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Absract.

Students entering courses at tertiary level face many difficulties. In some cases the problems of coping and adjusting
may be further compounded by inadequate learning habits, a lack of good teaching and inappropriate assessment
methods. Tertiary life in many casesis a new experience, a new culture for students, and it seems appropriate to be
sensitiveto individual needs. Many programs that are now being devel oped are considering issues related to student
learning, quality of teaching and appropriate assessment methods. These issues are complex and varied, but they are
becoming more important in this new era of mass education. With these concepts in mind we outline a new

mathematics subject being offered to incoming engineering and science students.

Introduction.
Incoming tertiary sudents have a grester vaiety of mathematica backgrounds than they did
ome five to ten years ago. Clealy this has meant tha many Audrdian, and oversess
Universties offering mathematics to fird year dudents have had to reassess ther offerings in
terms of context, delivery and procedures. Clark [1] from Mebourne Universty has found thet
pre-teding of sudents together with an increased fird-year subject offering has hdped in coping
with this spread of diversty. At Monash Universty, Varsavsky and Adlem [10] have embraced
regular assessment to dimulate the learning, while Lindsay [6] argues that with the assstance of
a computer dgebra sysem some sudents may operae a a higher conceptud leve. Remedid
help sessons argue Kurz and Hohlock [5], from Germany, ae a necessty to make up for
defidendes in both mathematics and physics backgrounds.
In our mathematics subject we, indeed, try and offer a touch of dl four idess to our sudents and
indill in them a sense of worthiness and fun in mathematics. Probably the mog essentid atribute
which education should provide, with regard to a rgpidly changing society, is the basis for
underdanding change. A willingness to anticipate change in the future and a confidence in beng
able to direct it, to paticipate actively in the process and not merdly be subject to it. Grubb [4]
has noted thet one red inadequacy of education lies in its falure to teach sudents to be flexible
and adgptable to change. Mathematics classes and syllabi must be sendtive to changes otherwise
we may find that aprogram lossesits importance and viahility.

The Cour se and Per ceptions.
The mathematics subject offered for our course requires that dl students take 110 hours of study
per year. The dudents may go on to sudy mathemaics computer science, educetion,
enginering, physcs and dectronics Next year the enrdment will be in the order of 800
dudents, entering with varying backgrounds. The cohort ranges from young school leavers to a
amal number of older aged students. Some have advanced <kill levels and others possess a very
low standard of manipulation techniques. A large number have English as a second language and
therefore some necessary English repairs must be undertaken. The mahematics subject may be
dudied for its own interes, but it must aso be the foundetion, which reinforces and
complements the other subjects. So we ask a fundamenta question, “Why teach mathematics a
al?” The answer is best given by Cockeroft [2]. In his report Cockeroft tells us that mathematics
is ussful for everyday life, for sdence for commerce and for indudtry, because it provides a
powerful, concise and unambiguous means of communication and because it provides means to
explan and predict. It atans its power through its symbols, which have their own grammar and
gyntax. Moreover the report daims mathematics has aesthetic apped and it develops logicd
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thinking. It is possble that the given reasons on why we teach mahemdics may drike a
harmonious chord with those of us involved in mathematicd resserch or mathematica education.
However | have an unemsy feding tha a gret mgority of incoming tetiay dudents see
mathematics as a necessary evil, forced on them by the compulsory requirement of the course,
The great mgority of school leavers have a pass in whatever mahemdics they may have
attempted; however mathemaics does not figure prominently in ther overdl scheme of things
They figure they can get by in ther computer science and engineering courses with a minimum
amount of mathematics.
Beliefsand Preconceptions.
Students come into tertiary colleges with varying points of view of what mathemaics entals
Some of them think of it as nothing more than a set of rules that sometimes work and sometimes
don't, and are never quite sure when they work and when they don’'t. Others think of it as a
something with a drange language tha does not dways meke sense independent variable,
differentiate, invert, least upper bound etc. Many sudents believe thar task is to memorize what
we teech them, but they do not expect to underdand any of it. From taking to many of thee
dudents one notices that they see each new item they learn as separate from the rest of
mathematics, one more item on the lig of facts they have to remember and some enquire, “Will |
get this fomula on the exam? Thar face lights up with surprise when one points out the
relationship between topics, or suggeds different approaches to a particular problem; they want
one goproach only. In other words, some dudents have an ingrumentd, rather than a relationd
goproach to learning mathematics Mahemdtics is badcdly right or wrong, black or white with
usudly one correct method and one correct answer, moreover some students believe that anyone
good a mathematics knows immediatdly how to solve any problem. If they do not immediaey
see how to begin, they think they will never be able to do it. Some never think thet it may be
possible to ‘doodle with a problem, to make some sort of educated guess and then check it, to
try a few spedid cases and pehaps genedize it. Badcdly some gudents lack the whole
repertoire of problem solving techniques which are dmogt second nature to any mathematician
or methematics teacher. Some have no idea of the role of intuition, imaginetion or inventiveness
in mathematics and therefore have a conplete misunderdanding of the naiure of mahemdtics
and mahematicd activity. To meke maters worse this misunderdanding is sometimes
renforced by the way some tetiary inditutions assess and examine courses. Many teechers
cdam they expect dudents to underdand wha they are learning, however very often rote
memorization is the only requirement to pass an assessment. We dl admit to wanting students to
learn to solve problems, but some of us do not hep with the problem solving process. Instead we
tend to give them problems to solve, and when they cannot do them, we sometimes show them
completed solutions, which we may have worked out in advance. This may renforce the idea
that we know indantly what to do when solving a problem and therefore may give the student no
opportunity to gain an indght into problem solving processes As a result we may encourage
them in thar misconceptions aout mahematics Sudents sometimes have little idea of how
methematics might be usgful to them and cartainly pure methematics for its own sske would be
remote from the minds of a gret mgority of Sudents. As Betrand Russdl once sad when
goesking about pure mathemaics and mathematicd theorems, “ The theorems themselves are
abgtractions that belong in another realm; remote from human passions-remote even from the
pitiful facts of nature.
Confidence.

Closdy related to misconceptions is a lack of mahematicd confidence. Many students appear to
beieve tha success in mahemdics is the sole doman of people with a ‘mathemaicd mind-
nerds and are convinced they do not have such a mind. Some people who hold this beief tend to
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become anxious if they are placed in a dtuation where they have to do some mahemdics.
Indeed, some dudents digolay an anxiety towards mathematics dmilar to that described by
Munroe [7]. Extremely anxious sudents, on the whole, tend to not lagt the disance and choose
an dterndive course, which may require only a modicum of mathematics Lack of confidence is
a big issue for many sudents some have vary little beief in their ability to reason things out for
themsdlves, or to tackle any problem that is a dl different from the sandard types they have
been shown how to do in cdass. We have dl, a some dage, observed such students working on
assgnments or tutorid problems on materid which may be new to them. They do nat, generdly
speeking, begin by trying to underdand the theory given in lectures. Indead they tend to look
through therr notes until they find a worked example resembling the problem they are trying to
solve, and then they attempt to ‘trandate this into the terms of the new problem. Very often this
Srategy is successful; a correct answer is obtained and both lecturer and student may fed tha
learning has been effected. Light questioning sometimes reveds this is not 0. In many cases the
Sudent is uncble to explain what shelhe is trying to do or why. It's just a matter of going through
a certain sequence of procedures, a sequence which will later have to be memorized to be carried
out in an examinatiion. Here we have a vidous cyde, lack of confidence causes many students to
resort to rote learning Srategies, and conversdy, rdiance on rote learning, because it places 0
much grain on the memory, causes increased bss of confidence. How do we try and cover this
broad spectrum of student ability, confidence and interest? Is it possible tha we may make
mathematics apped aestheticdly in a way Smilar to musc or at? Our response to music or at is
influenced by persond differences, we cannot expect everyone to enjoy the same sort of musc or
at, amilarly we cannot expect everyone to enjoy the same sort of mathematics. It gopears that a
bass to our enjoyment of musc or at and hopefully mathematics is our response to pattern.
Congder, for example the fractd shapes of the von Koch curve or the Serpinski carpet, they
exhibit awonderful recursive paitern, see Sofo [9]. As G. H. Hardy wrote:

A mathematician, like a painter or a poet isa master of pattern.
It is posshble that some dudents may enjoy mathematics because it is useful. This may be a
judtification for spending a great ded of time on mathematics however one should not neglect its
aoped based on intdlectud or aesthetic responses smilar to those of at or music. The aesthetic
aoped of mathematics is in my opinion, in the eyes of the beholder. Aesthetic judgements may
be trandtory and may even change from age to age. | doubt very much that the technical aspects
of continuity and differentidbility, for example, will send a shiver down ones spine as it may
have done in a pagt era But it may be the case that an dementary excurson into logic or chaos
theory may hep to ignite a passon not previoudy thought posshle Davis and Hersh [3] put it
beautifully:

Blindness to the aesthetic element in mathematics is widespread and can account for a

feeling that mathematics is dry as dust, as exciting as a telephone book, as remote as the

laws of Infangthief of fifteenth century Scotland. Contrariwise, appreciation of this

element makes the subject live in a wonderful manner and burn, as no other creation of

the human mind seems to do!

Learning theories.

What, if any leaning theories should we place to the fore? According to Paget learning is
didinct from cognitive development, it takes place in rdaion to the rdevant stages of cognitive
devdopment, but it is achieved through interaction with the environment. Skemp on the other
hand, has proposed a theory of learning that takes into account the important question of gods
and moativation. Learning, dams Skemp, is a god directed change of dae of a director sysem
towards dates which make for possble optima functioning. Bruner, as a Supreme optimit,
suggests that any idea or body of knowledge can be presented in a form ample enough o that
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any paticular learner can underdand it in recognizable form. Learning, dams Bruner, condds
essatidly of concept formetion, which is the multiple embodiment of an abdract idea in
different physcd forms Findly, Dienes suggedts that learning is a process of intricate play.
While one should be familiar with learning theories and perhaps be aware of thar implications in
the context of the dassroom, one should not consder them as a panacea designed to cure Al
problems. One should be flexible and adgptable to change, and keep in mind the predicament of
the Earl of Rochedter: “Before | married | had six theories aout bringing up children. Now |
have sx children and no theories’.

According to the gaxth edition of the Oxford dictionary, learning is defined as ‘possesson of
knowledge got by dudy especidly of language or literature or hidory as subjects of sysemdic
invedigation’. Leaning is inextricably tied up with teeching and like qudity tesching the
academic's task is to reinforce qudity or deep approaches to learning in the sudents particular
subject aea Deep aoproaches to leaning involve a commitment to undersanding. To
undergtand key and basic concepts with a view to trandate and utilize idess across a broad range
of ectivities. Learning for underganding requires detalled information to be organized in a
meaningful way. In turn degp agpproaches to learning should set up more postive atitudes and
make learning more rewarding. Pataman [8] argues, in his beautifully written book, thet it is not
possble to engage in teaching mathemdtics effectivdy without some dear notion of the nature of
methematics and how that neture inevitably influences the art of teaching.

The offer.

Our subject is a basc introduction into mathematics, about hdf of the time is spent on discrete
methods and the other haf on continuous processes. Logic, Boolean Algebra and Set theory are
dl desgned to give the dudents a gentle introduction into mahematics without necessaily
relying on a great ded of prerequisite knowledge. Indeed anybody should be able to follow these
introductory topics and build ther confidence so as to proceed to a more intense program.
Combinatorics and an introduction to Linear Algebra make up the remainder of the section on
discrete mahematics The continuous processes section condss of an introduction to the
Differentid and Integrd Cdculus There is avalable preenrdment bridging mathematics for the
sudents, however in practice only a very sndl portion of sudents, entering from non traditiond
means, teke advantege of this offer. Tha is manly maure aged dudents who have not
frequented school recently. This is a nornrcompulsory offer made to students, but in the nain the
dudents are not interested. It gopears tha they seem to think they have the necessary
manipulaion skills to handle whatever mathematics is thrus upon them. The bridging course is
short and intense, desgned badcdly to iron out aty mgor problems and to recdl some
information of badc functions and dgeora which they may have forgotten. In the bridging
course we try to encourage students to be active, to verbdize their ideas with saff or with other
sudents. Current research on the learning of mathematics supports our bdief that this gpproach
helps dudents develop a better understanding of concepts in mahematics. Upon  enrolment,
diagnogtic testing used to be regularly undertaken but over the last few years, because of lack of
resources, this has diminished. Also we have found that Students were becoming anxious They
were worried that they may fall, rather than congdering it for what it was, an indication of ther
wesknesses.

Once eralled in the course and throughout the year extra help, mathemdics ‘drop’ in dasses,
were ds0 offered, but again as a gened rule the drops were infinitesmally smal. The drops
increesad in frequency dose to examinaion time Even if a daff member recommends a
paticular sudent to ‘drop’ in to these extra mahematics dasses they rardy follow the
recommendation. The pressure of time and work in other subjects may be a mitigating factor in
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their non-attendance. The mathematics syllabus is complemented and reinforced with the use of
a computer agebra sysem. We tilize the package Maple on a weekly basis to extend the work
given in lectures. Expearimentation is a feature of the Maple work sheets and some students do
like to fiddle with problems on the computer. Some dudents, on the other hand, find it difficult
to grap even some of the smplest procedures that are required for operating the computer
dgebra sysem. The nice pictures generated by Maple are dways an dtraction for the students,
even if they are not quite sure of the technica procedures which generate them. | do not believe
that de persondizing learning by usng computers will be effective. Computer learning mugt be
kept to a minimum and only used to reinforce ideas and theories dready obtained by face to face
leaming. A sngle dudent, left done with a computer, is likdy to achieve very little in learning
and maybe increese her/his frudration leve. Experience has shown tha many of our fird year
sudents need, more than anything dse, to interact with an academic or a group of aher sudents,
who can provide encouragement and just the right amount of hep, so they can achieve some
success and gradudly increese their confidence. It would be nice to change the dudents
perceptions of the nature of mathematics, and help them to see it as a human endeavor rather
then a lig of abitrary and inaccessble rules. | would submit thet this is more eeslly achieved
with the help of asympathetic and supportive academic rather than a compuiter.

Conclusion.

We bdieve that we have developed a course in mahemdics that should ddiver confidence in
sudent learning and achievable outcomes. The theory work is complemented with computer
work and a range of options, for the sudents, are available to hdp them succeed in this ever
dhrinking, watered down subject we cadl mahematics Many academics may agree that what they
did in the equivdent level of sudy many years ago, was of a markedly higher sandard then thet
which is being taught today. This may indeed be the casg, but in educating the masses we must
caer for a wider vaiety of skills we mugt be prepared for change, anticipate change and actively
participate in the change.

In my tak | will detall more aspects of our course and highlight some successes and failures of
our program.
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