.

Strategies for Problem-bolving

1. Pattern Recognition

2. Working backwards

3. Guess and test

b Simulation or experiméntation
S Reduction

6. Exhaustive listing

) Logical deduction
8. Representing data
(a) Graph
(b) Equation

(c) Algebraic expression.
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{(d) Table
(e) Chart

(£} Diagram

To support this Rednick, (1982) states thatl:
It is important to continually
emphasize that the goal of problen
solving lies in the solution

proecess, not necessarily in the
answer itself.

This is more go because, a student can very
possibly guess the correct answer to a proix.enj but
what use is tho answer to him if he doez not Imow
or understand the process?

Generally spealking, in the teaching of problem
solving, there¢ seems to be a pattern that tazltes the
form of the following strategies: |

"Presentation, attention, observaiion
and exploration, classification,

further exploration and generalisation',
(NCTF, 1959).

Several lists of stages for solving problemns l.ave

been proposcd (Suydam, 1960), many of whiclh arc sHased

on Polya's (1973). !'how To Solve It". The specific

list used is not &s important as the fact that
students be equipped with some general fr-mssworlk
they can apply in problem solving situations,

The teaching of solving almost all types of
problems fall under the above mentioned palicerng,

The stages will be consgidered briefly:

-------
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3.10 lIdentified pattern in teaching probism Solving.

Y. Prescentation

In preparing for the development of ithinlking
process, the factors which require the closcst
attention are how the problem situation is chosen and

how it is presented to the students,

e Attention

The aiim of the presentation stage is +o zrousa
interest and thus further stimulate the neitural
curiosity of ihe students. At this stage the tescher
should be ready and patient to nmeet all soris of
responses. In such a situatien the teacher can make
students respond faster by raising some guestiions
which will help them think alright. What sould
always be encouraged is the use of questiong, thus

promoting an engquiring attituded

o Observation and Exploration

Very often the first attempt at a sgluviion is
not satisfactory, but certainly sensible resulis can
always be abtained after comparing the severzl trails
the student has wade, which however could neiliier be
provad or disproved by him or anybody elsc « «

then what happens? the next step below should Tfollowed?



. Classification

In trying to organise his data into = rscognie
sable pattern, tie interested student couvld exploy
several methods, one of which is graphing. Tiat is
done by tabulating the different dimensions with
their respective in different columns. Thus the
student is able to plot thi graph which will lead
him to a better understanding of the molutiom ol the
problem., Students, thereforc, should be encourzged
to tabulate and graph their results in an ovlexly
manner, because a study of successgive triale night
even reveal mistakes in calculations, whicl. couid

not have been discovered in any other way.

Further Exploration

Periodically progress apparently comes Lo 2
temporery nalt, when the student re-examinzs Tig
data, and reflecting upon other possible wayc of
collecting the facta, seeks and coansiders alltairnative
solutiong. It ips Lere thut he bezins to pon.ers the
possibilities of other outcomes if, for egxammley the
initial conditions were changed, or he may rzl:te

1

his solution to similar problems previously solved.

e Generalizations

Through generalizations, the student is enzbled

to apply his knowledge of the sclution of z roblem
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to cootizr similar problem, It is the teacher's duty
to za:r titat hig students do not have compartmenta-
lizsed Lzcimniques of solving problems. However, the
axtent of a gtudent's generalization may depend upon

his ébqﬁired kitowledge and insight to solve problems.

Key Ideas in Teaching Probloem Solving

213 section is not intended to be an entirely -
newy irngizht in the tejching of probnlem-selving, but
it ig devolted to sorting out the important aspects
concermiaedy at least the ones considered important in
th2 ovdinion of the researcher on the strength of his
desie

Ixperience in the daily life of an individual
car. woir out the fact that one may have less problems
than Ne encounters gometimes if he sets his priorities
xiphte.

| mereas various sgtages fromw both the teacher's
and the ptudent's point of view were considered in
the srocess of solving a problem in the last section,
here atitention is focused on the teacher alone and

hic specific duty of teaching problem solving. Jehngon
awnd Q\s(nﬁ wa"r) ; enume soted -thy Vs:J Ndeas as follewss
{i) The teacher should provicde students with

the right atmosphere conductive for

learning how to so¢lve problems.
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(i1} he teacher should estapblish a high level
o motivation for his students and maintain
thg sBame.

(iii) The teacher should devise means of helping
ctudents to understand a given problem
situation.

(iv) The teacher should encourage flexibility and
. vgriety in problem solving approach. |
(v) "o teacher should guide the students on hdw
to construct a ''search wmodel”. Consider a
neytiicular case used to make a simple
construction as indicated below by Earpe (1970}
(vi) Above all, the teacher must be protected and
toleraete in his approach to teach problemw
solving technigques.

(vii) Coazach the students in asking useful questions
and piving suggestiond.

(viii) e teacher should make the studenté aware
of the fact that the method of solution is
more important than the solution. |

(i) The success in solving problems is in the
solving of problems, so the teacher should
arovide adequate practice at frequent

intervalss



[ Identify the Problem ‘J
Search for Ideas that
are known and Related

l

l Identify a Scarch Model |
A i-— —
[]

i

Y

Use it to find a Solu- i

tion

State a complete Answer
to the Solution

1

Interpret the Results
and then Generalize it

|

Analysis of the Method
of Solution

-

A Tlowchart showing the pattern in solving

& problems (Figure 3.2). garp, (1570).
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lo doudt the task of the teacher in teaching
pro:lam solving is a difficult one. The cmphasis
should be on motivating studonts, on engineering in
the = spirit of inquiry, or promoting an attitude
conductive to analytical thinking. A bare answer to
a probles is no longer acceptable - what is important
is the Gevelopment of a solution and an analysis and
gencerzlization of the same. The researcher hopes that
throuszin this analytical method, students will more
reedily 2ind easily recongize and understand the binding
effocts of basic mathematical conceptsy and having
accomrlishizd this, the structure of this important
and core subject should be within casy grasp of the
avara.e sinier secondary schogl students,

woviding problem-solving experiences in the

classroon means finding suitable problems of novelty
to pregsent to the students. Teachers need to
introduca the problema, to allow the students the
tine they need to explore, and then summarize their
resulito with them, drawing on all of their ideas to
lecd tihen: towards the appropriate and realistic
counclusions. The teacher's focus necds to be on
stretcihinz the studentsa' thinking. The point of the
reszoreher is not that this emphasis is to replace

coincarng ndout mathematics skills, where the focus



48

may bo on accurctic results, but rather, that
both aspects of the mzthematics program =re

essential, for =21l students, at a&ll grade Levelge.

It iz useful for purpose of instruction cnd
sometimes for purpose of research of thiig to
consider the problem solving process as consligting .
of several steps. A4 number of different muliiw
step models have been proposed in ths literature
review in chapter 1II of this project. Tue nu.ber
of steps ranges from four to seven or evex more, and
their names and desgcriptions also vary, ». .t all the
models have been proposed as attempts to reline
and better define the complex process ol sieirlom
solving strategies.

With all these various models and conaldering

ol

the student concern, the researcher adopted

™y

M

adapted problerm solving wmodels of kolya {155)) and
Earp (1970) and cores up with a new model =5
indicated below ith-t will serve as a guidance for

problem solvers.
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Refine into areas of

| investigation |

[ Outline the questicns to ask

J
i

| 38rinz the right data home

.‘L o

Look for sSolutions |

v

Zstablish recommendeotions

¢

leke it happen

|
b 4

So what next?

A flourchart showing stages in solving a problem.(fig.iv).

So far, these are various strategies for problem

An

solving. A The next chapter, author will classify novelty

problems in terms of objectives, contents, and activities.

And cobjectives of novolty problems vi’1 be classified into

the new (1979) syllcbus which comprises the following topics:

(i)
(ii)
(iidi)
(iv)
(v)
(Vi)

(vii)

Number and Humeration
Algebraic Frocesses
Measuration

Planc¢ Geometry
Trigonomeciry
Statistics and,
Probability.

Finally, samples of novelty problcems will

be presented.



CHAFTER IV
FROBLEMS OF NOVELTY

This section of the paper consist of novelty
problems, classification of problems of Novelty in
terms of ocbjectives, contents and activitiez nd
these objectives will be classified into the new
{(1979) syllabus which compriscs the following
topics; | |

(1) Number and Numeration
{ii) Algebraic Processes
(iii) Moasuration
{iv) Flene Goometry
{v) Trigonometry
{vi) statistics and;
{vii) Probability.

The term "iovelty Problem" could be jencralized
to includg gbstract mathematical problems or puszles,
recreational problems, and probloms requiring creativity
or gorginality, s0 these Novelty problems wili shed
more light on the creative aspect of mathematics
learning-teaching at the senior secondary cchool levels.

. The emphasis in novelty problems are on process
and not product. There ig no congentration in the
garly Yevels on the "“right" anawer. The ciphasis is

on analyzing the data, determining the facts, posing

50
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questioné, énd so.on.

The saqguence goes from reudiness, to sirctogies,
to analyzis of word problemsy to brain storning.
The subscction on brainstorming is an attennst to
encourage the students to approach problans ol
novelty in o creative manner. The following obser-
vations arc placed on a tabular form (Tzble L.1)
that problems of novelty can be classified in torms
of objectives, contents and activitices Jjusi os the new
(1979) syllzbus for mathomatics. The intertion is to
peint out that there is nc one way to solve problems.
There are many methods and procedures, and students
arce encouraged tc explore as many as possibic. Under
the subsection cn strutegies, the intont is rot so
much that students be experts in each stroteyy ns it
is that students, by their study of the various stra~
tegies will dovoloep a memory bank tc full on whien
they are frnced with a problem to be sulveds. This was
indicated in chaepter 111 of this proeject. Alco Kinsella
(1970) indicated that sclving novelty problems is the
specific achievement of integlligence; intcelligence is
the specific gift of man. The ability to go round an
cbstacle, to undortake an indirect coursc whoro no . .
direct course presents itself, raisgses the cloever
anirmal aboeve the dull one, raiscs man far abeve the most
clever of animals, and men c¢f talont above fhcir fellow

Marne.
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Ta3llE 4.3
T-2 PROFOSED VOESIGN CF STUDY: SENIOR SECONVARY LEVIL
TOZZC C35ZZTITIS, AIMS ONTENTS HCTITITIES/MATIRIALLS
Novelty St 1211 be able to: Readiness Toink" Problens
Proslerxs . a : & o . . = 5
i. Solve by seeing patterns a) Opportunities for -2 problems in this
and r< 1DS. communication in cziegory, consisting of
quantitative languaZze, pridd}es, puzmzlcs, and word
2. Learn otfcective ways of solving .~chiems, were -—c¢oigned
probil crawing correct [b) Recognition of number 0 Zelp students solve
infez rcugh inductive and in everyday usc. sio:sle problems =nd
deduc:: suringe. z.yze the recocring they
[¢) Dramatization of s34 to reach tieir solu-
3. Read c=: 7 in order to number situationse. c.on8. For ex:: _ic: when
improv: 2Lz thinking skills. dcas 7 plus 6 ecu=l 17
fnv vefines and solves
L, Expres s2ilves clearly; by the problens using manipie- Critical Recclirg
prope= oI guantifiers' languagee lative materials in = o T
variety of situatiors. Llwtbeawatoﬁa ﬁwv1ﬁ¢ma to
5. Recogriz: t7: .ajor components of ~2 Students practice
the pra. izec -n2a the conclusion of Strategies uazmwnnh wmwawmm“ ;
& HO0E ..+ or word problem. - 1Zoting the facts, working
(a) DNumber patterns to Cirectly from wiat is given
- T clve problems == d ininT oxa
6. Learn % comuon sense and sol P lems. Z.7. determining exactly wh

examplc,

mining <

mise ¢
argume’s

cruth value of a pre-

iportance of deter-

ralidity of an

(b)

(c)

Identification of th:
question being askcec iz
a simple word problc:i,

Concrete or pictorizl
represczantation to solvez
simple word problems,

- oy e

2zt the question asks:-
example: 1= the
~Ca_owing reascring
cexrrect?




Novelty

Proosieng

CLEECTIVES/AILRS

! CONTENTS
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HCTIVITISS/
MiDIRIALS

1 TR

Y

utwnHw:cmm of set

theory to Sonve problems.

A s

S Lo inoy and charts
as ails Lo movelty problems.

i own logic

[}
)
ja]
n
-1 4
N
N
0
o
i
1
I,.l

Usz ornoriuiiities for
comminiosiicn in quanti-

tativ:z i  Jusge.

Selgct zeritinmt data

from z. 2L CE@me

axistence of
ation and
aint information.

pDetersics s
B Y
& prosiam ot

P

T
icentify roelie

< ﬂ

Extend 2z use of guess and
verisie

~~2ke
Z al

situations

analy-e = H
ternative

and omdu«n:
soluticice

=
=

(a)

(b)

(c)

(a)

(a)

(v

Guess~and-verify strats
Organised list to solvs
problenps.

Charts, diagrams, tablug,
toe aid in the solutiox of
probiec.

Analysis of Word Probla..c

Introduce reviewing o
blem and its solutionse

RPIC™
Selection of pertinesnt
data from g problam,

Icentificaticon of
problens with sufficient,

Cdnsufficient datae.

Identification of
explicit/implicit

informatione.

Brzin Storming

vefines and solves
problems using SWﬁHwﬁwaH-
raterials in a variety of
situations,

#analyzes and interprets
puzzlées and brain teas:tro,

- it fellows

"Our naticie

soccer tezi won the
chatwpions-is, since
1 am on the team,
thaet X
pleyed very well'.
Saople prosicos
are in the razzeining
part of toic chapter.
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0552272735,/ AXIMS CCNTENTS ACTIVITIASMliATZRIAL

(c) Re=ads and discusses a number of
problei: stateiment, defines the
problem situations, and identifies
data relevant to solving the
problen.

(d) Solve problems using manipulative
material such as toys and blocks,

(e) Determines possible mecthods of
solution of a variety of verbal
and concretce problems,

(f) Examines bcth concrete and
explores alternative solutions.

(g) Discuss problems methods to solve
real-life situation problems.
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So far, the objectives (Table 4.1) menticned
above will be classified into the following topics
of the senior secondary mathewmatics syllabus {i979),
and see the suitability of each itenm.

(i) Number and Numeration

(a} Solve problems by seeing patterns anc¢ reistionship.
(h) Read critically in order to improve ihe¢ir thinking
skills.

(¢} Use the techniques of set theory to solve problems.

(ii) Algecbraic Processes

(a). Select pertinent data from a problem.

(b) Express themselves clearly, by thce proner use of

| guatifiers language.

(c) Recognize the major componente of the promises and
the conclusion of a good argument or word problem.

{(d) Lecarn through common sense and examplo, the
importuncce of determining the truth vcolue of a
premise and validility of an argument.

(iii) Measuration

{a) Select pertinent data from a problein.
(b) Analyse problem situations and develop zlternative

solutions.

(iv) Plane Geometry and Trigonometry

(a) Learn effective ways of solving problems by

drawing correct inferences through inductive

and deductive reasoning.
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(b) Learn through cormon sensc¢ and examplo, €l
importance of deternining the truth v:Iuvs of
a prenise and the validility of an arjuncinte

(¢) Use dicgrams, and charts as aids to ucvelty

problems.
(d) Construct their own logic problems.
(e) Use opportunities for communication in cuanti-

tative language.

(v) Statistics and Frobability

(a) Use diagrams, and charts as aids to problem
solving.

(b) Construct their own logic problems.

(e) Select pertinent data from a problen,

(d) Extend the use of guess and verify.

(e) Analyse problem situations and deveio» =itlcr-

native solutions.

If educgtion fails to contribute to tlic <avelopment
of the intelligence, it is obviously incoriplete, states
Folya (1962). Yet intelligence is essentizl’y the ability
to solve problems; everyday problems, persoic] nroblems,
social problems, scientific problems, puczlcs, ond all
sorts of problems. The student develops Tis intelligence
by using it, he lcarns to do problems by coing them.
Then, which kind of problems should a senior sccondary
school student do in order to develop his -5Lility to
solve problems? The remaining section of .5 chapter
will be a selcction of novelty problems for cccondary

schoels and general remarks.



A SILSCTICE OF W VALTY ERAOBLERS
(FCR SZCO[UaRY $THUCLS)

i, Try to establish that 2l . let x and y be any
two nonzere raeal nwibers such that x = vy.

2. A asguare Cale ol upiformt height is iced evenly
0~ ii8 top eiud on its four gides, DbDescribe how
L¢ ¢cut the cake into five pieces (vertical cuts
oxly) such that eacn piece has the same amount
czile and the same amount of iciny.

Je A CLervier has four sons and Owias a Square piece
ol jland. He decides to retire and take a
.Souzra piece of land in one corner, equal to
ocne=guarter the area of the original sguare.
The remaining L-Shaped portion is to be divided
euvally among the four sonz in plots of the

seoe size and same shape. [1ow is this done?
. o
@
"
(IO

“\\

0.
O
ol®



Average the digits 1 to 9 in the triangle shown
c.sove so0o that the sum of each side is 17.

{lloz2: one digit does not appear more than once).
25 there another "sidesum" (other than 17) usiag
Lie digits 1 to 92 What are all the possible

gicdasumns?

5 luse had six sticks of matches., GHe told his son
to use the match sticks to form a triangle in a
s:urre such that two heads of matches must be
meeting at the same point. Form the figure.

6. In the diagram shown below, deteriine the gize

of thoe shadod arcae.

T e
13
il

4

figure 4.2

/ /
o /‘/

\
AN

h
b,

\
=
F

.\W
NN
W

{

7o Given 1, 2, 3, 4, 5, 6, 7, 8 and 9, complete
i{-ec table on the next pase so that when you
zl. =zlong the row or column or diagonal your

ciigwer is always 15,



L} b figure 4.3

Be A construction company in Zaria stocked six
berrels as shown below. =Zach barrel was
numbered, numbers being 1, 2, 3, 4, 5 and 6.
Canx you re-stock tne barrels so0o that the totals
o7 t“he nuribers in each line of three barrels

&£="2

o
(¢

L:/ (‘3’/‘: (-;) figure 4.4

Qe Jse each numbers 1 through 7 only once.

Arr-nge them soeach row adds to 12.

A

N figure 4.5
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1t. .

12,

13.

1L,

B

60

12 - 144 1If you wititz both numbers backwards

you get the true statement|212 = 441. Find other
exzitples of thisg behaviour.
£ child described what he saw to the mother

lilze this: There were two ducks in front of

g duck, two ducks behind a duck, and one duck

~im tire middle. The question is: How many

ducls were there?
izite a shape like the one below using match
agtickas can you teke any 5 riatches and leave

=1y 3 squares (of the same size)? figure 4.6

Fearmatu is 8 years old and le% metres tall.
17 she continutes to-grow.by age. What will
e her height when she is 2% yegrs old?

it 8 social gathering at demonstration
Dacondary School meainv to welcome from one
gtuteants of the schoel, we h=ve 21 boys and

20 girls. If the sitting arrangement is done

t



. alternatively in one rov starting with a boys

T.c will be at tire centre a 20y or & girl?

15 R3secca and Jane Gas wnie so.e aLe and
Rereeca is 1.5 nietres iv heigshte what is
cane's age?

16, #% Cjo's birthday party, his mother said that
nis sge is a prine nuaber, his father argued
L=t hiis age is an 2ven nuntoer. Their little
on Ojo who is a mathematics student discovered
Ti.et his parents werc correct. vhat is Ojo's
ene?

17. W<thout picking up your pencil, what is the
lcost number of straight lines are required in

¢rier to pass througil eacn collection of points

co each point ig touched once, and only once?

@

© o 0
[ = o O
figure 4.7
° < >
18, L .=n has a goat, so0i.e yuw3 wnd & lion.

e wegnts to erasas vhe wiver with them and the
0.1y boat could carry hiw aud one of the itens

c.i/e Now if he leaves tone goat with yams, the



6z
post will eat the yas end if he leaves the
Lioz with the geat the lion will eat tne goat.
S5c .ow would this Lan cross with these iteus
se that the goat will o0t cat the yams and the

~ion will not eat tas gesnt?

ic, J o does 7 plus 6 eguzl 1?

2C, Joet part of your body sre you uunable to touch
writl, both hands?

21. rle three oranges firroi four. ilow many do you
wnve?

figure 4.8

Liove is a magic square forwed with letters
“row the word "acada'". The dotted lines show
cy the word can be forwued uging 2 different

.J/Ce How many different weys are there
cite_ether? (Always start at the top)e.
hiis-pt to form a sinilar wagic square with

iz word "Joseph". Can you e¢xplain your result?
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23 I now wany ways can 7oy spell the word
U ATIEATICSY startiivg from (heg top aand
rezlsing down through the folliowing array?

S22 the figure below.
4!

by figure 4.9

24k, 1. & secondary school in Zaria, there were 30
sLudents and 30 lockerse socihh year for students
~in:G up in alpnabeticel orcor and periormed the
~sollowing strange ritusl: The first student
opened every locker. 7The second student went to
asvery second locker and cloged it. The third
siucent went to every tiird locker and changed it.
{ie2e if the locker was open, he closed it, if
it was closed, he¢ openad it). In a similar
&r.1ery the fourth, {ifith, sixth, . « .
locizers, which lockers were open? (Also try

Zox 100 lockers).
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25 Complete the sequence iy 1, 2, 3, 5, 8, 13, ...
i-to three places, (hoie: give the noext 3
“gr 8 of the scquence),

2€. Corpplete the sequerc welow so that all rows,

cocluwms, and diagonals nave the pacie sum.

U
T |
.l -!.. 1
| F
s i A e o i ._{l.-__,___ ﬁ_!
]
—_— —T---—- - —--‘
i B 1 1
b~ B E
5 B
figurc 4.10
27« I. order to encoura;,e¢ his son in the study of

siz2bra, a father promised to pay nis son eight
naire for every probici solved correctly and to
<ine him five naira for ezca incorrect solution.
£Tcer 26 problews peither owed anything to the
Olllcre HOW many probleiiz Cid the boy solve
comrectly?

28, J-un hre and hws. sello tooi the eirplane {rom
Jriine to Legos, thoy YhWwad together 94 kilograms
ol Legggage. he poid «+1450 and sho paid #2.00

Tor excess weigat. If lire. Lceilo made the. trip
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27 himself with the combined bagpage of both
o7 themy he would hive to pay #wi3.50. how many
ilograms of baggase cza cnec person toke along
iritmout charge?
2% . L Totuer who has three sons leoaves them 1600
coise They will gtates tiwt the sldest shall
T.vz 200 cows more <N tne second, and the
s:zondé shall khave 100 cows “ore than the youngest,
Fi.i the share of each (Zuler),
30. li:231zm Musa leaves four zons, who share his
sroperty in tae following manpner:
The first tzokes halfl of the
fortune, minus 3000 naira.
The second tak-s g third, minus
1000 nairea.
The third cxactl; one fourth of
the property.
The fourth takes 600 naira and the
fifth part of the propertye.
T a2t wes the whole fortunz, and how much did

2-.2" son received? (Zuler).

31, l.eiiam Ojo leaves at his death several children,
7o Sahare his property ia the following manner:
The first receives g hundrod naira and

the tenth part of whet remains.



The second receives two hundred

naira and tae tenth part ol what
reaains.

Tiie third takes taree Iunared naira and
thie tenth part of what resains,

The fourth takes four nmndred naira

and the tenth part of what remains,

aSid S0 OM.

v it is found at the end thet the property has
sz2n divided equaily among all the children.
Fisd how mucih the total property was, hovw many
c..ildren there were, a.u ..Ow puch each

raceived? (Euler).

Dr.w the figure in the next page without lifting
syour pencil from the paper, you are allowed to
cross the sane segiient with your pencil more

=i oncej; but it can be done without any

crossings.

/
/
i;\;“’ = __u-ﬂj:;;ﬁ
Y > .
B
| T
P N RN |
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3k,

35

36,

37«
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"’ ~oe persons play tczether. In the first gane,

.5 first loses to eacn of the other two as

such: money as each of them has. In the next,

“~ae second person licocs to each of the other
“/3 .6 much money as tuey heve already. Lastly,

in the third jame, the Iirsi and second person

-

52in each from the third &3 much money as they
“zd before., i{hey then leave off and find that
t7.ey have all anejyual sum, nzmely, 24 naira
2zcie Find how much money e¢ach had at the

searte (£Zuler).

L T:rmer has aens aid rabbits. These animals
neve 50 heads and 140 feet. How many hens and

~owr rany rabbits h:s the ferizar?

Jurcke is 12 ycars olc snc 1.4 meters tall.
Tzt will be her heipnt waen she is 30 years
0ld? If her growti. 1s progressive with her

E.LC e

Fisd two numbers wiose sum is 11 and whose

vrrouuct is 24.

£ rectangle is inscribed in a quadrant of a
circie as shown belowa. Given that the length
of pegment OA is 5cm and coat of segment AP

iy icem, fina tne Jer-th of the diagonal AC.
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o figure 4.12

3&. d-2x Ali solved a problem he got an incorrect
smgsuer of 16. In tae last step, ali took the
soasre root of the nusber rather than squaring

ite What was the correct answer?

39 4 cats can catch 5 lizards in 5 minutes. at
t2is rete, how many cats are needed to catch

200 iizards in 100 minutes?

40, Replece the letters with sing digitse.

(a) Fux?yY (. e o4 {c) Selu
+ TEN + YYYY + MOng
Tel Liui .ﬂaﬂgf

S YT

(<) ¢ SaVe
1.OKE
T.ONEY

41, ‘o wmany prime number are therc between

-~ znd 1007
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k2. L drawer contains red end sreesin socks. You
Jout a pair of muetchew gociise If you reach
irmto tne drawer wit:oot locliing at tiue 30cks,
what is the least number of socks you woula

“co78 to have out to sz zartzin of a matched prir?

3. S, ©y and E are diifercvat cijits. Replace the
Jlotters with nusbers o nmalke the statement true,

(:2)2 . sHE.

LT l.vsa whose age is five years weighs

#0 rilogram. Wwhat will be his weight when he

cecomes 15 years old? Frogressively.

45, Low meny triangles can you find in this star?
N\
o] L
N // ,/ \ P
K i
, - \ ,
e
P . #
N/ N\
% = /;. Y
V4

figure 4.13

46, ./ 2nd its reverse, 71 arc voth primes. Nane
“hree other 2 digit prinary numbers whose

“igits, when reversed, produce prime numbers,



4E,

45,

50.

70
cr many zeros are found in order at the ond

of 208 (40 x 39 x 38 X ees x 1)

How iany syuares are on a O x 5 checkerboard?

figure 4.14

ry

e product of twe w.ole numbers is one
silrion. No digit of either nuwber is a zero,

J..zt are the numbers?

L2% and Sule live at op-osite ends of the same
gtreet. Ali had to deliver z parcel at Sule's
0 gy Sule one at ali's llowwe. They started
=zt Lhe same moment; eacl. walled at constant

srzed and returned home immediwtely after

ar

Goving the parcel at its Gostination. They

:.2% the first tiwe fucec to fzce, coming from
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o:-o0s8ite directions, at {he distunce ot &
ldioveters fro.. Ali's coue zind the second tiug
the distairce of € iloweters from Sule's home.

. .
o -

(i) How loig is the streai?

{(22) If a = 300. arc © = &CC wio walus faster?
51, - 4re is a nunber (an anteger) which yields a
soore if you add it o 100 and another square

L2 you add it to 1b8. Juiclhi nunwer is it?

52 i cadu's stamp collection consists of three
200lzse Two tentias of his stai.ps are in the
Zirot book, scveral seventiis ia the several
Qocicy and these are 303 stpmps in the toird
bDoke How many stamps has aAhmadu? Is the

cocition sufficient to cetermine the unknown?

53 " ¢ area and the perireter of a right-angled
Triaengle being given, to finu the Hypothenuse.
(ifzwton) »

5k, ~ering given the siuves of any parallelograw
e one of the Diagonals, to find the other

Di".._;cnﬂln .,
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1. Goeral Notes
= Teaching - Learning Strategy of the proposed

chapter 3 cen adogt any otf the followinj woto.ing
met o:iclovies providew tiie; can lead to meaningful
lezr-io:n of the concepts by students.

(z) Lecture,

{5) Demonstration,

(c¢) The equiry approach,

(<) Simulation and games,

(e} Digscussion,

(£ Individualized instructions,

() Group method,

() Any other appropriate method.

2. Ti2 examination in novelty proolews snould be
designec Seneralliy to test stuweats in the ways listed
by Daoys et ale (1979) to:
(i) Recall methematical facts

) Synthesize t:e fucts with a view to
make accurate description and explana-
tion of te prob.enis
(iii) Interpret and malke gsense of mathematics

in novelty probleprs.
{iv) apply the knowledse gained to the

solution of natural and man-made problems.



Finally, Kalejaive (1981} concluded tac?t it is
only through a conceptually based prosrisiie woioh
this project aims &t accomplishing that oroblone ef
novelty can come fror o variety ol scuircec. 1uny
can be developuca Trot: Lvhe toxtoook.

Content beirg st.died whilce coteors oo Zrvolve
model situationc Irown iifc ocuiside tne clussioem
or through maticm:tical curiositigs gna reer.c.iionul
puzzles.

So far, the rescircher heas discuss o ncvaliy
problems, how the stated objuctives (Table .1 fits
into the new (1979) sylloabus end a selcecticon of
novelty problcems were prescnteds in the nout
chapter, the author will discuss questionceciroiciscs

and about onc hundroce Nquestions-cxercises will De

presented.
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QUESTICNS=2..aCI5L5 FRCM THE SECCLOARY
SCHOCL SYLLABUS

The new (197¢) svilabus is & counrowiuse betwuern
the old "traditicon.l ni-tuewctics an.. Yoodern
methematics®e Th. ol eetives, th: co.cuts, and
activities for eoc!. vo r of cvery L2i72k of education
are clearly spolti cut, =nd =re in oins with the
National Policy on siuvecetion. This is Zntended to
simplify the work ol tihw teacher, tooreoy fauecilitating
effective teachin. e new (1979) syilebus comprises
the following topico:

(1) Number ond Numeration
(ii) Algebr-ic Frocessus
(iii) Mcasurction
(iv) Plazne Zootr.ctry
(v) Trigonumetry
(vi) Statistics and
(vii) Prob:/bility,

Since an exercizc provides drili G practice
and a question requircs reeall and wikil. problems of
novelty requires corc-ul toought .. synthesis of
knowledgece. To compl_te, an excrcisc, one must first
determine the applic-ble zlgorithw, thon perform the
relevant mathematical rmmnipulaticn, DZoth steps are
necessary; ncither slonc is sufficient. Similarly,
novelty problcs has twe aspects; (a) the process set of

behaviours or activicicss that dirzct the search for the

7h



75

solution, and (b) the product, or the fctual sclution.
Both the process and the product arc vsscntial compo-
nents of the problon solving expericuce which havu
been lacking in thu school wathematics. snd, since the
main objectives in tho tecching of =.lhooatics at the
secondury level (to Jovelop nocesseory ncthacmatical
background for furthcr cdue.ticn) Hutl inclusion of
problems and problorn acliving strotojics will serve the
same purpose in dovel opsdin, prueocisc, ..o jdicuzl and abstract
thinking in the stu cnls.

From the abovc . ilsted tupics,y g cuthoer extractedd
about cne hundrec quoestions-cxerciscs cind their answers

at Appendix II of this projecte

A _SELECTIC! OF OVER HUMORZID -UZST1UNS-
EXERCISES IACk_WaSC "O! LE/ii MATHEMATICS

1. Compute the mesnn meark and the st-ouderd deviation of
the following =:riks scored by 17 students in a
mathematics toest:

50, 53, 49, 5%, 56, 51, 48, 50, 57, 51, 56, 52.

2. 15 students in o class nevor Llay football, 18
never play huadboell and 20 nover lay hockey.

2 play all throec games, 8 pliy just twe of the threc
games and 15 play Just onc o« il: threc games.
(i) How mcny stulonts in the c¢lass Jo not play

football, bh:indbzll or hockey?



- -

6

>

-

o

o

) dHow many stuuents -«'e Losvs Aan tha claes?
}  What dis tne srestz ol _uasiblioe muasbex

of gtudeni s L. ¢ ... wlny Ju.al hockuy?

v has 50 wABeTs Wy sy 2ither boaketbaid

- o

cotbalil or weota: 30 of too. play basketoail

waile 35 mombers pla” £foLtii.ie ROW luaily

seithar play both gaios?

e

#. vhysical seience elauss of 34, 2%, students

cilaxr cheuistry, 10 tals wvotln cuecdstiry and

-~

N

cuatics, 11 take bol™n ciesdiatry and physics,

12 take both ngthoomtics ard physicse.

rty offer wuh sics and 18 talke mataeunticuse

o
seny studenits thake 2l1 thiree subjacta?

Find the inverse of £(x) = 2% - 6

_ P :
Draw tic pr ph of y = x” (4 -~ x) tor
values of x froi, =i to te FEstiwate from
your graph thoe greaatest vialiue of ye

hat is tho vauius ol ¥ wh.ena

(L) x = =¥%
(id) =x = 14

Find vne values uf x corregponding to
7= 3o

A trianglc AJC hauy sides ad = Scm,

3€C = Jem, and AC = 7cme.

(i) What is tle -.casure of angle ABC?
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‘8.

10.

11,

o

.

e -
(ii) & poreendisaiar Pren i to 0 nects

AC at o, Fi:d the lougth of tiis

porpendicul e

{3) & ladder 8w long le ns g ciast & vertic:l
B ; g 3 . y P> i s
well erd ia inciineaa ot Ji To the 2orizo.-
tals. How fuyr = t2» woll does {ae Jadaer
rogeh?
£.00 is a persadeiogr i. in 9-ica the coorcinoius

0 A and B are (o, 0) wad (3, 3) rec, eccively.
sreulate the courdinsig..s of wsritices C sad O

Lo szl elosrams inter-

27 Lhe diagonnlias of

s2ct at the point (.y 2)e

Tird the equatiorn. of tie Liaes which wakse
sngle end with Ta such thst tan = R, and

c? Longth 2 unics frou tihe origine.

Ditsrmine the eauatioa of the livne througn tne

wnin: (6, «1) whisi is perpendicular to the

Firc the equatio: of %s lixa th:t passes
S rongh the poiat (3, 1) cai paraliel to
em o+ 57 = 4 = 0.

-

L figure 51 Ay, ana C are .. centres of threc

theriy o€ = 10cu, and

“eaciiing circles. s

~

{2 = 18ems Find inu roduis of each circla.



:‘."i;.;ure 5. 1

12. {+) Zight spheres caci raduie lecm eare fitted
into a hollow cube of cdre fciue Find the
volume of the uroccupiecd space inside
metal cylindoer.

{(>) Calculate the area of a sghere whose
diameter 1s 7ciie

13. Scl./e the simultaneous ¢ uctions.

{i) 2x + Jy = 1
3x° + <y + kyz = O

(ii) 2xy = x% = 24

Byz - XY

1]

30
14, (¢} In a2 single throw of 2 dice, find the
probebility of out.i. i~y =~ total score of
(i) 9 (ii) 10.
{3) Tu.ese are three groups of cerds in a
ciosed bag: 3 sreen “nd 1 black, 2 green,

end 2 black, «nra 1 graen and 3 black cards.



15.

16.
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One card is drawn at rendor fron cach

groupe. Find the proucoility th.t the

three cerds evantuclly sclected agre ono

green and two bluack oruse

(=) (i) A "foirY coin (onz caetl is properly

minted and thast canot stand orx
edie whern tossed) is toesed ounce
and then tessed twice.

(ii) & die is tahrown once.
For (i) and (ii) stzte all possible

outcowes 1in eaclhl casSe.

{») PFour coins are¢ tossed simultancously.

Write dowrn a list of the possible outcones,

Finc the equation that fils tuis graph below.

M

oy . I 4 e fisur“ 5.2
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1

17 {=) If 31 = 1 find x
{(») Siwplify ( xjxﬁlé
1
(xy )7
(¢) Given x + y _ %» ek dd EIFR
x + 3y - S B
i18. Pizc the averuge of the three areas marsed z,

ZI =nd 111 below. The large sguarce has an area

2
cf Sm 0 is the centre of the syuare and P

Ce Vi e

&l = ere wuwid points of gicdes.

e
, f

| T VT

. =

| P :

I i - "‘
| b

| ATy

v 5

figure 5,3

ig9,

"z
!

b figure 5.4



8.

~ .2 diagram above s.~ows tar<a circles ol radius

-4 touchinz eacy otazr. Th: cantres are joinod

ek

0 misXe & triangie. du iz tae areca of thc

g.aad portioin.

&y
20. 2 n“‘a = 1296 fi:c =n

: R i
- I S21lwvo for xj -
I- 1 =1
a b
az, L fuel tank conteins G&m} of kerosine. waut

is this volume in litres?

235 b icce of paper of the shape in the next page
Zs to be folded to fori. «n envelopes. The
zeniral portion is a rectangle of sides
S5¢t i %em and the mid-points rectangle of
sices A, 4y €C and V. The length of the
ritituaes of the triangular portion are scowne.
i -2 the total surfice ar:ce (Joth sides) of

v oo pilece of puaper,

~ | 2 ™. .
/ =
/'/ s .“‘\_
o '/f —= f Bl ey | I b "‘-.‘
~ oS J EDas =4
“\\\
\\\\\\L i
‘\\
b figure 5.5
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28, If 22 is raised to t.:e pover 2, what is the

4

asult.

£

25. L 2an left his moncey to his four sorns Lo bLe
tivided in the retic 2:3:&16 if the lurgest
c-ere was #240, what was the total cmount of
roney left to thie sons?

26. Ciu's watch gains m uinutc per hour and sisi's
wateh loses n ainute per <2y« They (et their
wretches together on tii.. zt $,00 a.w. what
cifference in seconus will be between the

w=tches at noon?

27. Siplify —14u5b8c3
49g bzc2

28, Yhe figure saown thre¢ squares, one inside the

othexr what is the shaded area?

e a8 2 30 T ——— s S

figure 5.6



29.

30.

31

83

D¢ figurce shows a pattern of squares arrangod
guch that each vertex o an inaer square is the

icepoint of a side an outer squarce Tae ocuter

<

m e ————— e ]

figure 5.7

tost square has si‘les of length 6cm. Find

. 2
iz ecm 4 the area of inner most square.

~assan invested #1000 in = busincss for 3 months.
fi invested #40 for 6 months, and lLusc

invaoted #60 for 2 nontias. I .ssan receives

i#.Y of the W33 profit. rHow much of the profit
. »2¢6 Musa receive? The profit varies as the
~oouwnt investea sand thie ting for which the
irvostwent is isade.

L student paid 60%¥ of his uchool fees. There

s then balance of #10.,50 to pay. Ahat

1272 the teotol fegos?



32.

33.

311'-

35,4

36.

374

84

Segun bought a peugeot car for ﬁﬁéob.oo; Aftef
cn2 year he reinsured it for 60% of its original
veliue and pald & prewium waich was nondnally 8WY%
¢S the sum insured. Cegiculaite the premium
sctually pald if there was z ano-claims bonus

et Lo%

Tae enployees of £ ficlory avre expected to con-
tribute to the llational Provident Fund in
sroportion to their monthly salaries. 1f the
fzetory manager who is on a monthly salary of
17300400 contributes #120.00, what will a clerk
or a salary of #150.00 contribute te the Fund.
Afs BDought a wotorcycle for #570.00 and sold

it for #b600.00 whilg 7is {riend Djo bought a

car for ®3700.00 zpd sold it for w4000.00.

Wadeh of theli made the greater profit per cent?

(i) Simplify Ji2= /75 + J27v

{ii) Ratiociialize the derocinator

b ian earns #2500.00 per annin, out of which
ne spends 15% on his chiildren's education.

Sovwr mueh has be left for other expesises?
Jss calculator to evaluate:
(i) 1980 x 0.754%
3i.,02¢7

where YT = J.142

i
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(ii) ¥¥ 1980 x 0.754
P « O

Use tre resuil: irn (i) to aeduce tiue value

of ps correci (o tiree significant figures,

“

33-. F, vmber gonsists of Loree digits with the
cigdt 4 In the wmidale., 7T .: sum of the digits
is 18. If the first and the third digits are
~.terchanged, the original number is decreased

oy 1984 Find thue nuumber,

3Qp Using 8 rule uand pair of corpasses only,
cozsteypct a parallejogran ndiy such that

d = 6,Qcm, Y4 = 4,7¢- and angle XYoo = 1200.

ko, lusa, a wotor wechanic, Dbcuug:t tne following
s.ove parts from the wiolesale departizent of
liz Nigeria lotors .Li.sited; Six pockets of
soseh ppark plugs at :1/.00 per packet of ten,
Zouxr tubes of gasket cement at #2.20 per tube,
t.renty packeis of ger:rslor brusies at ::1.95
_exr packet of two, one set of valves consisting
of faour inlet anu l'our exiaust valves at #2.20
oer valve, three water pump repair kits at
(110445 each, five carburettor repair kets at
*’.5+5 each, three sets of overhauling gaskets
=% 112.20 a set. Frepare the bill, allowing

= discount of 5% for cash payment.



b1,

3,

I,

45,

46.

47.

8¢

Sicplify (1-(4)(- x (~2 “3)

T .e populations of two states are in the ratio
5t5« The states share 26 million in ratio

ol their populatious. .het will be the share

2T the state with tlie s.ailer population?

L.e sum of money 30000 is deposited into a
hanke If the interest at tae end of 4 years
is H3600, Find the rate at which the bank

gz/8 the simple interest per aninum.

Ixpand (2x+1)3

(ii) Factorize x“ + x=6

1
x

(iii) Solve the equation 3x + x = 4

I7 x = 3 is a root of the equation x2+ kx + 3 = 0,
Find the value of ke
1
(ii) Given V = 3 Y¥r°h, find r when V = bIY

and h = 2

Sinplify

(i) (225” + 85%) x 256~%

(i1) 2p_ 2=1,-1

q- qe
4 2
{z) Add 1011two. 101,  and 1110two, leaving

your answer in base two.

(5) If 142 = 47, , find n.
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48. fird a two figures nunber inowing that the sum
of its figures is 10 and thzt the number is 36

sreater than the number with reversed figures.,

49. A Dag of corn canr feed 25C chickens for 30 days.

“.ow long would the same hag feed 100 chickens?

50. Soive the equation 125(x + 3, 5

1
51. Find the value of n such that 3" = ;_2'

52. I- the figure 5.8, PIIRS, angle «FT = 60°,

o
engle PTR = 40 , and angle TRS = x.

\ ?.

\|
%
\ e

/".,__

Czlculate the value of x. figure 5.8



53.

54

55

56-

57.

58-

89
T~ an examination aAli scored 72% in mathewmatics,

¥ in physics and 58% in chemistry. If his mean

Cr.e interior angle of a regular polygon is 1400.

-9 r.any sides has the polygon?

OCvle, vala and lusa share a certain sum of rmoney
i the ratia 4%3:6:10% resgectively. If l.usa has

i.20 mgre tnan Bala, fi~c "cv wuch Sule receives.

b bDook cost a retaller fl.52. lie fixed the
seiling price at 25% higher than the cost price
znd then allowed a discount of 10% to schools.

“ow much did a school pay per book?

Ia a group of 85 students 6 students were
zasent, in anothe: group of 74 students,

L students were absent or the same day. In
v ich group was the percentage of attendance

wezs higher?

A% the beginning of the 1901/62 school year,
s man invested #2000,00 in a bank at 121%
ceripound interest. If ae withdrew #0(50.,00
at the end of each school year to pay his
s2n's school fees, how wuch hed he Jeft at

L1 beginning of the 1962/63 year?



59.

60,

84

A men firing at a target can score from 2 to 7
points. The following table shows the results

dbtainaed whepn he fired 20 shots,

Score 2 3 4 5 6 7

Frequency 2 4 5 3 4 2

(a) State the modal score
(n) Estimate the median

(¢) Calculate the mean

A motorist who did 30000 kilometers in a
certain year observed that his car consumed
fuel at the rate of 1 litre to 25 kilometers,
while petrol cost 15% kobo per litre. He
spent #5.00 on o0il per month, and #30.00 on
Nis vehicle licence and #200.,00 on insurance
for that year. Calculate, correct to the
ne:rest kobo, the averazs expenditure on his
Tl =

(i) Per kilometre

(ii) Per week.
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61 ™ a foilowing are the marks scored by 50
candidates Who took part in a wathematics
oxarination.

@3 70 35 83 60 61 73 44 90
64 88 56 52 61 47 57 4o 58
95 71 52 25 86 79 35 73 44
g2 67 63 45 78 65 98 28 72
66 50 46 62 35 70 41 63 73

Using class interrﬁis of 21-30, 31-40, «.»
{2) form the freguency tabloj
{b) calculate the mean mark of this distribution;
{c) draw the cumulative freguency curve and
uge it to find:
(i) the redian

{ii) the interquantile range.

62 Solwe the simultaneous equations
2x + 3y = =4
3x = 2y = 7
' 1
6G3a (i) Evaluate (% of 38) « (23 - %)
(ii) Find the solution of the equation
5

(x+5) = %(5x-3)

(i3i) Factorize 6x2-+_11xy + an
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"64, Toe adjacent sides of a parallelogram are bem
end 6cm. The distance batween the longer
peralle)l sides is 2.5cm. Calculate the area

of the parallelogram.

65, The pie chart represents the percentage scores

oFf a student in his end-of«term examinations.

(i) If the student scored 42% in BEnglish,
what was his score in Bible knowledge?
{ii) If the pass mark was 50%, in how many
subjects did the student pass?
(1iii) In which subject was his score equal to

his mean score for the six subjects?

66. Ivzluate 10.332 - 9.672
(i) If 30 = 5.477, find (5.477 x 3)°
{iii) Express 1740,000m in kilometres, leaving

your answer in standard foprm.
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67. Ir the figure 5.10, 0 is thie centre of the
circle of radius 5cm and FPg is a chord of

Length b6cnme )

P
/
’ Q
| \ |

\

figure 5.10

Wrat is the distance of 0O from F?

68, AL snake is a zZoo was found to increase in
leazth at a rate of 15cm per month. Give the
length of the snake x montus after attaining

z length of 5.5m?

69. Te length and width of =z rectangle are pcm
and gcm respectively. dWuat is the perimeter of

t-e rectangle if p - q = 7 and p + 3q = 112

70. In the figure 5.11 1Pl = 12cm, IFSI = 8cm and

the angles marked are equal.
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72. Tna figure 5.13, {(not drawn to acale) suows
m rectangular piece of cardboard with a

gemi-circular piece removed.

Do . - e

A

\‘.. 1
\\» // 20 ¢opn

44 cre,

Cziculate the perimeter of the figure.5.13

22
!Take U = :?).

v3. If zz is poaitive, for what range of values of

ois b o+ 3x 490?

(ii) 1f P)q and p and q are the values of x
which satisfy the equation {(2x-1)¥

(3x-1) = 0. Evaluate (3p + q).

74, L field is twice as long as its broad. How
many yards of fencing are needed to go right

round the field, if it is 156 yards,
754 Lulta is twice as old &s Pisi. Funke is 3 years
vyounger than Luka and the gsun of theip aga is 32,

Find the ages of Luka, Bisi and Funke.
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77 .

76.

r?l‘j L]

80.

61,

82..

83.

54

Simmlify
a - 1
1 -~-.2
1+a

In triangle aidC, angle 4 = 3 angle © and
anpgle C = angle 8 + 300. Find the number of

degrees in each angle.
Jow many minutes do we have in a leap ysar?

If & piece of work takes t days before 5 men
¢arr finish it, how lors will it takes 3 men
i7 they all work at the same rate (write the

suation of relation).

Trat is the sum ot 24 seven, 31 four, and

£33 five in base Ten?

I< a goat is tied with a ropes winich is 13
metres long, what is the arca within the reach
of the goat if there is nothing to disturb the

zoet from moving.,.

The perimeter of a right angled triangle is
©lecmy and the hypothensis is J9cm long. Find

tiia length of cother 2 sides.

Ann open box is bent up from a sheet of thin

metzl (x+2) on long and {(x-1) on wide, by
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cutting out a square from one side 1lcm at each
cerner, and then folding alon; the dotted lines.

Chtain a formula for the volume of the box.

\ 7

\ - 3
4—————— ( -+ & o / figure S5 1!!

8M. Tho area of a rectangular field is 336m2.

2L its length is 12m, find its breadth. The
corner of the field wants to fence it with
wire ring, how many bundles will he buy if

A
-

-gre are 10m in a bundle?

65, Is it true that when x = 2 is substituted in

-

L.z expression (x-z)2 - (x+2)2 - 2(x2+4);

e expression becomes zero?

86. I x3 3:5, find the valuc of

N <
I

2
33X~ + 5xy -~ y
2 Ixy + yz

"

+
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-187. {a) The product of two numbers whose sum is
Y0 ig 1200. Find tlem,.

{») Factorize x2 . hxy + 3?2 - 2& -1

l. Losunming that log 102 = 0.3010, log 10° =
C.771 and 103107 = G.8451.,
Lraluate

(i) 1log 10 35

(ii) 1log10 14

LY. Draw two straight lines sAlb, CLY intersecting
2t 0. On BK, mark a point @ such that 0Q = 2.5cm.
Joia @ t0 € and D. 1iIf OU and OC are equal,

iiat do have to say of the figure formed,

¢, Fxor: the top of a Luilding 50m high, the angle
of depression of a car is 55°. Find the distance

2L the car from the foot of the building.

91. A retired army general was paid off by the army
council after his 295 years of service, This was
how his benefil was calculated. 100% of his
annual Balary at age of rotirement plus 15% of
gszie salary for the number of years he served
t.¢ nation and was given #14,858 as benefit.

Jz:zt was his annual selary at age of retirement?
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1.

SC- {2) Bako buy pencilS at Si&k a dozen and
selling at 5 for 33k, a trader made 94%k
profit, How many wencils did he buy?

() A rafrigerator can be purchased for
#125 or by 24 monthly instalments of

#5.530, How nuch 1is gavod by paying cash?

) A room 5m long and 3m wide has a wstained

93. {

o]

border 6m wide all round it next to the
walls. What is the cost of covering the
rest of the floor with matting at the
rate of 50 a sgquare netre?

1
{») Two mats 3m long and ljﬁ wide are placed

1
on a floor 4m long and 33m wide. What

part of the floor has no mat on it?

9l (i) Mallam Bako sells goods for #274.05 and
thus makes a profit of #20.30. vhat
percentage profit does nec make: (a) on the
cost price? (b) on the sgelling price?

{ii) A dealer bought % tonne of sugar at #18
for 50kg and sold it at 42k a kilogram.

What was his percentage profit?

%S« (&) Find the cost of 1800 articles at 594k
eacli, deducing 3k in each complete naira

a3 discount for cash.
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9%
(b) A trader sold sugar at 60k for a 2 kilo-
graim bag and made ¥#56 profit on a tonne.

At what average rate per kilogram did

he buy it?

9G. {2) A woman went to market with HE.OO.. She

bought some fish weighing 29 kilograms

at 38# a kilogram % kiiogram of butter

at #1.60 a kilogram, and 9 eggs at 48k

. a dozen. She then paid a bill for #1.244%
and put 75k in the Post office smavings
Bank, Hew much had she left?

(b) 30 cases, each contsining 2% tins of

fruit, were boﬁght for a store, By selling
the tins at 20k each, a yrofit of H#21.60
was made. What was the cost per tin to

the dealer?

97. {i) A book seller bought some books at 6bk
each and on equal number at 90k. The
dealer books cost ¥0.50 more than the
cheapex.

(a) How mapy were bought of each kind?
(b) what was the total cost of the -

bookas?
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-99.

0o,

(ii)

(a)

(a)

(3}

{ii)

b A
99
A tobacco dealer bought 22,500 cigarettes
at #9.00 per 1,000. If 1,500 were not
fit for sale and hs sold the rest at 20

for 19k, what profit or loss did he make?

1
The area of a squara plot is “16 hectare.

Find the length of the fencing going all
round it.

An isosceles triengle has egual sides S5cm
long and a height of 3jem, Calculate the

base and find the area.

A rectangle is twice as long as it is
broad, and the perimeter isg 30cm. Find
the area by calculation.

A room is 4.75m long, 3.25 wide and 4m
high. Find the area of a window if it
cccuples 7% percent of the total wall

space »

A cylinder has a buse of radius Icm and
a height of becme Find:

(a) the curved surface;

(b} the total surface;

(¢) the volume,

Find the amount of iron in a rod 1.2m long
if the cross section is a circle of

radius 1cCide
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101. T%a following are the heights in metres of a
Lroup of ten girls in a classi 1.39, 1.25.
Ze35, 1.40, 1.35, 1.50, 1.45, 1.50, 1.35, and

1420

-Q2. The figure 5.15 shows a rhoubus of side S5cm.

if one diagomal is 6cm long, calculate the

leangth- of the other diagonel.

Finally,; the author was able to distin tish the
difference between an exercise, a questio- =nd a problem.
A selection of zbout one hundred questions @~ exercises
were presented. The point of view in this siudy is that
enough problems anu problem salving strate_ies should
be set out in the school mathematics syll- >us Zor the
provision of ieaching/lecrning for the senior secondary
school students in nigefia. In the next chapicr covers
the recommendations, sunsa.ry, suggestions Jo-~ Turther

reseurch and {1inal remarks.



HAiat is the value of IPHI?- " figure 5.11

71 The diagram shows a water tank in the form of

a2 cuboid with the diniensions as shown.

Lo
AN

’:J ¢ r ‘P}
Find the amount of water it will contain.

(1000cm3 = 1 litre).



CHAPTER VI

THE PLANNED PHOGRAMMEt FROBLAMS
ZIIVESAGELY RECUMMEWDATIONS alND CONCLUMING
REMARKS

Oma outstanding problém in the design of a new
pro:;sesz of study outlined in chapters III .and IV is tho
high degree of uncertainty arising from its implenen-

teticre Some of the areas of uncertainly are discusaed

selow,.
i A major problem encountered was the selection

and organisatibn of the irportance of

problems for solving that will make up a
conprehensive prograw..c af study and the
development of a ¢lear outline of the logic

of the proposals based on the working concepts
and procedures. It was feared that certain
Froblems way be emphasized or some important

ones may be over-looked.

P Until other supporting studles are undertaken
to test the effectiveness of this proposed
Frogramiio, sSome questions listed below may
remain unanswered.

{a) Is the planned units/programme com-
prehensive enought to give adeguate
coverage in & full three year senior

secondary course?

102



() Would students, who may not be able to
move into university, have acquired
sufficient skills and knowledge to
contribute effectively to Nigeria's
manpower needs? In otiher words, does
this unit really constitute the
fundamental mathematical knowledge a
graduate of s senior secondary school

ought to have?

T2e tegcher variables is ayoiher factor that can
~ive rise to programming difficulty. Teachers
differ widely in their tiraining in mathematics
zind in their perception of mathewmatics,
Yherefore, they need tog be provided with problem-

solving, teaching methods by specialists.

Students with varving Bacggrounds in related
supjects will have varied lnowledge hence their
raadiness and ahilitics to the learning of the
mnev concepts introduced way differ markedly.
That kinds of ideas and goncepts can be grasped
Wy students at certain ages? Experience has
gzcwin that any problem=sSolving or:problém can bé
iztraduced at uny atage in the schepl course

rrovided that it conforms with Jerome Bruner's

(-966 P &6.] -
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gtatement that '"the foundation of any
subjeet can be taught to anybody at any
coe in some intellectually honest form,"

So what Nigerian mathematics teachers need
to do is to give a logical presentation to
tixe students of whatever concept or idea

th2ye 18 to be introduced in problem solving.

6.1 Recormendations for Future Use

- Mo matter how weil conceived a unit is, and no
metier now suitable in scope and content it appears,
what norcally ensures its succesz isg how it is taught.
In efTz2ct, the success of the new design wili depend

lar; 2Ly upon the conscientiousness of the teachers.

T-» recommendations liszsted below will help ease

some pouential problems in planning a scheme of study,

1 If any new programile is to be extensively
adopted throughout the country, therae
rmust be large scale ingervice training
rrograrries for sowe secondary school
mathematics teachers. This inservice
should be uniformly spaced, and continuous
until the teachers are reasonably

confortable with the programme.
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The use of a teachers' guide and aid would help
in the success of the new unit bhecause these can
arovide important background information in
approaching and organising of material and the
se-uancing of units, especially hefping teachers
Who are teaching it for the first time.

Any unit or prograame of study should be a
standsrd against which the teacher can make
nis/her own judgements and measure the progress
¢ his/her students. Careful {thought would,
therefore, have to be given on the methods
exxzloyed in introducing of a new unit. The
introduction of a common programmé af gtudy to
serve the new educational policy may help
teachers re-examine their position especially in
tg reappraisal of wethods. Kasperson (1967)
indicated that "strategies permit the better
“roined and more capable on educational path".
Thexrefore, to obtain maximum rasults from any
srogramme of study it is imperative for the
tercher to choose the best materials, examples
end illustrations in developing the concepts

incicated by the programme,



TN T T T B e AR T T R
106 .

1135 .

6v2 Summary and Concluding Remarks

Mathexatics in Nigeria in the future may encounter
neyw ¢ varied educationgl problems but the degree to
whici. these problems are solved will depend on the
nature ol educational researchers and changes in the
policy of education., It will be worthwhile if
educrnticnsl planners provide reasons for any proposed

chenfaa

Mathematics must also be prepared to answer
questiors about the nature of problem-solving and

wihy it iz worthwhile to teach ite.

t i3 this researcher's contention that the
pro;zosced problem~solving unit of study for the
Nijeriun senior secondary schools shiould be based
on currert and ﬁerceived societz] issues and probleméo
The srirery responsibility of mathewmatics is to equip
the jlesriters with knowledge, skills, attitudes and
veitey eeded to face a challenging and dynamic
socieVye Students need also to be equipped with the
interdiseiplinary information system in order that they

will 22 eacla to view Higeria's extornal linkages

-

ageingt the dackground of the '"developed world" on one
hencd and the so valled "developing world" on the other,
The tgvsl economin, political and social links between

thess two worlds is jn important clement “in problems

80ivi.z wnits for Nigeria.
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Tiie national economic, scocial and political
objectives embodied in tho Nigerian Constitution
{netionzl integretion, unity and self-reliance,
equity, =20d democratic commonwealth) are objectives
whoose sursuit have either direct or indirect probleme
solvinys coumponents. For example, problem-selving is
in a pogition to provide policy~makers with the
wagentisl data base, and reconmendations for tpeckiing
soria of cur internal social and economic problems.
The wrolratime is also meant for studemts of senior
saccniary schools who will either have the opportunity
for furthering their educatiom or who may opt for the

emploiyient #eCctols

However, it is hoped {hat with the adoption of
the %=3=3-4 tier system, educatignal planners will
criticeily examine the problems facing teachers of a
new syillabus in order to enable them to plan intel-
ligently and make the "new" idea a valuable experience

for 4thermgalves and their students.

Recomnendstions

{a) PFroblem-smsolving must be the focus of school
mzihematics in the future,

{b) Mathaematics teachers should create classroom

environments in which problemesolving can

Tlourish. The researcier suggests that
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greater emphasis should be placed on problem-
solving methods, in both teacher training
irgtitutions and in secondary schools, "a
tezcher who had no personal experience of
creative work can scarcely expect to be able to
inspire, l1ead, help, or even recognize the
cragtive activity of his gtudents"

(Folya, 1962: 209).

Advanced teacher training institutions, and
coliages of education in general, and the
wriversgity in particular might upgrade the
cuslity of teachers! output by introducing
courses that emphasize the "whats-hows and the
wa7a aspects of mathematics learning. So far
thare has been sore pProgress rade in this direc-
tion at Ahmadu bello University, Zaria.
{Ze2de/BeSc. II ME 200; "Strategies of Secondary
School Mathematics Teaching'", and Diploma XXy,
"Problem=Solving in Mathematics Education,™

Aqnzdu Bello University, Zariae)

(¢) Tliatnematics programites must take full advantage
ol copputer machines and calculators as tools
at .all levels of problem-solving. Learning how
“o ugze the calculators effectively is an assert

Jor students. It will also enable the students
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solve the problem faster depending on their

g0lid grasp of the problem solving technigues.

(d} livch mdo has be2n made about standard versus
rongtandard, routine versus nonroutine, textbook
versus nontextbook problems. The procedures
irvolved in solving problems are the same. A
nyroblem=solving process is what we should bLe
teaching learners, not just types of problems,
Teachers have a ready source with which to teach

nroblem=solving - the stanozrd textbooks should

»e conglidered for all schools on problem-solving.

{e) lMore mathematics study must be reguired for all
studants and a flexible curriculum with a greater
rerge of options should be dosigned to accomodate

tae diverse needs of the studeants population,

6.3 SUGGEETILHSvFUd FUKT. .ol REBBAaCH

-

- 4lthough the Novelty problems have been
tested as samnples of Diploma IX Methewatics -
Zducation's students, furtier rezgeanch ig
needed to test eie auiwgbility of each
item in the unit.

e There is a need for further investigations

to ascertain whether or not certain, or all

items are appropriate to Wigerian students,
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31 Thixrdly, a number of area related to the general
igsue of the items in Nigeria would provide
rawvsrding research experiegnce and suapply useful

information,

FinsX Remnrks

It is hoped that the present work will help to
fulfil some of the greatest needs of our present day
tec .molosical advancekent in Nigeria.

Towng men and women should learn to use their

minds tos

(1) Sustain for mankind the numefous benefits
that accrue from advanced technology; and
(ii} to ocontinue researching the sciences for
solutions to new unsolved problems in
auch fields as medicine, physics, chemistry

and the social sciences.

Lt

The aupportive role of matnernatics in both of
thicoe srecs of human endeavour is wall documented
(Groiwr:s of hathematical Ideas; NCTH, 1959).
Maticiletics in its role as servant of the sciences,
provices the technologist and the research worker with
a coucise and precise working language, and in its

role &o Jueen of Sciences it gives birth to and
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nouvriches creative thinking. In numerous ways,
matlicntics offere unigque opportunities for creative
and orgzi:al thinking, forming and solving original
proolaiic, establishing theoreis with original proofs,
diccovering relationships and steting them in one's
ow:: wercs, are all but the starting experiences in

crective thninking.
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APPENCIX I

SCLUTICHS TU i SeLwCTIVN (F HOVeLlTY
T FROBLENMS FOK SBCUNOaRY SCHOOLS

1T % = ¥, the x2 - XY
% xé_- yz = ¥V - y2 and (x+y)ixay) = y(x-y)}
Zonce, X + Y = ¥

Bince X = ¥y, then by substitution 2y = ¥

Since y is a nonzero real number, if follows

in intuitive geometxic approach could be tried,
& zlgebraic approach could be tried also.

s Tinally, the fifth piece is really two
Wodsess joined" at a single point, not gquite
W.at tne a minor adjustment itrading congruent
trizrgles yields, thereny & satisfactory

gclution as stated below will colige.

- L

see page 14 Chapter I
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4, First observe that the sum of the numbers 1 to 9
ig 4Y and the sum of the three sides is 3.17 or

te Thus, the sum of the corner number continue.
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2

10, 137 = 169 and '1° = 961
i2® - 144 and 217 = 441
21" = 001 and 102 = 100

1i. Tucre were three ducks.

1%. AIlL together there are 17 match sticks wmaking
the % boxes. Romoving only 5 match-sticks you

lzova only 8 quare is posgsible.

BN RN

I

|

13, 1lo solution. Since one's aze is not proportional

T ———tre | — T

©o is height.
4

14, Hidlle number - 41+1 = =5~ = 21. Since the
middle number is add and are boys:. the middle

merson is a boye.

15, llc solution,

164 Ojo is 2 years old.
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18.

19.

20.
21,

22,

23a
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&
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;i \\\ Vs
/“\\
& /ﬁ ﬂ llote: The qwder
a ™~ doga mot
¥ e gl

i'lo golution,

Jiex you are looking at a clock,

Susrisingly, you may have little difficult with
thiz problem. You may reasoned that if you add
.72 two numbers, the result would just increase
te 13, but if you arranged the nuwber in a cycle,
ratser than in a number line, you could obtain

L2 correct answera.

Touxr elbow or back of one hand.

"Treee

S wayse A magic square cannot be formed with
. word with an even numbers of letters,

42 F52 ways. DbBelow is the solution using

nagcel's Trianglea
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25.

26.

27+

12K
e iy 2y 3, 5, 8, 13, 21, 34, and 55 such that
eoc term is the sum of the two terms which
irziediately procede it; thus 5+6 = 13, and
v+.3 = 21 and so on. Tha seguence is named

zZter Leonard Fibonacci of pisgy born 1175 and

Las many special properties.

10 x w8 = #80

- 15 x #% = #80
0

Sirultanuous equations
tw = 26 1ix%x$5
c - 5w = 0 2
5 + bw = 26x 5 3
lr = 5w = © b
Z3r = 130
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Sustitute r in equation 1

0 + w = 26
W = 26 - 10
wr = 16

lirey L kilogram, krs, w kilogram, x kilogram -

1-x = wW-x = %Q-x_: |
zre free: 1+w = 94, 1.5 - 2 3.5 x = 40,
7CC, 500, x = 400 from x+ (x+100) + (x+300) = 1,600.
Zgach son receives 3000,

If the share of each child is x, and the whole

Yortune y, the shares of the chdldren are:

1st x = 100 + z:%%ﬁ
and  x = 200 + Il%gg
3rd  3rd x = 300 « I:E%%}QQ and so on.

The difference of any two consective right
hand side is 100=x+47100
10
If this difference egquals O (because all the
gzares are equal) x = 900, then (from the first

equation}) y = 8100, there were 9 children.,



120

32

£

AT B

Other paths are also possible, but all must

start and end and A and B (or B and A).

33 Let the three players initially have the amount
%z, ¥ and 2z, respectively; it will be advantageous
to consider x+y+z = s. (8 = 72), we have to
coizsider the awnvunts owned by the at four
different instant; any iwo consecutive instants
g2 separated by a game; the total suwm owned by

the three is always S:

1st 2nd Ird
x y z
2X-3 2y 2z
bz-28 Ayws bz
Simits = 24 8y-2s = 24 Bz-s = 24

Hence x = 3a, y = 21 =z = 12
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34, Let y represents the nos. of rabbits then the

nos of hens 50-y.

I one rabbit has & legs then y rabbits will

have 4xy legs.

Algso if or.e hen has 2 legs then (50-y) hens

will have 2x(50-y) legs,

Sizice there are 140 legs altogether then the

stetement will be reduced to algebraic form,

by+2(50=~y) = 140
Solve for ¥y
by+100-2y = 100

2y = 40

it

¥ 20

Substitute for the value of y

wil2 be 20 rabbits. iHens (50«y) = 50-20

Henmas = 30,

™ ifo solution,
36, .+ 3 ang 8
37 . AC = €cr since aC = OB =

{Incidently - we can now also

o =W6% - 5% = vI7T

= rabbits that

radius
AD + AP
5cm + lcm

find OC

= 30



40.

b1,
42,
43.
Gty
45,

46,
47 .

ToAw

132

2567 = 65536

“ cats are needed. 5 cats catch 1 lizard/minute .
(¢ lizards in 5 minutes)
Hencedn 100 minutes these 5 cats would catch

1C0 lizards,.

{a) 29786 (b) 9999 (c) 9567 (d) 9683

850 + 1111
+ 850 8888 * 1085 ¥ 10
31586 15968 10052 1073
30
L

(#5)% - 25x25 = 625

Ilo solution.

22 12 of side 1 unit
6 of side 2 units

2 of gide 3 units.

13 and 31; 19 and 91
Wa first note that the number of O0's at the
end of a number is the number oi factors of 10

nassy since 10 = 5,2, we need only ask how

ieny 5's and 2's appear as factors of 40J Infact,

since many mere 2's and 5's will appear in the
rroduct, the answer (and our subgoal) will be
t“iie number of 5's that appear as factors of

the first 40 integers, namely twenty-four.
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he

-

50v

51.

13%

20l sguares.

15625 x 64 (i.e. 56 x 2°0)

{Stanford 1959) we use the notation

p2

A

{ii) O©f course ali Numericall:

i

CHex = y2, 168 + x = 7

oy 4li's speed

for Sule's speed

for the time (counted frow the start) the
boys meet the first time,

for the time they mest the second time.
the desired distance of the two houses.
thien ut, = a, ut, = d+b

1 2

vt1 d=-a vt

2 2d-h

Ik
1l

(1) By expressing u in two different ways, wa

v
obtain a, 6 = d+pb
d-a 2d=-b

enece, after discarding the vanishing root,

wo find d = 3a-~b.

]
Pl

4ic

2

Suitracting we oktain

(2=y) (2+y) = 68
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Since 68 = 2217 can be decomposad inﬁo a product
¢t +wo factors in just threo ways!
68 = 1,68 = 2.34 = 4.17
aind v and z must be both odd or both eveny
lare is just one solution:

2wy = 2, 2+y = 34k, 2= 18, Y = 16, x = 156.

{stanford 1957) ahmadu has x stamps of which if
gsevenths are in the second book; x and y are
woaitive integers;

2x X% x x 303 = x
o 5

axd hance

28 - 5y
T~a denominator on the right-hand side must be
pogitive and odd since it wust divide the numerator
wiiehh 15 odd. This leaves three possibilities:
%2y 3, and 5, and only the last one is suitable:

v = 5 and X = 35 35 are uniquely determined.

A, 2s, ay b, € stand for
\ HH“%A
araa perimeter hypothenuse, recaing sides,
respeetively, A and s are given, a, b, and ¢

INOWT e
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Yo solve the system
a+b+c = 28, be = 243 a = b + ¢
ex ress (b+c)2 in two different ways:
(25-&)2 = al+bA

a= 5~ T

5

I7 & and b are the lengths of two nonparallel

pidesy and ¢ and d the lengths of the two diagonals,
then 2(a2+b2) = c2+a?

Iz Tact, the diagonals dissect the parallelogram

irteo four triangles: Apply the law of cofines to

two neighboring triangles,
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AllSwadd TUO Tha SoLLLTIVH LF CNe HUNukby

ALl Senannl L 60 S Fiul. .60 "W LoVEL
MaTHENAWTZCS
1. Shelt, 241 or (3.2)
2a (1) 5
() 32
(iii) €
3. iy w.vers of the club play both basketball and

fcctoalle
k. 5 students offer all three Subjectis.
—0.5 y = 1-?
1.5 ¥ = 5.5

when vy = 3, x = -0.0,; 1.0, or 3.9.

S5a WOHel X

when x

n

6. (a) (i) iBC = 120°
{(ii) Z.856cm

(b) Leif:. the laduor reiches 4.12m up to
the walle.

7 (7q 43y (5, 1)
O. * + &7 % 10 = 0 anu 3x + 4y - 10 = O.
Q¢ "3y + 2= 3 = 0.
10, 5y + x =~ 11 = O.
i1, Cirel. centre 4y lico
Cirzil. Centre B, Jon
Cirele Centre €5 7cm

1z, {a) 330,49 cm3

13. {i}:::-i;y:l,xz_l"yr_j

-
b
(X8
EY
I

| 22
-"-
-

“
]

I+
Wt

14, () (1)



137

15. (=) (1) (ud), (Wy), (%), (7T)
(ii) All possible outcomes will be
(1, 2, 3, 4, 5, 6) for brevity.
(o) If H is leads, and T is tails. There

will be the possible outcoices.

16- 4 = xa-x-6

1?- {ﬁ) X = 27

{(>) =5x
{(e) 3:1
18. _‘

21. .EDb

22. <L,000 litres
23, “:HCma

24, 226

25. 300

26, “m + 3n

B8, =+ of the area of the lazrgest sguarc.
29. 9
30, H3eCC

;}1- .’!:‘5‘0:'-"5



32.
35.
3k,
35.

3%.
Lo,
l*l'.
4z,

43.

lh
k5.
46.
b7,

4y.

50.

o ¢

#212.16
K22.50,
B8R =7
(i) © (ii) 153 - 1a/15
= 11
i35.125400
(1) 17.2 (ii) 0.502
¥altisen
15
275 ,000,0
>%
(1) Bx2+12x2+6x+1;  (ii)
(iii) (3x~1)(x-1)x =-% or x
x= 2 er x= 3
(1) =& (11} 3
(i) ] (ii) 1
(<) 101101 (b) n = 5
cays
--.9.-:; or -g-
]+ g
7.0 20

(x=-2)(x+3);

1

123



33.

Bis
-

5-_.

G%.
62.
€3.
GA,
6.
66.

139

iie71
L0 A
174422
(=) 4&; (b)) 4; {c) 4,45
(i) 2 kobo (to ithe nearst kobo).
(i)  #9.15
(=) Marks | 21-30 ] 31-%0] 41-50] 51-60] 61-70 | 74e_c
£ 2 5 7 9 11 ¢
81-90 |91-100
5 3
(k) Mean = 61.7 + 0.1 (¢)
(c) (i) 57.5 + 0.5,
(ii) 44.5 €255 + 041
=1, y = =2
(32 + &y) (2x + y)
250L2
i) ho%, (ii) two, (iii) Mathematics
(1) 13.20, (ii) 270, (diii) 1.7% x 107km

(Coij + 5.5x)m

Liein

litres
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e Piiem
7ar z
1%¢ 2. yards of fencinz are required
2y Lwze 14 years; pisi 7 years; Funke 11 years.
75« -~
. o

26« i = 90% (B = 30°; L& = 60
77 4 £2/04%0 minutes in a leap year,
78. Y cays

-
79 . L3 base 10

80.- 532.14m2 or 53m2

81. AZ + BC = 51cm

82. -l 310m3

64, Tes
85« Yo
120

86, {(z) 30, %0 (b)) (x=3y=1)(x=ay=1)

G ~e5554; 1.1461

88. 4 Isocelse triangle
859~ S5
9O~ 5128

91. (=) 45 articles (b) 6

-
4

92. (2) #i3.32 (b) 53 ——
93. (i) (a) #6 or 8% (b)ﬂ?ii or 731%

27 27

(14) Gain 16%%
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.98,

99.

100.

() #14038.87
(n) 2h.hk
(=) 69%k (0) 17k
(i) (a) 25 books
(b) #36.50
{(ii) #3 loss
(=) 100m
{(») 8em; 12 sq cm.
(=) 50 #g. cme
(5) 4.8 sq. cm.
(i) (a) 132 sq. ciie
(b) 209 sq. cme
(¢) 231 cub. cm.
(ii) 37?% cub. cme
le37cm
LCiia

141



