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ABSTRACT

COMPARATIVE EFFECTIVENESS OF EXPOSITORY AND DISCOVERY METHODS
IN THE TEACHING OF LINEAR PROGRAMMING TO HIGH SCHOOL PUPILS

COLIA, Pierc, M.Ed., University of the Wltwatersrands 1986

This research report Investigates the comparative effectivensss
of expository and discovery teaching of linear programming to
high school puplls, Twe groups of puplls are selected for the
two teaching approaches In  a non-random way: pupils of higher
mathemat)cal apt]tude/ablility are taught by discovery methods and
puptlis of tower mathematical aptitude/abllity are taught by
expository methods. The results would indleate that the puplis
taught under exposltory methods benefltted far more than did
pupils taught under discovery methods. Possible explanations
for Ethe results are glven and the Increased use of discovery
tethods 1n  the teaching of mathematies |s supgested In order to

Tnprove problem-solving skills.
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CHAPTER ONE

INTRODUCTION

The teaching and lesning of mathemst)os have nlways been central

In  educat! 1 or arch, Since mathematics s a

fundamental tople In school currleuia, tha deslre to Improve the
effectlveiiss of teaching has stimulated a broad range of studles

desligned to understand the nature and development of mathematlcal

abliitles and those school programs or teaching strategles that
produce optimal Jearning. Taken as a whole, recent rasearch on

mathematlcal abllitles, learning and teaching has produced few

broad or strlklngly new results suggesting major Improvements in
effectiveness of school mathematics programs. The complexities

L of humen lemrnlng, the mathematlcsl subject matter and the

schoolwsoclets) settlngs for Instruction seem 1lkely to foll any

i

search for such major bresdcthroughs. (Bauersfeld, 1979,

I In llew of the r.i-e quest for sluple bost methods of teaching
. mathematles, Fey (1970) clalms that we might see in the pattern
of rocent research Ehe promise of salld progress in a number of
spectfic problem areas. Research using conventlonal deslgns and
K data collection technlques has also Improved In the Jast ten
I yaars., For example; the work of Good and Grouws (1977) lnvolved
traditional experimental ~eontrol aroup comparisons of

" Instructional  treatments. Whereas previous studles of this type

made )lttle affort to assure dellvery of wall-defined treatments;
Good and Grouws (1577} checked very carefully (by classtoom

observatlon) to ensure that the experimental treatment features S
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were effected, They chose research situations with care to

minimise varlation due to Irrelevant factorsi they made special

i
efforts to control for Hawthorne effect) they considered 1“
i

- carefuily the appropriateness of thelr chosen criterion measures :

= alT problems that had methodological flews in earller research

In mathematical educat)on.

Recently there has been & trend among mathematics educators
Worldwide o try to meke school mathematles more relevant and
sppiiceble to puplis' llves. In the USA, 1n response to
"minimal competence™ mandates from State and local Government,
the Natlonal Council of Superviscrs of Mathematlcs (M.C.5.M.) In >
1978 drafted a position paper on basic skills that emphastzed the
: followlngt  problem solvingi  epplylng methematics In everyday i
situations; alertness to reasonableness of resultsy estimation DB
o snd  spproximation; reading, Interpreting and construcking \
. tp ies, charts and graphs] uging mathematice to predict)

computer 1iteracy. Among the impending developments, that which !

offers the most certaln prospect for striking Influence on school
mathematics & the emergence of mlaro-alectronle teciydlogy.  In

tuenty years the computer may be ble to perform every cognltiva

5

? function of humen belngs. Already pocket caleulaters ctn
% e routine computations that school mathematics programs
¢ much time teaching £o young pesgle. Hers the challenge
% to . esearch and development is  to determine the knowledge and . i
‘ sk111  still impertant for varlous individuals to acqulre and the
best methods of teaching that skl}!! bpd understanding In a

computer-enhanc sd educstional environment. !

.
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The mathematlcs edueatobs’ {nterest In findlng Improved classroom
teachlngs teacher preparation snd wurrloula hes teen complemented
by generle research In asch of these dqueslions ~ as & major
schoo)  subJect, mathematles has been finvolved In studies of
teaching 1ike ,the Interaction analysls work of Flanders (1970),
the studies of teachar charscteristics ke those of Ryans <1960}
or  Coonay (1988}, or snalyses of curriculum development Tike that
of Walker and Schaffarzick (19743, In addition, mathematics
educators nesd to pay close attentlon te resesrch emanating from
psychol ogy. Psychologlsts have propused theories of development
explaining evolution of perceptusl snd reasoning abilities and
special  links  between mathematics and eritties) affective
varisbles. Between 1900 and 1930 the teaching of mathemstlcs
was notleeably I[nfluenced by Thorndike's "The Psychology of
antthmetle® (1922) and "The Psychology of Algebra™ (1923) and
Brownell's Studlas of Mesnlng In Arithmetic (1947)¢ The
%ve\omentapsm of Pisget (1952) and the structurallsm of Briner
11960 lald ‘1mpnrtant groundwork for the “New Mabh' tirusts and
Cagne’s naw  behaviourism (1968) provided psychological rationale
far  Individgusiised  Instruckibn  and  school - accountsbility
initiatlves. Binee then psychologists have played a malor role
tn the continuing conbroversy over discovery learning, white
contemporarty research on beaching snd learning of mathematics is
quided by  Informablon-processing  madels  generated  within

psychology .




It would be Lgeful to consider ldeas on cognltive devilopment in
retation to hunsn lesrning. One of the most difficult tasks In
bullding a theory of cognitlve development is separating the s

effects of maturation and experlences both In and cutside of

schoo) . The early hopes thet Plaget's (19562) ldeas would Fa
“ provide a comprehensive developments) fromework for currleular
and Instructionsl practlice In school mathematlas have given way 1§

E to reallsablon Ehal mathematies educstors wust Tock for more

i complex connections betwsen development and the learning of T
= specifle mathematical concepts. Skemp (1973} sltraesses that ¢
human  behaviour ts goal directed and lesrning is gesred towards i

I

Y . survival,  Carpenter (19803 p.23) sets the agenda as follows?

/ “What  is essential is the construction - of good M
: measires of children’s thinking and the {
o identiflcakion of speciflc reintionships betueen |
\:‘;-‘ performance on  those measures and the tearning of [
7 pretleuier  mathematical  concepts. thether these i

. maasies (811 into an ordinal scale 1s not eritical, i
¥ jg lmportant, howevery that the measures of H
uhlldiren's  thinking  predlet  with some accuracy »
Tldiean’s sbility bto tesrn specifie mathemotlce) $
neepts and skiiis.” :

Sin 1lnear programming deals essentislty with problem solving, ;
st cdnarks  on this  tople bave been includea 1n the
It wiakions Kl ipatridke ¢ 19693p.629) sumarised the status of

o Pt solving research bs followss

“The prominence of lncressed problam=solving sbllity '
as o gosl of methematics Instruction has long been 4
adm! tteds but 11ke the westher, problem-solving has f
been more talked sbout than predicted, controlled or

understood. .. Problem solvipg s not now being |
tnvesti gated systenatically by mathematics !
educators. Few studles bulld on previous researchs
fau studies have an expllelt theoratleal rationale.

|
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Pespite the Importance of problem-soiving, students [ind “story
probiiems” end mathwmatical puzzles very diffieult and teachers

experience frustration in teaching problem-solving, snd thus ’

frequently plve 1t Jess attentlon than reason suagests.

Kitpatrick's  (1969)  own  thesis redirected the focus and i

methodoiogy of research on problem=solving. Polya (1987) had
praviously outiined & geners) theory of key stages (n i
problem-soiving, ineluding & varlety ol specifle strategies
useful in esch stage., Kllpatrick started from thls fremework,

but Instasd of fosusing solely on the produckts of

probl tving, he researched the mental that student:

used along the wey to success or fallure. This empheslis on P

process iather +than product and on clinical Interview research

methods has had erormous influence on prabien-solving research. 4 K

- This research has abandened the search for 8 slmple best method y‘ @

X of tesching problem-solving in favour of more baslc studies of ‘
composent  varisbles tn the complex process. Consequently, :

recent resemrch consists of small steps of progress rather than

major  breskthiroughs. investigation 1s proceeding on several

¢lasses of varlsbles? "bask variebles”, "sublect varlables” and

‘ "iastructionsl  varlablas®. Pregress has been made n ldentifying

i problem difficidty fackors mwl the ways that probiem structurat
features influence student processes In search of solutlons
. ”Vi‘, (Goldlyn  and MeClintock, 1979).  Soviet research has concenbrated

on  undarstanding the cognitlve processes of sucaessful prollem

have glven promise that problem-solving heurlsklics can be taupht

)
|

4 solvars (Krobetskil, 1976). A number of coordinated studies N
1

|

. successfully (Lester, 19803 Schoenfeld, 1579). The fact that
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the N,C.T.M, (Mational Councll of Teachers of Mathematics) has
made probiem~solving the top currtoular priority of the 1980's
Iindicates the (mportance for continued resesrch interest In thls

srea.

Mathematics educators have explored the petential of discovery
teaching versus expository teaching, ustng advence orgen)sers and
past-organlsers for instructlon, adjusting teaching approaches to
capltslise on  aptltude-treatment Interactions and varlous
Instructional media. The results have seldom been unedulvocat
or consistent from one study to the next, but several studles
stand out, Indiesting {fundamental problems for the fleld.
Worthen (1967} expiored one facet 1In the discovery~exposttory
teaching controversy In elementery mathematlics, flinding that
trends favoured expository teaching for immedlate recall and
discovery teaching on retentlon and transfer. Olander and
Robertson <(1973) confirmed this pattern but found an interasction
between method and student prlor knowledge or abitity; wedker
students seemed Lo benefit from exposltory teaching and stronger
students from disnovery. The special value of these studies Is
the sugpestion that” shorteterm and tong~term learning ocutuoines

are influenced by different aspects of Instruction and thsat

ol te of instructt requitres multiple eriterial
This 1s of central interest to those who are concerned about the
Impact of atcountabiiity-Induced trends towards more frequent
testing In mathematies, Therefore, 1t seems possible that
instructional  approaches that sre  demonstrably effective for

short-term galns are far less effective when measured by

L T J"‘&'mﬁu 'm‘l & .



important long-term goals eand that pressure for Immedlate
measursble resufts distorts eurrlculum priorities, The recent
decllne In problem-solving ab)1ity has been widely attributed to
such  overemphasis on expository “Show-and-te)l~and-cri 11" methods

and neglect of chailenqging problem-solving actlvities.

1In other directlons, research based In mathematics education has
tested Ausubel’s (1963> theorles sbout meaningful verbal
Tearning. Romberg and Wilson (1973) found thet presentation of
posteorganisers might have a negative effect on learners, perhaps
conflleting with the conceptusllsstion of knowledge the leariers
work out for themselves. These results, combined with work on
programmed Instruction in whlich students successfully tearmed
from a program presented in reverse of "loglcal” order,
underscore  the  fundemental importance »f student f{nternat
orgenisations of mathematlcal ideas. Thay suggest that
knowledga structures bullt up by students might be very different

from what most teachers imsgine they ara conveylng.

There have been several tests of Lronbach and Snow's (1977) ideas
about aptt tlee-tre;bnent interaction (ATL) effects In
Instruction. The learning of mathematics seems to be driven
strongly by innate natural  sbilities, the background of
previously acquired knowiedge snd the internal structure of ldeas
themselves that few shart-term .~ moderate a)teratlons in the
vesching  approsch have any notlecesble effact on  student
achlevement, Most ATI studies In methematles have used

relatively short treatments, often administered 1n the artlficial
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environment of programmed instructional materials, that |t would
not be suwrprising 1f the treatment variatlons are overwhelmued by

backgraund factors.

There hava been seme significant differences in Instructional
research In the form of r' it process-product studles of
classroun  teachlng In mathematics. As comparisons of navel and

conventlonal methods repestedly Indleate "no  signifleant

difference™, rese: Y attentl has refocused on the specific
classroom  Interactions that oceur In  tesching. The flrst
objective was to characterlse and develop procedures for
deseribing moves that students and teachers meke (Fey, 19705
Smith and Mewx, 1963). Mext, resesrch sought patterns of
interaction that characterise effective or ineffective classes.
Several studies (Evertson, Ewmer &nd Brophy, 19803 Good and
Grouws, 1977) have been able to dlstingulsh such patterns in
elementary or Junlor high school mathematlcs classes. Good and
Grouws (1977) appiled those flndings in experimental studies that
show promising results. The patbern they found effective in
elementary grades was task~focused teaching that included dally
revien, careful a;:tentlon to development of meaning and
understandlng, closely monjtored setwork and regular homeWwork
assignments. They found that many of thelr suggestions were not
regular practice in the majorlty of classes. The most
encouraging aspect of their work 1s perhaps that very modest

tralning induced the deslired instructional treatment behaviour.
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This resesrch actempts to estsblish whether one of two
alternative teaching strategles will Yead to Improved learning by

puptis. It w1l esteblish whether ar not discovery or .
expostitory teaching wWill les” to Improved performance by pupils 3

of different aptitude levels in mathematics.
BACKGROUND 1O THE STUDY

The new mathematics syllasbus for Transvaal schools will be
tniroduced at Matric level In 1967, In keeplag with wor"lé—uld‘e
trends to mzke mathematics more appllcable; certrin new toples »
have been incjuded [(n this syllsbus. “Linear Programing” has >

not been taught at school level before in South Afrlea. It is !

fntended through thls presearch to g¢aln some fnslights lnto the
’ effectiveress of expository Instructional methods and dlscovery
§ tnstructional methods wWith groups of high schoo) puplls prior to

1 the universal Impiementation date in the Transvaal.

i
{ 1t 18 the ressarcher's sxperience that naw topies 1n the maths
.* syllabue are oftan trested with much trepidation by the majority

of high gchopl teachers. This diffidence an the part of the

11ttle or no exposure to tha subject metter In their training,

s { teachere may be due to a number of reasons? poor quallfications,
1 understandable concern with btoples that are unfenilier, few
{
]‘ In-service colrses that cover the new Work and a lack of suftable :
! texts which provide background Informatlon concerning the '
! topics As a result, teachers more often then not simply tesch a

new topie 'out of the textbook’.  This tnvarlably Yeads to rota

e LN SN SR P NS P e B Sty
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learnlng on the puplls® part and very definlte expoeitory
teaching  methods. Webb (1784 claims that because the
adueational system 1In South Africa Is highly exanorientated,
teaching and text books opt for 2 sterectyped work to rule
approsch. The effest of a rigid syllsbus and predictable
exsminations encourages attltudes dlsmetrically opposed to those

one wants to Inculcate in a problem sotver.

The sublect matter in ‘Linear Programming’ (s falrly diffleult so
that many teachees msy find diffleulty In handling the tople.
It ts hoped U & resesrch may assist (n helping to lmprove

sensltivity tow 2rnatlve teaching methods of new toples.
RESEARCH QUESTIONS

1. Wil students taught by diseovery methods or expository

methods perform better in 1inear programming?

2. W11 students of 81fferent aptitudes and/or persono~
joglcat variables benefit differently as a result of the
alternatlve teaching strategles?

RESEARCH HYPOTHESES

1.  There is a slgnificant difference in performance of puplls

fn 1inear programmlng courses s a result of dlfferent

teaching strategies.




i

2. Students with d)fferent sptitudas will beneflt dlfferently

because of the different teaching methods.

ASSUMPTIONS

1. The teacher )s competent In handling the subjeet matter.

2.  The enthusiasm of the teacher in presenting both
expos|tory and discovery technlque courses I1n 1lnear

programming Wi1l be the seme.

3.  There will be wio Hawthorne effect since hoth experimentel

and control groups Will recelve treatment.

4.  Dther varishles swhich may lead to tmproved performance
will be controlled so as to mintmize thelr effect.
Therefora 1t !s assumed that the results of the test

will be due to treatments under (nvestigatlon.

IMPORTANCE OF THE STUDY

Even though teachers wouid consider changlng to innavative
spproaches, they feel under pressure to concentrate on what ls in
the examlnation syllabus. This tends to devolve to the coaching
of a set of standard techniques sblch are then rehesrsed on
abstract, stereotyped problems. This tutoring for exanination
results s not «onducive ko the davelopment of conceptual
structures, strategies and an appreclation of mathemsties 1k

puplis.




In South Africa the emphasis placed on exan results |s such that
very l1lttle inpnovat)ve teaching tskes place In  our schoofs.
This study msy prove to be valueble to those who wish to tesch In
such a wWay that puplls may be shle £o use and understand basic
concepts and strategles when they are applied o realistic and
novel  sltuations. Insight galned may facilitate the
Implementation of more meths-applicable conkent In the present

teaching of school mathematics.

DELIMITATIONS OF THE STUDY

The subjects In this resesrch were students at private schools in
JohannesbLirg. This study was limlted to those schools where the
support  of  the maths btesther and hesdwister wss clearly
evident. Oy bthose students who voiunteered to sttend sessions

on “Linear Programming” were included in the sample.

LINITAYIONS OF THE STUDY

Due to time eonstralnts the courses wWere Laught after normal

sehool hours.  This mey heve hed an effect on performance,

‘the  school-soeietal setting with respect to private schools and
the type of student {requenting such schools may timit the

gquneral appiicabliiily of the study.

e
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Different schools may have prepared the students In varying

degrees In background knowledge and problem-solving teehn)aues.

Alsoy motlvstion In learning makhematics way be dlfferent in
different scheols. These factors may further 11mit the external

validity of the proposed study.
DEFINITION OF TERMS

£ ods
Methods that characterise traditlonal procedures lnvelving
"te})ing" on the part of the teacher and more passive learning on

the part of the pupiis.

Discovery Methods

Methods that foster a conditien in which puplls tend to become

active participants in tha scqulgition of thelr learning.

Lingar Prooramlng

Linear  programming . involves the problem of determining the
maximum  or minimum value of a 1lnesr function sublect to a system
of Vinear equations or Inequalities called constraints. The
objective In }inear programiing 1s to deternine the valtues of the
variables that wWill  satlsfy all the restrlotions of the

constraints and will yield the optimal value.
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METHODOLOGY :
I, Daste
‘L The desion is experimentel. Hemogeneous seteation was 1]
made., g
1 This may ba diagremmed as followst
' 4.‘5\
. 03 x O
: 0 % o :
; : By tradlition and In order to digeriminate between the two groups,
. the conventionaiiy taught (expository maethods) group ts called
C the cantrel @oup. A diasgnostic test was used in selecting
sybjects for the two samples, The impilcation In this type of ;
. desfgn Is to have & centrol for the nop-randoin selection, which ’
N . is a factor that limlts the external valldity of the resesrch.
. H
l 2. losteuments -
| Both @a pretest and a posttest were used to guage the pupiis’
2 mathematlceal  competence. A questionnalre was plvert to assess
) ,] the students’ motivation Tevel. |
;
Y An extornal evaluabor had the responsibility to assess the .
>: preseptation Urough unannounced vislts.  This was intended to
i minimise the possibiilby of tescher blaz In presenting the &
(‘? di Frerent trestments. ’ }
i
o 1 Y
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3. Seele

A group of over 100 puplis wes used from various cooperating
private schools. In addition to the researcher-made pretest
used to determine the tevel of competence of the students, use
was made of the Incumbent beacher’s parsonal knowledge of the
PUplis: factars ineluding recent test results, 1.Q., motlvation
and gentoal  assessment of the pupil’s aptlicle, were used to
select the samples for the experimental and the conirol groups.
Comparisens made were not later-school but rather Intra~school

enes.
ORGANISATION OF THE REMAINDER OF THE STUDY

Chapter 1 has Introduced the problem statement and has focused
prospacts  for research In  mathematlcs education. The
back=ground of the problem, research guestlions, hypotheses and
assumptions, deiimitatlons and limitstions within the proposed

methodelogs are Indieated.

Chapter II wWlil review the relevant iiterature on teachlng and

learning of mathematlcs,

Chapter I1I wiil deseribe in detsil the methodology Involved in
this study as well ag descrlibe the swlected samples Involved In

the research,

P R L PRy L " e,
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Chapter IV will gontaln an analysis of the findlngs.

Chapter ¥ KWI1] examine the findings with a view to mesking

recommendatlions from the data collected.



CHAPTER TWO

REVIEW OF THE LITERATURE

"1f we vlew mathematleal speculations with refarence to thelr

use, 1t sppears that they should be divided tate two classes.
To the first belong those which furnish some marked advantage
[ elther to common tife or to some art, and tha value of such is
usua)ly determined by *the mapnitude of this advantags. The
N other class embraces those speculations, which, though offering
no direct advsntsge, are nevertheless vsluable In that they
extend the boundarles of analysis and increase our resource and

o skii). Now since many investigablons, from which great

must be

may be solely betauss of
. ' the Imperfection of analysis, no small velus should be assigned
to those speculatlons which promise to enlarge the fleld of

analysls,”

' —| . Cheonard Euler)
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Atthough 1deal Instructlon has been characterised by a varlety of
models, from Socrakic dialogue bto scholar and teache~ on a P
one~tomone basls, the pradominant pattern in classroom teaching 4
of methematics has always been more pedestrian.  While malor B !
development  proJects ewwerimented with content and globa) )
oroanlsation of school mathematics, there has been an active
lnterest 1n alternatl-re approaches In the day-to-day format of
e} assrooin |nsl‘.l‘uct’|cﬂ- Mathematios educstors have explored the
potential of discovery versus expository teaching, using advance

organisers and postorganisers for Instruction, adlustlng teaching

b approsches to capltalise on aptltude-treatment-interactions and
various Instructional medis. The resu)ts, however, have setdom

been unequlvecal or consistent from one study to the next.

Several findings do, nevertheless, stand out and are elaborated

o ﬁ on below.
;
DISCOVERY AND EXPOSITORY METHODS !
' t Worthen (1967) explored one facet of the discovery-expository i
\ J [ 3 y In elementary mathematlcsy finding that i ;

trands favoured expository teaching for lmmediate recall and

dispovery ‘teaching on retention and transfer, This hesearch was

{

|
dellmited to elamentary grodes, Olander and Robertson (1973)
confirined the pathern established by Worthen but adse found sn

interactlon  bebween method and student prior knowledge or E /
abliltyt  wesker students seemed to beneflt from exposltory [

i
i

| teaching end stronger studenks from discovery teaching. The | \
P
|

Tl ¢ % xmwwum ki



ol

research shich they conducted was delimited to fourthugrede
Puplls. Specifle conelusions from thelr study, based on thwo N

types of anelysis of dats, ares

A

Comparisons of test means of groups of puplls on veriables
of the study through use of muitiple analysls of coverlance? .
1) On both posttests and retentlon tests, puptls tausht

upder the Expository Method seemed to excel on

o

Computational Skilis.

112 Pupiis taught under the Discovery Method were seem-

3

Ingly superior In retalning the ability 4o apply

mathematical knowledge after & © week perlod #o)low- i

Ing tha end of the experiment.

Interaction effects as shown through the !inear-ragression

equation suggests that:

1 Pupils scoring on the lower part of the range on the H
Computation pretest improved more When taught under

the Exposltory procedure; pupils scoring higher H

improved more under the Discavery approach.

113 Puplis scoring Tower on the Concepts pretest bene-

fitted more from the Discovery spproach; those

scoring higher Improved more under the Expos]tory

approach,

1113 Puplls scoring lower on the Applications pratest
improved more as a result of the Exposltory tech-
nlque; those scoring higher profitted more when

taught by the Discovery techn)que.
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iv?  On the Principles and Relatlonships prekest, puplls
Instructed undet Discavery technlques started off
better than these baught under the Expository .
approach and they continued to improve at s greater

rate,

The major implicatlon of Olander and Robertson's sktudy s that

tnstruekion should be individuatised?  what )s appropriate for’

one pupll may be Inappropriate for another while that which is
sppropriste for one desired outcome may be inappropriate for

another.

Ths specific value of the work of Morthen and Olander and
Robartson ts the idea that short-term and long-term Jearning
outcomes are Influenced by different aspects of Instruction and
that adequate assesswent of insbtruction requires multiple
eriteria. this te of erucial Interest to those who are
concernad 'about the Impset of accountabllity-induced trends
towards more frewuent testing in Mathematles.  These crities
balieve that Instruckional spproaches thet are demonstrably
effeckive  for shorterun galns are far less effective when
measured by inpuk  and long-terwm gosls. The prassure for

tmmedi ke measursble resuits distorts curriculim prioritles.

During  the 19708 saveral majar curviculim  development and
presearah  projects  explored the issues of content and
psyehologleal  structure. At the Pittsburgh Learning Centrey the
Indlvickislly Preseribed Instruction (IPI} progran  spplied the

20
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principles of behaviourist learning thoory (speclflc eblecklves,
hlerarshies, progress towards mestery to elemntsry school
mathematics. While evaluators found that students progressed
bhrough the objectives at very different rates, thera were few
overall advantsges for thls carefully gonstructed instructional
system over wmore conventional approsches (Fey, 1980). The
various tests of Individvatised systems for detivery of
mathematics tnsbruckion have not glven stronp support to this
alternative approach (Miller, 19763  Schoen, 1976>. Tha main

individuallsed factor has been challenged severely by studies

suggesting that even ul tudents develop fu Ty
flowed ldess about mathematles (Erlwanger, 1973). The
coliectlon of diseouraging results and traditional resistance to
change in schools has led te diminished Interest In this way of
individuatising mathematlcs Instruction, despite the great

promise early in the 1970s.

In another directlon, research based in mathematles education has
tested Austbel’s (1963} theories sbout mesningful  verbal
tearning. A nunber of studles of the sauvance organised
hypothesls have falled to yleld support for such prainstruckional
alds, Fuithernore, Romberg asnd Wilson (1973) faund khat
prasentation of ,ostorganisers might have a negabive effect on
learnersy perhaps con{lleting with the conceptuslisation of
knowledge the learners work out for themselves. These results,
combinied wWith some work on progremmed Instruction In  wWhich
students successfully lesrned from a program presented in reverse
of "logical® order, underscore agaln the fundamental Importance

2t
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of student internal organisstion of mathematical ideas. They
suggest that the knowledge structures bullt up by the students
might be very different from what most teachers believe thay are

conveyng.

STUDENT APTTTUDES

It is of interest to examine the effects of student aptitudes on
“outcomas® . At the age of 21, Issac Mewton formulsted the pasis
of differential and Integral calculus. At 16, C.F.Causs
contirtbuted to the founding of non-Euelidean geometry, and at 19,
he gave 2 complete proof for the important law of quadratic
reciprocity  In number theory. The works of these two
mathematical piants are outstanding examples In & renarkable
story of intellactual precocity. In & manner matched only In
musies mathematical talent seems to emerge at a very early ape
(Stanlay, Kesking and Fox, [974) suguesting that the mentsl
abilltios required to learn and use the subject are very close to
primary, innste aptitudes. For this reason, studles of the
nature and developnent of mathematlcal abilities have attracted

the tentt éf es  edycators  and

psychologl sks,

Mlthough  students sand laymen commonly lock on mathematical
ability as a unitary phancmenon (“You can elther do maths or you
can't") pesearch reveals a much more compllcated pleture,  When
students are grouped homogeresusly for matlematles Instructlon,

the most remerkable feature of the groups 1s how much the members

“
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sti1l vary In the patterns of thelr mathematical sbllities and
cognltlve styles. Uhile some pupils seem richly gl fted with 211
the talents required for successful mathematics learnings there

are compopent abliities that develop st different rates and in

different ways for each indlvidual. Fennema and Behr (1980}
provide an orgenising framework for mathematical abllltles that
servas as & useful oulde 1In reviewlng research progress and P

prospects for the foundatlon of mathematlcs programs.

Starting from the defitnltlon of aptitude as a characteristic of

an Indlvidual that Increases (or Impalrs) the probablility of
R success In  learning <(Cronbach snd Snow, 1977), Fennema and Behr
B so-t  aptitudes Inte two main cateporlest cognitive and
affective. The cognitive aptitudes sre further subdivided into

abilities and Information-processing styles. The learning of

p

a mathematlies ls vitally affected by the natura) or Instructional

development of aptitudes fn each categary.

COGMITIVE ABILITIES

A cognitive abi)ity Mmay be viewed as the intellectual power te
acquire o produce new Infornatlon from the facts ot s(:lﬂuctu;"e of
a situation. For exanples loglcsl reasoning abllity allows a
learnar to deduce new facts from logically related givensi °
spatlal  visualisstion wbiilty permits comparison of shepes
presented 1n dlfferent orlentatlonsi abllitky to percelve abstract T
similaritles In symbolic forms such as 52 - &2 = (s=tXstt)

and 922 - 16b2 = (3a-dbX3ardt) 1s critleal In slgebray

23
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erestivity and {lexibiiity help problem solvers generate fresh
solution =pproaches to puzzling problems. These and other
cognitive abilities Involved In masthematical learning and
performence have been studied extensively as part of reswsarch
thet tries to explain thelr natural maturationa) development, and
the relatlon between gbijities and school tearning. Desplte
much  reseapch (Woods, Resnlek & Groen, 39783 Kulm & Days, 19793
Stmon  and  Haves, 1978), there are many important opun
questions. For instance; special attentlon has recently been
focused on the development and training of spatial abltities,
concern having beent sparked by some evidence that male and female
students have different shillties in this eraa (Fennema and Behr,
1980, There is evidence that full lopical reasonling develops
much  JIster  than supposed, but the reasons for this late
development are rot clear (Sowder, 1930). After o perlod of
1imlked Inkerest 1n creativity, the regent concern for problem
solving in mathematics seems to have sparked new concern for the

natire and nurture of mathematlical inventivenass.

The long-standing Interest in cognitive ablitbles and thelr
Influence on mathematical productivity has recently extended to
cognilive skyle, the personal preferences for  various
information~orocessing  modes. Research In psychology and
mathemattes  educatlon hes fdentifled seversl dimensions of

processing styles thak appear to be related to performance in

Sueh  pr preferences as visual ol varbal
imagery, reflective o lmpulsive problem solvings convergent or

divergant thinking and {ie)d dependence or independance have been

24




studled In relatlon to mathematics teaching, The contributions
of maturatlon and experience to formation of cognitive style
preferences end abllities are Just beginning to be understoad.

There have been conslstent posltive correlations between fleld

i and thy i acht t, The avallak'lity of
an  established Instrument (Hitkin et al., 1977) for messuring the
alasive cognltlve style has undeubtedly also econtributed to

Interest in fieid dependence~independence.
AFFECTIVE APTITUDES

Affective apbtitudes related to mathematics have experienced
active and sophisticated Interest. Desplte the plausibie
connection bebween enjoyment and success In mathematics, the
flrst  instruments to wessure att)tudes toWards mathematics only
appeared pracently (Dutton, 19545 Altken and Dreger, 1961).
Swafford (19813 p.b) observed that research on affective fastors
in mathemat!es learning noW  regards  attitude as  a

mul tidimensionsl varizbie:

“Subscales Inelude enloyment, usefulness, con{ldences
anxleby; motivaktion, diffleulity, percelved nature of
mathematles, and attitudes towards success to name a
fan."

The findings emerging from thls more sophistlcated spprosch to

attltude assessment (Carpenter at al., 19803 Kuim, 1980§

Bwafford, 1981) lead ko five conclusions:

1c  Attltudes towerds mathematles as a school subject are most
positive in early adolescance and dealine through high

gohool .




2. The effects of teachers' attltudes on students® atbltudes
and achievement {s not as easy to conflrm as cne may espect.
3. There are generally no sex-related differences related to

the enjoyment of mathematics There has been some evidence

that meles are more se)f-confldenty view mathemabtics as more
useful  end tend to stereotype mathematics a2s 2 male domain,
but most recent daba suggest that there are changing
pattarns in this view.

4, Positive attitudes towards mathemstles and the percelved

{ usefulness of mathematics are highly correlated with

! : mathematics course particlpation.

' I, 5. Shudents have very d)fferent resctlons to different facets

of mathematlcs.

{ - The work of an actlve group of Soviet psychologists has alse
focused on abllitles needed in dolhg mathemstlcal thought,
i N Krubetskil (1976 supgests that students wlth mathematlcal talent

> commonly forget the particular facts of a sltuakion as soon as

P they are unneeded, but thay retsin the structure of a problem and

solutlon almost indefinitely. Furthermore, the operatlon of the

among these talenbed gtudents that they arrive at correct results

without recalling the thought processes or arguments used to

ceach these conclusions.

One of the most dlffleult tasks in bullding & theory of copnitive . H

developmetit s separating the effects of maturation both In and :

outslde of school, As Carpenter (19803 nated, mathematics
24
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aducators were auick ko challenge the age and sequence patterns
suggested by Plaget's theory. bozene of tralning studies
attempted to sccelerate the pace of development shead of tha time
schedule which had been supgested. A Yarge number of these
studies were successful, ralisling questions about the extent to
which coanltlve development followed some Infiexible blologlcal
clock., Gther research (8rainerd, 1973) challengad Plaget’s
hypothases in which cognitive ablilty and mathematical conceptual
setiuences emerge naturally. Hiebert (1981) has recently argued
that Plagetan abilitles 1lke conservation are not required for
learning most mathematical skills. 1t has become evident that
mathematics educators must lock for more eomplex cennections
between  development and the Jearning demands of speclfic
mathematical toples. There has baen sctlive work op this lssue
with basic nhumber concepts and with measurement.  However, the
critlcal stage of formal aperatluns, that 1.aleh underties so much
of secondary school mathematics, has been explored only
tentatively. The Van Hleles (Hoffer, 1981) have proposed a
developmental sequence I learning  geometry and  recent
infarmation-processing studies of algebra tearning (Carry, Lenls
& Bernard, 1980} oN’erv some propisa of simllar theories for that
donain. At the present btime, developmental theories offer
useful insighls inko certain speclfic aspects of mathemabtics
Jesrning (for examplae, number and measurement) but they do rot
offer ccmprehansive guldalinas for the selectlon, sequence or

Instructional presentation of most mathematical ideas.

ar
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AT1 STUDIES

Thera have been several tests in mathemstics of Cronbach and

Bnow's (1977) ldeas about aptliuds-treatment Interaction (AT
effects In Ipstruction, The results have not been encouraging,
but an optlmist could discount this flading as another Instance
B of = promising Instructional lrea that mekes no signiflcant
2 tmpact  in Mathematles.  The lesrning of msthematics seems to be :
driven so strongly by Innate mental ablilties, the background of |
praviously acquired knowiedge and the Internal structure of the
! ldass themselves that few short-term or moderate alterations In H
. the tesching approach have any notlcesble impact on student & .
achlevement, Most ATI studies 1In mathematics have used

relatively short trestments, often sdninlstered in the artificlal

i
|
environment of progronmed instructional materfal. Thus, 1t Is i
probably not  surprising that the treatment verlations are |

overuhelmed by background factors.

« The most notable exception te the pattern of no significsnt
dl fferences In  Instruckional  research has  been  recent

i process-product  studies of classroom teaching in mathemat!cs.

t
t As comparlisons of noval and conventlonal metheds of Instruction *
. repestedly cane up empty, research attention re-~focused on the 3

speclfle ciassroom  interactlens thet osccur Tn tesching. The !
first oblectlve was to characterlse and develop procedures for t

i
" deseribing moves that beschers and students can and do meke (Fey,
|
{ 19705 Smith snd Meux, 1963).  Next, research sought petterns of

‘ interaction that cheractorise effestlve or Ineffective classes.

28
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Saveral studies (Good and Grouws, 19773  Evertson, Emmer and
Brophy, 1980) have been able to distinguish such patterns in
elementary and Jurlor high school mathematice classes.  Good and -
Grouws have eppiled those findings fn experimental studles that

short promising results (Good, 1981). The pattern they found

effectlve In elementary grades was bask-focused teaching that

- Inciuded dally review, cereful attention to development of !

o meaning and understanding, closely monltored seatwork and regular

) homework  assignment. While this pattern hardly seems novels
Good and Grouws found that meny of their suggestlons were not
regular practice In elementary school classes. The most
‘< H encouraglng aspect of thelr wWork Is the fact that very modest
training Induced the desirad instructlonal treatment behaviour.
The work of Good and Grouws (19773 Involved traditional
expertmental control  group  copparlsons of  Instruetional
treatments, Where previous studles of this type made 11tt)e
effort to ensire dellvery of weli-deflned trostments, Good and

Grouws checked very carefully (by classroom observation) to see

i
|
|
{
1
|

] that the experimental treatment features were effected. They
j chose research sltuations with care to minimise varlation due to

Irrelevant facterss  they made speclal efforts to contral for

H ! Hamthorne  of fesky and they ctnsldered carefully the
! appropriatenass of thelr chosen criterton measures - all problems

that have been poorly handled In earller teaching research In

!
) mrkhematics education.
i
i
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LINEAR PROGRAMMING AND PRIBLEM SOLVING TECHNIQUES

Linear programming ts & subset of mathematical programsing, * The
central ldea is the optimlsing of a mathematlcal function subject
to certaln glven cohstralrts.  Further, when the sald expression
to be optimised and constraints are Jipear In the varlables
involvetl, then the btype of mathematical programming !s called
linear programing. The constralnts are ususlly inequelities.

Fryer (1978) sinmarlses the state of the ant ast

1. A llnear prograwning problam 1s one In whlch the expresslon
to ba optlmised is Jinear, as are the constralnts which
usually teke the form of Tnequalltles.

2. Solutions can be obtalned by graphical methods when only two
{or posstbly three) variabies occur.

3. The feaslble reglon (when 1t exists) [s ln the form of &
convex  polygon, and each vertex corresponds to a basic
feasible solutlon.

4. /.\n opthnal  solution occurs &t 2 vertex. 1¢ optimat
sojutions occur &t bwo vertices, then any point on the 1lhe

Jolning thein corresponds to' an optimel salution.

Geldinbuys  (1985) regards the name "1inear programiing” as
misleading and sugpasts "}inear optimisstion™ as more descriptive
of what goes on mathematieally. e suggests that in teaching
linear programmings more exposition should be piven In terms of
the bteacher's ewpanding on the mathod of solution In general and
then applleation of this method to speclfiu practical probtems.
The disadvantape of such & process 1s the possibility that
30
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penulne practical problems mey be passed over and that the value
of {inesr programming may be completely lost. Geldinhuys
bau.oteves  that  the most correct epprosch Is to develop the method <
of solution through simple practleal problems. There ls another ]
schaol  of thought concerning the way people solve problems. The ‘Y‘
issue Is to what degree the teacher intervenes In the process of s
student mastery of mathematical  problems. The normat ¢
mathematical  curricilim 15 almost  umlversally  based or
explanation by the teacher with the use of 11lustratlve exsiples

followed by endless practice on exercises hich are close

imitations of the examptes, When students have difficulty they ’
are  “coached": teachers restate explanstions or bresk exercises
down  into smaller steps. Coachlng s based ont the ides of
reinforcing a singlne track of ‘tearning. This s hardiy
R conduclve to the development of independent thinking. Indead,
" from  thls porspective, glving students wunfemiliar problems

violates the very rulas of the gane.

Hebb (19843 p.117) -bellaves that the effect of a rigid syllabus
Pt and  predictsble exsninstions encourages sttltudes diametrieally
'k opposed  to those one wanks ' ko ineuwleate in  puptis. The
mathematles s reduced Lo the sterectyped app)ications of rI, ;
rules and standard technigues,  Webb feels that textbooks on the

i
i
whole do not encourage problem solvingt l

"Some South Afrlean kextbocks are more Imaglnative !
than  others, with offbeat and open-ended problems, i
but  underquallfled teachers see these ss a thrast,
A teacher whose mastery of mathemstics is wesk will s
feel khat ** his poor command of the subject is shown ‘.
. upy his sority Wil be weskened. He will §
. 3
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therefore follow the conventional and safe paths of

dritl and practice.™
The Intraductlon of mathematical contests 1in Souwth Afrlea
recently has promoted enthusiasm for eroblem solving. in
addltlon wvarious Journals Intended for high school mathematics
pupils have been )azunched. The alm of these magazines Is to
entertain, to show that mathematics fs allve, to sthmiate and to
chaiienge ~ In short, to get the reader “hooked” on
methematics. It }s the researcher's Lellef that Linear
Programing mey be taught In such a way as to make 1t equally
slive and entertalning without detracting from the value of

Independent thinking on the part of the pupil.
PROBLEM SOLVING STRATEGIES

A general consensus seems to he emerglog that concelves of

problem solving somewhst 11ke thist

1. The verbal statement of the problem ts an initial input.

2. Typleally, nobt al} of these Input dsta are sbsorbed at once’
some part of them is accepted.

3. Frem this part:la!’ Inputs an internal knowlecge representa-
tlon structure 1s areated through some comblnation of
rebrieval and synthesis.

4.  Mow a process of "exbtending” tdces place; from time to time
more data are sccepted as  inputi the representation
sbructure 18 extended and revisedi a dialogue takes place
With the present problem representation; oeps and mis-

matches are dealt with “understanding”.  The problem can be

32
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characterised, thus, as the building (through synthesls and
retrleval) of a sequence of successive understandings, each i

one an elaboratlion of & sarlier one.

Ferhaps the central lssues In problem soiving are:

1. Dealsions - shich processes should the problem solver use fn

|
i
i
solving thls particular probiem? ]I '
2. The eonstruction and the research: Nilsson (1971) belleves i
that where a large number of alterpatives must be consdered z
or where ‘vere ara seversl steps whleh must be performed In j
sequence, “f is often possible to represent the possiblli- :
ties by means of & tree diagram, In which every step is
Visted, belon which every subsequent cholce at the next step
Js 1isted (and, In diagrams, a connection is indicated by a2

tine segment’.

It 18 cquestionable, howaver, uhether a really complex trca
can be bullt up In cne person’s mind. Furthermore, & large
tree cannot ususlly be searched exhaustively so some method 1
of “pruning” s required to eliminate uniikely cholces. ‘
There s the further difficulty that the solver must create
the tree and m;y possibly omit parts of 1t “because they

dldn't come to mind" (Davis, Jockush and McKnight, 19782, \

$t111 worse the feedback from a problem will often be
misleading {one can seem “to be getting nowhere™ or "to be
golng In the srong direction™); perhaps  what 18 then [
necessary 1s more of the same treatment. (MInsky and
Papert, 1972).

3. Frame retrleval - Safore one cat begin teo select

33
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alternatlve courses of action, one must meke an initlal
assessment of “prablem type™s; l.e. the Input dets must be
matched wp wWlth some Information representation structure
retrieved from memory. Students often strugple at this
stage as they misrepresent the type of probiem with which
they are dealing and try to mateh up the lnput data with an
incorrectly chosen cognltive representation structure.

4.  Planning and Contral = 1In any involved probiem, one must
mace  plans, try bto carry out the plens, and exercise good
Judgemant abaut when to modify the plen 1f difflculties are
encountered.

6. Execution =~ Clearly after a plan has been thought cut, one
must carry out the plan by medifying the problem, solving
algebrale equatlons, drawing a dlagram, or doing whatever

else the plan galls for.

The Precent inkerast in process studies has made 1t clear that
1ittle 1s known zbout the differences between the behaviour of
very good broblem selvers versus vary poor problem solvers. Iin
the last few years some real progress has been made.  Schoenfeld
{19807, Larkin €1977% and Larkin ot a1 (1980) report studies that
compare  the probiem-solving behavicur of expetts with that of
novices. Some of the devices used by experts can be expllaitly
taught o novlces with good results (Schoenfeld, 1979; 1980).
These devices often take the form of "heurtsties", a type of
vague adylce thak, Interpreted correctly, can often be of very
preat value In sotving diffleutt problems. Examples of

heurtstics  includad Can you ldentlfy which feature of the

34
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problem  1s meking 1t difficult? Can you modify the problem so as
to eliminate thls difficulty? Can you think of a somenhat

simllar problem that you do know how to solve? Can you bresk

i the problem up into parts, and deal separately with the various
parts? Of course; heuristics are not hetpful In Impraving
problem-satving performance unless the student also possesses
sppropriste technical knowtedge. “Brasking a problem into sub-
i problems” 1s useful only 1f you are able to solve the sub~

B
problems. l v

N € This 1s of Interest to the prasunt research In that puplls taught !

under different methods may evolve 0) fferent heuristics.

: Matz's Extrapolation Theory (1980) Involves conceptualising

. typical mathematical tasks as requlring the creation of a match

betveen @ known standard “rule™ end & new problem lnput that does
N . not perfectly match the rule.  For example, ciwe standard rule is
the distributive law a(bte)s{ab)(sc). Given the task of
5 factorising (ps»(puwi+(pt) no direct match can be made between
: the vtask 1Input and the memorised rule. The gap must be closedy

elther by extending the standard rule, or by modifying the task

Tnhput. This Is B very general task, occurring In & large
percentage of mathematical uses, Thus Matz's thesry not only

explalns much carrect performence but alsa explalns many of the

common érvors made by students.
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CHAPTER THREE

METHODOL.OGY

The preceding chapters have, respectively, dlscussed the
rationale fer this research and reviewed the relevant
ticarature. Thls chapter will detall the source of the data,
the sublects, the tests fnvolved tn the selectlon of experlmental
and conkrol groups and the procedure adopted in prasenting the

subject matter.

SOURCE OF THE DATA

It was felt necessary to Involve puplls at schools where the full

support  of both the and Head of tles Department
Was guaranteed. This was possible at three schools; atl of
which are Catholic open colleges, at which the researcher has
taught previously. The researcher Is known by the pupils at all
three of the above-mentloned Colleges s0 the pupils were at ease

and relaxed in the classes glven.

At esch school four separate days were baken to conduat the
experiment. On the flrsk day the pretest and motivation tests
wera glven; the two groups ware then taught on dlfferent days
and  on  the fourth vislt the posttests wsre adninistered.

Because of tlme constraints In the ordinaby school cureloulum the
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research was condugted after normal school hours and this may
have had an effect on the receptivensss of students to the
content matter. Also all puplls attendlng private Cathollc apen
schools are tnvolved In & school~sccletal setting which, being
di fferent, may timlt the general applicabliity of this study.
Specia)l care wWes teken not to make Inker-scheol but rather
intra-school  comparisons. This was thought necesssry as
different schools may have provided their students with varying
degrees of background knowledge and problem-solving strateglies.
Also there may have been different motivation levels towsrds

mathematics at different schools.
SUBJECTS

A total of 106 puplls were lnvolved in the studyt 36 from Schoot
Ay 38 from Schoo! B and 32 from Schoot €. Only pupils who were
interested in learning the %oplic were Included In the samples.
As a result = high motivation level wes expected. The shsence

of unlnkergsked puplls also reduced the level of distraction,
SELECTION PROCEDURE

The puplls were divided Tnte the conventionatly taught
(expository) group (henceforward called the Control Group) and
kha group using disaovery techniques (henceforward called the
Experlmental Groupd, The cooperation of the teachers was
required i seleatinp subjects for the two oroups: Uuse was made

of I.0's (NSAIGT), previous scholastle achlevement (Standard 9

a7
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mid-yearr exams) as well as the teacher's personal krowledge of
each  indlvidual pupll.  The muitiple-cholce diapnostic test (See
Appendix  11) was used to assess puplls’ backoround knowletge.
Puplls who scored highly In the above-mentioned tests werea
allocated to the Experimantal Group while puplls whe fared worse
were selected for the Control Group.  The comblned results of
Diagnostlc Test pius percentage of Standard 9 mid-yesr was used
to obtain & mark out of 80, It was possible to have equal
mumbers from each school 1a both groups. As only puplls who
were interasted in learning about Tinear programming were
Ineluded in the samples, the actual numbers involved in thn
research  were tess then had previously been antlelpated.
However, the levels of motivation were probably Improved. A
motivation test (See Appendix 1) was administered before the
pretest to determine the pupils’ attltudes towards mathematics in
both the Control and Experlmental Groups. A slwilar test had
previously been used on final year Maths teachers In tralning at

the Unlversity of the Witwaters: and,

PIOTIVATION LEVEL$

A B polnt scale for each of khe questions posed In the
quesktionnaire results In  a maximum possible score of 400, The
resufts of the motivatien test ware not used tn selectlion of the

groups. 1t wes expected that some of the puplis with tew

academic marks might show retatively hlgh moklvatlonal evels.

36
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HAWTHORNE EFFECT

fact that both Experimental and Control Groups Were recelving

‘treatment minim)sed Hawthorne effect.

RESEARCH DESIGN

A Quas!-Experimental Deslgn with non equivalent control grouss
5 (Cohen and Manion, 1982) was employed. Cohen and Manion 19823
p.168) differentlake between experiments and quasi-enperiments as

| il followst

"The single most Important difference beltwesn the
quasi-experiment and the true experiment §s thet in
the former case, the resesrcher undertakes his study
#With groups that are Intact,; that I1s Yo say, the
oroups have been constltuted by means other than
randun selection.”

Homologous selectlon as was made has the effect of reducing
random)satlion uWhich 1s essenttal for true experimentation.
Kerlinger 1970, refers to quasi~experimental situations as

“eonpromise designs". This typa of design may be represented

(Experimental) 01 x 0p

(Control) 03 x o4

dotted Jine separating the paraflal rows in the diagram of

nor-oqulvalent  contro) group deslgn  Indicates that the

experimgntal and control groups hava not heen equated by randomi-~

sabion ~ hence the term “non-emuivalent™.
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The Independent varlsble In thls experiment Is the different
teachlng stratepy and the dependent variable 1s the performance

of the puplls once treatment has been effected. .

Both the pretest and posttest (see Appendices 111 and 1V) were
merked out of 20. Comparlsens werc “hen possible between both

Experimental and Control groups before and after treatment.

Tre pretest exalned knowledge of the drawing of straight lines,
shading to »epresent Inequalities and sbillty to trensiate 2
simple word problem Into Inequalitias. The posttest required
the candidate to determline & feasible replon given certaln
constratnts and to determine an optlmum solutlen to a typical

tinear programming problem.

A comparison of Lthe chahge TIn performance of both groups from
pretest to posttest gave an (ndication of the relative

affectiveness of the two teaching strategles.

FROCEQURE ADUPTED IN PRESENTING SUBJECT MATTER

About:  two  hours : of teaching tima were needed In presenting the

mater]al to both Control and Experimental groups.

40




EXPOSITION {CONTROL GROUP)

Very 1itkle varlation In the technique adopted towards solution
of problems was permitted, A1l pupils wera requlred to under-

stand and rigorously follow a set procedurs for solutien of

Hnear programing probl 3 A P P EXPOSUre W3

presented In the solutlon of 4 typical PPOD‘[E"\S. Thereafter a

progremmed step-by-step solutlon to one further problem was

givens venuiring the puplls Lo adhere to a strict of der.

The steps glven weret

1. Wrlte dawn all variables in the probiem.

2. baclde on shat numerical values {raal, integral, natural)
these varlables may have.

3, Labe) axas; carefully deseriblng eson varisble.

4. Set up Inequalities Involving glven constralhts.

5. Set up Inequelities tnvoiving implicit constralnts.

6, Set up Inegualities deduced from given Infofmation.

7.  Obtain the f{easible repion by graphing all the above
inequat fties.

8. Obtain an equatlion for the optimisation Mqu)rem;nt.

9. Plot the intercepts of the sbove ecuabtion on the axes, and
draw & 1ine,

10, Use & set square and ruier to oblaln shother Vine parallel
ts the above line to Interseck the feasible reglon and

obtaln the optimal value.

14




DISCOVERY (EXPERIMENTAL GROUP)

A very brief introductlon to systems of linear Inequalities was
oiven lsading %o the concept of a feasible reglon. It was
suggested that a summary of the data be written up in table
form. Pupils were dellberately not told how to determine an
objective funckion ner were they tolu that optimal soiutions
exist at the vertives of the polygon enclosing the feasibllity
reglon. Mo illustrative examples were done by the teacher.
Guldance towsrds solutlon wass provided in terms of broad hints
sbout the govern g constraints and optimisatlon requlrement.

Puplls were allowed to Work In palrs and to share their ldeas in

F
|
i

2

small Yroups. Individust ldess regarding solution wWere
constantly encouraged. Pupils were also encouraged to refisct
on  thelr individual actlons during and after the solution

process. The puplls were not given any ldea about the teacher's

prablem-solving strategy and here thus required to develop thelr

onn.
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CHAPTER FOLR B3
RESULTS OF THE STUDY

In this chapter the results of the study are analysed.
Questlons derlved from the research hypotheses are poseds; and In ¢
the tight of the data collected, are answered. The hypotheses i

are stated below In the null Yorm.

Ho 1.t Thare 1s no slgnificant difference In performance of
ruplly i tinesr programing as a result of the
different teaching strrategies adopted.

Ho 2.1 Students with dlfferent aptitudes will not beneflt

A

dl fferently ss a result of the different teaching

methods.

The Control Group and the Experlmental Group were constlbuted by

analysing the resutbs of the Diagnostie Test and the results
obtalned in  the standard 9 mid-ysar examination (previous
achieveinent?, The Motivation Level results were considered only

whert  there was no elear-cut differenca 1n the results of the

previous two tests  in  determining  into  which group 2
"horder=11ne®  student  should be placed. I.0. s vere avallable i
Lo the resesrcher and were used to chedd on Individual cases that
soned o be in the lnapproprlate g 2 after -ulysing all the H

other results.
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Teble 1 gives the results obtalned by all the puplls In the .
Diesgnostic Test and in the standard 9 mid-year exams. A mark
out of 80 was obtslned by adding the raw mak obtalned on the
Dlagnostie Test (ex 30) to the percentage ob“alned in the
mid-year exem reduced to a mark out of B0, This arrangement Was
considered to be a falr refleztion of the students’ mathematical

ability by the researcher and teachers allke.

TABLE 13 MATHEMATICAL ABILITY OF SUBJECTS IN CONTROL AND
EXPERIMENTAL GROUPS,

CONTROL GROLP EXPERIMENTAL GROUP
1| 180 {30} it
1 29 12 41 35 21 56
2 27.5 18 45,5 28 18 46
3 35.8 20 85, 6% 39.5 16 55.86
4 21 13 34 32,8 12 44.8
13 26 12 37 34.5 14 48.5
3 26 15 36 ab 17 47
7 26 17 42 35,8 23 68.5
8 28.9 24 52.6% 44 23 73
5 21 18 E) 40 27 67
10 23 14 37 30 13 43
1" 9.5 Q 28.5 2.5 a0 49,6
12 26 12 a7 32.5 24 66,85
44
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CONTROL. GROUP EXPERIMENTAL GROUP

N o (5t 3 (800 5 3
} 13 23 15 38 30 23 53 '
i 14 7.5 18 B5.5¢ 32 21 53
15 21 20 4 2 1B 50
d 16 24 14 38 33 19 52 '
1”7 2.8 1" 33.5 30 19 I B
18 25 12 k4 27.5 21 48.5
A 19 25.8 i 3.5 2 23 52 .
; 20 22.5 13 3.5 25.5 2 4ns .
. 2 2 17 ES 32.5 19 51.8 '
‘ 22 14.6 6 22.5 2 20 4
i 23 £ 20 0% 24.5 30 54.5 ;
.- ﬂ 24 30.5 20 50.5%  29.5 1% 45.5 }
* 2 1 a7 33 13 I
: 1 ES 25 12 ar ES 2 4 '
N o7 2 12 # 0.5 o7 57.5 !
1 20 23 18 # 26 2 51 ’
o 3 2.5 13 ®.5 25 18 43 ;
; 30 w75 20 4Bt a7 ta 45
3 23 9 4@ 26.5 23 4.5 |
; 32 28 26 0% 25 2% ] I
) | S 27 18 42 24.5 25 4.8 |
t‘ 34 20 13 33 2 24 50
| a6 7 13 30 k3 Ed 68 !
‘ E"S 30 20 so¥ E i 51 i
4 37 19 23 42 26,6 14 29.6¢ i
% ‘
N
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CONTROL GROUP EXPERIMENTAL GROUP
Pupll No  PA (5Q) DT (30) TOT {80y . PA (S0),.DT.C30) TOT. (G0
38 24.5 18 42.5 32.5 a7 9.5
; £l 26.5 14 40.5 24.8 25 53.5 .
i 48 30.5 14 44.5 45 30 75 “
41 1% 12 28 24.5 28 62,5 .
42 20 11 31 27 25 52 %
43 5.5 iy 4.6 £ 24 54
B . 44 23.5 185 38.5 29.5 16 5.5
: 45 28.5 18 46.5% 20.5 17 47.5
. i 46 24 14 38 27 a5 52
47 24 " 35 25 22 47
48 2y 18 47 23 27 50
- 49 25 16 M 35 30 65
50 12.5 9 21.5 29 19 48
’ s 28 14 42 27,8 23 50,5
i 52 24 21 45 26 20 46
53 30.5 o5 5.5+ 28 29 9
/ ® 24.69 1666 40.35 29.9 20.3 60,2
y

KEY: PA t Previous achlevement

DT ¢ Diagnostle Test

s TOT: Total

) # Puplis o were regarded ss Experimental Group
materlal but Whose teachers Lelleved should be put inte
Coltkrol Group based on I.Q. and othar know!edga.

# Inslsted on belng placed into Experimental Group.
46
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To test whether the difference in means of the two groups was

+ significant, use wes made of the formula

) 20 emm——— '
§ $yJ1/ngr 1/ng
' where -
it
2 = tng = 1842 + (ng - 1) $2 ‘ .
i ny g -2

and
812 = varisnce of control group

852 = variance of experimental group. ¢

i in the sbove case

o 50.2 - 40.35
2 % ee———

S 163 + /63

where 2 (52X63.13) + {BENB1.34)
g

63+ 853 -2

$ = 7.67.

5

ST e

The valus of Z is equal to 4,70 which Is significant at the 0,01

|
|

lavel.

Conctustons There Is a sign!ficant difference (p < 0,0) between

the two mesns.

Uport close Inspeetion of the figures in Table I 1t Is evlident

that there are & few puplls (marked Wlth asterisks) who, through
thelt omn (nslstence or that of thelr teacher, were placed in the
inappropriate group In  terme of their results,  In the opinton
of the researchery thls did not have any stenificant bearing on
the means achleved by the two groups.

47
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It s Interesting to note that the Experimental Group mean was 10
points sbove that of the Control Croup on the B0 scale. This
represents an ability difference of over 127, 1t should alsc be
noted that very weak candidstes ("potential fallures” in the eyes
of thelr teachers) were not allowed (by thelr teschers) to take
part 1n  the experiment. It Is bejleved by the researcher that
this rasulted in a mean mark for the Control Graup which was
substantially higher than thst originaliv ected.

To fully appreclate the dlfferences In ap . iude in mathematies 1t
was thought necessary &b obtaln motivational levels and 1.0,'s
for each pupil.

Table 2 sumarlses the 1.G.°'s and motivational levels of the
Experimental and Contrel groups at the thiee schools Involved in

the expertment.

TABLE 2

SWPARY OF MOTIVATION LEVELS AND I.Q. ‘S OF THE PUPLLS IN THE
TWO GROURS AT THE DIFFERENT SCHOOLS.

SEHOOL At . ML, 1.0,
COMIROL (n = 19) B4 104
EXPERIMENTAL (n = 19) 63 116
SCHOOL. B2

CONTROL (n = 18) &5 108
EXPERTMENTAL (n = 18) 5 13
SCHOOL Ct

COMTROL. (n = 16) % 102
EXPERTMENTAL (r = 163 I 1Mo

40

PR M B M e

)

P Ut

o e g

S T,




o e

h\ ‘

From the above table, )t s evident that In all three schools
there was a definite difference In 1.0.'s and Motivation Levels
betwean the Experimental Group and *the Contrel Group. The
Experlimental Oroup was therefore regarded as having a gresater

methematical aptltude than the Control Group.

The Motivation Level Test (see Appendlr 1> consisted of 20
quastions. Marks allocated were on 2 ... .at scale. The
questions were designed to evoke positive feelings (or otharwise}
towarde mathemstlcs ss a sublect as well as the concepktion of
mathematics not simply as & useful tool but for more aesthetic
value. It was expented that puplls with a higher aptitude and
better performance (in previous maths exams) would show higher
mecivation levels. The raw scotes of the [ndividual puplls are

glven in Table 3 below.

49
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TABLE 3

RAW SCORES OBTAINED ON THE MOTIVATION QUESTIONMNAIRE BY PUPILS

IN THE CONTROL. GROUP AND EXPERIMENTAL GROUP

CONTROL GROUP EXPERIMENTAL GROLP ;
Pupi1 No. .
1 s 56 )
2 43 53
3 55 41 :
4 59 76
5 38 62 .
6 ot 91
7 56 56
8 58 Ed |
s 33 . 64 ';‘"\
i &3 7 :
11 56 o |
12 52 5
13 50 48
14 2 65 '
15 a7 57 ‘k
16 £ 63 ;
17 59 s |
io ot @ v
19 70 70 \(
20 54 60 ;
21 63 68 ‘
22 40 63 !
i
i
- 3
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GCONTROL GROUP EYPERIMENTAL GROUP
Pupll Ne.

48 45 32

49 44 49

50 50 &5

kil 42 80

62 4 92

53 48 69

k3 51 61

a® 4734 7114

Using the previeus formula
% - R
Z 5 m——

sfi/ng + 1/ng

2 was caleulated to be 4,87. There is a significant differance

(p < 0,01 bebween the means. Atthough the difference s
signlficant, there is only & 10% difference for khe Experlmental
Group over the Contral Group. The moklvation level of the
Contiot  Group was cerbalnly higher than what was expected by the

researcher.

Table 4 shows the pretest and posttest marks attalned by the twe
oroups, The resasrcher used a colleague to moderate the tests
and  to check that part marks were awarded accurately and
censlgtently.
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TABLE 4
PRETEST AND POSTTEST MARKS DBYAINED BY PUPILS IN THE
N CONTROL. GROUP AND EXPERLMENTAL GROLP
o
’ CONTROL. GROUP EXPERIMENTAL GROUP
| PUPLL NO.  PRETEST  POSTTEST A  PRETEST  POSTTEST A »
i
: 1 12 IR 13 " -2
; 2 7 10 3 17 13 -4 !
; 3 18 10 o 18 " -7 :
[ 4 7 6 -1 12 12 o X
,’ 5 6 s 2 ° 12 3
oot 3 12 B .2 10 12 +3
o 7 10 10 o 20 18 -2 :
§ 5 1 5 -1 19 15 -4 B
X 9 8 12 20 20 0 -
| 10 9 13 +4 10 8 -2 Y
i " 10 8 -2 T 12 +1
17 12 1 17 w6 14 10 -4 :
% 13 16 s -7 16 12 -4 8
: 14 18 0 2 13 13 0 i
: 15 w8 .3 10 " “t
. 16 9 13 . 9 12 +3
' 17 @ [ 1 10 -1
i 15 “ 16 42 13 4 -9
o 19 10 13 B 16 10 -6 \
20 B [ 3 10 -3
21 8 8 0 10 8 -2 L
N I
i
| L
j = |
i
W R R o Wio W e .
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CUNTROL. GRoUP EXPERIMENTAL. GROUP
PUPIL MO. PRETEST POSTTEST A PRETEST POSTTEST Pay
22 4 6 +2 12 3 -6
23 18 20 +2 19 20 +1
24 12 18 +6 9 " +2
26 9 10 +1 3 4 -2
26 7 5 -2 20 20 n
27 10 10 0 18 16 -2
28 1" 13 2 16 12 -4
29 12 8 -4 14 10 -4
30 13 13 ¢ 13 8 -8
31 18 16 -3 12 12 o
32 20 20 [} 13 10 -3
33 28 10 2 14 10 -4
34 6 7 +1 13 " -2
35 B 10 +B 19 20 4
36 14 15 4 10 8 -2
37 11 18 +7 9 4 -8
38 13 12 -1 18 a0 +2
39 9 10 1 20 18 -2
40 12 10 -2 26 14 wrhy
4 8 10 -2 20 16 -4
42 7 9 2 14 10 RL}
43 14 1B 10 4 -6
54
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CONTROL GROUP EXPERIMENTAL GROUP
q
; : PUPIL NO.  PRETEST  POSTTEST 4\  PRETEST POSTTEST A b
. A 10 " *1 9 9 [ :
i,
; 45 " 8 +7 1 12 *1 |
| 6 i 7 -3 15 13 -2 ;
; 47 9 10 * 13 10 -3 i
; !
'y . 48 17 12 -5 18 " -4 |
' !
: 43 8 12 4 1% T [
: i
. 50 8 9 +1 13 10 =3 {
. |
|
51 1 10 -1 18 13 -8 i
- : 52 13 14 +1 12 12 0 L
. 53 1 18 w7 " 10 -1
: !
H A represents the change in each Individual's marks attained
5

from pretest to posttest.

The means and Standard devistlons are given in Table 6.
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TABLE B.
SBUMMARY OF RESULTS OBTAINED ON PRETEST AMD POSTTEST

BY PUPILS IN CONTROL GROUF AND EXPERIMENTAL GROUP.

CONTROL. EXPERIMENTAL

PRETEST b3 = 10,64 kS = 13,83
$.0. = 3,4 $.0. = 3,75
POSTTEST X o= 11,77 X = 11,66
S = 3,80 S o= 4

- o

When cemparing the results of the two groups on the pratest, 2 as

caleulated according to the previous formulai~
’ ¥ - % (

—
s\ftings trmp

has a value of 4,89. There Is a significant d) fference

Z=

{g < 0,01) betueen the means of the pretest marks.

Whers comparing the results of the two groups on the posttast the
Z velue was caleulated to be 0,143,  This indicates that there
was no signiflcant differehce betueen the means of the posttest

marks.

The mean ¢l fference, O, representing the change In mean marks

from pretest to posttest s glven baelow!

Control Groupt D= +1y13
Experimental Groupt B= ~2,17.
56
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1t s evident from Table 4 that puplls In the Control Group
experienced a blgger improvement than these in the Experimental
Graup. Of the B3 puplls In the Control Groups 33 puplls
Improved  thelr posttest marks over thelr pretest marks; &
remalned the same and 14 showed a deterloratlon. OF the 53
punils In the Experiments) CGroup, 10 Improved thelr posttest
marks over thelr pretest marks, 7 remalned %he seme and 36

experienced a deterioration.
statistical Analysis of Dlfferences:

1« Experimertal Group (n = B3)
Pretest mean: 13,83. Posttest meant 11,66

Moan difference D = ~2,17

e
Standard deviation of differences: Sp = / Zd?

—e
n
= 2,92
Standard error of mean di fferances
g = Sp
: m— 2,405
— n-1
[
o= — = -5, 368
S5

There ts a significant differe~ce (p < 0,001) bebween the mean
differences of pretest and posttest marks of the Experimentat

Graup.
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2.  Control Group (n = B3}

Pretest mean: 10,64 Posttest mean: 11,77

Mean difference D = +1,13

Standard deviation of dlfferences: $p = [2 a2

= 2,9

Skandard error of mean difference?

Sp
S = wwemem = 0,408
Vet
B 1,13
€ 5 e = e = 2,77
B 8,408

There Is a slgnificant difference (p < 0,01) between the mean

d}fferences of pretest and posttest marks of the Control Group.

It was thought necessary to enalyse the results of the
Experlmental and Contrul Groups at the three different scheools.
Thls wnes done to see whether the trends observed were typlca) of
all three schoois and aslso bo check (by Analysis of Variance)
whether the resutts would be affected because of differences In

individual  schools. The resuits are sumarlsed 1n Table &2

58
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TABLE 6.
SUMMARY OF THE RESULTS OBTAINED ON THE PRETEST AND THE POSTTEST

BY THE TWO GROUPS AT THE THREE INDIVIDUAL SCHOOLS.

TONTROL. GROUP EXPERIMENTAL CROUP

SCHODL A PRETEST  POSTTEST PRETEST POSTTEST
X 1042 11,63 X 13,74 11,95
5.0, 2,91 3,83 8.0, 4,67 3,30
D 1,21 [+] -1,79

SCHOOL B
g 10,83 12,00 % 13,33 1.1
8.0, 4439 ;61 S.0. 3,77 4,56
] 1547 ] 2,22

$CHOOL. C
® 10,69 11,69 X 14,50 11594
8.0, 2,57 2,95 8.0, 3,82 3,9
[+] 1,00 D =2,66

From the Table 1t can be seen that pupils ab &)t three schools in
the Conkrol Groups Improved thelr posttest marks over their
pretest marks while at all thrée schools puplls in the
Experimenkal Groups experienced a drop in the posttest marks over

their pratest marks.

9
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An enalysts of vartance was done on the results secording to a
method §n Funcamental Statisties In Psychology and Education

Coutiford anct Fruchber, 1973, Bth Edltiony.

1 Pretest Results .

Tokal $um of Squares was obtained using the formula

¢SS¥pgr = ZAK - WEXZ, Where X represents the raw scores
obtalned by the 106 pupils in the pretest and Mt Is the total

mean for the entlre sample ¢

X
Mg =z—-= 12,235
N
n this case.
The caloulated vaiue of (88)[pr was 16468,

The dota derived from the experiment may be tabled as follows:

60
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TREATMENT
COMTROL. GROUP EXPERIMENTAL GROUP ; 4
SCHOOLS MEAN OF ‘
SCHOOL... k
n=i9 n=19 i
) A Z 98 £ as1 3
1 % 10,42 ¥ 43,74 12,08 f
o .
. ‘ 8 n =18 n=18 )
; £ 195 Z 240 :
i i ¥ 10,83 X 13,33 12,08 ‘ .
:’ [ n=16 n=16 0
Z 7 = o3 i
X 10,69 ¥ 14,6 12,60 !
! Group X 10,64 15,3
: ¥ 664 783 ; n
' | i '
L : f
The sum of .gquares betkeen groups 1s obtained ss N
j (883 = nrCE g ~ MEXD) L
" = 63 x 1 (10,64 - 12,2352 « (13,83 - 12,235] !
= 269,66 :
: e ;
' i
! H
! 15
|

3



The sum of squares between scheols is obtalned as

(88)g =1 ¢ & (Ms » MEID)
; = 32 (12,60 - 12,235)2 + 36 (12,08 - 12,285)%
i + 38 (12,08 - 12,235)2

= 6. :
The Intersction varlance (88)} Was obtalned as follous:
! ($8); = n (EMsp - MEX2) - 269,66 - &
=19 ( (10,42 = 12,235)2 + (13,74-12,235)2))
i K +18 ¢ (10,83 - 12,2355 + <13,33 - 12,235)2)
$16 € €10,69 = 12,235)2 » (14,6 - 12.235)2))- 276,66 !
i = 19 (5,563 + 18 (3,07) + 16 (7,52) ~ 275,66 :
= 1056 + 55,3 + 120,3 - 75,7

= 5,5,

€88) (Within sets) = 1646,8 - 269,7 = 6 ~

= 1365,6.

)
1 The results are sumarised below:
i

i
, i Sourge &5 df ms F-ratlo i
; Groups 29,7 1 269,7 1976 |
Schools 3 2 3 0,22 !
Interaction 6,5 2 2,75 0,20 :
! thin Sets 1366, 100 13,66 g
o otal 1646,8 108 §

From the F-ratlos obtalned 14 cen be coneluded that tnteraction
effecks and differences due to the different school are not i
! signifiuank. '

62 !
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The F value obtained for the groups s well beyond the F value
required for significance at the 0,01 level. It mey be

concluded that the dlfferences in pretest scores wera dependent i

upen only the groups (Experimentsl and Conkrol) tnvelved.

i
|
i
2. 't sul £ 1
)
0
i
A similar statistical snalysls on the posttest results was rone. :

The results are summarised be)ow

R source ss af ms Feratlo
Groups 0,3 1 9,3 0,02 "
e schoots 1,4 2 0,7 0,04
R Interaction 5,8 2 4,15 026
' Within Sets  1619,9 100 16,2
Total 1629,9 10§

i The results obtained conflrm what was shown earller: on the
i posttest scores, there sre no signlfloant differences between the
‘, groups. Also there are no signlfleant differences betwesn the
different schools and there are no slgnificant iInteractions

e bekween schools and groups,

COMCLUSIONG:

In the 1ight of the above results both hull hypotheses are

rolecked,

The research hypotheses generate guestions which are 11sted below
i and in the 1lght of the statistical snalysis done are then “
i snsweraeds

63

. MM S T

PO o A fe widrde



Research questions derived from fo 1.
Q. 1) Is there a dlfference In performence of pupils In

linear progranning as & result of the different

teaching strategies adopted?
Al B Pupils who were taught under dl fferent strategles

did perform dl fferentiy.

Q. ) Did puplis who Were taught by expository methods
show any slonifigant difference In performance
from pretest to posttest?

A : Pupils taught by expository methods showed 2

signlflcant improvement.

’ 0. ¢3) Did puplls taught by discavery methods show any
significant difference in  performance from

pretest to posttest?

A : Puplls  kaught by discovery methods showed a

slgnificant deterloration.

Research guestions derived from Ho 2.
) o 1) DId students of higher mathematical aptltude/
ability show a marked Improvement in the solutien

of Tlinear programning problems whan baught by

discovery methods?

A : $tudents of higher mathematical aptltude/

abllity showed na slonlflicant Improvement In the

sofution of llnear programming problems when

taught by dlscovery methods.

[R—
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2)

Did students of jower mathematical aptltude/
ablilty show a marked Improvement in the solutlon
of llnear programiing problems when taught by
expository methods?

Students of tower mathematical eptltudes

abl1lby showed a significant Improvement In the
solution  of linear programming problens when

‘taught by expository methods.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The issue of effective toaching for optlnal learning s a
necesswy conustn  of every teacher. The Vmparting of know!edge
15 so lpportant as ko encourage different teaching styles that
attemdt to  Improve puptl performance. Fey (1979) belleves that
there 1s little immediate hope that Instructional research wilt
vield new ldeas or cenvincing support for any exlsting strategy

or technique. Fey (1979:p.496) puts 1t as follous ¢

"There s no consistent pattern of results favouring
recltation, discovery, small group or indlviduslized
approaches I1n  mathematlcs teaching: there 1s no
demonstrably superlor way to ldentlfy the kaowledge,
experiences or personal tralts of people who W11 be
conslstentiy effective teachers. There are
certainly effective teachers of mathemstlcs,
‘teachers whose students enJoy end  learn
methematlcs. But at the present time, such
effactlveness appears to be the result of classroom
actlvity that Is an 1dlosyneratic product of a
constantly changlng Interactlion emong the teacher,
the student, and the mathematies belna taught".

‘The present research .thas attempted to compare the effectiveness
of dlscovery technlques and exposltory tectniiques in the teaching
of Linear Programning to South African high school puplis.  The
controversy about discovery and expository teaching seems to
centre essenklally sbout the questlon of how ruch and what kind
of guldance should be provided to students in the learning
sf tuation. Shutinan ¢ 1988:p. 34) seas the two positions as
follows &
“those favouring tearning by discovery advosate the

tasehing of broad principles and problem solving
through winimal  teacher guidance  and  maxima)
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1
opportunity for exploration and trilal-and-error on i
the part of the student. Those preferring gulded ?
learning ewphasize the [mportance of carefully i
sequencing  Instructions) experlences through mextinum i
puldance and  stress the Importance of basle |
associatlons or facts In the service of the eventual !
mastering of principles and problem solving”. \

H Stulman (1968: p.36) exemines the positions held by Gagne and

|
L
Bruner on this issue and his summary of the two psychologlsts N
encapsulates the essential dl fference @ i,\

"for Gaghe, instruction 1s a smoothiy gulded tour up
a rarefully constructed hilerarchy of objectives;
for Beuner Instruction 1s a roller-coaster ride of
disequilibria  and  equllitria wuntlil the desired
cognitive state is reached or discoverad™.

: Implicit In this contrast )s 2 difference In what Is meant by the
very words ‘learning by discovary'. For Gagne, learning is the

goal. How a behaviowr or capabllity 1s learned i1s a function of

the task. It may be by dlscovery, by gulded teaching, by drill

or by review. The focus is on learning and discovery is but one

way to ijearn samethlina. For Bruner It is learnlng by

e

discovery.  The method of learning 1s the significant aspect.

instructional approaches need to be appralsed for thelr
{ effeckiveness in terms of short-term galns an: long-term goals.

Pressure for immed!iate meassurable results often leads to teachers

“eramming”  knowledge Into  thelr puplls’ heads. Novak

R ¢1978:p. 1) puts 1t bluntly *

"Knawiedge sacquired by rote learning is soon lost,
and  even before 1t 1s forgotten, this knowjedge
cannot be used effeckively in proklem-selving. In i
an  effork  to reduce teaching practices that F
encoLraged rote learning, new clirriculum afforts and i«
supporting  federal agencles adopted a dogmatic

adherence to 'discovery apptozches'™
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There wWas, however; no guarantee that discovery teaching
approeches  produced meaningful learning. Mavale (19781p.22

conklnues * i

; "while discovery learning stratesies have scme i
| lwpartant  and unique educatlonal values, 1t s

! obvleus that our cultura) heritage created by i
genluses over the past three or fous centuries 3

cannot by *ediscovered by our pupils In  ten or
R fifteen vears. It follows, therefore, that the

|
§
central  task of schools is to moke expository |
teaching and reception learning more weaningful”, :

i

. In the South Afrlean situstion, we mav look at mathematlcal
education in terms of the Beeby (1966) more) of educationa)
systems In developing countries. Webb (1984 places South
: Africa In stage 113  the stage of formallsm, at which teachers 1‘

|

1 are trained but poorly educated. The classroom is highly

1
organlsed, syllabi ere rigld, textbooks are fixed and there is a t
strong enphasis on  Inspection.  Set in this tightly structured ‘
formst, with & highly exam-orlentad system encouraping a $
i stereotyped,  wWork-to-rule  approsch With the  Inevitable :
“spoonfaeeding” of puplis, it Is smatl wonder that Jouth African
students are poorly prepsraed as problem solvers.

B Longluslons:

The ~daks generaked from the study and subsesuent statistlical ‘
anslysls would Indicate that pupils In the Experimental Group did
i not beneflt Jrom discovery teaching as much as puplls n the
Conbro)  Group dld  from expository teaching, There seems to be

an  acute lack of Intblative in most of the puplls In the

8 |
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experimental  group. Very few were sble to handle the challenga
of 8 novel sltuation on thelr own. Without any substantlal
guidance tn the matter of solving Linear Programming problems,
the majority of puplis In the Experimental Group showed no marked
tmprovement  in  tielr  ability to solve Linear Programming
problems. On the other hand, pupils In the Control Group,
desplte being of a poorer mathematical background, were able to
closely follow a set of rules In a procedure for the solutlon of
Linesr Programing problems. The majority of the puplls In the
Control  Group showed a slgniflcant fmprovement in thelrm ability

to solve Linear Programming problems.

It would appear that the South African system of mathematics
education encoursges expository teachlng. Exposltory teachlng
Would appear to allow the wesker student to rely entirely on the
teacher's abllity to explaln set procedural rules In solving
problams. The data Indicates that puptls of a higher
mathemstical abillty struggle to solve problems independently slnd

also require gulded instruction.

Tt s necessary to attempt to explain Wiy the pupils taught by
exposl tory methads benefitted more than those taught by dlscovery
methods. Perhzps In the schools involved in the experiment
there has been very 1ittle discovery teaching because of the
pressure to awnplete the sy)labus. The exparience of the
researcher 1s that most puplls (and thelr parents) sre Intent on
achieving the highest possible symbel in Mathematfcs In the

Matric exan. This s normally because of pressure to achieve
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the necessary symbols to qualify for antrance bo restricted
feeutties abt Universlty snd other tertiary Institutions. The
result Is that most teachers at Matrlc level complete the
syllsbus as soon as possible and lumediately set their pupils on
to past examination papers. Thisy in turn, resuits in the
pupils becoming expert st handiing particular types of problems
which regulariy appear in the end-of-year examinations. In this
way a diligent pupil may cover all the types of questlons that
appear ih  the examinations and,; because the questions on the
examinatlon are so predictsble, such s pupil stands a very good
chante of passing weli. Webb (1984:p.117) belleves that the

#tion tas a negative effect on the promoklon of good

$ towards problem solving ¢

"for any pupll kil find  the problem In the exam

paper decently formulated, and can sssume that the

prablem 1§ soluble wikthin a reasonable time by weans

of standard techniques, In South African maths

axams the relevant technique 1s heavlly cued by the

posltion of the problem in the paper. If te's

auestion 3 In paper 1, 1t must be done by graphing a

quadratic™.
Another possible e<planation for the poor perfomance of the
Expertmental Group was the Tack of time to develop an approach to
problem~solving. Insufficient time may have beon had to allow
the pupils to dovelop thelr own strategies for problem-solving.
In a8 similar experiment Larldon ( 1981) developed strategies over
a longer period of time. The results of this research indlcate
that the Experimental Group dld slonlficantly better than the
Conkrol  Group  in questions vhere a proper understanding of basie
concepts of differential caleulus was required. fore time was
spent wWith the Experlmental Group then with the Control Group
slthough this was regarded as not belng of apprecisble effect.
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it l1s also possible that some pupi)s did not give of thelr best

as they knaw that the marks obtalned on the i.inear Programming

aourse would not have any effect on thelr end-of-year promotion

marks. It seems to be the case that some puplls try thelr best

1‘ only when there is pressure on them to achleve high marks in
tests that count. However, since both the Experimental Group 5
and  the Control Group were In the same situatlon as repards marks

not eounting for end-of-year symbols, it ls believed by the

researcher that this explanstion for poor performance by the

Experimertal Group does not seem 1ikely.

1t may be the case thet too much was expected of the Experlimental

Group by the researcher. Geldinhuys (1985) belleves that slmply

: ‘presentiing problems and expecting solutions in Linear Programming

Ts asking Yoo much of hlgh schooi puplis.  He arguest

Tselkeritk  s») 'n mens nle dle begrip Tlneere
o programering In die klaskamer Invoer deur leeriinge
met so 'n probleem te konfrenteer nle. Bk dink dat
n mens eers die oplossingsmetode moet verduldatl fk
en dan corgasn tot dlg oplos van practiese
probleme.”

He acknowledges tive waskness In this expository approsch.

i "Dia nadee! wverbonde =an so n benadering ls die
moont) Heheid dat  werkiike practiese probleme
afgeskeep sal word en dat die wearde van [inesre

i progranmering dan heeltemas) verlore sal wees".

It would be tragie to allow puplle to be "spoohfed” to the degren

that they become completely Inept on any form of Indlvidusl

problem  solving strategies. Carpenter (1980) regards the

sltuation as being very serlous whent

7
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“students see maths classtime as a time ko be

passive, wetchlng teachers demonstrate rules that

they must memorize and practise™.
Puplis should become more active in thinking about and developing
thelr omn stratepies for problem solving.  When pupils ancc;mter
diffleultles, the teacher who tries to remedy the sltuation by
solving the problem himseif }s not encoureging the sbttitudes
necessary  for the puplls to become good problam  solvers.
Brousseau (1984) belleves such action on the part of the teacher

is actuatly counter-productive as?

mevarything he does to make the pupil produce the
behaviour ha expects tends to deprlve the latter of
the conditions necessary for Lnderstanding and
learning tha notlon concerned. If the teacher says
what he wants, he can no )ongar obtaln 1k,

BECOMMENDATIONS

1t is baileved that discovery methods are not being used In South
Africarn high schools as extensively as they could be.  Research
15 needed on ways and means of lmproving puplls' and teachers®
attitudes towards problem solving in mathemabics.  Or A Meljer

tn Laridon {1981: p.18) sums up the problem t

“The mosk lmportant change that I would 1ike te see
fs not strietly one in syllaws, buk a chenge of
bt tude. T have galned the impresslon that the
present  teaching system {s gesred far too much
towards gotting passes I the mabtriculation
exanination. Consequently, the pupllis appear to be
noaghed In solving certain standard types of problems
{namely thosa that appesr Pbegularly In  the
examination papar).”
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A alternstive method of assessment Instead of the Matric exem
needs to be researched. The overemphasis of the Impastemce of
this exam Is to ancournge study patterns dianetrically opposed to
what |s expected at tertiary levels. Fletcher (1985) tdentlfies
this ss one of the maln reasons for the high first-yesr fallure

rate at University.

“The ever-present spectre of final exeminations
places prassure on teachers to regsrd themselves as
being personally responsible for ensuring that their
PUPils pass. This is elearly recognised by the
puplls who can safely sit back and rely on their
teachers to mske sure that they do enough work to
succeed."

Fletcher (1985) belleves that teachers at school level are wary
to saccept the risk of allowlng puptls to rely on their own

research

"The puplls know perfectly well that the teacher
#ill eventuslly glve them all the Information on a
plate so that the examination results witl not be
Jeopard! sed, This Is particutarly apparent in
teachers® penchant for supplylng their classes with
every last detal), as opposed to the University
approach of providing a broad outllne ln lectures,
teaving it up to the student to Install the

padding.” .
With regard to the end-of-yea tion it is ted that
the exeminntion become less predictsble. The exam shoutd

Include . more auestions that reauire Inslght and lnvolve more
meaning and understanding as opposed to guestions that are solved

by rote techniques.

Research must be done In effective ways to traln teachers in

problem solving. In this regard Webb (1984:p,119) sees the
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Introduction of methematical magazines as & step in the right
direction. Problems appeering In such magazines would promote

better problem solving strategies on the part of the teachers.:

I want to subvert a system which encourages puptls
to  vlew mathematics as a set of rulas to be

memor)zed. I want teachers to be threatened
('challengad® would be a mere tackfu) word) by tricky
prablams. 't

Webb sums up the role of teachers in teaching problem-soiving

thus (p. 1193

"How do you teach problem-solving? You solve
problems yourself and reflect on your own thought
processes. That's what 1 want teachers to do."

It 18 recommended that In-service colrses on Llnear Programming
attempt to develop the desirable asttitudes towards preblem
solving In  teschers themselves. Discovery methods w111 then be
appreciated by the teachers who con pass on thelr experlences to
thelr pupils, Beeby (1966) places the teacher at the focal
point of 1nnovation.

“fhere 1= one thing that distinoulshes teachling from
all othar professions except perhaps the Church - no
change In practlees no change In currléulum has any
maaning unless the teacher understands and accepts
it If he does not understand the new method or 1£
he refuses to accept 1t other than superficially, the
instructions are of ro avall, At best he will go on
dolng in affect what he hes slwsys done, or at worst
Wi produce some travesty of modern teaching™.

The success of the wesker puplls wWhen taught by expos!tory

metlods  wowld Indleate that puplls teking Mathe should be

stireaned. fost puplts who take Maths ont the Standard Grada
74
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should be taught by expository methods to achleve best results.
For the batter puplls, expository methods should be replaced to
some degree by conslstently used discovery methods over & lohger
perlod of time. This may heip to improve the attitudes requlred

to handle the subject at Universily.

Textbooks should include more dlscovery-type exercises. Puplls
will  be encoursped to become more Independant in  problem
solving. Al puplls should be encouraged to enter Mathematics!
competitions. Webb (1984} sees these as an important means of
moving mathematical educakion from stage 2 to stage 3 of the
Beeby model. In a study of the effect of computer assisted
mathematles in  schools In Sowetos Metrowlich (1985) belleves that

the transition from stage 2 to stage 3

“can be made by accretiens of knowiedge and skilis
without any chadge In educatlonal philosophy™.

Research on such knowledge and sk111s Ts urgently needed.

BUGGESTIONS FOR FURTUER RESEARCH.
Furbher research |s reeded on the affectlveness of modern learning
theory In develuplng  practlces which encourage creativity,

imaginskion and Intuibion in puptis® mathemabicsl experiences.
Ressarch 1s miso needed on more affective Ways of teaching “word

problems” ko puplls st different shages of thelr schootling

¢netuding Junlor schoot ).
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It s sugoested that a repetitlon of the practical aspects of this L
r arch ba W . Research on the type of "mix" of "
expository and discovery methods of teaching which ylelds optimal ‘
learning would be usefis, .
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APPENDIX I

MOTIVATION QUESTIOMNAIRE

i
i
t
3

MY IDEAS ABOUT MATHEMATICS

For each of the following 20 statemsnts, place » tick In the column

you cotislder ko be most approprlate.

i 802 Strongly Disagree :
D Disagree “,L
uz Undec § dec v\
e ' A Asree i
F sAt strongly Agree

Mafhematics is befieved to be the
most repulsive of all sclwoi subjects

2. Mathematics Involves more work than
L. most subjects

3. Mathemabies must be taught In a
rigorous deductive way

4. Pupils should be allowed to develop
tndependent solutiens to problems

i

The study of mathemastles tends to
aN) the Imagination 1

*

The important thing Is to DO mathe-
matles and get rlght answers and
. understand 1ater what has been done

~

ATl matrte puplis should do Mathe~
matics o one of the svailsble grades

4

Mathematical problems should be one of
i Lhe most Important sublects of the §
sy1)abus i i

B

pathematics ab schoo) bears 11ttle or H
no ratation to the real world
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20,

Too many Jessons each week are devoted
to Mathematlcs

"Practice makes porfect” is lhe mosk
important pule In tesching Mathematlcs

It is Important that chlldren should
appreclate elegance in mathematlcal
proofs

Hatlematles should be taught in such a
way as to let the pupils realtly think
for themselves

Reguiar arithmetle practica Is the most
Vmportant content for puplls of belon
avarage ablllty

Mathematics teachers should not be
eoncerned with appiicatlons of mathe-
matlcs

The wmosk Huportant feature of mathe-
matics Is that 1t s useful to the
Tndtvidual

Teaching should concentrate on the
content of the examlnatlon and nok on
toples whigh may be otheriiee Interest-
Tng

Toples nek on the syl lubus must be
avoided conpletely

Parents regard mathematics as beiny
very useful

Geometry preblems are too difficutb.
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APPENDIX 11 |

DIAGNGSTIC TESTS

A

App)led tousrds the end of Std. 9 academic yesr. (Adapted itom |

Classroom Mathematlas. Laridoy et al.}
M.C.z Use of calculators nat allowed. H
Mark only the correct response. 4
1. The solutien set to the system i
- x =3 :
32 - xy* =0 ;E
is ¥
b
2 ¢ §

' o) «o; Ay sER?
e €05 3%
. & (Caj &+ 377 a€R>

e) «o5 33 (25 B

2. A and B are the roots of &8 - éx + 15 = 0
The value of A% + B2 1at

! ay 9

. ; b> &
o :;
dy 24 i

) none of the above

The x Intercepts of the graph of y = ~3x2 + 9x - 6 are .
(A 3 D) and (B ; 07, Henca: ;

«

1 2) A+B =9 !

by A-B =3 i

©) AB =2
& A+ B = -3

® B s !
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4. Which one of the fol towlng stakements 1s false: i

@) ik >0m x> 0
N B x <im x>
> X2 <t x> -t

@ x o= 1m xE =

|
b
i
@) @ 1= 1 < x(H 5‘
;

B.  Hhich one of the following stetements is true?

) (x-2Xx+ 3 =g x=2 A
by > By =D =6 < -9y i
) xBopx=9= x =2

. & xR -x-6=20 = X=2 -3
&) 234 o x> 2

6. AR+Bx+C =0 hasB=0, C> 0, A < 0 ¢
The roots of the sbove equation ares i

8} alnays real
by always non~real '

o) atrays rational

d)  zero or otherwise \maginary

e 2lways irratlonal !
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Ifx =16 > ©and x< 4, thent
ad ® < -t and x = 4

b} ®x < =4and x> 4

c) ~4 << 4

o x £ -4

e x =4

Xy = 27§ dy - % = 3 x <y

Thus y = x =
a) 14 174
b -6
<) 34
d) =12
e) ~39/4

The graph of v = ~2 (2¢ ~ 632 + { is symmetric with
respect to the linet

a y=0
B x=0
e x=3

CH x = 42

e} xm1

The palnt on xy = 16, X > 0 which s nearest to the origin

2 (2

by 4

0 Cedi ~d)
o« Vi IO

) 163 1)
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b

4
ADB 1s a dismeter of circle ACDB.
If DAB = 30° then the magnitude of x ls?
a a° )
by 900 t
e) 1200 A i !
d) 1509
f
e 400 1
If AB = 8 unlts and OC = 3 unts, then OB
has a length ofs
a) & units i
b) 8 units ‘
O :
@ 10 unlts ;
& 6 wnits 4 !
@ none of these
1f P ts the centre ot the circumscribed H ,
cirale of AABG and Py = B0C then the i
slze of A ist it
a¥ 400 i
A J
by 80° i
1
e) 120° B i
& 1600 ;
ey 1000 C !

ST
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14.
R 1N
L %

If P la the polpt of Intersection of the
mltitudes of A ABC and Py = 1009, then
the size of A ist

A

2 400 S8R

b 80°

@ 1200

@ 1600 s C
PSE-

1f gos (~x) = 3/2 and % € (09 180%), then
the value of cos 2k Ist

(N2

a) 2
b} 142
c) 3
d4) - 172

e ~ /3

(double angle Formula aupplied)
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—
o o
16, If tan A= 3/4 and 0 <A< 90, bhen cos A - sin A
equalst (NC)
« a) 1173
u b> 125
] s
i d 4
\ el 178
17, If sin x =m and kan % = n, then ¢o3 % is equal to: i
a) LR E
’ LY  m-n !
o m |
. " i
IR !
n ‘%
n
PY -

El

a4




cos? A

one

AV

Indleate which
the elements of the

= 1/4 and A & (095 3600),
of the foliowing contains afl

solution set:

3
b
<
d)

@)

Tan
a)
b)
<)
o)

=)

(6093 12005 2409  300%)

{6005 150°; 21095 330%)

(60°; 120%)
(6073 150°%

€30°; 1B00; 29005 3300

A =nd cos A are both negative.
A & (g% 180%)
A e (180°%5 2707
A & (90° 180°)
A & (270% 360°)

for no value of A

cos 362 = Gy which of the following is nokt correct?

3)

by

e}

d)

e)

see (2169) = e
e
tan ( -36°) = -1 - 02
¢
cos ¢ - 360) w ~C .
sln (549) = C

sln (1260 = €
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APPENDIX 313
PRETEST
Assesament of puplls knowledge of 1Inear Hhequallties.
1o Shede  JOdyd /e B+ 1<y <= 1}
2, Suppase % represents the number of glrls at a coeducational
school of total population $00.
y represents the number of boys.

1f there are at least twice as many boys as there are giris

show the sliuaklon graphically.
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APPENDIX 1V

POSTTEST

An  olf company refines crude Tnto Premium and Regular.  Two
processes are Involved: distliting end cracking. Repular
requires 0s3 hours cracking and 0,6 hours distl11ing psr 100
litre and Premium requires 0,5 hours cracking and 0y4 hours
distl11ing per 106 litre.

The cracklng plant can operate for 12 hours 2 day While the
dist)lation plrat operates for 18 hours a dey.

The profits to the company are 8¢ a )itre on Regular and 12c
on Premiun.

Find the mix that the company should run In order to abtain

maximun profit.

1 Graph the feasible set., subJect to the following

constralnts:

sy > 8
0:2y + 0,0 < 12

Oity + Gyax < 12

it} Maximise the oblecklve functlon
P = 5x + 2y over the feasible set In (1) by means of

& graphizal method which you must deseribe fully.
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