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A very speculative look at how school mathematics
might develop in the coming century.



I ntroduction

| aminterested in some of thetechnol ogica devel opmentswhich arenow availableand
wonder just how they will affect the educational sceneand, in particular, theteaching of
methematics.

Themaintechnology of courseisthat whichinvolvescomputers, theinternet, theWorld
Wide Web, cyberspace and other buzz-words. What will it do for us? What canit dofor
us?Thereareprobably asmany ideasabout itspossibilitiesand how they can bedevel oped
asthere are people prepared to think about it, and so thisisjust another speculation on
why and how it might turn out.

First | should state my firm belief that computers (and al that isattached thereto) are
goingto play anincreasingly larger roleinthe education system but | do not believethat
they will ever replacetheteacher, no matter how ‘clever’ they become. Theteacher/learner
interface requirestheinvolvement of persons. Social interaction isasimportant to the
educationa processasany ‘mechanical’ learning that takesplace.

My interest inthisarose from somework on * specialised calculators which | first
devel oped for my own convenience and use. Later | madethem available publicly and
waspleased, but rather surprised, at how much they were taken up and used by theworld
at large. Clearly therewasan audiencefor thissort of thing. It wasonly thenthat | began
thinking about such calculatorsin educationa terms. Thisled, inturn, to speculation on
how they might affect mathematics, in relation to both content and delivery, in schools.
Thispaper istheresult of that speculation.

Frank Tapson
July 2001
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At the beginning of the 20th century there was some argument going on asto whether
logarithms should betaught and used in schools, to hel p smplify thework of caculation.
Theprincipa argumentsin favour werethat it was quicker, and also that those who had
difficultieswithlong multiplication and divison would havean 'eas er' method availableto
them. The principal argumentsagainst werethat accuracy would be reduced and pupils
abilitiesto ded with the 'necessary' dgorithmsof arithmeticwould belost. Sound familiar?

By the end of the 20th century, logarithms had come and gone (together with dlide-
rules) and the argument wasthen about el ectronic hand-held calculators. And we start the
214t century with that argument still going on.Whilethereisno doubt in my mind about the
eventual outcome, the century could be at | east one-quarter gone before the argument
even lookslikedying out. And now we haveto consider the computer, surely that must
have someimpact on the teaching of mathematics?1t ought to. Indeed it must. Infact |
believeit will haveanimpact ontheentiremathematicscurriculum, leadingtoare-think on
just what itiswetry to do inthe name of mathematics. But first an analogy which, inthe
general way of suchthings, givesthegist of my argument.

“Giveaman afish ...

... andyou feed himfor aday. Teach him how to fish and you
feedhimfor life.” Thisoft-quoted Chinese proverb just about sumsup the basicideaof
education, and we cannot really argue against the philosophy it expresses. However,
especialy inmathematics, it isin the application that we seem to gowrong. Weinsist on
teaching him how to maketherod, line and hook, find the bait, and then catch thefish.
(Unfortunately we do not teach him how to cook it.) Whichisfinefor runningan SAS-
sylesurviva course, but weareworking within ahighly-civilised technol ogi cally-dependent
culture, and theana ogical equivalent of “ making therod etc” isinappropriate. Theman
could now, very reasonably, expect to be given therod and shown how to useit!

How did we get here?

| often wonder if many teachersof mathemeaticsredlisejust how lucky they areinthelr
choiceof subject. Very rarely arethey caled upontojustify its presencein the curriculum
to their audience of both pupilsand parents. How did mathematics get to this pre-eminent
position, second only to English (well, reading and writing) asasubject that issomehow
necessary to living?1 speak only of mass-education here, which started in the middl e of
the 19th century. A different set of arguments guided the devel opment of mathematicsfor
the privately educated during the previous centuries.

When compul sory education started, arithmetic could clearly be seento be essential,
and especially so to those who were experiencing the Industrial Revolution. Itisworth
noting that the same period saw the growth of the Mechanics' Instituteswhich provided
the much needed technical education for the vast number of apprenticesand improvers
created by that samerevolution.Geometry cameinto the mathemeatics curriculum towards
the end of that century, and its (almost) extinction was mourned by the end of the next
century. Trigonometry camein about the beginning of the 20th century and algebraalittle
bit later. Statisticsdid not become atopic of any note until after the middle of the 20th
century. Calculus also bobbed in and out during thelatter half of the 20th century. And
then therewas" new maths’.

All of thesearevery broad generdisationsof course. Therewerewidedisparitiesinthe
different sortsof schools, and no National Curriculum, but the above, very brief, historical
synopsisisintended only asarough guideto what has happened. A reminder a so that
thingshavenot “awaysbeen likethat” sincetimeimmemorial, and “golden days’ only
ever existin retrospect!

Mathematics in the 21st Century

© Frank Tapson 2004 [trolZB]



Mathematics in our Culture

Thereisan ambivalencein theattitude of most adultsto mathemeatics. On the onehand
weareal toousedto hearing* | wasnever any good at mathswhen | wasat school”, while
on another occasion we hear how important it isthat their son or daughter getsagood
gradeinmaths. Thisisnot to say that thesetwo expressions of attitude are contradictory
onthefaceof it, but certainly they areif theeasewith thefirst statement isuttered istaken
into account. (How many peoplewould volunteer the equiva ent remark about their ability,
or lack thereof, inrelation to reading and writing?) So everyone‘ knows' that thegeneral
ability of theworld at largeto do mathsis poor, and weare reminded of it amost daily by
thevariousmedia Why then, istherethis perpetua hopethat the next generation will make
somequantum legpin their understanding of mathematics?

Andwhy isitimportant that their of fspring should get any gradein maths, never minda
‘good one’. A major contributory factor all too oftenisto dowithit being (seen as, or
actualy) needed asan entry qudificationto thenext stage of the pupil’slife. Many teachers
arefamiliar with the scenario of apupil whoisgood at subject X (whichisnon-mathematical)
who wishesto pursueit at ahigher level but who requiresamathsqualificationin order to
beadmitted. And thisqualificationisonly required because placesat the next level are
limited and an easy way of sorting out the candidatesisto ask for amathsqualification
regardlessof whether itisappropriate or not. And then thereareemployerswhoinsist on
setting their own (usualy very poor qudity) testinmathematics. Thisiswhat onewriter has
described asthe* gatekeeper function” of mathematics. Using it asan intelligencetest.
What an awful reason for doing all that work! No wonder thereisgenerally auniversal
didikeof the subject.

Oneof the perennid argumentsadvanced for mathematicsinvol vesreferencestothings
like *education’, ‘transferable skills', ‘developing logical arguments and ‘help in
understanding other subjects’. These seem to be much more amatter of faith than of
research and reasoned argument. Werenot similar thingsonce said on behalf of theclassics?
If anyonehad said at the beginning of the 20th century that the classicswould bejust about
non-existent as an educational subject by the end of the century, how many would have
believed it?But it hashappened. It isworth noting that every time some attempt ismadeto
revivetheclassicsthereisare-packaging in an effort to makeit more pal atable. However,
itisno good, peopledo not seeit as being appropriate.

Do you need an engineering background to drive amotor-car? |s aknowledge of
electronicsapre-requisitefor programming avideo-recorder? Doeseven switchingon a
light need you to know the basics of electricity? Thelistisendless. It very apparent that
living inthe modern world would beimpssiblefor al but afew if al those questionshad to
beanswered‘yes . Following onfromthat, about the only school subject which canqudify
for theword ‘ necessary’ isthat concerned with reading and writing, all the othersare
extras. Desirableor useful extras maybe, but mathematicsisonethose other subjectsand
should takeitsplacein thediscussion about what should beinthe menuwhentheoveral
curriculumiswritten.

What then might be done to make some mathematics more accessible and more
appropriateto our modern lives?
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Maths for tOP
tOP isthe acronym used hereto represent “ the Ordinary Person” .

Thisembracesthevast mgjority of the population (at |east 90%) who have no need of
a'full’ mathematical background, such asweing st upon now, inorder toenjoy a‘full’ life.

So, how much maths doestOP need in order to make some sort of sense of theworld
around. Not much, and certainly nothing likethevast quantity of it that currently formsthe
basisof atypical school mathematics curriculum. tOP only needsto have

* adegree of numeracy
» some spatia awareness
» an understanding of data presentations.
Whichintraditiond termsis
* Arithmetic
» Geometry
* Datahandling
The simplest possible summary of the content needed and purpose of theseis
Arithmetic Themain thrust of thisshould be concerned with how numbers
‘work’ together, and their relationships, especialy inthematter of their
relative sizes. Algorithms for doing ‘heavy’ arithmetic would be
consigned to the history books** and cal culationsdone by calculators.
Geometry Thiswould be qualitative and knowledge-based, and much
lessquantitativethanitisat present. So, identifying the basic shapes
and being aware of their properties and rel ationshipswould be the
prime purpose. While measures and measurements must remain, al
calculationsfor purposes of mensuration** would be done using
specidist calculators.
Data handling The overwhelming purpose of thetopicisto help tOP gain
some understanding of the enormous amount of datawhichisnow
availableand handed out daily. And understand not only what itissaying,

but alsowhat itisnot saying, itslimitationsasatool for prediction, and
how to assessitscredibility.

Inshort,
Dolessbut doit better and makeit appropriate!

** This does not mean such things would never be looked at. Just as now, there
would aways be room for topics of interest to be looked at and discussed at
appropriate times and with the right audience, but these would not be a part of

thebasic curriculum.

And now, having made so much mention of calculators, it
becomes necessary to spell out somedetail about those.
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Yes calculators, but which calculators?

Say ‘ cdculators tomost peopleand they will immediately think of thehand-held variety
anditsusefor doing basic arithmetic. (Not much morethan+ — x + V') Asremarked
earlier, eventheir placeintheteaching of mathematicshasnot yet beenfully accepted and
argumentsrumbleon. Then there arethe scientific, graphicsand programmablevarieties,
at least one of which no onedoing * serious’ mathematicswould dream of being without.
But al of those, whatever their level, areonly devicesfor doing computation. The operator
hasto provide the mathematicsand, after manipulating it into asuitableform, usesthe
calculator only to deal with thetedium of the calculation. Evenif themoveis madeupto
something more powerful running on acomputer (Derive, Mathematicaetc) thestepsare
the same, do the mathematicsand then | et the program sol ve the equation or whatever.

tOP will not need anything morethan abasi ¢ calculator. Indeed, within ashort period
of taking thelast examination, heor shewill probably haveforgotten how to usethe other
function keyson amore sophi sticated model . What tOP will always beableto usethough
isacalculator which alowsthe problem datato beinput amost asit ssandsand returnthe
answer. Thisimpliesnot onegenera purposeca culator, but awholespectrum of caculators,
each dedicated to solving aparticular type of problem.

Let uslook at two examplesof adedicated calculator inuse. Thefirst exampleisbased
onapossblestuationfor tOP and theother isrelated towhat, initially, must beacurriculum
scenario.

Examplel

Peoplenow aremuch more knowledgeabl e about, and interested in, mattersconcerning
their health and genera standardsof fitness, and one measureisthat of Body MassIndex
(BMI). Thisisgivenfrom

BMI = (weight inkilograms) -+ (height in metres)?
and most would havelittletroublein working that out.

The subject canlook at theresulting valuein the appropriatetable or chart for theage
and sex, to seehow they compareintermsof sizewith‘norms'. (Atthispoint errorsinthe
caculationsstand revealed asbeing ‘ of f thechart’.)

That partiseasy. Next they might wish to think about changing their BMI, getting it
closer tosome'idedl’ value. Clearly they can do nothing about their height, but they can
ater their weight. So, what weight should they aimfor?

Oh dear, thesmpletransposition called for in that cal culation isbeyond many pupils
evenwhenthey aretill at school, and afew yearslater only afew canhandleit at all.

Now it requiresvery littleimagination to visualize how acalculator to deal with that
situation might work. Threeentry boxes (oneeach for BMI, weight, height). Key inany
two vauesand thethird will then be cal cul ated and displayed. Asabonus, the cal cul ator
could dlow entriesto bemadein poundsand feet and dedl with the necessary conversions
aswell. Moving up astep, input age and sex and the matching table or chart could be
displayed. Simple! Trivial? Maybe, if you are comfortable and confident with some
elementary mathematics, but not many people comeinto that category.
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Example2

Appendix 1 providesaworksheet with aset of conventiona-looking questionsconcerning
the pyramid. It hasbeen divided into 6 sections, and thefollowing devel opment can be
traced through them.

Section A dealswithwhat apyramidis(the geometry)
Section B concernsonly thevolume.

Section C requiresthe use of Pythagoras

Section D invokestrigonometry for finding angles

Section E continueswith trigonometry but now finding lengths
Section F needssome‘ serious’ algebra(or ‘trial and error’)

So each section needswork to be donein amajor topic-areaof mathematicsand the
gradation of the sheet overall can clearly be seenasaprogressonfromalow level toahigh
level. Infact thelast two questionsare very highlevel indeed (for school mathematics)
since, if they areto betackled agebraically, acubic equation hasto beformed and solved.
Thequestionsinvolveavariety of mathematical knowledge and techniques, all based on
thewell-known shape of apyramid.

Now consider having accessto acal culator that deal sspecificaly with thepyramid. All
of those questions can be answered by amost anyonewho can read.

Where are they?
Sowhere arethese calculatorsto befound?

Onthelnternet or, more precisely, the World Wide Web. These dedi cated cal cul ators
arequitesmall, typically 10to 30 kilobytes, so they can be downloaded in seconds.

Theredready severa thousand available and the number isincreasing al thetime. The
quality isextremely variableand thereismuch duplication, but abrief ook at someof them
should convince any viewer that the provison of dedicated calculatorsisaready well
underway.

A good starting pointisfromthissite-

Start at the Home Page:
www.ex.ac.uk/trol/
select => Specialist Calculators on Line = SCoL

That givesimmediate accessto over 50 dedicated cal culators* (indexed by application)
and, perhaps moreimportantly, at the bottom ot the pagethereisalink to acentral location
(inthe USA) which attemptstolist and link al on-linecalculatorsworld-wide. Itisavery
ambitiousproject! Currently it listsover 15,000 of them.

** These are the ones, mentioned in the Introduction,
which led to the writing of this paper.
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A Calculator Initiative

Asmentioned, thereare severa on-line dedicated calculatorsavailablefromthissite.
Butinaddition, aset of worksheetshasbeenwritten especialy for usewiththesecaculaors.
It can befound also from the TROL home page mentioned earlier

select => Teacher Resources on Line = TRoL
select => Calculator Exercises

In addition to the many worksheets there are notes (for teachers) outlining the
devel opment intended so that pupilsgain an awarenessof what isavailable, together with
an ability to select and usethe correct cal culator and apply it to particular problems. And
theworksheets should not be used without reference to those notes.

A study of the notes, together with alook at afew of the calculators and arough
gppraisa of the content of theworksheets, should makeit apparent just how smple, yet so
powerful, such calculatorsare. And these (first version) cal culatorsare not particularly
sophisticated, it isnot difficult to think of other featureswhich could beadded, though care
needsto betaken that their smplicity of useisnot lost.

Just reflect on the background mathematicsthat isdriving these calcul ators,
« formulas, used directly or transformed
» Smultaneous equations made and solved
» linear, quadratic and cubic equations solved
* iterative procedures carried out (up to 1000 | oops)
* answersgivento requested number of significant figures
and al unbeknowntothe user (why shouldit be?). All theuser hasto doisinterpret the
problem and put thefiguresin the correct boxesand then extract the answer needed to the

question asked. Returning to thefishing proverb and analogy described earlier, theman
has now been given therod and shown how to useit!

The Serendipity Factor

Another benefit of these calculatorsto be noted isthe amount of additional material
they carry. Thereisnot just aseriesof boxesfor entriesand answers, but dso quitealot of
information about the subject of that cal culator. Thisprovidesnot only needed or sought
for background, but a so plenty of opportunity for serendipitouslearning.

serendipity n. (18th cent.) the making of happy and unexpected
discoveries by accident, or when looking for something else.
Coined by Horace Walpole in 1754. Formed on the fairy-tale The Three
Princes of Serendip, the heroes of which “were always making discoveries
by accident, of things they were not in quest of ”.

[OED]
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What about the rest?
Theargument so far has concerned only tOP. What about the other 10%?

Thisgroup would bethosefor whom it could be claimed that they really did need to
haveamathematical background becausethewere going onto bemathematicians, scientists,
engineersetc. Unfortunately the argumentswill be confused at thispoint by all sortsof
clamsmadefor thosethat ‘ need” mathematicsasabackground for their work.

A fresh and objectivelook needsto betaken at the situation, and hard questionsasked
and answered. Dothey ‘need’ thewholeof the mathematicscurriculum or only part of it?
Isit‘necessary’ or only ‘useful’ ?Canit, or will it, be supplied some other way, perhapsby
training or by being readily available at the pressof akey?

My own belief isthat the figure of 10% will turn out to be
much lower (lessthan 5) eventually.

S0, given that we do not need to crucify the entire school population in the name of
mathematicsjust so that 10% of them can be properly prepared for their career, what can
wedo about it?

Theunderlying problemisthat of identifying the 10%. Oneway of dealingwiththis
would beto havea'tapered’ curriculum (in both content and time) for mathematics, which
(at secondary leve) engaged ALL pupilsinthefirst year, say 80%in the second year, 50%
inthethird year, and making mathematics optional after that, asit already isfor most
subjects Thecurriculumfor tOPwouldinitaly runwithin, andlater besdetheman curriculum
for ALL pupilsin ALL years, and bemuch much smaller inboth content and time (no more
than one period aweek).
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Other pressures for, and benefits from, change

Sofar wehavelooked only a what could happen to the mathemati cs curriculum because
of what canloosely be classed as* mathematical factors’. But there are other, broader
factorsa work (thereawaysare!) whichweshould bear inmind. Asthey areonly peripherd
tothemainthrust of thispaper they areonly outlined briefly. They comeunder two headings.

1. Thedaffingproblem

Thefull mathematicscurriculum clearly requiresadequately qudified and trained teechers
toddiver it. Itisasovery clear that wedo not have enough of them. | am not referring here
to‘locd’ difficultiesof recruitment which happenfor al sortsof reasons, but toan overriding
factor that ensureswe cannot ever have enough for s mple background reasons.

Any society has aneed for peopleto be doing al sorts of jobs. To avoid needless
controversy, or giving offence, wewill not nameany jobshere. Itissufficient to say that we
generdly accept that somejobsare morehighly regarded’ than others, and that impliesan
orderedlist of jobs.

Wecandoasmilar exercisewith qudifications, and dsotry to visudize how the number
of peopleavailable, having each of those qualifications, would bedistributed. Presumably
wewould expect to to find asmall number at the very top and, hopefully, asmall number
at thevery bottom, with the rest distributed somehow in between.

Now market forcescomeinto play. Thepeoplecontrolling thejobsnot unnaturally, but
sometimesinagppropriately, wishto select from ashigh up the qualificationslist asthey can
get away with. (Set too high atarget and you get no gpplicants.) But thejobs haveto be
done by someone and so, eventualy, in order to get themyou just haveto lower thelevel
of acceptablequalification.

Unfortunately wehaveraised therequired level of ability needed toteach the
full mathematicscurriculum adequately without being able, at thesametime, to
raisethe level of qualification needed for entry tothejob. I n fact therearemany
who consider thelatter hasgonedown!

A reduced mathematics curriculum, with its consequent need for less specialiststo
deliver it, would enable the balance to be restored. Or at least provide a much better
chanceof doing so.

2.The'moreisbetter’ syndrome

It s;emsto have been abasi c tenet of compul sory education sinceit started that * more
isbetter’ asexemplified by theraising of the school-leaving ageat intervals. (Thedrivefor
increased admissionsto higher education isanother aspect of it.) But have we gonetoo
far? Have we passed the optimum?

Certainly thereare severa pupilswho spend their last year inschool full of resentment
a havingto hethereand seeinglittlepoint init. (Their teachershave smilar feelings, but
they at least are paid for sufferingit.) They clearly are not going on to higher education so,
isthereany needfor that |ast year?\Whatever they aregoing to extract fromthe educationa
systemthey will havegot.

L et them go ayear early. With conditions. Very reasonably, wewould likeal pupils
leaving school to have abasi ¢ standard of literacy and numeracy. So, let thosewhowishto
do sotakeabasictest which, provided they pass, entitlesthemto leave oneyear early.
What anincentiveto learnthat would be! And another, dight, easing of the staffing problem.
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How might it happen?

Itisclear that wearenot tal king about overnight changeshere. 1t will take many decades.
These are changeswhich cannot be brought about by decree. A changein the perceived
‘need’ for mathematicsinthe cultureisnecessary and that can only happen gradualy. Itis
agenerational changewhichwill come about asmore and more people cometo seethe
inappropriate nature of what isdelivered at school when set against what they actually
‘need’ inlife. And even more so, whenthey realisethat, should the need arise, thetoolsare
available. The problemsthat occupied hundredsof hoursat school, learning to solvethem
fromfirst principles (and so oftenfailing) canin fact be solved effortlessly. “What wasthe
pointof itall?’ they will ask, withincreasing vigour.

Aswith al manner of innovationsin the past, someimpetuswill be provided by the
more" adventurous teachers First by individuals, then by groupsof like-minded persons,
andthenit developsinto asmall-scaleproject, and then ...

In short, evolution and not revol ution.

And finally ...

the biggest influencefor educational changein thiscentury ismost likely to bethe
internet and particularly that aspect of it known asthe Web. It means having accessto the
biggest library of information currently available. No, it doesnot contain everything, but it
isheading that way. Itisone of thegreat strengthsof theWebthat it allowsoneindividud,
withaspecidisationor enthusasminaparticular fied, to put together asource of informeation
that isimmediately availableworld-wide. But then the sheer size of thewhol ething poses
itsown problem - finding what you want.

However, in my capacity as a Web-manager of a particular site for several years,
another problemwhich concernsmeisstability. | am ofteninformed of a‘ good' stewhich
it might be worth mentioning and putting in an appropriatelink. | have done so several
times, only tofind alittlelater itisnolonger there. A few experienceslikethat eventualy
make onevery reluctant to link up with (mainly) individua swho abandon their sitesfor dl
sortsof reasons- moving it e sewhere, failing to pay their rent, losing interest, dying! Even
organisations can ‘ disappear’ aswell. Thisisapity, aswell asan annoyance, because
someredly good sites can befound and noted asheing useful only to find, when you need
it, that it nolonger exists. Thereisalack of stability.

| haveahopethat universtiesmight fill arolein helping to provide some much needed
assistance with these problems. After all they were once the principal repositories of
knowledge (the Grest Library at Alexandriawaspossibly thefirst) and perhapsthey could
regainthat position. A recent announcement by the Massachusetts I nstitute of Technology
that it wasgoingto makeadll of itscoursematerid sfredy availableviathe Web as* ablow
againgt theprivatisation of knowledge' wasahopeful sart to the century. Mightithelp“to
encouragethe others’ < *

Could thisbethe century of the‘open knowledge' revolution? Teaching our
pupilstohandlethat could beour biggest task.

** Mind, inthe UK | am not too hopeful. The way the universties are funded, their
‘political’ control, the Research A ssessment Exerciseto which they are subjected,
areall calculated to restrict their freedon and their ability to be ableto deal with
the sort of work for which universites are ideally suited.
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Some appropriate quotes

It wasthe mathematician, Leibnitz (1646-1716), whoinvented cal culus, who said,

“It isunworthy of excellent men to lose hourslike slaves
inthelabour of calculation.”

Professor Henry Baker, when hewas President of the Institute of Mathematicsandits
Applications(IMA) afew yearsago, was quoted, in anewspaper interview, assaying
“Maths is still taught in the abstract rather than with
referencetoapplications...

... itisperpetuated by aminority of mathematicianswho
areabit insular with life skillsthat aren’t all they might
be”

and, later inthe samereport,

“somever geon theL udditewhen it comesto technology”
hesadwithasmile.

Isit possiblethat | zaak Walton knew of the Chinese proverb “Giveaman afish ...”
when hewrotein hisbook The Compeat Angler
“Anglingmay besaid to be so likemathematics,
that it can never befully learnt.”

The Cockcroft Report (1982) was considered to be amost excellent report (at the
time) and was often cited asan expositon of what mathemati csin school sshould concern
itself with. Most quoted of all wasitsparagraph 243 which highlighted theframework of a
‘good’ lesson.

However, | have awaysthought that itsbest bit wasthe succinctly expressed piece of
philosophy of what our teaching should really beabout, in paragraph 34

“Most important of all is the need to have sufficient
confidenceto makeeffectiveuse of whatever mathematical
skill and under standing ispossessed, whether thisbelittle
or much”
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Appendix 1

Pyramids
A graduated set of problems

In all of the following questions, the word “ pyramid” means a right, square-based pyramid.

Section A
1. Whatisthemeaningof “right” inthe description above?
2. Describe some other sortsof pyramids.
.Section B
3. A pyramid hasabase edge length of 3.4 cm and aperpendicular height of 11.4 cm.
What isitsvolume?
4. A pyramid hasavolume of 158.4 cm?® and a perpendicular height of 13.2 cm.
What isthelength of itsbase edge?
Section C
5. Findthelength of the slant edge of a pyramid which has abase edge of length 9.36 cm
and aslant height of 5.95 cm.
6. Whatistheperpendicular height of apyramid having abase edge 13 cm long
and aslant height of 9.7 cm?
7. A pyramid hasaperpendicular height of 13.5 cm and aslant edge length of 18.4 cm.
Finditsvolume.
Section D
8.  Findtheanglebetween onetriangular face and the base, for apyramid having
abase edge of length 3.6 cm and a perpendicular height of 7.4 cm.
9. Theanglebetween atriangular face and the base of apyramidis63°and the
dant heightis17.1 cm. What isthe perpendicular height?
Section E
10. A pyramid hasavolume of 108 cm?®and an angle of 74° between its base and
any of itstriangular faces. Find its perpendicular height.
11. Whatisthelength of the base edge of apyramid which hasaslant edge of
length 14.2 cm and an angle of 52° between its base and any triangular face?
Section F
12. Thesdant edge of apyramid measures 25.2 cm and it has avolume of 2438 cm?.
What isthe length of the base edge?
13. A pyramid hasavolume of 240 cm® and aslant height of 13.3 cm.

Caculateits perpendicular height.
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Letters to the The Times
14th July 1998

Sir, To have seen our Secretary of
State of the DfEE struggling, on
television yesterday, with nine
timeseight, isan amusing sidelight
on his edict that calculators will
be banned for under-eights and
that “ setting tablesto reggae music
... could be made fun”.

In 1928 | wasin aprimary class
of some 40 five-year-olds and we
learnt our tablesto atune. And as
aresult, unlike Mr Blunkett, | can
give an instant answer.

But all thisisquiteirrelevant to
theworld in which we now liveand
work. | can think of not a single
instance in the last 12 months,
among the many hundreds of
peoplewith whom | must have had
contact, when mental arithmetic of
that kind was either used or indeed
needed.

Will Mr Blunkett please tell us
precisely why he now deems it
necessary for our youngsters to
do that kind of mental arithmetic.

Yoursfaithfully,
BRYAN THWAITES
July 9.

The above brought a heavy
response, giving examples
where immediate recall of
number facts was of benefit
in ordinary life.

Sir, 1 would like to remind Mr.
Blunkett that awell trained parrot
can say the times tables.

| may only be a student teacher
and, as such, perhaps | have not
seen the benefit of chanting times
tables. It seemsto methat children
may well know that four timesfive
is twenty, but change the sum
around to five times four and they
will not answer.

The chanting of timestables has
been condemned since the start of
the century. Have we not moved
on from the heavily didactic
methods of teaching that Mr.
Blunkett isnow proposing? Can he
please allow teachers to teach
children how to understand - not
just to chant.

Yourssisncerely,
GARETH KIRKPATRICK,
July 9.
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From the Papers

24th July 1998

Sir, | applaud the intention of the
Government’s numeracy consult-
antsto emphasise mental arithmetic
in primary schools (report July 9)
but, unlike David Franklin (letter,
July 17; see also letters, July 14), |
would give calculators to
kindergarten pupils.

There is no contradiction.
Indeed, there is a symbiosis.
Excellent mental arithmetic skills
are needed, not just to perform
calculations for which calculator
use would be silly, but also to
make it possible to determine
whether results from a cal culator
are reasonable. Of course, mental
arithmetic proficiency must be
tested without calculators.

The ability to perform mental
arithmetic for one and two-digit
calculationswill achieve the same,
or better, numeracy and mind
training than was supposed to
have been attained with pencil and
paper. Mental arithmetic, with
judicious use of calculators, will
obviate the need to teach obsolete
pencil and paper skills at all and
will allow much more mathematics
to betaught in primary school than
is now possible.

Sincerely,
ANTHONY RALSTON
July 17

Appendix 2

29th December 2001

Sir, | disagree with the view that
we don’t have enough maths
teachers (report, December 26).
Too many maths teacher are
misemployed trying to teach
children with no mathematical
ability, no employment requirement
to learn mathematics and no
interestinlearningit.

| write as onewho, after 50 years
in industry and university, has
been brought out of retirement in
the vanguard of a Dad's Army of
maths teachers. The problem is
classifying everything from
learning multiplication tablesto the
solution of differential equations
as a single subject. If we
recognised that basic arithmeticis
really all that most people need to
get by in a world of pocket
calculators, the problem would be
solvedin atrice.

Primary school teachers are
doing admirably with the new
numeracy project; very little extra
mathsis needed from the age of 11.
Geometry, algebra and trigon-
ometry can be introduced in the
first yearsof high school, by which
time the children who will be
needing to continue with maths for
career purposes, and indeed able
to handle maths, will have become
clearly visible.

Thereisaperception that maths
is harder than other subjects; it's
true - for most children. My
heretical solution is to stop
wasting pupils’ and teachers’ time,
rel ease them from the agony of the
impossible and significantly
reduce the perceived need for the
teaching of maths. We could
probably cut the number of pupils
taking maths after about 13 by
some 80 per cent, with a
consequent reduction in the
requirement for teachers, at the
sametime producing abigjumpin
quality.

There is no shortage of maths
teachers, rather an abundance of
children forced to learn
mathematics.

Yoursfaithfully,
NORMAN SANDERS,
December 27
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Appendix 2

From the Papers (continued)

Letters to the The Times
31st July 2002

Sir, Complaintsfrom employersand
universities have raised the
possibility of reorganising (again)
the mathematics syllabus in
schools, and dropping algebra
from the GCSE level (report and
leading article July 24).

| used to be a teacher of maths
and physics and sympathise
entirely with people who find the
subject difficult. The range of
ability in maths is, | think, more
pronounced than in any other
subject. If ayoungster has ability,
it can be developed very rapidly
to a high level and it can be very
frustrating to such a person to be
held back by the needs of other
pupils - | speak from experience.

Everybody needs some mathe-
matical skills, but they will be
different depending on what the
youngster goes on to do on
leaving school. A hair-dresser will
be unlikely to require aknowledge
of algebrabut an engineer certainly
will, and agreat deal more besides.

Thisisasituation whereonesize
does definitely not fit all. The
country badly needs its mathe-
maticians.

Asaformer deputy head teacher
| see no reason why it would not
be possible to stream ayear group
with a high-flyers' class, several
classesfor those of average ability
and special help for the ones who
have the greatest problems. | used
to teach the last type of class, and
yes, algebra was on the syllabus,
which was a great trial to us all.
But once the GCSE exam was out
of theway, we enjoyed mathsagain
because | taught them about
mortgages, having to pay interest
on loans, how to measure up a
window to make curtains, income
tax and other practical problems.

Providing suitable and enjoy-
able mathematics courses for all
pupilswill reduce truany by those
who hate the subject, while making
sure that the future generation of
mathematiciansisnot held back in
theformative years.
Yoursfaithfully,

OLIVED.HOGG
July 28.
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3rd August 2002

Sir, MrsOlive Hogg (letter, July 31)
is absolutely right to say that at
least basic mathematics must be
taught to all young people.

However, the essential life skills
she mentions - mortgages, |oans,
measuring curtains, incometax, etc
- must also be part of the maths
curriculum, as there is no such
thing as“ after GCSE exams” inthe
state system these days. The
studentsleave at half-term, turn up
for the exams and, in many cases
are not seen again. Far more
practical use could be made of the
after-GCSE examination period,
especially now that the students
take continuous public exams in
the ASand A2 years.

Yoursfaithfully,
FRANCES CHARLESWORTH
July 31.

Sir, The proverbial hairdresser in
Mrs Hogg's letter may not “use”
algebra, but nor, | doubt, will he or
she “use” history, geography or
science outside of conversation
about the weather.

These subjects are not on the
curriculum because they are
necessarily vocational, but
because they help children to
practise skills which are widely
applicable throughout every area
of life.

We teach creative writing to all,
not just budding writers, in order
that all children learn to express
themselves more fully. We teach
algebra to all, not just budding
mathematicians, in order that all
children learn to think.

If that requires some changes to
the style in which it is taught, so
be it, but we would be denying
children aprecious skill wereit to
betotally removed from the GCSE.
Yoursfaithfully,

K.BREWIN
(Maths teacher)
July 31.

Sir, Now that it has been suggested
that algebra should be dropped
from the mathematics GCSE, might
| suggest that verbs be omitted
from the modern languages one. |
have taught French and Spanish
for aimost 30 years and many of
my students have found verb

tenses a struggle.

Everyone knows that un grand
café créme pour moi et un
croissant pour mon peére and
similar phrases are sufficient these
days for foreign travel. Anyone
who can master such complex
language deserves a grade B;
anyone who could add s'il vous
plait would obtain a grade A, as
this contains a verb.

Yoursfaithfully,
GEOFFBUCKLEY

July 31.
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Appendix 3

Extracts from some official reports.

“Inarithmetic, | regret to say worseresultsthat ever before have obtained - this
ispartly attributable, no doubt, to my having framed my sumsto requirerather
moreintelligencethan before: thefalluresareamost invariably traceableto
radically imperfect teaching.”

“Thefalluresinarithmetic aremainly dueto the scarcity of good teachersof it.”

“Many who areinaposition to criticisethe capacity of young peoplewho have
passed through the schools have experienced some uneasiness about the
condition of arithmetical knowledge and teaching at the present time. It has
been said, for instance, that accuracy in the manipulation of figuresdoesnot
reach the same standard whi ch wasreached twenty yearsago. Someemployers
expresssurpriseand concern at theinability of young personsto performsmple
numerica operaionsinvolvedinbusiness.”

“Thestandard of mathematical ability of entrantsto trade coursesisoften very
low. Experience showsthat alarge proportion of entrants have forgotten how
to ded withsmplevulgar and decimad fractions, havevery hazy ideason some
easy arithmetica processes, and retain no trace of knowledge of agebra, graphs
or geometry, if, infact, they ever did possessany.”

“Thereareindeed many adultsin Britain who havethegreatest difficulty with
even such gpparently s mple mattersasadding up money, checking their change
inshopsor working out the cost of their petrol. Yet theseadultsarenot just the
unintelligent or the uneducated. They comefrom many waksof lifeand some
arevery highly educated indeed, but they arehopelessat arithmetic. ..

During thisinvestigation thefirmimpression hasbuilt up ... that functiona
innumeracy isfar morewidespread than anyonehascaredto believe.”

“Theextenttowhich ... even an apparently simpleand straightforward piece
of mathematics could inducefedlingsof anxiety, hel plessness, fear and even
guiltinsomeof thoseinterviewed was, perhaps, themost striking feature of the

Sudy.”

And there are many many more like that. All very worrying.

But what must be cause for greater worry is to note when
those particular reports were written. The first two in 1876,
the next in 1925, the fourth in 1947, the fifth in 1979 and the

final one in1982.
(All have have been taken from the Cockcroft Report of 1982.)
Even worse, things like that are still being written.

Inshort ...

We have been failing to teach mathematics successfully to pupils in
our schools for well over 100 years. Is it not time we acknowledged
that failure and tried to something (different) about it?
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