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1. INTRODUCTION
1.1 An Qverview

In the New Zezlend sccondsry school curriculum,
geography is taught as a subject to students in the
fifth, sixth end sevenih forms. It is first offered
at the fifth form level of study. Here its content,
and to an extent the memner in which it is tousht, is
influenced by the raquirements ci 2 nationsl externel
examinatioh, School Certificate, which the student may
sit at the end of his third yesr et secondsry school.

=

At each of the sixth form =nd seventh forrn

%

&

"

levels of study, the content of geography is egain
prescribed by the syllebi get down for separate externsl

examinations; &t the end of the fourth year (University

('.)

BEntrence Exemination, in which internel =zcecréditing mey
be cxercised), znd the fifth year (University Bursory
end Unhiversity Scholership Lxeminations) of secondary
school study.

The general picture, however, is not as cleor-
S summory suggests. Pifth form geosraphy

i
is not @2 prerequisite for sixth form geography, ond

of single-subject pesses in School Ceortificate hos siven

rise to some stuvdents studying -~eosvaphy in the sixth
form who have not gained 2 pesgs in Schoel Certificote

Geography, but who may heve geoined oesses

S
Tour other subjccts tch’oV entitlin~ them vo sixth
form ecutry. Aind a ~crlled sceond-yeer fifth-fornm

gtudent moy have pessed Scheol Certificnte in reosrenhy



(o)

. s Yeew e L Py g T = NI PRI - ¥ BT »
only #=nd so be teking scosraphy egsin in the L£ifth

form togetney with the subjects in which he foiled to

in terms of populerity, geomrashy in the fifth

L

jeh

form is currently ranked thir

after English (which

=

is compulscry) ond mathemetics. In the sixth form
end seventh zorm, geography usually vies with bi OlO“J
and mathematics for second ranking (after h
termns of the number of gtudents tsking the subject.

-
AV]

Feogrer by in the Secondary Schecl Curriculum

In this decadc of the nineteen-seventies when
chanze has been described as 'an clementol IOfC“’Kl)g
the processes of formel cducstion are coming in for
increasing scrutiny in order that some assessment be
made of their contribution in equipping young poople
for a future society thet will be the product of
present change. This exemination of the relotive
worth of education2l processes in some subjects has
stimulated specielists within these subjectls to seck
to Jjustify their inciusion in the schocl curriculs,
varticularly when confronted with the possible veplace-
ment of these subjects by more pr?. sical studises on
sy consumer risht or “Wilj relaticnsning.

5

To this end, zeosraphers haeve beocn prepered to

&

provide suppcrt for the continuing inclusion of their
secondary school curriculunm. [lcCoakill

o
&
o
[¢]
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3
[eard
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Q

A ky . . - it e 3 A -1 -
(1967) hss declered that "wcozvepnhy'!s opecisl justi
ation oriscs from mon's own ewarenass of the corth-

‘- - PR SR oI - S A A R T A A
space snd his curiosity obout the arrvsazenoent rnd inter-

9
(-‘-— );offl()l” . A 9 1 97\; 9 il.



action of the objects =nd forces that cccupy corthe

oy
spacec'(*) According to Shortle (1971), zeography
ouzht to be concernecd with ¥"developing in pupils en
mderstending of the way in which nmen hes chenged his
spatinl environment, and ... an awsrsness of the need
t0 meintein end improve the gueslity of the humen spoti

2
environmneént. w(3) To menevalise on the function of
geogranhical eauc vbion in the se.ondary school, it nmay
be thousht of as developin

*3
(D
s
<:"
"’5
o
‘3

mentsal literacy’

&
in young peogle.

But there is more to justifying = suvbject's
position in the school curricuvlum then deciding on its
function and content. In common with other subjects
tought in New Zeeland uVCOHdarV schools, the teaching

o)

of geography must be seen to achieve certein beo
educationzl obgoct1VOU° The stenderd meens of
evelusting echievement is by edministering revision
tests end exominetions, whose resulits are expected to
ieble nmeasvre of the acquisition of know-
ledge end understanding, end the development of skills

end ettitudes: the sducational objectives,

influence of the external exeminations
sygtem in Hew Zealaond secondery school education con
not be overlocked. Iilost pedagogical endegsvours ore
vltimetely directed each yesr towsrds sn externasl .
exemination, =2ad it is often from the previocus yeer's
examination formet end content thot the teacher
discovers whot was expected to heve been tauchit.

1.3 ihe Seography Syllabus

viith the end of the formel externmal oxomineticon

0O
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system perheps in sight, the cttention of geogreophicel
~

educators end currviculum planners is turning

weht in the secondsry =chools.

fk

O
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0

seogrephy syllebl te
This move revresents o serious wndertakins For coritoine
e irection of peographical education in

Hew Zeslend rests on the ansture and structure of the
integroted syllebus thet evolves irvom this pleaning
work, and on its @cceptsnce Dy practising toeachers
The part ployed by 2 perticular syllebus in achieving
educationsl obgeotives is on importent onc. It con
e illusitrasted by mesng of a2 simple syllogism. Given

. major nremise that o preseribed syllebus forms the

hagis on which on exemination is structuvred, an

)

ziven

g

»=

the minor premise that the exemination iz so desisned
as to evoluste the relative schievement of educational
objectives, then the conclusion to be drown 1z that
hese objectives gre implicit within the syllsbus.

The most sctive ggency in the field of revision

R

of geogrepny syllobi in Tew Zeslend is the Bozrd of

Geogrenhy Teachers' Curriculum ZIoup. Research hes
been cerried out by this Curriculum Groun in & number

srownd information

of fields to gather together backg
on which to base syllisbus revision. By the end of 1974,

4.

five mejor vevorts had been presented

0

1) Present Skills Reguired in Geoszrophy Syllabi
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£ Googrepny Students

3) Summery =né Resesrch Findings on Skille in
senior Foog ”'nny

cetions

£ e > 2 a3 Iy o =
Zeplaond Coecrraphy

5) Teachers'! Perception of feogrephic Skille
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1.4 Skills Required in Geogrophy

Of the three reports issued by the Boexrd of

n heve becn coacerned with the
identification of skills in geogravhy teaching, the
Tirst — Precent Skikls Required in the Geograph
Syllaebi - sousght to enumerate the types of skills

{')
5]
o
&)
P
0]
=
¢

@

found in gecgraphicel educstion. The =im
to DfOdeO a freme of reference from which & sequent-
iol developnent of skills scheme could be formuleted

N

e

and thea programmed into syllebus revision plans for
secondary school zeosgradhy.

Although this perticuler report dic not define
the term 'gkill', it is apperent from the content of
the report thet it wes interpreited in o conprehensive

.
(%]

“

the imp?rting of lknowledge end understending throush
the mediuvm of skill development. When, for example,

the skills rcqaar d in University Entrence Teogrsph
are identified, as listed below, there remains 1littlc

€<§

else taught in sixth form gcography thet is exclusive
£

these five groups:

)

Sixth Torm Geosraphy Skille (4

i) =cedemic skills

ii) precticel skills
1ii) intellectusl or thinking skills
iv) social skills

v evaluation or exeninstion skills

Since the development of ckillds pleys cn intesya
part in gecgrarhical education, and becouse present
P

"
rescorch inte curriculum revision is conceraing itoelf
s pertinent 1o

!:"

with the evalusiion of skills, it

B

4} . ,
(4), from the Report on Sk N
imtreonce Geosraphy, BOIE Cur

July 1€73.

souired for Univeristy
riculium Lroup Haport,

hot in fact &ll gGOgraphy teaching involves

q
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ine in more dactoil the neture of the skillis

of

N

required in learning seogrophy. For the purpeses
this work, however, generazl attentica willi be directed
towards ‘practicel’ or 'mechenical' skills, and

ords skills

perticular attention tow

1.5 Preascticel Skills in Geography
The Board of Geography Teachers, in their

Curriculum CGroup Report of July 1973, identified =
gkills at each

cgeographical study

#eh=

set of practicel of the three levels

of in the seccondary school.

For School Certificste Geoprephy the skills

sketch maps
graphs :
ton0rw aphicel meps
nkotow$aohﬁ
twnm out (of msp work,
following instruct
cross sections
use of terminology
field worlk

end in
tiong)

The practicel gkills regquired for University

fntrence Geography were 1i ntified as:

i) sraphicecy - meds
- vhotographs
<3 N 3 - ~ 1 UTL ie JR e
~ diosrens end Cross sccitions
- londscope sections snd skeitehoo
- nodels
ii) litersey - TOWWﬁW01O'V
s Xy r‘\ 1’:9 f""'e’"-' -'\ﬂ
- zcoge studies
e ol
-~ quotations
S e oy v \ ole - - o
iii)} numerecy - methemeticel concepts
= |
- TEODNY
S Tk d = o 3
- rev gtatistics
And the mechoniecel skills for scvonth form

inveolving numer

2CY o
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meography were listed os
sketceh maps
Grephs
pogrephical mens

i3
00‘*3‘

erial DhOuO”f“ﬂﬁM_
fi@ld v\’Of.E\

neasurcmnent
camtOgrmphy
diagranms

The practicel ead mechenical skills identificd
by the Boord of Geopvaphy Teachers in thisz report are
derived in each instence from syllebus prese fiptlons
and from the content of past exteornal exeminstion

§e

2pers. But where the exemination is set in an
expository essay form, es for Bursary =and Scholorshi
Lxeninationsg, neither the examination nor ¥ the ayllobus
preamble sheds ... light on the speecific skills

I n

(5)

prescribed. The problenm here is thet there is little
&

regquired ’ and the level of skill a
prescribed guidence at pr
at eny of the three levels of geopraphy instruction os
to the nature of the practicdl skills rcqv'redg ond the
ievel of atteinment expected in the yperformance of
these skills.

The precticel skills in secondery school seographys

they heve been identified in the report of the Bosrd
raphy Teacher59 contwin & relatively large

quentitative element. fops, in plotting provertiecs of
locetion end digtribution. are esgsenticliy cusntitotive
tools. The drawing ol grovhs ond the interprotat
mode from grophs and from dete metrices (or tebleg

reguire an epnyeciction of scaley guentity ond number.

Tield work waich commonly i egs the colleection of
aunericel datas requircs the subsequent nmeassuvureneant ond
enelysis of these deta. o this @xteptg therafore, it

.,

o Hey in BGUT Curviculua Froup Hewnort,

€.
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2s 5 IATURE Qv HUIERACY

2.1 Humeracy Defined

[}
6

The term 'numeracy’ appears to be of guite

]
n

nt coiunage beceuse nelther the 0xzford Lnzli
Dic tiO””fJ nor tne Websteris Hew Collegicte — 1o
cite two vecognised smbi-Atlentic suthorities -—
ecknowledges its existence. In general terms, how-
ever, numeracy czn bhe teken to relate $0 numbors Jjust
as literacy refers to words. To work this snalog
further; if literacy is acecepted as the state of
being literate, then numeracy is the state of b01nm
nunerate.

Besicelly., then, numeracy is escocisted with
the 2bility to 'hendle' auvmbers Aad just azs there

tists o merked ond deronstrable renge in individuel
obility to hendle numbers; so there exist levels of
nuneracy. PFrom this preliminary concept of aumersc
29 the 2bhility to hendle numbers, it is necessary to

esolve the picture mere sharply.
Humeracy has =23 ils basis two elemer 1tery number

b
ervaticn of number, ond numbsy

concepts: the cons

succession. The first refers to the tronsiormeticns
cf o number (representing sn emoumt or gueniity) which
leave it wnchanged. n the ides of aunber succession,

Dicnes and Golding (1966) stete thet %t hes besn omply

domonstreted thet wnitil children schieve o corboin
i

. Yo . . e . .
oend ‘nextt) thcir work on nuvmber will heve o hit ond




Tor the purposes of this workg numerscey will
be teken to have ag its basis three groups of number
operabions

(1) recognising relotionships bebtween numbers
{(2) orgenising end distributing numbers
(3) pexrforming srithmetic operations

/
2.1.1 Recognising Relaticonshipe between Numbers

Consider this first :xammle:

Town A hes e populaltion of 7000 people
2 D ation of 14,000 peovie.
it is goible to draw four gimple aumber
relaﬁionsmip& from this exeanple:s
(1) Town B is larger thon Town A
(ii) Town A is smeller thon Town B

(iii) Town B has a population twice the size of
“Youwn A's populatvion

(iv) Town A hes a poouletion helf the size of
Tovmn B

. Lo

The first two relationships have been dravn from

the information siven with en elementery knowledge of
number succession. The third ond fourth relsotionships
extena this kmowlelge and substentiate it by emnloying

the nothemetical concept of divect proporiion. A

gpecific relationshiv between the two numbers hes bsen

Congider this seccond cexample:

Ares in Grain Crops (heciares)
1864 186G 1974

0% 50 6 20
ey 56 St 112

u
C
;.4

From the information provided khere, several

VA R Tl e Eate m 3 £ dren e -ia T g e
CeTwWeon The cienenys in the date matrix



con be identified. while reneral increaseg in arce
for botn grains for each succeeding year is evident,
for exemple, it is pcssible to recognise also thatbe
(i) the srea under berley has doubled over the
period, 1964 to 1674

(ii) the area under wheat has increased by half aga
during the periocd, 1964 to 1974

(iii) in the veriod, 1964 to 1669, the increase in
the arca undor berley was greater than the
increase in grce undey uﬂoat

(iv) in the pewriod 1669 to 1974, the increase in
area under wheat was greater then the increage
in area wnder barley

1 2

in this sccond exemple, more information is
provided end more reletionships between the numbers

can be drawn then was possible in the first example.
This sap;ests that the renge of number relationships

B
R

ed increoses as the date maty:

O O
T
o

-
.
SR

b
1/

The recognition of relationships between

A
2 b / _ 4\
)

numbers is greatly enhanced with the learning of such
besic mathematical concepts as proportion, percentage
ond ratio.

2.1.2 Qrzenising ond Distributing Numbers

There ore a lsrge number of activities which
ve the organising end distributing of numbers.

Comrmon to 211 of them is the nceced t¢c observe certain

rules set dowr to soveran specific activities. Succoess

e
2t crpenising ond distributing numbers depends lorvsely



on vhe lecrning of these rules. For ex&mplcg if 2

set of numerical date containes nony elcments (sé.y9

n > 100) it is often convenient to gfoup the data

into @ more menagoeable number of sub-sets, or clesses.
The two basic rules agsocizied with orgunising numbers
in this manner sre that the classes shouvld be bhoth
mutamwly xclusive and of equel size or class intervel.
A further consideration is that the class interval
chosen should be of en appropriaﬁn size so that the
number of clesses does not become unwisldy and %
defeat the purpose of grouping the data in the first
place.

Other forms of number orgenisation and
distribution, such as plotting given velues zlong a
nu@ber line, are zleo rule-bound and therefore can bhe

isfactorily performed only whe n such rules have

o

been dequutelv grasped.

One activity which mekes use of number orgs
" 2t

Hel

nis
aticn end distribution, although it is concerned with
Bl
£

more than menipulation of numbers, is the dreawing o

iy
)

graphs. Consi QC” this examples

In a given country, the number of hydro-electiric
power stetions increassed frem 14 in 1950, to 16
by 1960, end to 20 by 1870.

Drow o line graph to show this increase in §
number of power stations over the period, 1650
to 1¢70. )

Before the numbers provided in this example
aenised ané distributed, however, & nsiyr of
axcs each with an aspprovricte linesy scale must be

dravm. Strictly soceking, it is necessexy te decide
o

s . PP, - — I o (O Y S, J S -
veriables = npunber of svetiong and




zraph ere commenly used ic prese
dete in & pietorial form. Thesc ore the ber sraerh
(or histogram) end the pie graph. The coanstruction
of 211 three graph types requires. the ﬁﬁuﬂ@ntg howe
ever, to be nmore than aumerate. The term “:Ta hiceacy?
has been adopted by some geogrephers to describe

ills thet ere essentislly visual =nd spetizl in their
representation. The construction of grophs snd relaeted

diegrems like cross-sections involves non-verbsl
lengmoge skills in wh ¢

ich the information communicated
.is done so in g visusl ond spaticl context rather

2.1.3 Performing Aritametic Operations

oy
<
«

Although naturel numbers cen be abstracted in

the early stoges of number leerning, set theory which
e 4

03

forms the basis of the new! maethematics teaches that
nunmbers do notb

®

xist by themselves; they =re proper-
ties of the sets of elements to which they refer. So,
for cexzemple, six is e property of any set of six
objects, whether they be oronges, theatre tickets,; or
bress monkeys. A number cen undergo & chénge of state

r—..' .

which cousces it to assune 2 new property. This process

which brings sbout & chaange in nvmber property is calle
er1 operation. The most commonly encountored fnumber

problens' invelve the performence of one or more of the

four erithmetic coperations: addition, subtraction,

. T 3 . ymry ke da v ey e (3 7 3 &
i) 24d together the nurbers: 42,4,18,24,33,1
3 & r98m theodr @1z N a1 57
ii) éivide their sum by 8ix

In this provlem the two aritinmetic operationg



e
O

requilsd - addition and division — are both exmuvliicit.
nunber has been abstraoﬁedg it does not

L34 oL, 5 o ~
refer to any specif

Jengsider Problem 2:

Over a period of six successive months,
the mean monthly tempoeraturces from a
given location were recorded as:

119¢, 14°¢, 16°C, 18°%, 2%, 169

Whet is the mean (or average) tcﬂﬁoﬁ ture
for this sixth-month pericd?

The numbers in this problem avre not abstrsct-
ons bhecause cach belongs to the set of Celsius
sgrees.  Although the erithmetic operations o be
perforned are the same as in Provlem 1, tais time
they ere implicit within the npethemeticel concevpt of
faverage', or arithmetic meen. 3Before these two

cperations of additicn and division cen be performed,

the concept of grithmetic meon must be mede *worksble! .

It is evident from this that althouzh the

c?' C’!

s ebie to apply the concep
metic meon, he will be uwmable to solve the problem.
blem hes been resolved inwo

o
expllciﬁ arithmetic operetions, its solution ig then

But not ol1ll number probiems present themseives
initielly in the form of explicit srithmetbic
overations. As is more often the come, the

stondings of o mathematicel concept, like percomtasc

8 3 & he e o d war 3 e b gn » i $a? % .
lncrense or erithmetic mesn, is the key to the succegs-

~ a)
b

il perfovmence of implied swithmetic opsrations. On
the besis of wderstending, it is imporsent thot those

-~ B P S S s oy ebe Y e be o3 o~ ~ - S ey o ey e 3
nothensiticsl concepts exist in ea OpCroviIonil SUdve 1n

nind of the otudent.
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2.2 Kumeracy end

According tc the definition briefly outlined
in the scection 2.1, numeracy con be regerded as
involvinaAbeaicallyLthree sroups of number opcrations:

T@Cog J 1ng reiationships between numbers, orgenising
snd diet tyibuting numbers, ead performing arithmetic

ogeraiiohsa It is perheps aeppereat from this that
aumneracy shouvld be allicd more closely with methe-
matics 4han with eny other a1~01911peg since learning
matheretics moy be regarded as essentially leasrning

o work with numbers.

2.2.1 - Mathematics end the Lenguege of Humber

is seen by some nathenaticions as a linguistic
funetion. Carmichael (1963), for exemple, belicves
that = the ¢ invention of number waes the first step in
the creation of a.language of mathematics; end the
choice'gf adequate end convenient symbols for the
represéntation.of integers is one of the chief
triveghs of the intellecﬁu=’{7)

40 I npumber is o ploy en elemental vole in
lingvistic activities, in much the seme way o8 words
a orbal lengusge, then its ultimete function will
he of communicaticn. Scheaf (1963) identifies
this in his pertican stetenments: ¥ iizthemaii is ¢

s
& & ol i E el Wl oy I i T & - P . &
liﬂﬁvi‘.mb aebivivtys its uldbineie aim is preciseness

SISOV .

(7)., '
N SRS S S - X 9 O o
b )Cf‘(,ﬂﬂii.?,.c.ﬂc;.e:j. s Rebog 180635, 217,

.
L)

The relationship between number =ond methemetics



of communication. Second only to the mothor-tonguc,
e longunge of number is without doubt the greatest
symbolic creation of men. And in some weys it ig

en even nmove effective agency of communication thon

the vernaeular,°'(8)

lMore specificelly, the fuanction of mathemetics
end its languasge of number ig in the communication of
qunasity. " in the long run, methematbtics is sbout
the world of things, but it describes some very
S icinl properties of these things, namely their
guentitative aspects. . (9)

2.2.2 Leorning snd Understanding Numbers

There are importent differences in learaing
the language of number end.in learning the languege
of verbzl communication. In returning now to the
ﬁnalomy of literacy ond nuneracy, it is apparent
that the child grows up hesring end sceing longuage
because he grows up in 2 society vhich zhounds in
ready-made symbols wvhat

t stend for 2o vericty of objects,
classes of objects, situations, activities, relaotion-
ghips, places, and so on. These languege-learaing
expéfi nees are reinforced by a great rense of
asuditory, visual and tactile synbols, which cppear
ordercd snd pencrelly coasistent with thozZe of the
experience sct common to his socicyy or culbure.
According to Diocnes (l;o})9 the ecguisition of verbel

longuege is “ 2 naturel process in the senge thet no
formal teach'zg accompanics our leeyraning the mother-
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(1) pi0n0s, 4.0., 1963
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But the same type of process does not onerste
in learning the lengusge of aumber. *athematicel
experiences, in the sense of ”“TOfﬂbﬂCO whose sctusl
content would be isomovphic to mathematicel structures,
ave =21lmost totelly lacking from our 11vaso°°(ll) There

\J

are excepitions to this fthough because in the early

63!

tages of number learning, natursl numbers zre often
abstracted from the sets of objects they describe so
thet learning is concentrated on the anumber symbol
itself. nd the grithmetic operations of addition and
subtraction are common cnough informel experiences;
even division can be employed when ghering or distzrib-
ution activitiee are called for. -Bub, os Dienes says,
» Multiplication ... leading to higher powers of a base

[15] .o« Practically non-existent in prectice, let
ﬂlonc structures like qu9§rstlc end higher-order poly-
nomials, complex numboru, definite integrals ... and
even if they 4id cccur they would not be likely to
occuf together with the relevent methemeticel chatter
that would make the situation enalogous to lecarning
tho mother-tongue. " (12)

The foregoing suggests that en individuesl
becomes literate as o resvlt of both formel and in-
formal learning processes, with contingent cexXperiences
playing a continuous though not elways conscious role
in the development of literacy. In the situstion of
an individuvel beconing numersic, the role of contingent
expericnees in develoring numeracy is reletively

mininal. Qutside the ingtitutional confines of fornmal
motnenstical instruction, on individual is gencrelly

not called upon to perferm other then at o 1evel which
relates to elencntory number operetions.

Jred

1 );LLECQQ %.P., 1963, 125.
(12).-

bid.; 125.
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astructures which
lecrning of these obstract structures presents real
problenms of wnderstanding. DBvidence of understending
in methenatics is itself not eagily ameasured. An
individvel mey perform a series of number operations
successiully but not be able to verbslise his under-
stending of them. There appeors to be no direct
relationship between mathematical perforacnce end the

verbal explenation of the operstions involved,

An individuel cen elso operform an erithmeti

[o]

operation without being aware of the operational

&
relevence of the principle he nay be spplying. His
failure to appreciate say the nrlnclplc of commutation
woudld not limit him from performing addition and
multiplication operations,; and if performence is the
sole cwiterion then the activity moy be presumed to
have been wnderstood. A further problem eacountered
in aﬁtempting to exemine understanding in mathematics
iz that * too often it is assumed that thoze princip-
les in terms.of which the mathematicion finds he can.
best anelyse arithmetic are identical with those by
mecns of which the lesrner can best menege to funder-

. aa(]-B)

An explenation of this appsrent disperity is
1

found in the fact that, in neny informal number

(

situetions, the individuzl ig able to selecet his own
mode ¢f gymbolisation. Althoush these individual

L

meons of symbol construction produce structures which
are generelly not intended for communicetion or re-

34 LILe i . .8 . — o€ porn ] B gy b .
cording, they often toke the form of cxplicit symbolism
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itn soy the heizght of o
tuelve-foolt stud in his house uses multivles of this

ntes of sey up to fifty feet or
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According to Williems (1964), these @ imaginal
sequences ore easier o hoid in the nind, and then to
monipulote effec ‘ﬁ,:‘.vely9 then sre obstrach nuvnmerical
c’lf) gl
A T

atenents. hese ‘'private' images, or metaphor

symbols, are more convincingly intervelated for meny
individuals then are the symbolg of the arithmeticeal
situ t

Some of the processes of learning ond under-
stonding numbers - the ilonguasge of mathenmati

been briefly identified. While initielly the analogy
dravn between ‘learming' words and “learningv nunbers
seemed to be a convenient device for examining
nunMeracy ., it has since been shown, however,; ©
two learning situstions cre not snalogous. The
development of numeracy, teken in this work to involve
three number operations, takeos place within o mathe-
naticel context thet is character
few contingent experiences to gid in this

The scquisition of skills involved in anunmerascy
iz c¢logely related to the learning of mathnemstics.
Since numeracy has been identified by the Beard of
3001Wﬂﬂny Peachers! Curriculum troup &s o skill, ox

zills, reguired in secondery school
impiied an inter-
school goowpﬁn}iosl
1

gkills, with Set B, containing all gchool mathematicel
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3. TIATHEMATICS AND UEW CHEOCRAPHY
3.1 Introduvetion

By the end of the nineteen-sixties, it was
becoming evident thet geographicel cducation in Iliew
Zecland secondery schools was acquiring o certain
measvre of mathemetical content. It is true thot
nunbers ond quentities have always been employed in
geography but it is in the last five or so years that
ceopraphy students have been requirea t0 work
regulerly with informotion that is often presented in
nunerical :E"o..zne In the n“uup the students' number
experiences may hove been limited to say constructing
climate graphs from given sets of temperature snd
rainfall data, end to coleulating numericel incresses
over given periods for say populations or crop
productions, but now numbers (end nathematics) heve
begun incressingly to provide a shorthond! for
sathering end anelysing the'content of our rapidly
growing store of kanowledge in the disciplines of the
gocial sciences.

In order to endorse these developments - and
certa 1n1y ﬁo propazate them — there is currently
anpearing 2 greet proliferation of geography textbooks

ond hondbooks end monoliths ond menuals) conteini ing
information end exercises thot expect of the siudents

gome abiliity at uwnderstondins end vsing numbers.

It is this *mezﬂematicale zeozyephy thet has
come to be texmed ‘new’ geography. The cmorge

new geogropiy was seen to coincide with o quontitetive
evolution in the discipline which, cceording 4o

Burton (1963)D "begen in the lete 18408 ond corly
" _

culmination in {the pcricd fron
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13857 0 1960, and is now GV@To’K 5) He renmarked
v that the congequences of the revolubion 7 arc

¥y ¢ the mathematisation of much of ouw
s AL0)
discipline co. @ ) AT

the seme time, Ackermen (1963)
tion of our discipline the wa;
of our future? ¥ = to which he concluded — % the year is
not far off when a geographer will be umable to keep

[l L)
724 Ly
abreast of his field w A ut t“ vining in A@ﬁh@m&ticso(ll)
o doubt these two geographers,; and the othevrs

who have commented slone similar line
clear concept of vhat is meant by the mathematisation
of zeography, bub t
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does in eny wey uvwnify the ¢
seography, perticulariy in |

0 H'

QOF?athcgl education.

Along elementary lines, one mey postulote that
nathenatics ig about numbers: and nuvmbers aboutb .

7

J

measurement end guentity. Numbews have en adventos
over words — which con olso be about meosurement and
quentity - in thet they can express precisely end
unenbiguouslys but they have a disadventage in that
they form the 7alphabet® of e languege in which
faecility is not usuelly develo n-ﬂ or extended cutside
the formel lesrning situstion. If the formel learning

pericd is prematurely terminated then the acquisition
of skills in this particular language is incomplete.

There can bhe no asggurence cither tla~ the limited

renge of gkills so sequired can re periormed from

Logpy. This devclopmont

has been in essence she genesis of new gecgraphy. The
ceffect on secondary school gecgrophy geacrelly has boea
to introduce now approaches o its teaching, such as
{15

aie iy o 7 &

S gurson, 1., 1963, 152

(vﬂ )J%”’bO’? 9 Te 9 3_9639 1.

(A7) pekormen, Tohe, 19

384
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activities which involve, Tor both student ond teacher,
y working knowledge of auvmber ©

3.2 Wew Geography in Seccndary Schools

An ebundance of litevature hag bheen published
over the last four or five years on the application

n

of gquentitative techniques in geographical education.
At firet sight. this developrent has been seen %o

h potential vitality ond to open

<

inject geography wi

et

up grester possibilities for active end involved study.
It hes slso caoused attention o be Ffocused snew on the
role of geosraphy in the secondary school curviculunm
with, in some iunstances, cmbarrassing conscquences

payti ulﬂrly when it leads one commentator to oellevc
thet OZTapPRyY exists as pert of the cwrrxculup Simply
because it hes been part of the curriculum, and hecause

o

it hes staff, couipment end facilities geared to the
teaching of gGOgEa@hyOV?(lg)

The introducition of gquentitative technigues into
school geography is one a3p@ct of a new approach which
1

onto The main thrusts of this
L. (19)

challenge hove come froms
(1) rececent advonces in geegrephicsl rescerch
(2) the prooedcmt set by the Amevican curvicula

developments

18‘< Bx il V TN Y ’ X
( }Blaghio%dg XRey 1871, 716,

o&o.!“;og 1(_‘)699 110
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(3) a growing wmderstending by geographers of
tue natureof scientific onquiry

(4) the belief that styles of lcarning are
uwltinmetely more important then facts.

The new gecography in secondary schools is
generally cheracteriged by o more systematic and

;..4.

purposeivl plann ng of field work exercises, an
interest in operational gemes, end cfforts to cmploy
problen-solving methods in teaching based on tho
scientific node of en auiryo But with the call

adopt quantitative techniques in the teaching of
seosrvephy, teachers and students alike are finding
that new geography heas an implicit methemetical

content which is now meking its presence felt. laking

observations of geographical phenomena, T”“G@fchlﬁﬁ
data sources, m005uf1mg objects and evente in the field,

orga.’sing end enalysing geographical data; 2ll sre-

5
es which require a ceritain level of ghility in

n
mathematics generally, and in performing basic number

operations in perticular.

From 2 questionnaire on attitudes towards models
and quantitative techniques in teaching which was
administered to gecgraphy itache
gchools, it was found that @ the nmethemeticel compe!

+
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2
s
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ct
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ence of bothr the teacher and the taught was fre

brousht inte question ... %W 20) ~ ond elso that -
? moany VOiCes ... expressed the feer that the need for

numcfroy would dwvive puplilis away from geogrephy in the

AL21)

Strong oppositicn to @ ‘new meography® with its
. x A22) 5 e o D
advonced mathemstics ooo=£ 2) hes come from Vright (1972
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e el ot - - A am 3 Ay e e
who claimg that ¥ ... new geography is not suwited o

(N ¢
< <o
geography teachers, Ffor most ore not qualified o
teach new geography well. They will be less effective

£
teachers, or even lost bo the vprofession, if new
zeocgrophy is widely edopted. The few that 2re appro-

prictely quaelified in quontitative techniques would be

b5

betiter occupied in reducing the shortage of mathomrtxe“
L) : ? 5 (]

teachers ... » (23) He feels tvoo that the pupils will

suffer @ from an inadequate mathenmatics background

. _ 4
that mout of them possess ... » (24)

In supvort of W

right's contention, Cross (1L97°)
claimed that » ... he [(Wright
e

] is in gcoa compony

emong bteachers in suspecting thet for all its ottensts
“to blind with *sciecnce’ end ‘mathens uLC . s basic

2
premises are of doubtivl velidity. ®

<2
ﬁ
o
0]
@
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O
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gecgraphy teaching expericnce,

of my students (Selisbury end South Wiltshire C

of ”ouhaolomy] ore not only sadly legking in much

basic geograephy, but they are generally incapbble of
1

decling with any mathematics beyond sguare rootg. ?

Admittedly thes 6%
new gecgraphy in British schools where perheps

T srllrbv
reguivencnts end subject offerings do not nermit

students ©o veadily combine science t
cophy o ox vlicre perheps the gquentitative
cpproach to geogreophical Geoching wes forced initielly

1wre cnvhusissn than undersionding inte the high

<
el
~
S =~
)
L3

i < A gy R T Ay gyt T « A .y o, - [ Al 7 ]
gchool curriculum. Neveritheless, the nced for both
secrraphy teacher ond geogrophy student te hove some

numerete ebility is highlighted by these Britich reporis.
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In Jew Zeslisnd gsccondary schools, the clinate
with respect t0 the new metholclogicel developments

in geogvephy teaching is ot present difficuldt %o
cosess. Researck groups are in the process of

more carefully the development and direction of'
a

"

geosraphnical education Geography te

hay

selves gre beconing aware

[}
beds

(e T 1 -3 =
T the chenges occurring

their discipline but demends made of them at the

7

LS
teholk-face! prevent then from periicipating in
developrents to the extent most would desive it

has been reported, from observation, @ that o tromend-
cus emount of experimentation and innovation is
currently being attempted in geosraphy classes and in

1

the field as teachers respond to new emphases i
reogrephy methodology. School mcofr phy deportments

are oocm_ng their resgsources and sharing their successe
and ;ailur@s; ideas highlighted and developed af in-
service and rvefriesher courses, ave b@;;g spread among
srowing numbers of teachers. All this is good but
these developments are still not wreaching the greatd
masses of teachers of gecgraphy o 27)

In the reseszrch carvied out so far under the
auspices of the Boexd of Geograophy Teachors in [ew
Zealsnd, the need for the development of pavyrvicular
ckills in gecozrarhy has been eppreciated, and to this
end a report on Teschowrs' Perception of Geographic
Skills was published in Februaory 1974. The caiegories
of skills were broadly | ¢ by stztistics ond €ige
oXENS ¢ Mapping ~:13!§g whotogrephs, geocgraphic concept
and field sﬁuﬂiesn(gﬁ) Thig some weport decnounced the

ilum Grouvp Reporty, July 1S73.



pr@sent situation as ¥ hishly unsatisfactory where
the explicit need for o teaching skill is firvst
indicated in the exen room aad the subseguent
Reports of Lxeminers.’ ) Since most of the skills
congidered by teachers in this reporﬁ to be necessery

=

in pecgrophical education contein some quentitative

LR

oy ‘mathematical® element, there is implied +the need

for gcography students to be sufficiently numerate

in ovder to perform these gkillg.

Numeracy isy however, o neglected field of

study in ;eo;faplicﬁl educeticn end yet, heecnuse it
crasbending of mothematicel ccuncents

and the porformence of besic number opevetions, it is
ne

the empiricel sciences.
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Jchcolﬂam in dew Zeslend, en sdegunte besis is egtad
lished in this time with which later con ffOLﬁrtlonS.
with the mothematicel sspects of other subjeets s con be
deeslt. 3But the teaching of two yecxrs of secondory

school meihematics tends to produce ot its cnd a very

zreat renge of mamthemsticel ebilities. Faced then with

ot

he prosp@bf of toking five subjects in his fifth-form
yeor, the student who is contending successfuvlly with
mothenatics tends to pursue & science course, from
which geozrophy is often exempt. The student who has
no aspiretions to being a nethenoticion instead
sclecty the less numerete subjects of history or

4 o
Pt = b~y = - o TITY AT pa O T AASTTROATRINE
zeozrephy or nmedeyn lingurged Or Commerce.

. o

17 formel amotieneotics instrvetion in onaory
achocls connot He depended upsca o evoikas o uniform
stenderd of i e
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work as coanstitutine numeracy, then peranops the new

integrated geography syllebus whick is proposed

shouvld make provision Tor instruction in the anumber
;| 4

overations ead mathemeticel concepts wiiich the

learnins of itz content will require.

ks

Y



4. HWIBRACY SKILLS IN SECONDARY SCHOOL GEQOGRAPHY
4.1 Introducition

Curriculum revision proups in New Zealend cye
currently cathering information before proceeding
towards the development of 2n integrated syllabus foxr
teaching geography from the fifth form through to the
seventh form in secondary schools. As wags commented
ecarlier, the Boord of Geogrophy Teachers hes published
& number of reports on the findings of research it
has carried out into seogrephical education in Hew
Zealend. Vhen the information from this reseorch,
end from rescarch and discussion undertaeken by other
pertisan groups, is seen o be adequate, then the
terms of syllabus revision in geography will likely
be formulated.

It has been argued in the forezoing text that:

(a) ceographicel education has over the past Ffive
or Six years acquired on explicit quentitetive element
which has led to the subject becomings 'mothenetised?
thet is, more learning activities in sécondary school
peography now involve the performance of numcrocy
skills.

(b) these number skills cen be divided into threo

roups of number overations:

o

(i) recognicing relctionships betwcen numbors
(ii) orgenising ond distributing numbers

(iii) performing ervithmetic operations.

The intention of +this work is to now jideatify
the types of numeracy skills currently beins used in
secondary schocl gmeogrophy, to comnent criticolly on

thelir voe, md to »ronoge taen o set of numerecy
2 & 2



%ills which could be used 1o hests advanits.

8 ge in the
teaching of geogrephy.

4.2 A -Review of Past School Certificate Geography
Papers

The role of external examinations in geograph-

icel education in New Zealend has been emphagiged
already. It was stated that en examination is so

-

designed es to eveluate the relative achievement of
educational cbjectives set in geography teaching. IT
this view is accepted, then in order to identify the
D of number skills, or nunerscy skillsy which avre
currently being used in ﬂecondary schools' geograprhy,
it ig useful to review the content of »o st extorasl
exemination papers. It is reasoned

her
i offe

re tha
absence of eny specific guidelines offered

ty in the
n the
present geography prescriptions as to the types of

‘Jo

aumeracy skills required to be performed by students
the numeracy gkills which have been set in externs

)

exominetion papers in reeent years will be the skills
thot teachers are presently znclvala in their

=

eography loessons.

g

The seven Schocl Certificate Ceograpay Bxam-
ingtion pepers, 1969 4o 1975 inclusive, have bheen
selected to provide exemples of the types cf nunercey

r

ck

skills which have becone port of googrephy teachings o

]
(55

evels cenerelly, snd ot the Lifth form level of

t

i
udy poriticuldlerly, in Hew Zenlend.
4.2.1 Yeer 1969

The School Certificate Ceogrophy paper is
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Pacific, Monsoon Asia, and Iorth Amcevica. Scctio
A and B of the 1969 noper conioined a totel of cleven
auestions each reguiring the then conventional ske

erms, =ond essay-ltype resvnonse

ketoh map of both Test and Vest
2 n 3

Poekristan and nmork ond nene the Sunderbans,
Kerachi, Dacea, the Punjeb ed the

it . e - :

dirvection of the summer winds.

(5 naerks

O
S
ot

(v) Explein briefly the mesning ond imp
of TWC cf the following 1bcm Head e@c_
poregrepn with the term it cxplainu
berrage; kharifs delte; indusirisl crops:
tube wells.

be vells _ (5 narks )
For hoth Eeast end Vest Pakisten, discuss
the extent of industrial development.

(5 merks)

-
o
~

Section C of the 1969 naper, three guestions
contained poarts involviny numerscy sikills, Part C of
Quegtion 13 presented & 2 x 3 date matrix whose
elements were to be used to decide if cight stetements
: roined (‘you cannot +ell').
on 15 involved the exercise of

of dato.

R o
dhis Sciiood. Cert

f£ilth form geography
sroups ox number operations by wihich numerscy in

work hes been defined. Gae interpretotion or the davs
notrix reguirved that the velaticnshins bo
be

o - L—
M OO
clenenis

irnvolved on




of the ber graphs entvailed distributing end ow anising
nunbers.

In this paper, Section A remained traditional
while in Section B, the sccond part of cach of the
was neaded *Interpreting Statistical
Infornstion’ . Then fcllowed a dete matrix £rom which

sentences were to be completed. By way of 111UQtr°*1ons

T Population Distribution and Growth
B. Interprot¢a~ Stetisticel Infornaticn

Selected Population Figures
for Certain Countries

Ceyion Burme llalaya Theilend
Birth Rate -
: s o o}
{(per 1000) 3.7 5.0 4.0 306(‘9“)
Haturel Increcse _
(per 1000) 2.8 1. 3.1 2.6
Urben Population ‘
percentage) i5% H.A. 427 124
Popuviation Density
(per square mile) 413 68 146 140
Fron what you understend about pogulation growth
Ci (9]

“in Asie ond the velationships indicated rhove
onplete the following sentonees ...

1

1. The country with the highest birth wate in 1062

© 00O wuen

country vhich had the highest death rate in

1962 \,qu‘ G c oo oo

3. Though lialaya ¢ Thnoilend heve gimiler populetion
densitios, ?ﬂl"y in 1962 wos much NOTS veoveo
then Pheilnad.

4. The actusl numbers ¢f people living in a couwniry
is not & good inﬁication of how % over-populoted v
it is bhecouse tols Gepends 02 sececoo 08 WCll.

J

2 e 0 A S e L
e i g [aSe Br sl Uihe b
SEHLoN 0 B1XGL Ya

Co
on error nolb waic
r)r’—: ( _(s.) [’

em;
&
D &
o5
o)




i
tical infovnmation’®, nerks the beginnine of the move

0 ‘nzthenctise? seography in New Zeolond secondesry
schools. In vesponse to this, it is rvessonable o

assume that from 1971 oawerds, most geography te

acheors

('

will nave endeavoured %o include such nuneracy skills
in their teaching; but no lead appeared then (or hes
it sin.v) to advise what numeracy skills should be

tavght in £ifth form geography. There seens
-l..

}.

L."I

B0 heve

w
(]
]
@
T
O
=
@
4

been 1lititle effort mad: by those suthorit
_,l o

6 of geography STllabi to direct
end order the use of numeracy skills in geographical

L
C

-

education. A point thet will be discussed
this work is that the need to ensure that numerscy
skills are appropriate - in other words, heve they

&)

relative (to geography) purpose, end does the periorm-

ing of them setisfy this purpos
due attontiocn.

'0

- e = 5 -
2? = has not bsen given

’

d.2.3 1971

this School Certificate Geogrophy paper, eoch
of the 17 questions involved numersey skills which were
censpicucus by their veriety of {ype end their verying
degrees of difficulty. Coupled with the faet that
fifth-forn geogrephy teachers hed generanlly no inkling
during 1971 that numerscy skills would become so widc-
spreal in the paner thet ﬁhey were tesching towsrde,

fely osgerited that in 1972 the

of geography beeome £ reoslity for

both tencher snd shtudent.

Ia Section A of thic pepor, the numcroey skills

. e 2 - 5 a,

vicns ivem pie grephs,

- - . p—— e o - 3 e =
-ﬁpefaaafo ronge rvom o givon

P [ P . 1
ontd beyr grovho.
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avero annual percentege
de¢eahcd £ good number of_fifﬁh form ge
in 1971. Question & asked that giver Japen“s nopulation
of 101,408 (thausend), =znd that the sverege snnusl per-
centage increosce from 1963 to 1873 was one per cent,
'whet increase in population is expected in Jopon, cach
year?'. Admittedly there is just helf o mork at stske
here, but its acquisition is more likely to have been

+

the prerogotive of the *mathenmatical’ geographer. This
sane sivdent had the opportun13y o) in enother helf

-perk at the expense of his less numerate colleaguc in
part (c¢) of Question 14, which followss

FNew Inglend Lend Use
1860 1910 - 1945 19654 1965

Lend in Forms
7
ot How Inge
& 953

lond area)
Lend la P

of this fearmland
wnich is woodliend 35 43 51 51 60

34 29 20

1
N

(1) study the above table and answer the following
gucstions. :
(1) In which period was the greatest deeline in
farmiug?
(ii) What was the cctusl swea ¢of horticulturol
fermlend (not in Torest) in 19659

(2) Briefly discuss the rcosons for the corly

developnment of secondory indusiries in fow
Pnglond. o
. (3 marks)

ion is to be focussed on part (ii) of (1)

s sion requires the student to corry ouvd
. 40 o :
the opersbions 1@%’ % T.745,000 = 3,098,000 zcres.
he solving of this type of preblem nay not be within
the capaecity of the majority of goosrophy ciudents in



New Zoalend because the results
administered to 3823 fifth form

42

that less than tea per cent of students tosted were

-~
e

suceceasful w

Wl

th g similar calculaﬁiona(30)

Questions 16 and 17 of the 1971 paper contained

number operations which can be considered more relotive

to geogrephy, ond of a more reesoncble degree of
&

difficulty. Queastion 1

reguired that students first

be able to recognise cxport commodities according %o

seneral categories; for example, that iron ore, non.

~ferrous ninersls, and oil and natursl

1l gos were all of

the 'minerals® group. In Question 18, students were
required to identify given states of the United States

according to their general location in the north, souihk

iz 9

cast or west of the country before emborking on the
specific number operations czlled for.

4.2.4 Year 1972

The School Certificate geography neaper in 1972
. e UE 12 2472 _

continued with the extensive usc of numeracy skills

whiclh had bheen initisted in the
develonments, however, included

to draw pie eraphs gnd line 91’::‘.‘;’)1’1%9 but with the intro-
& o 5 =) 1 :
[ 93

duction of these, it is necessary Ho comment critics

1971 paper. New
the need for students

on the design of some of these guestions.

The main faultes of the guestions which cell for

line graphs %o be constructed liw with the range in

masnitude of the elements giver

and with the 'exsectnces? to whic

expresscd. These views ecan be i

1

in the dota netrices.

ence Lo Questions & ondé 15 in the 1972 paper.

The elenents of tho dote metrix in Queostion & -

Test (Avpendix 4).



4 576 137 9
§ 21 293 3
8 654 746 8
0 141 164 1

‘ \ s
<
- show the foult of fexactness?. Yhen, as in this

i
question, it is necessary to coastruct a vertic
with a scale of from zero to over S00 (million), veluves
appreoximatied es they are to the neerest million are
tco exact, siven that graph peper is not provided and
that marks are ellocated for tne zeneral trend (or

apoearance) of each line graph drawn.

The vrelevent elements in the dats matrix for
Question 15 - “
[ 150 154 243
\ 1000 2243 3200/)
= illustrate the fault of too great a range
in megnitude of the clements in the matrix. Construct-
ing @ vertical scale upon which to plot the values of
11507 and *3200°' cennot be considered, in the context,
a reagsoneble cxercise.

By comparison, the two data matrices from which
pie graphs were to have been drawn (Questions 3 and 16)

contained clements expressed as percenteges whicn9 if
this number skill had been adequately practised during

the year, shouvld have presented few proolems for most
of the students.

further critci

Q
]

o
)

ism of the design of questions

¢
in this cxeninaticn paper relates to the preseatation

i
of %the doto matrix in each of Questions 11 ond 12
fhe colums of the matrix in Question 11 werce neaded:

- Py -

China's Trade with Sclected Countrics, 1867-69

[
a

=

China

C g Inpc
1%€¢9 19 £ §

k4

G

(o))

\

ort :
967 1869 1668 1967



tion fowr thigs
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¢ of yeors heading cach columm.
not titled: China's

Vhy was the motrix in Questi 1 not
5 Selected Countries, 1G69-87 ? The resulting
T

sy

Trade witbi

Quesﬁior 12 -
Japan’s Trade (US $million)
1970 1869 1968 1967

- is

misleading and contrary to the
neturel {and accepted) tendency of feadlng chronolog-
ef

ical sequence fror t to right.

Finally, considew4nw the relatively large size
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. 6 ma trix)9 Ques tiOﬁ 12 (10 b4 4) metrix,
4 (5 % & ma trix) end Question 17 (8 x 6 mobrix)
O oL

sting to speculate on what effect
the confrontation with these masses of numbers may hove

i 0
analysis of relief cross—section, and -the use of
oblique photographs, ceccowmtsed for seven of the 17
guestions in the pepor. The numerscy ckills in nine
of the roemoining gucestions included drowing linc, bar
and pie grephs, ond the interpreting of composite bar

Comment is nocessary herce on the drawving of pie
srophs.  In the 1873 School Certificate geography vapor,

w3
the secvors of the pic graphs regulred to be drown were

to have been estimeted from percentage values given.
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£.2.7 Year 1975

The range of prectical skills tested in this
paper included the interpretation of models, topo
T : ; s, obligue photographs, date
natrices, & roughly-drawn line greph, and an equally
crudely-drawn oge/sex pyromid. 8Six of the 15 gquestions
involved numcrecy skills as they have been defined

The age/sex pyramid, in meking its first appearence

!

in S ficate Geogrophy paper, was not pertic
ularly complicated but the operations required would
have proved '£iddly’, and a range of answers nust have
been permitted.

The line graph in Question 9 #ested the mathe-
matical concepts of numewrical increase and percentage
increase, but its design and function will have done
little service at @ll in promoting the acceptance of
numeraocy ski
in School Certificate geography. It would be difficult.
to justify it as o relevant geographical exercise.

1ls generelly, and graph work particulerly,

(]

4.2.8 Concluding Comments

o

Phis brief review of the School Certificate
3

seogrephy exeminetion pepers for the years 196S to 1975
hags identified the types cf auneracy skills employed.
Two gencyel ascumptions must be made here: that the

porticulory numeracy skills which hove been identi

(1) the skills which the exemining suthorities
consider o be epnronrigte ot the £fifth foxm
icvel of geogreophical study.

] e !
{rymm e
LY UCRLRRYE

LD

therveforce

ifth form geog
he endcovou

cb oot
g~



It hes beon denonstrased in this review, 100,
23

that the numeracy skills ag they are presented in the
papers erce nov altogether without fawlt, both in their

3CUSsion on

Huneracy hes been considered to involve three
groups of number opera

f')
[ od
(...-
Q
I
6]
3

o
(6]
)
=
o
o
2
4]
[67]

(1) recognising relationships between numbers and
tha¢, re;roscx%a iong

(2) orgonising ond distribubting numbers
(3) performing arithmetical operations

S essewﬁially zeography which

l

i

ed's thaet is, it hes come o nmoke
nuch greater uge of numeracy skills in general, while
ot the more advenced level of sﬁtdy and rescarch,
theorctical structures with mathematicel bases have

evolved.

3

d adoption of numeracy skills i

(‘.)

he widespre
the School Certvificate geogrophy examination papers of
1971 and 1672 hes been taken to signel the acceptance,

ot the sececondary school level, of the new, mathemstised

geogrephy. The frequency of appearance of numeracy
skills in the coxagmination papers of the two subseguent

yveers, 1973 and 1$74, wened scomewhat with the introduct-
models and thoiogrophs which tended to test non
nvmerate skilles in geogrophy, but numeracy skil

2

be expected to vemein now as essceatial sokills v

-~ e in g e = N e 2
gecgrephical cducation.

= - s By ]
;L0 LS NOW MoQC 1n tne

("*‘

Cne

c&-

17710 s e ol =
S BR3Y6 Ci T

srophy studen themselves in owvder

A
gure of their ability to nerfor:i nunerocy



skilles. 7o this end, Secvion 5 of this
G

S

o

Lo
(N

concerned with o review of a quesitionnai

i
administered to geography students in



5. SURVIY OF SECOUDARY SCHOOL GEQERAPHY STUDLELS
5.1 Introduction

Vithin the context of geogrephicel education
in Few Zeala ég there zye moves being wmdersoaken at
@?escnt by & geography curriculum development
comaittee of the Department of Dducation to revise the
geography syllebi in sccondary schools, with g view to
integrating the syllcebi from forns five %o seven.

There has 2lsco becen established by the Bosrd of
Geogrophy Teachers a curriculum committee which over
the past three or so yeers has conducted basic research
into geographic skills in the present currviculum, the
origin and destination of geography situdent, and the
aualifications of zeography students. This research

is aimed 2t providing = basis upon which curriculun
revision may be carried out.

Of relevence to this work on numeracy in school
geography hos been the research corried out by the
curriculum group of the Board of Feogrephy Leachors

into teachers® perception of geographic skills. The
‘questionnaires used in this group’s study listed a

vericty of skills olongzside eaech of which teachers
were to indicete the level ot which ococh skills shouvld
be explicitly tought. From the result

neire it wes found that in odédition to such ‘gecgrephic?
cony

Tt < . s [ ‘ ol L I L e -
skills oo ecrophs, neosures of control tendency (ne

medion, mode), measvrees of dispersion (stonderd deviotion),
(ke

demographic ratios, cnd sompling technigues, oome
teachers edded volunthfily to the 1list given the follove
ing skills to be tought in the sixzth cad seventh formss



Y

cn eqguations, nominel end bincomial digstribub-
i$]

3
cation quotients, nearest neighbour e

39601alisa$ioL9 significonce tests, and rank-sige
anelysis. As Burridge and Jones (1974) rightly
co;cludeg %o what extent these responges reilect

Meny of the geographic skills which the maojor-
ity of teachers replyng to the survey perceived ag

oei&g in need of explicit instruction involved methe-
cal concepts and number operetions. If these skills
are to be ,VWudud in the new integrated geograghy

syllebus, then numeracy will become an essential pars
of geography t@aChlﬁga '

.2 Survey Design

The main resecarch exercise in this vorky centres

on the designing of a questionnaire that would glean

o
< o

information relating to the ge wphy end mathemetics
experience = past, present and proposoa - from geography

students in Hew Zealend secondary schoolss and with
this background so cgtaeblished, the intention was o
hen c@minister an arbitrerily designed numeracy test.

®

The vresuits of this test could then be used to guide in

D

.

port the formulation of a set of nuncroey skills to0 Ho
sed in the new integrated gecgrophy syllabus.

was conditioned

onca of which “CthOd

e

(31) e

ridne, G.y and Jones, A.y, 1974, 3.
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survey population presented itseld, and to the method

-

by which the survey was odaministered.

‘fhe Divectory of Secondax y Schools and Yechnicol

see oxoary 501001u in Hew Zealand in w974V distributed

as follows:

TABLE X Distribution of Sccopdﬁry Schools
— in New Zeeslond, 1974

(2)

A

School Typc Boys Girls  llixed Totals

25 25 186 - 236
. 45 59 6 110

- = 46 46
wctals 70 -84 238 - 392

<“)Cocauc tloA XA Source: Dcpuo OL

Rether then include al scecondary schools in
the survey, which would hove involved, within o limited
period of time, a'major logistics operatiom in adminis-

tering by mail nearly 400 questicnnoires, it wes
decided thaet a randcom sample of 150 scheols be toker uO

G
iesoe then 100 students veuld net contain o holoncoed

L
LG



£ifth, sizth oné gseventh forms. As it heppened,
there were to emerge 17 schools included in the
gomple population (end which replied to the survey)
with rollils of more then 100 thet did not contain ony
seventh form geograpny students. In terms of the

orbitrary cubt-0ff figure of 100, some injustice mey

have been cccorded the smoller schools, predominantly

Distriet High Schools, with rolls of say 80 to 100,

but this t:oeﬁmeﬁt'may in faet be part of their lot

because their exclusion from cther Surveys 1o noﬁeda(33)
In addition to the schools then with rolls of

cse than 100, three so~termed

Area

Schools were

omittedg as were the four new secondary schools which
had opened in 1974. Pollowing on from this eliminat-

ion there re Aaincd 328 schools to constitute the survey
population. These schools were then stratified occord-
ing to type, as shown in Teble II.

TABLE II Distributbtion of Secondary Schecls in

— bus“J Population (by school type)

Humber of
Schools
Ceceducational
Private ¢ivis
Private Boys
State Giris
State Boys

Distric t i ")}.L
- o
School G
328
FR N
in oxdcy to obtein as necry

¢ N o - P Y
Sec footnotey noze S54.

y Population
54 .26
15.24
12.8C

N i - saaki Nl
curccs: Decot of
hduveanbtion
e -
= - & .
a representative
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n
fc

sample ag possible from the gurvey population, the
326 sccondary schools were stratified according to

type end then , for cach type, ranked
gize. A table of rendom numbers was

uged to cbbtein a roundom semple population of 150
o0ls, 1P0uoru103el in its composition TO

D
population. The outcome of the rendon sample sclect-
1

e}

50 zchools is shown in Table II

3

LAubb IIT Distribution of Secondary Schools
““““““ in Semple Popuiation

Humber in  Humber in  Per Cent of
Survey Semple Total Saonmple
Populaticon Population  Population

Coeducational 186(a) 85(b) 56.67
Private Girls 50 22 14,67
Private Boys 42 18 12.00

tate Girls 25 13 , 8.67
bt te Boys 25 * 12 ' 8.00

T

328 150 100.01

(2 );mcludod gre 8 District High Schools
)1mcludem are 4 District High Schools

The nunerocy survey wes conducted uvsing o

3 e s - STEne S - I TR B ~ W 5 o
guestionneire which was mailed to each of the 190

o] rn}_q Ten S -t}-’r\ S ey o q 3 Tt viae OSSO
SCNOo0LS 1IN 1N SLEPLE QL’J.g tion. LT was neeess A

iomna1re cccording to the reguire-

3
. v e e £ e da e - A e = g . o IR QP e S oy e P s Mol T Ty
nents of o postel survey since a2 direct survey of the

150 gchools woeg impracticablc. Chict omong thes
- i . ERN SAEl Pt Ty A o I Y, W) e
reguirenenits were the need for concise end uvnanbiguous

agrenhy Teschers? Questicne
Y At bt ] - 3§
sainotions (L973), roll sigz

rt 0. 4 = 150: 20G% Re

J;OC b L 1000
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or the survey adnirnistrators to follow.

& not oo lengthy set of responsc opers, tions 1o
veriorm, end o straighitforwerd syaﬁem of collecting
and grouplnj individual responscs.

The questionnaire consisted of five sheets, threc
white and two blue. The coloured sheets were the twe
50 be returned ca rry ng mhevresponses’ﬁo the question-
naire eatercd upon then. A covering letter, oddressed
%o the heed teacher in geography in each of the sample
scﬁools, served to introduce the main ideés of the
survey (see Appendix 1). The first of the blue shecis
(see Appendix 2) requested information, o be entered
in tebulsy form, on the gecnrﬁmhy'a'ﬂ athemati

bockground end intentions of mcomfuwby wtuaﬂ,ts at each

5]

of the three levels; Tifth form, sixth form, and gevenih
form. The third sheet (cee Appendix 3) outlined the
procedure- d“91rod for administering the ﬁumor%cy test
G0 selected geography classes. The nuneracy test,
comnooeo of six questions, waes detailed on the fourth
page of the questionnaire (sec Appeadlx 4),' The fifth
sheet, the second blue one, was the result sheet which
made orovzulop for the frequency of correct responses to
the qumﬁracy test Gucotlons to be recorded (Apnendix 5).
The deo’«n of the numerscy test, however,
requires some brief e"'lenation ot this point. It was
no% DOS%iblﬁ o test the studonts" abilities at perfoymn-
ing 2ll the types of numeracy skills which heve been

geography cxenination papers. To do this would hove

-
coquired too lengthy o test. Algo, since the teachers

them, it followed that scme of the skills such ag th
i of of groahs couldd not be included in the tess.

Finally, the interonretation of sraophs ond ¢ ’“'\rcgm

of the time involved for each cdmninistrotor in reprcduc-



ing cach of theoe parvicular excreisces for cach
student Accor&inglya the scope of the aumerecy test
was somewvhad limited sud the conclusions drawm loter

in this scetion of work from thoe test resvulbts will he

5.3 Survey Response

Y

Survey rescarch is method of cmpiricel

O

ne

o

reseerch avelilable to the geographer. Tnlike a
census, though, which usuelly involves the enumeration
cf o wheole nonulwuion, a 3urvey typically exenines a2
vart or semple from a population. Conclusions drawn
rom the resvlis of & survey of a sanple population
ere rveferred back to the population at\large’in ovder
to meke descriptive assortiomo about that populationa
In order that,these assertions be as moqnia'ful end ¢
reliable os possible, the sampling procedure on which
the survey is bosed is of critical importancc., In
addition to this rogulfomont the success of the surve
rescorch depends on the nature, ordering and format of

the questions to bc asked end, of no less importance,

.

on the response rate achieved from such a survey.

The body of lﬁforehtgﬁl stetistics used in
connection with survey aneslysis assumnes that 211

nenbers of thé somple population complete and return
th cir questi ionnaires. Since this is elmost never the
caese in reaolity, Y response biag becomes & coneern,
with the researcher teasting (omd hoping for) the
pogsibliity that the soondents are cssenticlly a

) . . A

PP, I e Ea T I8 o Al e o e TN ey e
rondcm somple o the 1n1b¢al gample, ond thus o sonswhad
1

£ 34)

cmaller semple of the total populetion.

GavsmseamRE =D

(3 )"‘WDT:)’("r . ...109 3 f??); :},650



Since this numereocy suxvey of geography

students in New Zeolend secondeory schocls involved
2 sell-cdninistered questionnaire, thore wes no direcs
control o be held over the completing of the

ts return meiling. An imvortont
factor whoge influence kad to be minimised in order to
sonse from teachers administer-

e

hen the reluctence to ammi;ister.for this response by
teachers who felt themselves so affeeted would

averall set of responses, in that only those teachers
who Telt themselves exempt from or beyond implication
would volunterily respond. T‘c)'-"tun ately, in the se
of responges required for the NUMeracy sSurvey, no
teacher-inplication as regerd pedagogic efficiency o
otherwise in geogrephical instruction could orise.

My teacher biss, therefore, was likely to be minimel.

Despite efforts by way of survey design Ho gain

a high respeonse rate to the guesticmnaire, there were
r foctors which must be taken intd account when

exenining thce regponse rate and unlch no amount of
survey design fgflnoneﬂt' ould hsve chce“ sTully

eliminated sltogether. In the first nl it is
probably faoir to say that noﬁ'all gOOgﬁ¢@hy tocachers

aere proficient bookkeepers. It is not &;ffieult t0
inosine — as wos loteor confirmed by thosc heads of
depertnents who wrote for o scecond cony of %he guestion-
naire on roceipt of the veminder note — thb criginel
gquesticnnaire heing swept up in the rclenti&es\h?rragc

n

A
\ \

of the 'peper war' waich con L>u”ilJ cosoilsiteacheors

condary scnools, and Loein,



this. There will have Deen, tco, some recipients
for whom time and inclination are never sinultoneocusly

It anpears that in some instances the question-
ispetelh coincided with senior internal exemin-
progrommes. From the point of view of the time
aveileble for questionnaire completion, ccllection and

n

i1

enelysis of results, further delsys in the posting outb
of the questionnaires to schools unmtil after the August
~September vecation would have created difficulties.

It was het fthzag to note - snd encour eging for future
regsearch in this ficld - that some hcads of seography
departments wrote abévising of this state of effairs

and offered to return the questionnaire completed afiér
their respective senior exeminations hed concluded. |
Such was the casc for eleven s secondary schools replying
to the survey.

In addition to the oittempts maede o streamiine
the adminis%ering and response operations for the
guestionnaire, every effori was made to promote
cfficient postal movement.  According to Babbie (1973),
" the methodological literature on follow-up mailis gFzect
strongly suggests this is en effective method for

Pt

nereasing return rotes in mell surveys. In generel,
the longer 2 potentiel respondent delays replying, vhe
~leseg likely ke is to do so at ell. Proporly timed
follow=up FQLJLP0?§ %heng provide edditionsl stimuli

5

self-addrcssed return envelone wog included with cach

-+

For thisc numerocy survey g stemped

gquestionnaivre, and 17 deys after posting outv the
gucstionnoires o reminder note (zce Appendix 6) was

sent out to 060 of the ¢ econdory schools whvich, at

oW
e}

)',’ P . . - - E
that date(Jo)g had not replied to the survey.

e

(35052
(36)

-

Obic, BoRoe, 1973, 163-4.
August 19, 1974
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It dig difficvlt to acsscess the true effect of

the oliowmvn rominder letter. -In four instances it
produced replies from schools which reported to haviag
not received the questionnaire to begin with These
four schools, on receinpt of & second pnos ﬁlné each

1a oOP returned the questionneire completed. The ’
seven guestionnaires returned in the Tovrth weck (see
Teble IV) ceme from schools hhlca had been posted

a

renpinder nows

TABLE IV Honitoring of Questionnaire Returns

Week in which » Cumulative © Cf as %
- i¥ umoey X
Return JB@E _ﬁg Prequency of total

Received (CT) Returned
1st Veek

(August 5-11) 11 11 11.95
2nd Week ‘ .

(Avgust 12-18) 33 44 47 .80
3rd Week -

(August 19-25) o a 65 70.65
4th Vieck |

(Aug 26-Sept 1) 7 72 78.56
5th-12th Veeks
(September 2 -

B o 1.0 20 92 ~100.00

While Table IV ebove indicates that ncorly
half of =11 2 questionneires returancd had beon

c he Tirst two weeks of thelr having
en posted out, end that 70 per cent had bheen
cturned by the end of threc weeks, it must appesr
rether ﬂ;s»cncerting to future survey reocorchers in
shis field to note thot it took eight weeks to gather
in the finol 20 returns.

in 211 o %otel of G2 guastionnelires were roiurnced

Nt



.....

not o porticularly high response rate, this figure
does compare fovourcbly with responsc rates

giniler surveys thet hove been corried out in vecent
yearso(jf Theve is no stondardised sct of accepteble

response roves for mailed questionnaire surveys and no

x‘*

velue cstoblished above which & ra sponse rate con be termed
high. RBabbie (1973) considers that ¥ a response rate of
at least 50 per cenv is adequate for cnelysis and

veporting. A response rate of at least 60 per cent is

z£00d. And o response vrate of 70 per cent or nrowve is
- A }
very goodgijo)

Since the rondom sonplc was nmede on the besigs
cf schools stratified according to tyﬁo it is
relevant to examine the composition the response

S
populaﬁion on the same basis of stre iflcutlon, This
exercis 3 demonstrated in Table V. Althouvzsh an
overell response raitc of 61.3 per cent was achieved,
responsces by school type varied from a3 1low as 54 per
cont for cocducational schools to &8 high as 77 per
cent for private girls® schools.

The stretification of the survey population
ied out to ensure thait the semple vpopulation

contained o renresent tive proncrtion cf 2il school
pes. To determine whether the response nopulation

centbaeing on eq alent reoresentation of each school
Type, a Chi=SQLa?@ significance test was applied.

(37)R0Jﬂow~c rates ior BOGT suxrvevs, 1973-7T4, weres

1) Exturnel Gzominctions (1973); 47 per cont (semple
population = 300) '

il) Origin and Destinati

(50 poz cont -

s ( J7.§)

v}
)
A

K{
<
o)
&
N

Pt

=

t

o 2
#3550
i
3~ ct

= 7n
O 2

(O

ra 3
[EYV 2
O

8
1ii) Qualifications hers (1974);
47.7 per cent - onn = 308)
iv) Tecachors’? Qﬁbvﬂb9cu vhic 8kills (1974)
130

1
- %

P
4.2 per conh fﬂmnn?m 1

UJ

(38)1

.u&bbic 9 J., oLL 09 .1.9‘7_) 9 1_65 8



TADLE ¥V Distribuiion of Responsce Population
- x . Respon
Gumber of Questionncives °2OVO
out Returned (,)
o & =
Coecducational 85 4 (2) 54,1

6\~
Private Girls 22 17 T7.3
Private Boys -~ 18 10 - _ 55«6
Statle Girls 13 10 76.9
State Boys 12 9 , .. 15,0

150 92 61.3

o). . . i —_ -
(“)1ncludcs one District High School

If,for example, the number of cceducational. schools
contained in the sample populutlonArcnruu niecd 57

per cent of that samplce population (Table II1I), then
for this representation to be maintained the proport-
ion of coeducationsl schools rcu“ondlnp would need te
‘be 57 per eeﬁ% of the totel response populatlonﬂ in
fact the 46 coeducational schools (Table V) account
for 54 per cent of the res sponse population. So, in
this example, the observed frequency of coeducational
achools is 46; the expected is 52,

Por the null hypothcsis (HO)4ﬁhat there is no
difference beisween thce distribution of schools (by
type) in the sample population end in the response
population, & chiaﬁquare velue of 2,49 (with four

ot

degrecs of frecdem) was obieined. This suggests the

there is no significont difference at the five per

o~
(V8

cont level, and so the null hypothesis is accepied.‘””

From tnis discussion on the reaponsce rate
obtained in the survey, it is suggectced that not only
iz the overall responss roic of Cl 3 per cent on
acseptablo one upon vhich enalysis noy fellow with

T by gy P ot -~ o CHER T | o £ ki
somne confidonce, but olgo thoe conpogition of the

{20 . -~
(3J’Se@ Aceendix 7.

)
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[* £ A o ) - 4 PP P B SERponig PR, fe oo v AT o
C) 524 (60.98 ver cent) indicoted thot ey hed
studicd sixth form gecogsraphy
- / P s b 2 ] P T & I
10) 463 {71.57 per cont) indicated that thoy hed
studicd sixth form mathemsti
%3 s - 3 - -
11) 314 (45.53 per cen they were
S inz seventh for

ct
H
&
24 u
Gd o~ D~

12) 207 (32 ner cent) indicated that they intonded
studying university geography.

The suwmnrised resulits, items (1) to (12)
ebove, provide inFormation which con be used in two
veye. Pirsid, there cre the implications these firndings
hove for on integrated syllsbus in scceondory school
seogrophy and, sccond, the extent to which geosraphy

students in the sixth and soventh forms heve studied

homotics msy well influence the types of numeracy

skills wnich cen be inty

O

duced to geogrenhy at these
more advenced levels

If en 1nthfcucd syllabus in geogrophy from

ive to form seven invelves the development of
sequentiel skills, then it will be of advantage to @
student entering sixth form geography to have success-

fully studied geogranhy in *he fifth form. From the

— i~

i
survey Geba, it sppears thet ot present ancarly 87 per

s
]
)
3
P
5
g
0
ct
<
jen
O
oy
{
ct
6
=t
[
H
(0]
=
N
? g
&)
i

/ S it S
cent of 211 sixth form geoxgs
lond secondory schools heve stvdiad fifeh form zeog-
rophy. The remeining 13 per ceant nmey be expected t

o
hove some difficuldy in mastering the practicel skills

vevertieloss,

200 rYraniy

ayllebus from £ifth form throug: sixth form couvld be

S

oneratcd vroctic wricndatior

o



5 g = 1 . At A e i o] 2 2. ki @bl b ) = &
rother then the nrercguisite that situvdents in

2 arveyan Vs At CRRE 1, PUR - S ) oy e

to study scogreophy in the sixth fovm should firsi

nhowvo hoorn ool cr'} 215 e i3 T4 v-"-‘-{-'j-l ST o, e arn T
neVe deCn QCRLTeO WITHR O DASE 1 TALTN YO¥H meCglaniy.

The Sv1m9fv date shows thot of the 647 scventh
form geography siudents rcspondlng to the survey,
ent hed studied Fifth Torm geosraphy ond
o

yixth form geo Jith approxiunate-

Q 0
Q 2
i

c—.{‘

2

~

-E
ly four in every five seventh form gcoyraphers having
studied sixth for geogranhy, the cage is preseanted
again for on integrated syllebus and for the sequent--
inl develonment of skills in geogrophy from fifth form

through to seveati fora.

The tentotive conclusion thet con be drovnr from

this brief discussion is that scround 80 per ceat of 21l

geogrophy studente who study ot either the sixth or
seventh Fora levels cre in ot lcost their second yeor

of ccnsccutive, progressive study in the subject.

o

While this sibtuetion will foster the introduction of
tegrated syllcbus, therc remeins the need

to consider the 1% to 20 per cent of sixth and geventh

form geogravhers who will be in their first year

study. fThis group cannot be expected to cppreciate

fully the integrated noture of the stud;

they wndertoke and there could well

inadequocies in their beckground. Rethc hon over-
come thig problem by attempting to meke the integrated

L.

course cxelusive, it would seem more oppropricte to

AT ) o igmrd AaTn 3 2.2, vy - e £ o 2. =
cnsure thet within the progremme of skills there is a

provision for the reitersvion of skills cncountered ot
eorlier stoges in the syllcbus. This would serve notb
i

i
ps

cnly to introduce the first-yeer zmeogrophy. students To
the subjeet skills bub 2lco to reinforee those sene
skille for sccond cy third yeor students.

) a T

sacond congideretion wveich oyizes fyon tha

-
L]

=2
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e

to shoarqnen and reinfcrce

2¢ility for
nunerecy cokills in geography, then geogmrenh
ere clso s udy11~ mathenetics will hold
over geograrhy students not teking

aote from the survey show that #lmost TG

! NI
- S5 e < " _— 2 e N KR I . =
vey cent of geogranhy students in the fifth Ffora ore
- iads, i eI <) e S 2 wcirs G AT . .- 2 A - -
alao studying £ifth form msthematics, mnd thot over

-

h form geographers

cted thot T1.57 per cent of ¢

sixth form nmathemsiics, wh

i
ner cent) were currently studyi:

vnder helf (48.5

5
3cvonth Torm nothenctics.

3 088
extent o nothemotics background is of benefit in
o)

study i graphy. From observation, the present

P R

6y and seventh

numerecy skills performed in six
geograpay hove generelly very little in common with

the topics taught in sixth ond seventh form mathenatics

suggest that the bocksround in methe-

matics of geogrophy students ic not o nejor considerot.
o)

1 the formuletion

f en integrated cyllebus, the
5 per coent mco;rm,ay/M“"hor" ics
.{

sixth form oxrd o 7L »er cent

in t’C
the more
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%.4.3 Comments on the

iniloe to test the students? sbilitics at
orfomﬁ“n 21l the types of numerocy skille which
were iden ;1£ied in the review of pest School Certifica

e
oxaninetion peapers. To hove done this would hove
teco lengthy o test. Second, Sone nuncrocy
skills such es the drawing of grophs could not hove
been included in the uest'bacause of the sdded load
this would have ploced on the teacher who hed clready
to adninister the test bo the c¢laossy collect the test

sefore returnin,

results and meke o swmeyy of them b
the guesticnneire. Third, the intcryvretation of
zrophs end dste motricess could not be successfuvlly
in reproducing cach of these
student.

inciuded in the test becouse of the tine inveived for
c

ity of geog

students to correctly complete o sct of bitrerily
(’

composced auwmber problens. There wes no provigion
made in the test for the steps involved in the molving
of the problems to be showm, ond so from o correct
solution it is inferred thet the method of derivaticn

. A ey e -3 ey
WoS sound A corroect solution

implies, too, that the relevent

fivet number »reblc

he mumeroey sost

e ey
% Code
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claimed thet the remoinine 38 ner cont were wnoble be
viorls the problenm But in = test where only the finecl
durived enswer indicates a corvect result. failures

duc to both error and lack of umdc g Laﬂing connot he
soperetely determined.

TABLE VIX Humeracy Test Results

Pifth Form Siwth Forn  Seventh Fornm
Geogrophy Geogrophy Sco~rahhj
Students Students Students

(3823) (1739) (612)

Correct ¢ Correct ¢ Correct ¢

2058 T77.4 1509 86.8 560
2702 T0.7 1412 81.2 544
2080 5404 1151 €6.2 474
2368 61.9 1306 75.3 528
1385 26.2 . 961 49.5 404
1613 42.2 1025 58.9 450

336 8.8 206 11. 185
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The summarised results of the aumeraocy test
which ore shown in Table VII sbove revesl o nunmber of

points of comparison thet con be mads sbouth the success

of cach group of geogranhy students in the test.

Seventh form students, for cxemple, score o sreater

proporticn of correct responses for each uc%tion than
¥ oI

do either sixztih form or i orm geogroply students.
d the in form o fth form geog rephy student

It iz interesting to compaere the two woris of
ViZ. ¢

formule.fow

Oc..

h) TC¥F ‘o
Pert (o) recquires the substitution o

= D emrnn] ey e o
the given formule o yiel



- . I - -, L.73 - = s -
rort (b) reguircs the some oporati

{4

G
subtraction (70 = 32) gives a val
5

&)

more complex operetions 38 x
narts of Question 2 involve &

.

U
ectivity, end then siniler arithmetic operations, the

F Al

difference in frequency of correct TESPONS

0
QD
(&)
)
O
2
6]
)
]
5

part nust be due to the meore ‘complex’ srithmetbic

operations (where cencelling is not possible) in the
second part. This differcnce, accerding to Teble VII,
is most marked ot the £ifth form level where although

70 ner cent of the gstudents tested obtained the coxrx
mgwer £or nart (a), onl J 54 per cent were correct £
art (D).

Q)

3

Questions 3 ond 5 continued the some trend in
the observed frequeoncy increase in proportion of
incorrect responses Only one-querter of 211 fifth
form g o~r@nhv students tested were oble to devive
the correct enswer to Question 4 which was expected,
admittedly, to nrove difficult beceuse of the concept
of provortion which had tc be operaﬁid;alised within
the context of a conversion of units. The responses
to Question 6 wcre not go0Gs some teachers appended
to the results® sheets thoy‘returned their digbeliefl
that the "*uoen ;s should heove feared so hadly, especiol-
ly, as one in norticuler commented, when * they had
dene the same celculation only a few days ogo in class. ™

In drawing conclusions from the results of the
nUReYracy test, it hos been ncceessery to besr in mind
the rather restricted ronge of numorecy skills ropre-
sented in the test, ond olso te cwpnrecinte tnat the
rosults do not ollow for ony conmparative study of soy
biology studenis in sccondery schools to zec if this

i

my nore "nmovnematical’ thon the group of

i

£T0UD

% ~ sy A
geography studenis.

[
@

. [ NITNOY SN T T 3
Whot the nume rocy viesw rTeaul G0 ‘“.'»\.f;’}.\,ub
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£ skills involving mothemetical concents ond avmber

=
k

introduced in the new integrated
instruction in thesc

operations are
seogrephy syllaebus, then formel
ills will bo necegsary, end provision for this

ingtruction in the geograrhy teaching prograomme must

bhe made,



6. PROPOSED GUIDE FOR NUMERACY SKILLS IN
SECONDARY SCHOOL GECGRAPHY

6.1 Introduction

Increasingly, geographical ilunformetion is being
collected, measured, enolysed end presented in
numerical form. This has be oa'conuldered lorgely the
result of ” external develorments in technelogy oo
Bmidﬂ 000 NEVE
for the large

sudder 1y opcred up new pogssibilities
2le menipulation of deta. v (40)

O
(]
]
o]

At the clementary level of geogrophicel
eduecation in schools, geographical data often conesr

LRy

42}

in textbooks in the form of daota metrices end grophs

Whilc these are not geogrephical devices in themselves,

the fact that they do present geog rorh1Cﬁ1 information

in 2 nunerical form sitrongly suggpgtw thet their

interpretation and use should be included in the

geographer's sot of »nractical =skills. And so the casc
il

is sinply »nut for the need to devclop numerocy ski

1g

{2

in secondary school geography cducation.

But o werning is to be sounded at this point.
Geography hes been regerded by sone non-geographers as
o 'filching' discipline; intent on borrowing non-gCos
cphicel devices here and non-geographiczl techni
of dete meninulation there, ond 211 too often using
these impronerly, as much through igporonce os disresrrd.
This hogs bheen nersticuleorly So wiacen mctiemoticel ond
statisticol techniques have beon cmployed by geographeors
The rules sot down for the onerction of statisticel
soechnigques of date onelyoclis in thelr own discivliace nre

\l
l
not infreguently to be found ceontrovencd in the hends of

ADYOSC,; Fedos 1869, 15.



zeogrephers. In strugszling, as come would hove i,
to csteblish peography g & 'science’ in its ovm

gropherg con ill-afford to eppoer go casusl

neir use cof non-geogra phicel

<t

[§]
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;2 collection and jfnlnulatlo Usin

(2]

2 statistical technigue:to anslyse or fost some
seograpnicol problem does not make the technigue then
a geographical one; in ifs use the geographoer must
ensure thot the specific rules set down in statisticnl
procedurc which govern itg epplication cre adhered to.

Geogravhicel education in mccoadc'v schools

(6]

hovld appcar as no exception to this. If non-geograph-

ical technigues of data menipulation snd presentotion
are to be included in the geography syllsbus os skills
required o be developed, thon those cherged with the

-

u
cperation o:

o
b

the syllebus should exercilse cere in
sclecting these non-geographical techaiques that =re
rule=bound from another discipline

- The non-geogrephicel techniques of date menipu-
lation ond nresentation referred to in this introduction
are considered synoaymous, for the nost part, with the
nunerocy skills 2lready defined in this work. Thes

(’)

skills have been divided intc three broad groupns of
number operations. The intenticn now is to examine
examples drawn from cech of these groups to identify
the rules by which the zunmeracy skills arce bound and ©o

comment on the relevence of the skills to geogrophicsl

gduecation in Hew Zeelond secondaxy schools.
6.2 An DBxoni ion of livmeracy Skills

P o g ol o e L o S o B g
POOT CXOMANGTLCN NaDers in sCozrarhiy REVe haon

]
o
o
=
}_.I
mn
o
< )
5
=G
£
=
o
wd
e
O
’J
=
b]

tested in sccondsry school



geozrophy. Vhile commeats here will be confined
"PTVrrlJv 0 the anumersey skills te
r

geography, it is necessary to aprreciste that in the
o d o2 the monipulation

sixth form more cmphesis is nlace
of guontitative deota, ond the st
wnderstend * tecimiques of condensin:

grophicelly some factual date ... [end t ] o s 0o make
tentative generslisations from data

ond compare items of informetion aaa”i4l) In the
seventh form there is no zpecification nmede in the

syllcbus of the types of numerocy skills required but

instruction generslly includes excrcises involving the
collection. meecurement, enelysis ond nrescntation of

Q

¢

J

cographicel date, mnd the int
grephs ond disgrems ¢

The Tirst group of numerscy skills includes thosze
number operations concerned with the recognition of
relztionships between numbers ond their representations.
The two main activities in this group are internreting
dete motrices end graphs. The second group includes
number operagtions centred on the orgeonisation and
digtribution of numbers. Theze cre represented by the
construcition of graphe end by activities such ag the
collection, messurcnent and cnclysis of numeriecsl dote
which, olthough not formally tested, are ne
cerried out during nrogremmes of geogrophics

work, or in opcrationsl gomes, or in the opnlication of

regeorch teochniques to sone nerticular sroblom. Thc

third groun is conccrned with unﬁcrstnnding nothemetical

concepts ond perfovming crithmetic onerciions dant mey
be explicitv in themselves or imnlicit in & mothomeoticnl

e s
COnNCen©G.

:ﬁ)JOi-Cﬁ: A., 1973, G.
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A dete metrix is besically o teble of figures
wh 1

i
dote presented in numeri
moet commonly usced form of dote presentation.

Succegsful interpretation of a dato matrix
depends on” the student's ability to wderstend thet
each elenent in the natrix represents o specific
relationship between two variables. For ugumﬂlo9 the
clement '81° in the set of climete stotistics below
has meaning only when it is related to notb variables

g he year.

ticnth of the Yeor
PUOA O I J A S O EHOD

C
b

Temperature

(o¢) 161615131311 9 €& 9101213 15
Rainfall

() 79 84 81 o7 1241471373797 10886 89

The first two preveguisites of a data matr
are thet there shouvld be & losm
each veriable, and that the lobelling of the veri

-

should be preeise ond wnembigucus. Once these have

been gotigfied, the tesk of interpretetion is meinly

o)
[RN
]

ne of identifying relaﬁ103331ps hetween clcements

6
of cach element ond to perceive single elements, or
zrovps of elements, 23 a proportion of the sum of o1l
elemcnte in the motrix. Simple relosionsihips between
clements cen be identificd by ingpection, but more
cemplcx ones may reguire onc ¢r wove cyithmetic
operations to follow the iasnecetion befove the relat-

3 i A - o Py Topey st
LONSNLYS CTC Fenacyred VXGWIP'
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Using the deto matrix cf clincte stotistics
ziven above, & number of relaticnshins between the
clements can be drewn which collectively serve to
interpret the date contained in the matrix. Consider

the followings

1) the month with the lowest mean roinfall is
Jenuor

2) the mean reinfell total for April is the same
as for Septembe

3) the monthr with the coolcst meen bemnerature
is July.

Each of these statements hes been drawm by
inspection from the relationships thot exist bhetween
the clements in the deta motrix. How follow some

relationships that cennot be drawn by simple inspect-

4) the ennuel temperature ronge is § Celsius
degrees

5) the nesn total reinfell for iarch (81 mm) is
three-quorters of the mcan total reinfoll for
October (108 mm) .

6) twenty-one per cent of the onnual rainfall
fells during the three months of summer

7) snnuel reinfall distribution is characterised
by 2 winter maximum.
In these four exomples, numbers 4 to 7, inspect-
ion hecs been followed by the menivulation of sclected

clementes which heos tended to reader the implicit

G
reoleticaships in the dote natrix explici
nunber 6, the totel meon monthly roainfel
three swummer months con be expvressed as o perceateoge
of the ennuel roinfell totol.

The operations involved in the interprotation
of dote motrices hove been sinplified into two grouns
ity identifying explicit relotionshinsg by

i
inspection, ond implicit relotionshins between cleomonts
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to geogroephicel pthOUCﬂuu For exaomple, the esanuel
temperature ronge recovded for a2 climote station is
ble becau it mey well

'..I
l—'-
kJ

an importent climatic ver
influence soy the leagth of the growing season or
indicote say whether a station hes o continentel or
constal location. But it would be well tec gussticon
the relevance of the relationshins described in
nunbers 2 =ad 5 above siace’both’dave little

2081y cal significence.

From this brief discussion, two mein voints
emerpe which should influence the gelection of
exercises for geography students involving the
interpretotion of data matrices. PFirst, -xplicit

icl ified solely by ingsvect-
ion of the CludCﬁt in the matrix should be of geograph-
icel fciovopcog thet is, cléarly i purpose to geogravh-

cal study ot 2 perticular level. Seccond, imnlicit

relationships ore nere diffiov1+ to identify becouse
erithnzstic operations — themselves not clweys explicit -
must first be nerformed before identificetion can be
made. F Unless the relaticnship vreves to bhe both of
scogranhical relevence ond cleerly eble to be undersiood

by the student, this

-

oy
ion is 2 aumercey skill not

exercel of identificetion

O

i*"'cct¢01 onG menipula
N N4Ya

wmrrantcu in secondery school zeogranhy.
;

A greoph 1o bosicelly o diggrommotic represent-
chion &F © sob of related veoriebles. It is cscenticlly

Aot n Yervde oy waesdemrsd = - ot - . 2. il T
the deto notris ond a8 suech it ecen DO

: b o A = I - P o e T } )
o useful ond eccentoble tool for preseatine ~ecaraph-
when nronerly construected,
- P PP o i Faosodgi
o relationshin between twe

igible immediecy tarn does o dote
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orms of gropn hove beeon used in post

wOOMrnahy exeminetion popers. In addition to these
né he bdr graph, end the pie graph s

there cxist modifications such as the compound bor

sroph, the ﬁmﬂ/ ex pyromid, and the tri-graph.

As was found with the date matrix, inspection
n yicld cxplicit relationships between vericbles
on o graph althouzh, instead of opnearing &g numbers
as in o doto metrix, the elements of o zraph sre plotted

o) s 3
as coordinates (for o line groph), or drewn ag reCt-

enguler cells (for a bar greph), or drovm os scetors

(pie groph). Generally, cxercises sct for Seograpny

C)

students to derive implicit rele tio onships from dato
sources src beticr opplied to date matrices thon to

SN

grephs because the elements in the matrix eppear

feAens

already in the precise fovm which readily lends itsclf
to the performence of arithmetic onerations.

The succesgsiwl internrebtotion of relationships

form rests lergely on the accurate construction of the
graph. The purpose of a greph is to present data

cicarly and orecisclys if o sreph (like o mop) is

3

|t
]

i
poorly constructod9 it performs no useful function

zeographical education.

 A— A
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voribution of

cosured on o continuous

bicn osoingt tine oy



welght or mognitude = then the line greph (or freguency
polyson) is the sraph best suited to depict this
continuvous detay, althouw the ber greph will clso serve
in gome ingstences. If the freguency distribution in
the data notrix is measured on a.ﬂiwcontinuons Scale,
then the ber greph ond the pic graph should be used 1o

display this discrete data.

~Tables A end B below are used to0 demongtrate
he nmado.

iy
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Table A Percentage of Total Ixports (1967)

Commodity

neat 31
dairy products 31
wool 19
others 19

Teble B Percentage of T

o
Commodity 19

meat 3
d”lfy products 2 3

wool 19 21 20
others 19 4 23

2
100 100 1C0

[ O TN, = R % o0 ; % & LR D -

Table A contoins o freguency distribution
- .. — Fal B ey} s B o o BT e - S S e s
(percontege of totol cxports) mecsurced on & discreie

X 43 i
scole {export commedity). This dete notrix connot e
{1

converted into o line sreph beceouse the frcquoncy

digtribution is noi moosured on o centinucus ceole.
In Teobic B, the frequency distribution i now plotied



o bhor groph with the norizontal axis in coch exomple
£y o ) 3 e e e e 1 . -
bearingz the discrete verieble, although cach exvort

ol

et only does the structure of the deto metrix

tend to determine the type of graoph whic

dravwn, but sliso the propvertics of the elements in the

date metrix influence the size, shepe and complexzity of
be

'”J
o2

the resulting graph. 7There is greater ease to be ha
in constructing a graph froz o dets metrix which docs
not contain o large auvmber of clements. Graph construct-
ion is mede difficult end complex when the relative

ange in values between elements is great, and when the
velues of the elements ere expressed to o greater '
aceuracy than two significent figures.. The two data

raotrices, Teble C =2and D below, e these

determining factors.

e
-
s
&
ct €

rat

Table C Crop Yield ('000 kg)

1865 1970 1975

sugor cone 35 48 60
tobacco 16 - 20 28

Table D Populetion (millions)
050 1660 1970 19

South Azis T4 5T6 737
Scuth fest Asio a 219 2C3 4
. (¢
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clements respectively. .The renge of clemcats in Pable
C iz from O to 60 (*000kz). Tiis wouwléd require on &
ororh o vertical scele of s9ix major increments, ecch
divided - by meosurcnent or estimetion — into ton minow
increments. The ronge of elements in Yable D is from
0 to 937 (million). A vertical scale on this grorh of
ton mejor increments, each divided into ten mincr
increncnts, would Still not tronsfer
degree of accuracy to which the elements in the dote

e

t0 the greph the

metrix are expressed. At best, the graph of the da
in Teble D would ﬁnoroxlmu5ﬂ to two significant

-

fisures the volue of ezcch ¢lement.

The operstions invelved in constructing o graph
are determined in number cnd complexity by the size
and properties of the deto matrix. It is sugges
thot groph construction should not constitute mm
inportant practical exercisc in sccondary school
seogrephy . Greph construction is cleerly o well-used

C'J
c.\.
®
o)

device for presenting geographicel data in o disgren-
metic form and under supervisicn in the class roonm it
can prove an informative end interesting excrcise to

be included in practicsl sessions, but there i not

the need for students in a formel geography cxeminaotion
to labour through the construction of = graph using @

date motrix thet, if exemples from post examinetion
pepers cre to be sny guide, is often ill-conceived.

6.2.4 Dota Collicetion cnd Analysis

. <} o S Y - 27 -
Ticld work coxorciscs in ptosrophy usually

nvolve thoe observotion and noasurcment of scosrophicel

“iCnsaips betweon ecgrophiccl vorichles,

a.

6
ond with actoricl to supnort or roefute hynothoses which



ney have been formuleted ecrlier. For these sxercises
to Le carried out with some success, it iz haccessary for
students to become Tomiliar with the systematic epproach
t0 date collection and enelysis thot ony form of
geographical reseorch requires.

Techniques of data collcction #nd enslysis are,
however, the domein of stotistics, a ficld of science
into which Tew geography teachers have been equipped
to venture cafcly. This ond the fact thot uwndersrod-
uate poogrephy courses ossume of the student no
Previcus stetisticel experience mey well be pointe in

favour of keening instruction, and thorefore examinntion,
in the stetisticel menipulaiion data in secondery
school geog at o basic level.

Rether then propose o set of statistical
techniques which could be used for dota ecollection ond
analyeis in secondory school geography, and then provide
a guide to their use, it might be more expediecnt hewre
to sugsest thet geogravhy depertments develop their
ol sets of technigues in cccordance with the naturc

P 2y o . X} 2 . - = = -
ond scope of field work aveileble in their porticuler
™ o il L) L. 1. i B x L Al - & -
ares, and with the obility of {teachers to provide
9
- e A - g o Ao - -~ o s =
suldonce in clcmentery stetisticel tecihniques ond
2
reseorceh proccdure.
6.2.5 lNMothenntical Concents and Arithnetic Operotiong
The mothenotical coneepts moat cormonly uscd in
1 B ; P P N -t S s Ao mrn -
sccondery eao0ol grophy ove thoose whiceh tead o
define yelations bwecn the quontitetive propertics
- ~ - s ~ - ey amin

- cxpressed ag nersurcments or scores - 0f gecgronhicol
vhenonecnt. 17 prst geographical peiaelexaiaii
deimoey v en o Aot oot Tqeie ooy Fihied Al mwmane T A

v C MTIn C'O.‘.'],C\,:,b LESHLE0 NS Deen Loy QL .:_.).:_OF:,O.L G101 .
“This is 2 brond crm includes rotios, frrctions
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LT naes pecn schovm the

fTormal nmoth
of thenm in o n—-mnathe-
maetical text = such es during & geogrophy leosson —
moy not necessari 2 retoined. These concepsa of

seorraph concept can be nede
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In addition to b@iﬂﬁ sbie to perform BUCCOSSe
fully the four basic arithmetic opersti
y ovfbaly student must olso become femiliar with the
£ mecsurement, Dﬁft. 2§ 3

0
tLis prﬂgeﬂ% tronsition stoge from imverisl to metric

P

messurenent .

3y113bus Tor formo five to seven andy

47 S e 7y e
the progro tiel development of

types of aumcrocy
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£ deto neasentotion
that geosraphers
"fouodu”o invgolved

ey skills have been distrivuted hes
c t ;

ted quontitative tacﬁni@u@sg can ne
COo¥

he view 10 exprcessed thet formol instruction

in numerccy skills during geogreaphy lessons will be
neces sswy beceuse of the problems inkerent for somc
he learninge of methematics ond in the
retention of thic unders Jndipg 1zter in non-methe-
c tions, and 9lso hecause of the ronqe of
ol

nothemstics cxpericnce accumulated

into numeracy in

=
®
oy
0]
(Z)

sccondery school seogrephy hove on. necesserily
0

imited. The numerncey test itself is o souvrce cof

ies of findines velichle

fected asome of the

1 Certifiente exeominotion hes been

i
4 2 > TR FAPE P o T Y K B st iy
ifterncl cgoosonent din tho £ifth form

4.

L
Eri - - -~ e Y e s b syl ~ e ey -1
intesrated ~oosronhy syllobus, with
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curriculun development cn both o notionel cnd 2
egioncl bagis, is sn ottemnt Lo provide & structure
Tor geography tesching once the School Certificate
fremework hos beea removed. Bven thoush the set of
numerecy skille which have been exomined wos drewn
from nost School Ce rt1£lC“bC examination poners, the
proposol for its inclusion in the new syllobus is mede

Rl

with the bcliefl anproprictenccs of these

o
okills ig indevendent of thedir extornol examinetion

There is auch voom for further study ond
research into numerscy skills in gecgrophy. The
trensfer of leerming from mathematics to geogrephy is

b

in need of 1nVﬂﬁtnoﬁt on At vresent it is not cleaz

whether geogrephy students who olso study methemetics
gre more able to perform numeracy exercises in geogrephy
sinply becouse they ore in dxnly form=l contaet with
abstrect structurss in their mathemotics lescsons, or
whether they are more nble becouse the less 'bright?
stuvdents generelly do not continue with methcmetics
after the fourth form, or whether in foct they ere
demonstrably more 2ble oaywey thon gceogranhy students

not teking nmothematics. It is likely that there cxists
on optimal seaquence of develonment in the leornins of
numeracy skills. If this courdld be egteoblished, then

Thore sre tw cin mrchlems whiclh mey confront
the inclusion of the pronOﬂcd asct of nuncresy skills
in the now seogronhy sylleobus. The first ralntos to
the rnbility of seogrophy teschers to imnort thos
akills coniidant] nd effectively. There mey well be
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Geogravhy Deportment
HT?“QV University
Pelmerston Horth

Auzust 2, 1974

Decr Head Teocher of Geography

You may be awere theiv Geogrephy hos lately emerged

2

fron what some geographers hove colled a fquontitative
revolution' — essentieolly the introduction of numericol
techniques sc thel scientific methods of reserrch ond
deta eveluotion cen be mndc use of in the study of
Geography .

This nove towerds a greater numericol content in
Geo:rephy requires that the student be not cnly literete
in hiz subject but "Iuo thet hic heve some obility ot
working with numbers.

I om attempting in ny work to ossess the present steote
of numerecy among geograviy students in secondary
schools. Ify research is bagsed largely on survey worl
but rather than survey 211 392 secondory schools in

How denleand, I have token & reondom scmple of 150 of
these scheols. Bee e your school avpesrs in this rendom
somple, I would be most grateful if you couvld, ot your
earlicot convenience, complete the included question-
naire snd reoeburnr it to me in the ceaclosed stomped

guvelope.

Ruogsell Jd. Stewors.

H0TE: 1) zlecse return the blue sheobs
of noper only
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