TOWARDS MORE EFFECTIVE MATHEMATICS EDUCAT ION

5. Close

"The effects of our teaching programme are frequently

disastrous ---- The students have no sense of history of

They see no relationship

the subject, nor 1its origins.
They

between mathematics and the world in which we live.

are continually confronted with definitions and theorems

completely cut off from their historical and quite valid

origins ... But worst of all we kill any enthusiasm our

students have for the subject whi
sults from an apparently

(a]

ch we present as a logical

and pedestrian development of re

arbitrary base made up of some axioms."

"We have become convinced that a major contribution to

the difficulties that students are having (in first univer-

cs courses) comes from their grasp. Or
-—- We have discovered

sity Physi rather lack
of the fundamentals of mathematics.
g lack of the most elementary mathematical prepar-

an appallin
(10}

ation among the first year Science students.”

this most likely know what's wrong
The only

"You who are reading

with secondary school mathematics in Ireland.

swered now is: When is something

(3]

question you need to have an

going to be done about 1t?"

The above comments, made by authors of articles which have

e Irish
e serious problems in mathem-

appeared in recent issues of th Mathematical Society

Newsletter, suggest that there-ar

atics education at both the secaon

ing. Indeed, at second-level, .the GCovernment Department

of Education Syllabus Committee in

the existing syllabus.

Mmathematics is presently

reviewing This is probably as a
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the present ti i
ime. It is also apparent that many educators

and

artii:iiﬂzjrin::zepi this situation as inevitable and as an

ole fo differen:- :Tan.variability and even see it as desir-

would seek to impr:a ion and selection purposes, For those who

clarify some of éhEVedon the present system I would like tao

+ few suagestione ehucatlonal variables involved and make

upon to derive modzzs ::gEdU?atiDnal theory might be drauwn
princi .

$Ell researched) for addressing iizie(T::§a:§e:h%Ch hayebbeen

ing mathematics learning. i in facilitat-
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y propositions about th
e best forms of (mat
h-
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ematics) instruction"

1 below.

A diagram of the model is pres-

‘ented in Fig.
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cate learning

gorised under the headings: mathematical cantent,
environment, time for learning, results of learning, and, the
The problem of building mathematical and statisti-

ne the nature of the relation-

learners.
cal models to describe and exami
ships in this kind of theoretical model of the instructional
process has proved to be more complex and difficult than is

the case with models of physical and natural processes. The

al research literature 1is laden with reports of empir-
ated hypotheses find no

education

ical studies in which carefully formul

support in the data collected and analysed. On the other hand

there are also many reports of studies yielding clearcut find-

ings which can be used to develop more effective instructional

principles. In a joint publication of the Mathematical AssocC-

iation of America and the National Council of Teachers of Math-

ematics, £.G. Begle [(1] and his colleagues at Stanford compreh-
ensively reviewed the (largely pamerican) empirical literature

in mathematical education in which they categorised the find-

ings under headings somewhat similar to those of the above

1 would like to make some comments on aspects of the
g educational theory

model.
model based on interpretations of existin

and research.

Type of Mathematical Content: The selection of mathematical

content for cOUTSES is an aspect of mathematical education

which is often fraught with controversies and difficulties.

This is understandable when oneé considers the wide range of

mathematical topics available, the wide range of abilities of

learners and the rapid development of madern society. Current

educational theory suggests that logical structure, psycholog-

ical factors, and sociological factors should be given varying 1

emphasis and consideration in making content decisions for var-

jous groups of students. Nathematiciaﬂs would argue that as

one moves further up the mathematical tladder' the more import-

ant the logical structure of the content becomes. The Inter-

mediate Certificate course in geometry has come in for strong

criticism due to its apparent lack of structure and cohesive-

ness (31.
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In regard to the psychology of learning mathematics, it
can.be argued that, since mathematics is a highly structy
subject, serious effort should be made to choose, or an.'ured
?lace topics so that students or groups of stude;ts ianlze o
irly accurately located on a continuum of knowledge acquizi:é_
(or mathematical development) appropriate to the past achiev;Dn

-ments. . w? do not pay nearly enough attention to the notions_
of ?ontlnulty and of maintemance of acguired knowledge in th
bu;lness of syllabus/curriculum design. Many of the le 'E
problems in second and third level courses are probabl ”arzlig
fo the lack of a number of very basic prerequisite skiilze e
items of knowledge which could easily be incorporated int e
syllabi and given some attention (manipulation of algeb: ?
expressions and of quantities expressed in scientific noi;iion

a t i
re two often-mentioned ones at first-year college level)

ro a SOClOlOglCal viewpol t, the signlrlicance OT relav-
ance of a t P a g ec
opic should be anothe consideratio 1 ki C

isions about syllab
us content The
. relevance or signifi
gnificance

of a Fopic ?esides in its historical origins, in its useful-
vzeis‘ln.soclety, in its applications in technology and in its
t:gr;;j:caizz:ii;n Einally, I ?ould argue that, to some extent,
e e ot . given to l?glcal coherence, meaningfulness,
; : ce in syllabus design the more successful will stud-
ents be in learning the syllabus content. It might also be
added that there is a need to consider the interaction of co
tent sglection considerations and student characteristics N
For example, soﬁe studenté seem to:learn mathematics more'eff—

ectively when the relevance of the topic is stressed

Goals of i
of Instruction : The specification of the desired out-

comes of & course progra e 1 athematics should cons
/ ist o
somet ing ore concise and more ta glble tha a listi g o at

emati i
ical content topics. The inclusion of reference to the

le iti
vels of cognitive complexity in relation to each content
area

helps to ensure a balanced coverage of the mathematics

and . X .
fac%}}tgte§ lnst?UCF}Oﬂ and assessment by delineating the




- 80 -

range of tasks or class of problems under consideration. An

example of a system of classification of levels of cognitive

complexity which was used in the International Study of Achiev-

ment is given in Fig. 2.

Caontent Areas

1. Knowledge of definitions,
notations.

2., Technigues and skills.

3. Translation of data.

4, Comprehensian.

5, Inuventiveness. J

FIGURE 2: Levels of Cognitive Complexity in Mathematics

The intersection of the cognitive level and content topic

defines the objective of instruction (e.g. knowledge of a tech-

nique for proving a particular theorem). A cognitive level -

content area approach to goal setting would particularly suilt

_ordinary level courses and college service COUTLSES in mathem-

‘atics. Another suggestion for teachers/lecturers on such

t they set objective questions and performance
This

courses is tha

standards that are within reach of most of the students.
suggestion 1is unlikely to be feasible in post-primary schools
e the public examination system is designed

of mathematics scores

mathematics wher
to achieve a nice 'normal distribution!

with means and standard deviations so as to facilitate grading

and selection and not such as to alarm the public.
on of a Curriculum and Examinations Board

berhaps

the recent formati

may herald a move towards a more beneficial approach to goal-

setting and assessment.

Type and Amount of Instruction Here we come to consider br-

tegories of variables which are at the hub of the
with the development of many

iefly the ca
mathematical education process.
alternative instructional models (eﬂg. dis;overy learning,

inductive thinking, inquiry training, advance organisers, to
name a few) and a burgeoning educational technol;gy (vis;al
projection devices, micro-computers, T.V. and videotape, progr-
ammed texts, copying devices etc.) one might have expected that
the traditional teaching approaches of a series of lecture/ ,
chalk and talk sessions and assignments to large groups of stud-
ents, would be on the wane: Not so, according to many obser-
Yers.. Although I cannot quote any Irish research survey it

is unlikely that mathematics instruction here is any less trad-
itional than in the U.S. where a 1977 National Science Found-
ation study of approximately 5,000 secondary school classrooms
revealed that the predominant instructional pattern is teacher
explanation followed by pupil work on class assignments [B].

It is probably fair to say that in our third-level colleges

and universities, apart from some advanced mathematics courses
the.predominant‘instructional style is still that of lecture ’
serl?s and occasional seminars. Such an inflexible and unres-
ponsive learning environment promotes mediocre learning and
poor study habits at all levels of mathematics education. A
number of educationists [9] argue that with the advent of comp-
uter-based education the opportunity will shortly exist to pro-
vide students in many student areas, including mathematics,
with a learning environment in which (1) they have much more
Tore control over what they learn, and the rate at which learn-
ing material is presented and, over the time of instruction

and assessment, (2) they obtain better and more regular feed-
back on performance. The instructor will be freed to do hig-

he
r level work such as course development and management, Indiv-
idual consultation, group discussion, etc.

Characteristics of the Learners : It makes good sense in prov-
iding mathematics courses to take account of individual diff-
érences. Many pupils come to mathematics courses already know-
ing quite a lot of the content to be learned, others come to
mathematics courses without various prerequisite mathematical
concepts and skills. Such differences can be easily accomod-

ated in instructional provision but are often ignored. Other
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individual differences which are related to mathematics perfarm-
ance, such as spatial and logical reasoning [8], cognitive
style [5], and internal structure of mathematical knowledge
[2] are less easily accommodated but may, with further invest-
igation, become more accessible variables.

In conclﬁsion, I would suggest that although the provisiaon

of mathematics education is a complex process, there is scope

for substantial improvement through changes in instructional

variables such as those described above, a willingness to try
new approaches, and a cooperative spirit among mathematics

teachers at primary, secondary and third levels of education.
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COMPUTERS IN THE TEACHING OF MATHEMATICS AT UCD

Colin D. Walten

In common with many other university mathematics depart-
ments, a considerable portion of our effort is involved with
service teaching of first year courses. Much of this cons-
ists of rote technigues such as solving linear eguations,
inverting matrices, differentiating polynomial functions, and
curve sketching of rational functions. These are all, with
more or less ease, amenable to programming as tutorial sessions
on a computer. The advantages are clear: a uniform procedure
is taught to everyone, and each student can practice as much
as necessary whenever he wishes. In this way the tutorial
system can be extended, less dependence need be placed on tut-

ors, and some formal tutorials can be replaced by sessions where




