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The teaching of calculus at college leagld mathematicabhnalysis at university is
currently in some turmoilNot longago, success in such a course was a symbol of
ability to succeed at theighestlevel of mathematicathinking. It was apre-requisite
and a passport to furthetudy, not only in mathematics, but nelatedsubjects which
have a mathematical basis. Now the climate is changing.

In his experience as editor of tiMdathematicalGazette it was often Victor Bryant's
task to consider books anathematicahnalysis for review. He sensdidat hardly a
week went past before another amreived, andyet he felt they rarelysatisfied the
needs oimathematicstudents. IrBritain there is an inexorable move sathool level
towards a more motivated, relevant and practical style of work. He therefore decided to
write a book to reflect what Helt best served curremtends. Inreviewing his book |
shall take theopportunity to look athe wider picture, to se¢he cognitive difficulties
and changing socialiews of mathematics that giveise to the currentcrisis in
university mathematics in general and in mathematical analysis in particular.

Cognitive considerations

We should begin by asking ourselves why it is that there seem to be so many analysis
books aroundand yet sofew that seem tosatisfy the dual need of presenting the
mathematics in a manner satisfactory for the professional and meaningfustodast.

A major problem is apparent in the conflictimeeds of thesewo viewpoints.
Mathematicgs, of its nature, a vergompressiblesubject.That is, one may learn to
carry out a fairly complicated procedure to solve a certain type of problem, arttiahen
procedure becomes routinised and compressed until it can be seen, not as dhatocess
occurs in time, but asraental objecthat can itself benanipulated. Arexample might
be the formalimit concept, which is defined in terms ‘gfive me epsilon,then | will
find a delta such that if something is true then something elséolaiv”. Initially this

is an extremely compleyprocess tocope with inall its ramifications. Butafter
considerable experience with thisocessthe mathematiciarbegins to beable to
conceive of the limit as @onceptand can begin to use theorems about limits tabbe
to manipulate them in a manner which now seems extremely simple.

The professionalmathematiciantherefore seesthe simplicity of manipulating the
compressed objects #ge secret ofuccess. Howevethis compression is at its most
powerful when the arduous ramifications of its origamesupressed tthe back of the
mind, or even forgotten completely. So the professiorahematician isiow likely to
have a view ofmathematics that is adds withthe needs othe student. Intrying to
explain thepower ofthe mathematicrom a mathematician’svriewpoint, he (or she)
extols the virtues of the compressed knowledge which proves so valu#iideekpert,
and is at a loss when this seems not to be understood by students.

One may surmise that this is the reason for so malagively unsuccessful books on
mathematical analysis. Each expert, in his orviisdom, tries to formulate the theory
of analysis in a way which proves most understandabl¢hdostudent. But the
compressed viewpoint of the expert and the cogniteeds othe student are likely to
be irreconcilable. The expert is lookifgy logical ways to preserthe material that is
aesthetically pleasing amiell-organised. Iimight be a “new”way of looking at the
limit concept, for instancehat continuity offunctions andlimits of sequences are
essentially the same thing, if viewed appropriately, and so everydthingpebased on
the definition of continuity. Or it might be that limits of sequermesconsidered easier
than continuity, so anothdrook basesll arguments orsequencesAnother author
might see the essentialatter being the logic of theargument, and so everything is
based on the axioms of a complete ordered field. Yet anetlesthese axioms as “too
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complicated” for the students and sthe student isassumed to bdamiliar with

decimals, and specialtention isfocused only orthe completenesaxiom. Butthen,

which version of the completeness axiom is the best pedagogically? And so it goes on.
| would suggesthat thereason for sanuch failure is that the mathematician is so

often looking in the wrong place for the solution to gneblem.Like the drunken man

who looks for his lostoin underthe street-lamp because it is thay placewhere he

can seethe mathematicialooks only atthe placewhere he has light. He loolka the

mathematicsHe shifts around the mathematics in every way possible to try to solve the

problem and fails. He never looks in the darkened recesses of the student’s mind.

In the last decade @o, mathematiceducators have started looking at stedent’s
difficulties. For instancethe manner inwhich their “spontaneous conceptions” from
previous experiencasight interfere withthe formal definitiong(Schwarzenberger &
Tall, 1978;Cornu, 1981)giving them “concept images” (Tall & Vinnek981) which
might causaunforseerncognitive conflictwhenthey attempt formamathematics. The
manner in which their “primary intuitiongFischbein, 1978) prove resistantdeange
and they mayhold contradictoryviews of such concepts dsnits and infinity
(Sierpinska, 1987; Tirosh1985). These falteringsteps at understandinte darker
realms of the human mind are beginningtdake ashape whichcan be of value in
understanding the teaching of undergraduate mathematics, but there is, as yet, no single
recipe for success. IndeedDavis & Vinner (1986) suggestthat there may be
unavoidable obstaclashich will face students studying the limit process.

It is known that students’ spontaneousonception of thelimit notion is as a
processof gettingclose,andthat the formal definition of &mit proves to be a very
poor starting point for a cognitive development of the calc(ilad, 1986). Therefore,
in the teaching of formanalysis there is a transition to be achieved from preliminary
dynamic intuitions to the formal notion of limit. But how to achieve it is sometthiaig
is still the subject of research. Dubinsky (1991) is usliegtechnique of programming
functions as procedures to ggmactical experience as toow they operate. For
instance, a sequencemay be programmed as a functishich, for any integem,
gives avalues(n), and the behaviour dhis valuemay be investigated practically for
large values ofi. Dubinsky uses aomputer language (ISETL) which particularly
suited to matching programming to cognitive actsresponding tomathematical
theory. Itincludes thevital possibility of using a function as anput to another
function, in such a way that the function can be conceived as an object. Even languages
without this facility, such asBASIC, Pascal orLogo, have beenused, with
considerable success to give practical experience of the limiting process folnagat
of particular value to programsaim of a series procedurally, 8@t thesum function
takes a value ofi as an input, adds upterms and returnthe sum as output. Ithis
way a seriesvill be seen as a special case o$emuence, something whichsearch
showsthe majority offirst year studentsontinue toconfuse.Because of their much
greaterexposure to series at schotthe notion of sequencproves to behardly
operable and becomes mentally entangled with the previous experiences of series.

A major difficulty in dealing with the usual formal definition of the limit is the need to
cope withthe quantifiers(Dubinsky 1991). This difficulty raises its ugly headnce
more in dealing with the logic of proof. Some mathematicians have even turned-to
standard analysis (Keisler 1971), partly because it seems to have ditctosetuitive
processes anplartly because iises fewequantifiers than thetandard theorySome
mathematiceducators (Artigud991)arevery positive abouthe possibilities ofnon-
standard analysis.

Others are aware of the need of the student to take an active part in the construction of
the theory. At Grenoble UniversityAlibert, 1988) for several years studentsmave
taken part inproof debateswvhere theyare encouraged to make theiwn conjectures
for communal discussion for proof or refutation. Téigperimenthasmetwith a high
level of student approval and a greater understanditigeqirocesses afnathematical
thinking, rather than just the learning of the product of mathematical thought.

The learning ofanalysis isclearly more than committingroofs tomemory ready to
reproduce in examinations (which seems tdhgegoal of so many dispiritextudents
in currentcourses whethey begin to loseontactwith the meaning of thédeas). It



requires the student to understaviady a result might be true aritbw the proof might
arise, even if the actuainvention of theproof itself might bebeyond the student’s
abilities.

The changing social context

For many yearsthe study of Latin, or ofEuclidean Geometryvas seen as an
intellectual exercise thdatonedthe mind to logicakhinking. Latin died as a central
subject several years ago and in some countries (including Britain) Euclidean Geometry
has now gone. Imathematics at thkigher level, it isMathematicalAnalysis that
currently carries the flag as the bastionagfical deduction, and thisiow is severely
under threat. Inhe UnitedStatesthe traditional Calculusourse at College, which is
seen ashe culmination of “pre-calculustoursestaken atHigh School, isbeing
guestioned as studerftsl to copeand the changingeeds of technologytimate that
perhaps a foundation in discrete mathematics might prove more useful. France is one of
the few countries where there Haeen continuing research into cognitive development
in advanced mathematics, and here the research has been turned into practical advice for
teaching calculus and analysis (see, for example, Arégak 1990)

In Britain the changing curriculum in schools is introducing more preyeck, more
practical applications and more problem-solving. In consequencutientshaveless
technical expertise in manipulatingigebra, in usingtrigonometric formulae, and
generally in thekind of activities considered as a necessary backgroundctorent
calculus courses. The loss of Euclidean geometry nteatstudents no longdrave a
major source of earlier ideas about proof. As attempts are made to increase participation
in mathematics at university, it is becoming patently unacceptabkeythat only those
who are intellectuallyvery able may succeed in mathematics. Téygproach to
mathematicahnalysis in Britain is beginning to includbe necessity to copeith a
wider ability range than ever before, albeit a difference in abifitich is still lessthan
that of students attending higher education in America.

At last it is becoming apparent in many countries that an effort musiade toassist
students irthe transitionfrom intuitive concepts ohumbers, functionsand limits, to
corresponding formal definitions andgical deductions ofmathematicalanalysis.
Cognitive researchhas shownthat this transition requires considerablaental
reconstruction, from familiar conceptsat aredescribedo similar-looking,but subtly
different concepts that adefinedand whose properties adeduced|t is necessary to
consider very carefully what kind of theory of analysis is approprateuld it be
completely formal, should the formalities be basedntuitive experiences, and, if so,
how is the transition to the appropriate level of mathematical thinking to be achieved?

Yet Another Introduction to Analysis

In this wider perspectiv& et Another Introduction toAnalysisis written from the
viewpoint of the sensitive mathematician, who is tryintgat@ account of the changing
social context and the needs of the student. The author’s writing style reiedts be
acutely aware of difficultiestudentsface with definitions, proofs, and,most of all,
guantifiers. As amathematician, he ikessaware of the educational reseatbhat is
available but, given its developimgature, it is research whichay not currently be of
value to him in designing his text. However, as we shall see, it points to some possible
difficulties which his students are likely to encounter.

The book covers the basic ideas of a first year British university course in analysis. It
builds on the intuitive background ofthe student,and starts withthe student’s
knowledge of numbers arghrlier experience of thealculus. (Englishmathematics
students study the symbolism of differentiation and integration in theitwasyears at
school,aged16-18, prior totheir transferthe following academigyear touniversity.)

But these mechanical techniques are limited. The stlahents how tocalculate f(x)

for f(x)=x2, but not for fk)=|x|. Therefore, there are new possibilities to be considered,



including the need to understand functiorigtle better, andhe nature of the number
system.

In chapter 1 the author visualize=al numbers as points onliae and launches into
the difficulty of representing2 as a decimal, by looking at theal numbersL whose
squaresarelessthan 2 and the s&® whose numbergxceedv2. He introduces the
completeness axiom in the form which he calls “piggy-in-the-middle”, that if there exist
two setd. andM where every elemehbf L is lessthan(or equal to) everglementm

of M, then there is a real numbeersuchthatl<a<m. He goes on to show hothis is

equivalent tovarious otheforms of completeness (least upgesunds,and so on) at
the sametime including conceptghat will be of value later in theext. In essence,
therefore, he is doing the same kind of thing as many other “introducti@malygsis”.
But, in what detailed ways is his approach different?

First there is a transparentlyonest and friendly writing styléhat focuses on the
important details and uses unpretentious colloquial English to resonate with the students
wherever possiblgWhen heasks“are there more rationals thamationals”, hesays
“counting such huge collections is perhaps a little dodgy” and rephtesgsestion in
the form of the probability of getting a repeatirdgcimal if each digit is selected at
random using a ten-sided die.) He is here walking a tight-rope in cognitive terms, as the
colloquial language has built-in conceptual imagehych may help the student link to
previous experiences, but alead tounforseen conflicts if inappropriaienagery is
evoked.

There is also a profuse use of picturedlltstrate the ideasvhich is avaluable way
to supportthe conceptuallevelopment. A picture iworth a thousanevords, so it is
said, but pictures camlsolead to limitedimagery.The book hereusespictures to the
fullest extent, with somexcellent illustrations of basic principles libera#iprinkled
with verbal comments. But the imagery is (intentionally) limitedspite the attempt to
create the idea of a “general” continuous function in later chapters, for example, there is
no attempt tesee in what way a functiomight be continuous but not differentiable,
exceptfor the limited possibility that there may be a non-differentiabilty at a single
point. This isnot part of the current English universggene,although it iscertainly
part of thenew SMPA-level which usescomputersoftware to magnifythe graph so
that the gradient can keeen aghe magnified curvdooks almost straight. A non-
differentiable curve will look wrinkled, a curve with a differdeft and right derivative
will magnify to two half lines meeting at an angle. This partictdat is bent on giving
students the kind of imagery that will support the forpralofs, even if the imagery is
more limited than theroofs are. It should be noted, howevthat the imagery is
typical of most modern analysis courses which say what a differentiable fuisctoor
avoid deep reflection on what it is not. It may very well be sensible foniteh course
to avoid such niceties, but fofull understanding, thiswill imply that cognitive
reconstruction of the restricted concept images will be necessary at a later stage.

The authorusesall sorts ofdevices to helgtudents understangroofs, in some
instances prefacing the proof with a discussiotheffundamentaldeas, orthe nature
of the logical structure. He has also persuadéed publisher to usedypographical
layoutsthat more trulyrepresent the structure of amgument. Given atieither/or”
construction, for instance, heill have thetwo alternatives typeseside-by-side in
columns forthat part of theproof only, rather than sequentially one afterother. He
uses large brackets to associate appropriate symbols together, rather in that wag
might point to a significant relationship on the blackboard lecture. And,once the
pattern of an argument is clear, he starts to replace some of the words by blanks, which
the studentnustfill in to be able to complete thext. Thus passiveeading must be
replaced by activearticipation, even though thjzarticular deviceonly operates at a
fairly rudimentary (word-recall) leveM/here possible,reference is made tosing a
calculator or computer to carry out simple numeripebcedures whichillustrate
important concepts,once again encouragingractical participation generating the
essence of the mathematics.

The writing also exhibits a consideralslense of humouiVhilst this, in itself, may
not always aid understanding of concepts, it provides relief and variety to encourage the



student to persist at the task. Sometimes it underlines the informal nature of a particular
exercise: an initial outline of an argumenith illusions tothe seaside beingalled a
“waterproof”’ whilst the formal proof is referred to as being “watertight”.

In addition, not only are there a large number of well-chesencisesthere are full
details of the solution to every exercise in the back wtakb upover 20% ofthe total
length. This makes it possible to use the book for private study, in additiba toore
obvious use in conjunction with an organised course, thouglstitliadvantageous to
have a tutor or mentor to help when things become a little more difficult.

Chapter 2 gently introduces the theory of convergense@ifiences anthie sum of
series, thugaking the viewpointhat limits arebest introduced irthe context of the
epsilonN definition. However,here the author explicitigenseghe difficulties that
students have with quantifiers and omits them all. His definition is:

A sequence, Xo, X3, ... Will ‘tend to’ or ‘converge to’ dlimit’ x if
given any positive numbeg (no matter how small) thereexists an
integerN such that

X—€ < XN < X+€ andX—€ < Xn+1 < X+€ andx—€ < Xn+2 <Xx+€ and ...

Notice thatthis, onthe face ofit, simplifies the definition by replacing thexplicit
guantifier “for alln=N" by an open-ended collection of statementdNpN+1, N+2,...

After using this definitiorfor a time, he introducesome labour-saving devices” to
deal inturn with the various theorems for limits, such ag+yn- x+y. He has a

particulary nicesequence of argument to cope witle limit of xnyn using carefully
chosenpreliminarylemmas. He is thus now wearing mgantle as a mathematician,
leading the reader through a neat and plausible sequence of actitiithsthe student
would never have been able to negotiate witlasithelp, thouglone might hopéhat,
after the fact, the approach seems reasonable enough.

Chapter 3 introducedunctions. The general termsrange’ and ‘domain’ are
introduced, althouglthe pictures and thé&pes of functions usedre not likely to
extend the student’s concept image of a function betwatdgiven by dormula. This
restricted concept image is more firmly embedded by immediatatyng to specific
examples of the exponential and logarithm. Here he subtly uses his theory of sequences
to define 18 for generak by approaching by a sequence of rationals. He introduces
the idea of limit of afunction f in a subtleway, using sequencesaying ‘f(x)

converges to a limitasx— Xy’ means:

If Xll X21 X3! X41 e XO
(in f's domain andexg)

then f(xy), f(x2), f(Xa), f(Xa), ... — |

The clever part othis definition isthat it introduces thdimit concept without any
explicit quantifiers. Thesare implicitly concealedvithin theif : then statement and
the limit of a sequence concepiwvhich itself has the use of explicit quantifiers
simplified). The proof that X) does not tend thh instead of being a difficult exercise in
negating universal and existentgplantifiers, simply requires one to understand some

of the ideasmplicitly and to find a sequence, Xo, X3, ... which tends tog whilst

f(x1), f(x2), f(x3), ... does not tend tio The quantifiers arghus not removedhey are

implicit, and need to be discussed igeneralway, but the methodeemson the face
of it to be easier.

The remainder of the chapter concentrates on the exponential and logarithmic
functions, angles in radiangigonometricfunctions, andhe proof of the intermediate
value theoremfor continuous functionsThe latter isdone neatly, first using the



bisection method in a practical way to find a root of an equationthemdgeneralising
this idea tofind an intermediate valudor a continuous functiorkinally the chapter
closes withthe proof of the theorem that aontinuous function on a closeaterval
attains itsmaximumand minimum values. Of course, this isot constructive, in the
sensethat there is no computer algoritrenalogous tdhe bisection algorithm to find
the maximum value of an “arbitrargontinuous functionThe authomwisely does not
tread in these deepaters,instead he leans on the reasonable nature ofntwe-
constructive) existence of a supremum of a bounded set.
Chapter 5, “calculus at last”, covdfte definition of thederivative,the formulae for
the derivative ofsum, product etc, Rolle’s Theorenthe Mean ValueTheorem, and
Taylor's Theorem. Once more the definitions are in terms of sequences, which happens
to give a neat proof of the nasty case that can occur with the derivative of a composite.
Chapter 6 is an “integrated conclusioAfter an example of Riemann integration for

the function fk)=x2, the definition of the general Riemann integral obaunded
function is launchednmediatelyusing upper and lowesums based otine notion of

upper and lowelboundsintroduced at the end of chapter 1 in thscussion on
alternativeforms of the completenesaxiom. There follows a typical sequence of
theorems culminating in the Fundamental Theorem of the Calculus. A saiiai#® to

finish the book? The textperhaps.But the exercises contamore. The last-but-one
problem asks the reader to prove that a power series can be integrated term by term, and
the finalquestion,the supreme accoladesquestshe reader tdollow a sequence of
arguments to deduce thats irrational.

Thus we see thatet Another Introduction to Analyssindeed another ithe line of
mathematically inspired introductions to thigbject. But is is also antroduction with
a significant differenceThe author’sintuitive feelingfor the difficulties faced by the
student help him to formulate the theory iway thatreduces thémpact ofquantifiers
and introduces a number of techniques that give positive assistance to learning.

Inbuilt cognitive difficulties

The eatrlier reference to research literature shibw that there are still likely to be
“unavoidable conceptual difficulties” (in treense oDavis & Vinner1986). Assome
of the conceptual conflicts are almost built-in to the epistemological development of the
subject, this is hardly surprising. For instance, likisly that thestudentswill have a
limited concept image of thieinction concept 4imited to functions given by a single
formula, with litte experience of thewider functions of mathematicalanalysis.
Likewise, althoughYet Another Introductiorgivesclear indications that the idea of a
sequence tending tolianit means the terms may sometimes equal the limit, and even
gives examples with thiproperty, there are likely to be a substant@bportion of
students who harboumisconceptions: that the terms ofegquence must be given by
somealgebraicformula, that they can get cloge, but not equalthe limit. They may
fail to understandthe meaning of a decimal asepresenting a sequence of
approximations tending to the real limit. (A strange caseimd recently amongsable
third year universitymathematicians is that a significgmtoportionstill do not fully
understand what=3.14159... means, interpreting the left-hand side\adee (1) and
the right-hand side a potentially infinpeocess They do not see the righnd-side as
a notationfor the limit of the process.They may even regard the representation as an
‘infinite number’, meaning an infinitprocessgoing on foreverrather than infinite in
size.)

The complexity of the theory oénalysis islikely to continue always to cause
problems of this natureWalter Ledermann, an experienced writer of text-books
warned me athe start of my career thanhalysis is a ‘pop-up subject’, that if a
difficulty is supressed imne place it is likely to‘pop-up’ somewhere else. In an
introduction to the subject it maxery well be of value tsupresscertain difficulties
(e.g. quantifiers) but one should not be too surprised if #agon lays up possible
traps for the future.



My own long experience of teachingnalysis,particularly recent experiences with
students ofmore modest abilitiessuggeststhat evenso, the studentswill still
encounter difficultiesfor instance withthe treatment of Riemann integratithrough
upper and lowesums. Mylower ability students found itifficult to cope with the
complexity that each partitiogives a unique upper and lowaunm, andthat the latter
can be represented asints on aine where every uppesum exceeds every lower
sum. This particular theory is much easiethen supported withprogrammable
calculators or computethiat can beused tocompute thesums sothat anumber of
upper and lower valuesan actually be calculateaind plotted on a numbdine to
illustrate the way the values separate im0 sets,one above thether, whichcan be
made as close as is practicgligssible. It is alsgarticularly helpfulwhenthe sum
from a to x with an appropriate number of stripan be represented as a functiorx of
Such an approach would be a natural extension of the earlier numari&ain the text
on sequences.

This lack of practice with the numericsitle of Riemann integratiomhich can now
come to full fruition in thenew technologicalage, also hides @onceptual difficulty in
understandinghe Leibniz notation asised in differentiation and integration. The
Leibniz notation g/dx for f'(xp) is mentioned on pag&56 together withthe usual
British faux-pagthat thesymbols ¢, dx have no meaning ithemselvesHowever,
Leibniz’s very first definition(1684) defines x as any increment ix and ¢ the
correspondingncrement iny to the tangent. In othewords, the symbols &, dy
represent nothing more mysterious than the components of the tangent $actodn
idea isexpressed ithe MathematicalGazetteof 1931 by E. G. Phillips, longefore
Victor Bryant becameauthor ofthat venerablgournal. It is also used in a book by a
more recent editor of th@azettg(Quadling 1955).

What islesswell understood ishat there is a clear link betwed#ris use of & and

that in the integra[g f(x) dx . If the integral isseen aghe limit of asum of strips

height ff), width d, it is useful to interpret this usirtge graph of 1&) where I(x) =

f(x). Then the sum of thex) dx is obtained by adding up the quantitigg)ldx. These

are the vertical increments to the tangent to the cyr¥éx), and if very manythin

strips are taken, then the curveysf(x), being locally straight, is closebpproximated

by the tangenbver a smallinterval. Thusthe increments'(x) dx are approximately

equal to theiser tothe curve betweepoints with horizontal coordinatesandx+dx.

Adding up all therisers giveghe totalrise froma to b, which is 1p)—I(a), and this is

the fundamental theorem. Admittedly this idea is here expressed in a loose manner. But
it can easily be tightened up $bowthe meaningfulness of Leibniz’'s original theory

and fulfil the aim of building theory from practical experience.

It would be churlish to base arsygnificant criticism of the text othis particular
difference of interpretatiomvhich is rooted inthe difference between the continental
school that followed Leibniz and the British schooNgwton. It is adifference which
has existed in the Britishpsyche forthree centuries anthas proveddifficult to
eradicate.

What is cleawith this particulamathematics text is that does anextremelygood
job of building on thestudent’s experiences innaeaningful cognitivevay. Whilst it
does notattempt to facesome of the known cognitive difficulties (known to
mathematicseducators more than professional mathematiciansjhad developed
appropriate methods to minimise severalti@dm. Others are deeply ingrained in the
system and are often resistant to treatment.

| enjoyed readingyet Another Introduction t&nalysis | am particularly enamoured
of its continuing struggle toommunicate meaningfully to trstudent in termshat the
student is mordikely to understand anthe provision of complete, friendly, solutions
to the exercises. As | read it, | learned mathematical ithedwere new to me and had
a considerable education in techniques to make the ideascieareto the apprentice
reader. It is a book which is likely to appeal stronglyrathematiciansvith a desire to
help their students learn, and it has all the ingredients to earn the praise of students too.



In a climate ofchange, whereognitive theories are beginning grow but need
intensive further study to bring them to fuller fruition, it provides an oasis of sanity and
good sense. It iprecisely what isets out tde: anotheintroductionto analysis. The
mentalobjects involved- numbers,functions, sequences atichits — are cognitively
developedobjects of experienceather thandefined objects of formaheory, with
properties developed by formatoof. The proofsarebased on experiences with these
mental objects with a leavening of commonsense logic rather than on ttethadtion.
Quantifiers areavoided, butwill surely need to bdahe subject ofstudy in other
contexts. In an introductory course tosabject with so many comlexitiesuch
omissionsare easy to justify However,their omissionwill require a further difficult
cognitive transition to a formal theory at a later stadget, perhaps, should lee role
of a further course in analysis, laastfor those whodesire a fully professional
mathematical understanding. In making his own selection of topics to be emphasised in
an introductory course, Victor Bryant has produce@laablesynthesis fotthe learner
which deserves a hearty welcome.
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