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FOREWORD

Ed
»

. The papei$ reproduced here were originally prepared as part of a .
* series of six public lectures presented by the Faculty of Education early
in 1973, ’

L3

Once the series was completed it became apparent that the papers
which follow were even more closely linked than was oviginally intended,
in that they all attempted to focus attention on some educational base
lines. The main purpose of each paper was to stress the fact that there
is a vital need to look realistically at some of the assumptions made
about the pupil in school to see whether what is provided for him is
really in accordance with his needs, both present and future.

The chosen assumptions vary slightly from paper to paper but the

“conclusions reached by all three of the contributors may be summarised
as follows:

The child in school is much more, and much less, than he appears -
to be. It is necessary, to investigate the real pupil and his circum-
stances, past and present, in order to be able to make effective
educational provision. Such investigation must be as rigorously
empirical as possible so that broad principles as well as specific
difficulties may be identified. But it will be necessary sometimes “

to take action even before all the evidence s in, if future edu-

cational and developmental problems are to be minimised. ¢

It is hoped, then, that this publication, while pointing, perhaps rather
diffidently. at some possible answers in limited, even specialised, fields, .
will encourage more people to look at the educational processes, both
. formal and informal, and at the.validity of the assumptions on which
£ theyv are based in the light of present and future empirical findings.

) " ELIZABETH HENDRIKZ

ERIC RN B/ - 1
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THE EARLY YEARS: THE VITAL YEARS OF CHILDHOOD
- S. F. W. Orbell s

y S

In newly independent conntries in Africa. the role of education s
seen as being so vital for an early participation in the hoped-for riches
+of modern, scientific sodieties that some of these countries nearly bank-
rupt themselves in speriding disproportionately large sums of monev on
education. “Education it i~ which & all that is lackine, and if we give
more peaple more education, owr major problems in this direction, will be
solved™ seems tg be a ke to the thinking of many political leaders.

They then/%et about tnving to mahe greatly increased material pro-
vision, with disappointing results in that there i little apparent progress
foHowing aftempts to narrow the cap between the successful ones and
the masses. It is interesting to note that. in Western nations, many research
findines locate the bulk of the less successful cluldren in the lower
workine classes, while from the U.S..\. comes strong evidence of neero
eroups having apparent mean 1.Q.~ some 15 points lower than those
of Caucasian groups.

This is not the occasion criticalh to review either the research,
or the appropriateness of the testing instruments, However, it js suggested
that these observations cause understandable concern, particularly in the
older educittional svstems where one sees so much change in educational
practice that turns out to be ameliorative rather than curative. For
instance. there has been fairh widespread abandonment of selection
procedures such as the well-known 11+, as well as of streaming and
banding. Then there has been the introduction of comprehensive secon-
dary ~chools in some countries and, at the other end of the educational
process, the mounting of extensive pre-school schemes. One has also
read reports of commiwions. such as that of the Coleman Commission
19661 which considered whether the quality of the individual school
is the major culprit.

.

Alas, the solution seems to be ever elusive, and one is constrained to

ask Svhether education has in fact onlv Lttle to contribute to the bio
. leap forward,

But. is this the rieht question to ask? Until very recently we have
not seriowsly considered whether the major problem lies in the living
matcrial that the school has to build on. Quite mistakenly, the only
real concern has been for v hool education.-a concern one can appreciate,
particularlv in Africa where such pre-schoot education as there has beern,
was lareelv in a manner completelv divergent from that which the
school gives, ¢

A< Skeels 71970V observes with reeard to British lower-working-class
children 1no longer limited to Caucasian stock . the majority of such
¢hildren who do not succeed at school are probably *born with sound
biological constitutions and potentialities for development within the
normdl range”, and vet they mav not become contributing members of
saciety because the homt las not prepared them for school, Wiseman

b,
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(19731 puts 1t even better, “The eflect of émvnonment beginy at the
moment of birth  and mavbe earlier - - so that by the time the child
arrives at the gates of the sclivol he may already be heavily handicapped.”

So firmh held is this view among pdediatricians and edncational
pycholdgists speciatisiie m child development. that the editor of the
Times Educational Supplement of 16 Pebruary, 1973, headlined an
article “Parenthood - too serions to be left to novices™ If the claim’
that the early vears are crudial for subsequent development has any

validity. one of the first tasks wonld be to encourage parents to appre- -

ciate the vital 1dle they have to play in the coenitive development of
their children. Novices they would still remain: but as, well-informed
novices their contribution could result in most significant gains.
Am coumny's educational policy is probably based on three-major
aims. which mieht be summayised “as. fastly. to give all unimpaired
children a fair chance, secondly. to minimise drop-onts. and thirdly,
and probably most gupurtantly, to nuaimise intellecinal growth over a
wider spectrum. With such aims one can only agree, for they are laud-
able, practical and realisable, but the one conuuon fault in efforts to-
unplement these anas is that too late a start is generally made. It seems
umels to esanune some of the evidente, before snezesting what, might
be done,
Rieshemvel 19721, whose extemsive writinz on .Alrican problems
has won world-wide acclaim. tahes a very clear stand:
The evidence “suggests that for varions functions there are
Critical maturational periods during which physical well-beiwg.
nental stimulation ‘and envirommental inter-action have their

. optimumn effect. and during which fnture deplovment of poten-
tial can be permanently affected, cither pasitively or negatively.
Tiability to take full advantage of later favourable opportunitics
(for example. in school) would be a consequence,

In sho:t. he is unguestionably accepting the very strong evidence
m fvear of the critical periods hypothesis, and alo implying “that
failure at school could well result from inadequate and inappropriate
actior Juring the carly vital vears. -

There i~ sone donbt abont the _timing of early critical periods in
humans, thongh they have been eenerally well mapped for lower forms
of animal life, It is probabh fairly ~ife to extrapolate from manv of
the animal experiments and “eenermise to, human babies, Indeed. as
Moray 1959 declares: .

They suggest that the more an animal relies on learning, the
more important is a rich, varied environnient full of stimuli in
the verv first weeks and months of life if the brain is to organise
itself effectively. .

He may be overstating the case, for humans. thoneh there is abun-
dant evidence to support the contention that the brain does require
otinmlation if it is to develop. Suffice it to refer to the work of a brilliant
mterdisaphnary team made up of a biodhemist, an anatomist and two
psvchelogists from the Univensits of California at Berkeley (Bennett,
19641, These fonr research workers focused their attention on the chemni-
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b and anatomical diflerences between the brams o m/xc that lived
under conditions of semsony impoverishnient and those that experienced
SEINOI ('mil#\uu-m The enriched ones were tound to have:
heightened levels of a chemical activ i that is intimately related
- 1o the production of acetscholine which is prime condnctor of
nenve impuhes within the braint. They also have thicker and
. heavier cortices, and. in general, what is commonly: regarded
s a better brain. N
Tuming to another aspect altogether. what is o compelling is the
evidence thyt the patterning of the major stases of intellectind deve-
lopment is invarnnt across Lees and cultures, there being no counter
clains of amv substance, However, it is anhnow ledeed that in diferent
cultures there are osgsiderable differences in the chronolosical gees at
which these stazes epetpe, and at which they are stabilized. .,
One of the best 1evidus of el dvidence i that of Werner 11972,
whoe made compuatisans of the tndines of 10 crow-cultural studies of
pachomotor deselopient from birth 1o two vears JIENE. contemporary
sroups of inbants on five continenis, She found thatt \frlean infnte
showed greater nrotor acceleration tun “weaernised” urban infuants in
the st sin to twelve montis, and o ereater dedline, after weanine,
m adaptive and binenave de (-!upuu:lll i the second vear.

Tt almodt as thongh natue provided o better start where the
thieat 1o the securitn of life i ereater, Why. then, are thowe sreat
advantages o noticeably dissipated well before the child first goes to
sehool? The answers can onlid bey sousht in the homes, If one conld
comince parents that they ll-!\\(‘l:l vtal role o plav in the counitive
development of their oun childien, and it appropriate action were to
be tahen, it would he interedine to speculate on the estent of the
2ains that wonld acerue, Would one see achant leap forward?

Vens rnely has there been such clone agreement by twe contrasting
political parties s s seen in the Comrersative and the Labour parties
in Britain on the isue of presschool education, the provision of which
iv heire made aomajor plank in the pre-clection parts platforms. With
the emercence of plis-eronps and in the increasing ciphasis on the
importance of nursers school, a partial swer ma e presenting
itnell. However, imtenvetion and help thron=h these approaches comes
onh from abont age tiee or Jour, by whivh tinee the battle has, for all
practic.l purposes, heen Larcels won or lot. :

¥

[t must he admitted tiat thete is sone e w hoth appreaches, but -

both of them. nursers ~chools more than plaveronps, presume ” that
swomeone che st tike on ane important parental 1ol but how
illogical one i in dom: so for onl part of the time! Partial s ers
cannot saffice, There v another illosicaling in that, unlihe the more
sheltered middle-chts children, the tonical workinesclass hildren do not
require the plaveroup opportunitios for the social expericnce of plavipe
tozether. Nor are they deficient in most phvsical SKIN, When thee Tacts
are held constant il we look for common findines amone the less

succesul children, it wems thut the problems emerse in the vers varly,

stave of languave scquisition. the onset of which is s carly s eichteen
-
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months ot aees This acgusion of Luagataee by the Jduld, “theush
depedent npon atiation of the oreania, s esentiallh o learuine
precess occurtane withinh o netnis of reciproca] conapunicstion bétween
adult and uld™  Waatt, 19699, That « to s, withont adualt mediation,
desvelopruent i thas igortant medinn o« likelt to be marhedly poor,
as s pointed out Iy Thwhine 1971 e aecent addiess o the British
Medical Avodciation, He strevses that: ¢

the comon factor in the backéfonnd of thow whe ate not

acquiting confrdent wse of Lingaage is lach of aeces to an adult

for lony. undistuthed petiods before the age of four-and-a-half.

This aspect & eraphicalls illustiated W Luria and Yudovieh 1959
who treated o pair of ddentical sonne twins tluat were veny retarded in
speech, thoweh othersse normal, Specal tonine i speech was eivdh
to the less able tain who, after ten months, excelled in all areas when
compared with the oiginallve more able toin who lud not received
this specialised help. From this and from other experanental wark, the
Rusian paschiolosiate point to the importance of unimpaired speech
ot adesguate el developent. They even o s Lar as o aegest tha
the teacher and tlie spedalist can intenvene o improve the spohen
Linenas o and thereby fniprove the iutellec il Tife of the child.

Atesther widelh sapported whool of aleveht ciiphassine the 16le
of Lineweee cotnes ftom Detnste'n 198 awd s workers who e
fulloved his fead. Their view i that there are tuo calturallv-detenmined
LMinds oof Lanemneee, termed Restrcnsd and Elaberated Codes, the foner
b tpieal of “wonrbars ol people. A ddose linh Bowaid e exivt
hetuwern a ¢ hild™s wociad class hachetonnd and Lis suocess at selool, the
eh e s tor beine that of Lineuare Bernsteln 1971 explains thal
“one o the effects of the chiss sodtem B o il aoes o (‘.l..lhlir.l!l'd
coded™ dniphine that this tiher code mivht have marhed advantage
for a ild's developtuent .

Nee defenee i pevded o the stress on the 18le of Liezuaee ina
Al Genntne des r!nimn'm. for at s ddfscalt to inueine the crowth of
A B masd 1o the Losher stratecies of thinkine without the aoquisition
of this S The pagennn of \merican theotists aae cgesorical in eme-
phosisin s that neadi tion aud Laioce are . the beart of reasonine,
md thenh the Gerena s ool of 2housh aider the tremendons intlon-
cace of Pureet suehit guestien this, Pracet 1o hineelf coneedes the
point et i Lard v how  advatnosd leved !thjn:‘ wonthd
develoge et tather, Bt wenld peach ansadsaned stave of deselop-
ment witheont tie e of anowes ™ Hisobef coasorber, Inhielder, 1965
coes even turtder s coine “lhanemaee s swoitheat doubt the sebicle
of vhed & for thoncir ™

hoportant as La_ua e s thege are othier vital fandore Very pecenth
Potlal, 1972 pwbdished the ressdis o Der study of threeswear olds I
Tondon She worked with «oldeen of et Jower-saorbancechass parents
froth three mapa <ronye.  Epelebeborn, West Tudian and “othier
s st o™ There were nocddlerences in binth weishts, or in the
wn il cLess or asmeonies As She puts ot " These crouge Bived inothe sone
streets slopped ot the wune g o shaaed the saftie pdis ™




. 4
. She tound that 87 per cent. of the West Indsan cliddien had no o,
S0 per cent aecened no inthday presents, and 95 per dent, had no
hghidav s and tew outines o1 treats, “Thea‘esperionce of evervday lie was
1estricted, and thewr tather plaed Littde sartin ther upbringing “but not
o the Enelshoand other anmferant cioups.” While motor developient
at this wee was smalar it all wass ton all three croups, she teports that .
lananae developient was marthedh different, with mean sroup scores
ot1 the tests bee: . ’ "
: l‘:llu“\ll-i)ulu 12.014 . y
Other imnpgrant croops 10,77
West Indian . 3.8
* Pmthetmore, i measu,n adaptalulits 1o vtuations, obpcts and proh. .
lemesoluie, the mean croup swote tor the English vroup was 1032
LAS tor the Wet Tudian Group She o ludes:
My stnds i Brxton emphusies the suportamce of the homne in
du child's earh development and sugeests that plans for pre-
ool education nast g buamd in hand with making parents a
S diant patt of 3t Semne parents will need to be Lght how o .
. pla then 1ole of providers of tender Tning e and o ~timu-
. Litine envitomnent ‘ B
Wik this vewpont there wanld be veny Butle o quantel alwont, and
thonsh at wos wade vather sraphaadh 30 cears aeo I peaple such as
Bubler 1930 one wees depresanl Linde evidense ot the imesaee '
oues home Juoth s ven an interesting comment, sone 275 aears later, L
comues from Prncle ond Bosao 19600 of Binmdnelam Unnversing, Of !ln: ’
okt o Rvearold maladisted chi'dien shom they otadied, nine out
of #levey hud heen sepatated tromy thein mothers during the firg veas of
hie: This »opot i atent 1o areue that e povive would do proyided
e rothe wataral mether. a pomnt which the authors sell appreskated in
SRUSTIE

Sueeptbiling o maladiastian ang sedtience 1o the shoch of
separation aid deprnaton appear o be determined Iw the .
yualite of homan eldendips aailab’e 1o the hild during
suteal perials of prowh ’
This appears o brine one fall dinde to the openme comments, anil
it wenh] heretne be el o dions the thresads e ether. It Lo been
©acmed that there snnple evidence o aappert the daim that the pres
shiad pepod betaeen ace sresandeashall and fonr vens i the time
wheradohd s best prepaaed oas nodh trom the Later somprehensive
prosisvn whe st poaades, dhoeth thnet the eduaton sustem
Wites Beadle J072 - . .
The cinphuss v corpe iy Galure soenld <hitt o the other emd
sof e ave ol with prasddon for the e qudtion of ntellectugl
Sl ot g tme when s leldeen vt Best use the opportunity
that s Betaeen thee aees of 1o pnd s

Apvat Tean the e Sl ot b sl Feen arened that the

had - - * .
v _abay avonbdelitn o tender hain o fare i, n€ this perosd s anle
Vit et sene s e o e, ot conrae, Gl there el nenges

ccsrad nop erbher phaeolcioal mspoinent Hasbas of 2 speoens

x *® 4
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so succinetly the Rey s in the hitchen™ vefernmg dearly o she vital
tole of the mother who is so often unprepared, alonie and unaided. To try
to meet the worst of the preblems attendant apon this, York University
has undertahen an interesting experiment which, in part, aims at pro-
viding an’effective lanzuwace enrichiment progiamie, chiefly for immi-
rant childien. Tt is based on the pbvious condlusion that there must be
the plovision of a dialogue with an adult. This is because the adult
language. so vital for growth towards the final goal of abstract thinking,
cannut be acquired except from an adult. From their work with these
immigrant children it is reasonable to expect that there may well result
much that will benefit a broader ¢ross-seetion of children.

-

At this point it needs to be achnowledeed that most of the research
widence dited ha€ been® vatheted either fiom lower-working-class situa- -~
tions or from African and Negro studies. This is not a serious danger
however and. in this context, the follow Mn’@uinn from Cole and his
qo-workers {19711 seems apposite. ‘

In particular. we want to ¢mphasise our major conclusion that

wultural differences in cogmtion iteside more in the situations to

which particular cognitive processes are applied than in the

existence of a process i one cultural group and its absence in
. another. . )

There seem to be two major needs. One is the need to mount a vast
prop.teanda Cunpaign. somethihg which the press might undertake as
« weful public service, The other, following on from the first, is theg*
need for a large namber of suitable yoluntee? adolescents with regular,
anstaitied aeess to children on a one-to-one basis. Tt is subrhitted that
this Latter could be 11 st suitable in the local African context. With their
marhed affection for Jhildren. the African people might well find it
possible to operate such a schienie with tremendous benefit to both giver
and teceiver, When all is said and done, there are currently in Africa
mamy vouth moyvements alony the lines of Young Pioneers, and similar
oreanisations How much better, to’try to win the battle for future men’s
minds, not in the physical or the political sense but in the cognitive sénse.
No better investinent in the future comes readily to mind,

o~

- - o
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SEX BIAS AS A VARIABLE IN PRIMARY EDUCATION
D. J. Freer
Althoush brief reference will be made to studies across cultures. the
main theme of this paper is concerned with differences that appeat
stenificant among children from whdt might reasonably be termed a

Western European type of cultural backhground, as they apply to formal
education in primary schools, ‘

Houlton! implies that. in  Rhodesia. methods in the basic
subjects, textbooks in ceneral use and the pattern of teacher education
reflect prevailing United Kingdom  trends. Athinson 119731 traces
this British influence back to the Report of the Fox Commission (1936 .

Vet at least it made a realistic attempt to bring Southern Rho-
desian educational practice (losely into line with recent deve-
lopments in the United Kingdom,

It seenns reasonable to assume. therefore, that the organisation of
Rhodesian Furopean primary education is similar to British primary
education. Such an assumption may not be made about Rhodesian Afri-
can education. However, evidence is accumulating that suggests, that
because of more sophisticated techniques in teaching. young African
children no longer display the classroom docility apparent a few vears
ago. Smith? reports on the introduction of a new approach to
teaching Grades One and Two and this information is reinforced by the
recent introduc tion of textbooks by Lawton 19721 and Robson (1972)
which «pedify lessons planned along progressive lines. Behavioural pat-
terns and attitudes commonly observed in the European sector may soon
be reflected in African primary education,

Implicit in Enelish speaking western primary education is the
assumption that boys and girk posséss essentially similar shills and
attitudes towards learning. Co-educational primarny ~chools are the
nornt botli in UK. and Rhodesia within the public sector of education.
The Department of Education and Science 11967 notes the change
in policy in 1926 which eradually leads from a sex segregated policy to
analmost total aceeptance of co-education in British primary schools.
In Rhodesia. the most recent sinzcle sex Government primary school
dates back to 1932, Comversely within the private sector. sesreaated
primany schools outnumber co-educational ones, indicating perhaps, a
parental preference for sinele sex ~chools among persons in the higher
income groups.

Is covernment policy in United Kinzdomws and Rhodesia towards

- vo-education justified? The Department of Education and Science

1967, surveys research that clearly indicates that girls achieve puberty
o vears earlier than bovs and comments that in terms of physical
deselopent. implications arise for co-education. In both countries

In Rhodesian Government (1971 Report of Secretary for Education, Salishury.

Government Printer. .
'In Rhodewan Government (1973, Report of Secretary tor African Educauon,
Salisbury, Government Printer.

16

'.'tugti

v




ot

speatic antangements ate wade for ditlerences noathletic interests and

+  -wapabilities, However, in the formal Tearning sitwation of the asstoon,
there is little evidence of allowances made for ses differences. Boss and
girls tend to be treated as if intellectual, social and cmotional patterns
of dexélopment are vittually idenucal. There may be a denial of evolving
sex 10les and personality traits in thes appaent assumption of sex
equality,

At anintemational levell vross-culiunal studies note behavioural
differences between the sexes which ovcar in el luldhood. Whitine
{19631 1eports on obsernvations made in sis different societies.

In each of these sodieties ghls behave in a wayv that we have

. called “Domures”. A factor anaivsis of the behaviour shows

three things: dominance, nurturance and 1esponsibility, and tus

combination is essentiallh the definition of what a mother is to

# her children. She must be dominant. she nurtures and dees the

care taKing and she is tesponsible.

He zoes on to state that ¢iths exhibit this so-Called 1esponsibility at an

earlier aze than bovs. Comverschy in eadi of the sis culture-uroups boys

are characterized by more phasical attack. and more physical avgiession
than are ¢irls.

In Britain an estensne longitudinal smives has been in progress for
several vears, Pringle and others 19667 ane seeking to;

explore the constancy and change in the pattern of children’s
development. longitudinallk. and to imvestigate the associated
educational, em ironmental and physical factors.

Thessample of children. chosen in the surver is drawn from all over

Britain and is composed of all the children boin in one week of March, o3

1658, Thus every sodio-economic group is included. Tt is interesting to

note sex differences that eiwerge in such a large scale sunvey. A picture

deveiops in which. both emotionglly and iutellec tualls, wirls tend to be

almost the pace setters in the British educational svstem up to the ace

of eicht. After thehr first thiee months at school at the age of five vears.

about 25 per cent. of the children are judeed by their teachers to be still

unsettled. Of these a sicnificanty Lareer suber are bovs  something

in the ratio of 2:1. Tt is difficult to be certain of the cause of this but

later evidence sugeests that virh have o more docile and accepting .

attitude to school. ;

The earh tendendy for giths to exhibit what inight be termed “school

tability™ is supported by evidence that. at a later stage, serious mal-

adjustinent occurs far more frequentls wmone bovs than among eirls, .

Among the group of 11 000 at the age of seven years, about 13 per cent. of

the children indicated sotue form of maladjustnient. as mieasyred on the

Bristol Sodial Adjustment Guide Stott . Of this 13 per cent., two-

thirds wete bovs, In attempting to establish the cauwse of this difficulty

it is worth noting that many Enelish and American researchers have

noted the high incidence of boyvs compared with virls who are poor

readers at this stace, If reading shill 1s tahen as an indes of school

performance amons sounye children, then it is difficalt to establish which

iv cause and which s eflect, Does poor veading ability or slowness in
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learning to read lead o a feehng of Lulure, inadequacy and comsequently
4 terdency  to maladjustient?  Alternatively. does  maladjustiment
lead ‘to learning difficulties and consequently « poorer school perfor-
mance ! At this stage all that i§ cettain is that a relationship does appea
to exist. Which is the causal factor is open to the usual conjecture,
though of counse at five years of age, the British study indicates a very
strong tendency for boys to be more wsettled at school than girls. Does
this instability accumulate?

Morris (1966), in a survey of children m primaty schiools in Kent,
finds that girls' reading shill is significantly better than boys' by the age
of eicht. However, by the ave of 11 this dominance has diminished to
statistically insignificant proportions. The is a danger here. 1{ long
term predictions are made and utilised into somie sort of selection pro-
cedure in the early years when ses differences in attainment are sig-
nificant, it may be that a number of boys with high latent ability will
be grouped or streamed below their potential. The Department of Edu-
cation and Science 1967 maintains that homogeneous streaming may
penalise boys and suppuorts the contention that there may be o wastage of
human talent merely because miale childien are slower to achieve maturity
rdther tharn beeause of lack of potential ability,

In a limited loncitudinal sursey of a croup of boys and girls in a
Rhodesian Primary School during the first five years of their school
careers,’ Freer 11972} cuguests that certain trends in cognitive develop-
ment and school organisation emerge;

‘' Girls as a group are better readers than bovs at a similar early

age,

(it} Teachers tend to favow girls in selecting them for “A” stream

places, even if intelligence and performante are held constant.
The only comprehensive suivey of attainment in Rliodesian primary
schools took place in 1952, Dowley 11952} tested the performance of
all 103-113 vear-olds in both the private and public sectors of the
non-African educational svstemi. The children were subjected to a
battery of intellicence and attainment tests, the following results
emerging:

n 1.Q. means s.d.
Boys 1094 98,52 13.8
Girls 1035 99,95 11,95

Girls show a slightly higher 1.Q. score of 9995 over the boys™ 98.52
ra difference in means of 1,43, An interesting trend that emerges, is the
tendency for the uirls to wioup more closelv about the mean than the
bovs, This replicates a finding of MacMeeker (1939} in Scotland. In
Scotland and Rhodesia, girls as a group score slightly higher than the
boys, but the former also (uster more dosely around a central score.
The boyvs are much more spread out, more having very high and very
low scores. This difference in the spread of intellizcence scores is also
reflectéed in Mathematics and English attainmnents, the boys showing
« greater spread than the girls in botli these areas. However, in Arith-
metic the bovs’ mean is marginallh better than the cirly. In Enelish
the reverse is true, the girls scoring marginally better than the boys,
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~ This tend for a areater spread of abithty in bovs, with ¢als con-
lorming more 1o 4 stereoty ped pattern, appears to be comsistent. s it
due to geaetic faciors, or iy it that the girlish chatacteristic of conformity
and stability in school produces a tendenacy to gioup more dosels around
the mean? Butcher 1968  survess research in Western Ewope and
U.S.A. which comes to the conchsion that s primary ~chools, it is not
standards but the aunusphete that sets up sowe degree of 16le-conflict.
Thus it may be that the more dodile conformist attitude of women
teachens reinforces the desired school behaviour patteirn inore conmonly
exhibited by little gitls. Male chiddren ate of & different mould and this,
coupled with the vreater success of with in early intellectual shills such
as reading, possiblv cawses the abilities ot boys to be further under-rated
and possibly depressed.

Lee (19737 comuents on a vronwing body ol research which seeks
to examine the efects of feminine dominated attitudes at the lower
end of the primary school, Since the time of T'raebel, the “mother sub-
stitute™ has taditionalh been the desitable notn in Western European
primary schools for childien in the age range of five-cight years. Perhaps
this should be the subject of investivation and experiment to see if a
“father substitute™ is not equally necessary and 4 mote acceptable 16le
model for little boy . Certainly some challenge to the present practice of
only aceepting women infant teachers might be investigated.

_Butcher 1968 contrasts this briefly with the situation in Japan,
where 30 per cent. ol primary teadhiers are wen. Tnterestinghy enough,
in Japan there is not an imbalance of bovs with reading disabilities. Is
it due to equivalent male female adult models in the school situation?
[t may be, of course, peculiar to and as « result of Japanese cultural
styles and rdles. Towever, there ae other pointers to culture patterns
accentuating differences in perfonmance between the sexes. Anastasi
and D’Angelo (1952} find that. in matched samples of five-vear-old
Anierican white and neero children, diffetences are reversed in the two
cultural groups. Among the white Juldren. girls are stenificantly better
at language SKills than the bovs, Among the newro group the boys are
significantly better than the wirls. The researchers conclude that this
difference and reversal is probabl due to the different réles played by
negro women and eirls and white women and girls in their respective
sodieties. Both the Japanese and the American negro conclusions imply
that it may be wrong to attribute sex differences in attainment to
purely  maturational factors. Considerations imvolving role-models of
imnasculine and feminine attitudes to extrovert behayiour mayv not only
affect learnine but possibly abo produce subjective attitudes towards
attainment>. In the writer’s own limited studv a curious tendency
emerges. Gitls who do not change schools during their primary years
have a much greatet chance of remaining in or moving to the “A”
stream of o three stream schiool than have bovs of similar intelligence
who have abo spent similar time spans at the same school. ot than
have children of similar intellivence who enter the school after Standard
I. It seems that there s @ continuing imcrement for wood behaviour over
a period of time tor memnbers of the female sex.
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Woisenthal 11965 finds that Several researchers 1eport male intoler-
airce of uninteresting lessons and a picture emerges ol boyvs refusing to
be passively submissive in a basically restrictive «lassroom situation.
expressing what is generally recarded as the ty pical male charactersstic of
extroversion. Girls exhibiting a docile acceptaze of the classroom
situation are rewarded with academic success and approval by their
teachers. Wisenthal (op. ait.) 1eviews 1eseardh in the US.A. in which
a large sample of teachers show an apparent bias in assigning grades to
virls. In the nonmal (fassroony situation. gitls seem to earn a considerable
marking increment for *vood behaviour™ tiaits. This marhing increment
is given both by men and wonen teachers. .\ panel of ueutrakand
independent judues who did not know the seses of the individuals in the
2r0u$ marked the work objectively. as a result of which no significant

sex differences in performance emerge.

4 - . » * . ~ .
To summarise, it seems that girls enjoy certain advantages in the

carlv vears. The cause of these advantages, particularly in a scholastic
skill such as reading, may be due to physiological factors but there is a
erowing body of information which sucgests a cultural and a social
influence. Because they are more compliant, girls are casier for teachers
to handle and comequenthy their achievements tend to be perhaps
over-valued. It may, be that the ethos of infant and lower junior schools
is peculiarly feminine and anti-masculine and that this sets up some
sort of 1dle-conflict producing consequent antagonistic extrosert be-
haviour in young boys. .
It would be wrong to interpret this line of reasoning as a plea for
single-sex education. Bevond the primary school there are suggestions
that co-education has more advantazes than disady antages. For instance.
Dale (1968) finds consistent evidence that boyvs educated in co-edu-
cational scho8h at the Iizh Schiool level obtain superior attainments to
boys educated in sinele sex schools. He goes on-to say:
There is no evidence whatsoever for the hoary argument that a
mixed school is bad for a boy.

He further hvpothesises: .
Perhaps friendly rivaly between the sexes and the example set
by the greater conscientiowsness of the ¢irl more than com-
pensates for distractions and attractions of the opposite sex.

For girls it is found that there is very little difference in performance.
whether they are educated at co-educational schools or single-sex
ones. From such varied evidence certain tenrative recommendations
appear justified.

In the early vears it seems imperative that teachers should not
expect the same behaviour from both sexes and should make allowance
for the greater exuberance and Slower leariine rate of many bovs. Pos-
sibhv if homogencous ability streaming is utilised in the primary school
there is a strong case for equivalent sex streamjng, especially as stream-
ing on ability and attainment scores would seem to favour «irls as a
aroup. Thus in a typical three-stream school an approach is advocated
in which 50 per cent. of the places in eacli (liss would be given to bovs
and 30 per cent. to girls. The existing pattern often produces an “A™
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strean with 20 places zomng o gith and 14 o bovs with a consequent
reversal of numbers i the “C suean. A limited edudational objective
would appear to be to encourage the sexes to learn to live together in

harmons by providiug for similar numbers in the composition of classes.

Co-education at all levels is rédxgivels uew in British-based -education.
It would be . rettoctade “tep if differences in deselopmental patterns
were wsed as a basis for « return to single-ses education, What appears
to be necessary s comprchensive understanding of the  differences
between bovs and dith in thelr caalv vears. Separate education for the
sexes is not advocated. What iy 1equited is a more realistic appiaisal of
differing behavioural Characteristics and rates of development when boys
and eirls are erouped tozether in the same classroonn.
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SEX DIFFERENCES IN SCIENTIFIC AND M;\il'HI-II\'I:\'I'ICAI.
. COMPETENCE AT ADOLESCENCE
tlizabeth Hendrikz

"The principal purpose of this paper is not to identify and explain
sex differences in sdientific and mathematical competence for their own
sake. The real aim is to increase cur understanding of some of the factors
which appear to be related to the development of such fundamental
cognitive abilities av efficient concept formanou, spatial reasoning,
identifying and testing hy potheses, deduction and induction. etc. It was
thought that an examination of the comparative performances, in
selected areas. of boys and witls from different educational and cultural
backgrounds would efiable us not only to identify limiting factors but
abo to provide pointers to ways of modifying some of the circumstances
appasenthy affecting the development of these sorts of cognitive com-
petence. The spedific topic of sdientific and mathematical abilities is
chiefly a vehicle for this study and not an end in iself. If, as a result.
it becomes possible to propose practical ways of overcoming specific
problemns in this sphere, so much the better, but that must be looked on
as a benus rather than as a major aim.

The title of this paper implies that there are nieasurable sex differ-
ences in ~cientific and mathematical abilities at adolescence but it does
not sugeest in which direction the differences lie. There is, in fact.
plenty of research evidence that by this stage girls on the whole are
inferior to bovs in both these areas. though the best of the girls are as
zood as the best of the bovs (see. for examiple, Maccoby, 1963; Ieim,
1970 and McFarlane Smith. 1964). The research confirms the more
subjective opinion of high school and university teachers. Confirmation
of the existence of such sex differences was also obtained from research
undertaken by the writer in Rhodesia f Hendrikz, 1973),

The research was aimed at investigating some of the factors which
might have an influence on the development of mathematical and
scientific concepts and the logical abilities fundamental to competence
in these fields. Evervthing possible was done to reduce the influence
of formal scheoling and tests were selected or devised which seemed
to measure the more fundamental counitive shills without which real
scientific and mathematical comipetence are unlihely to be established.
For example. two of the group tests sought evidence of the pupils’ under-
standing of such basic concepts as friction, inertia. scientific as opposed
to animistic 1ausality. scale and proportion, demsity, constancy of weight
and so on. The questions were designed to give evidence of, the level of
canceptial developuent in these spheres rather than of rote or formal
learning. As an illustration, the writer sought to distinguish between the
mere ability to-define density as “weight per unit volume” and the
correct use of the concept of densits to understand and explain why
some common objects float and some sink.

Another group test was aimed at evaluating the pupils’ ability to
viwalise, compare and mentally manipulate <hapes in two- and three-

s
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dimensional space. This sort of spatial ability has been widely showu,
for example by Vernon (1968} and by McFarlane Smith (op. atd
to correlate significanth with mathematical and scientific competence,
In line with this, the research showed that results on test items inmvolying
this sort of spatial ability alvo ortelated sienificantly with competence
on the more specifically conceptual tests, which sugeests that they are
at least related abilities, though the nature of the 1elationship is not
clearlv understood. This is not the place to describe all the tests in detail
but it iv worth mentioniug that, in addition to a number of group tests.
individual practical problem&solving tests were viven to a substantial
proportion of the orivinal sample. tests which were ahmed at evaluating
the sort of scientific lodic used in solving the set problems, for example
how far trial-and-error was wed. o velatively haphazard instead of
orderlhy and pro-rewive hvpothesis-testing, The swhiects included aca-
medic secondars shool bovs and virls from cach of the four major
ethnic eroups in Rhodesia, They indnded Form I and Form TH pupils
from both dav and boarding schoob, <o that it can be seen that a
number of cultinal, educational and other variables were invoh ed. which
formed a useful experimental setting for the original research purpose.
In this" paper, however, it is intended to limit the discussion to the
apparent effects of the sex variable. Below are tables which show a few
of the comparative 1esults of the different sexes in only-two of the major
groups studied, Tt Is worth notine the results cross-culturally, too, but
onhv because they demonstrate that. despite the often obvious sex
differences in performance. factors other than sex alwo enter into the
picture. The suxcestion aises that differential performance in these
tests cannot be solely attributed to biological differences. an important
surgestion because of its corollany that. if envivonmental factors are also
influential. they outht to be modifiable if the rvicht procedures are
adopted.

TABLE 1
Mean raw scores on the Mathematical Tnsights Test (14+) {N.F.E.R.)
Maxinn: 77

GROUP FORM T FORM II1
N nean score N mean score
vl".urnp(-.m bovs 60 33 63 64
European eirh 51 3 59 60
African boys 130 10 53 60
African  eirhs M 71 21 55

TABLE 11
Mean raw scores on the Syllogistic Reasoning Test (Iendrikz)
Maximun: 60

GROUP ) FORM T FORM III
AY nean vcore Y mean score .
European boys 60 31 63 42
European virls ol 28 59 34
Alrican bovs 1H0 23 53 26
Aftican eirls 31 21 21 22
23
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TABLE III
Mean raw scores on Science Concepts Test A {Hendrikz)

Maximumn: 90 . .
GROUP FORM [ FORM 111
’ N mean score N mean score,
European bovs 60 61 6 66
European girls .6l 48 59 53
African bovs . 150 +4 53 57
African wirls 51 34 21 42

TABLE IV
Mean raw scores on Science Concepts Test B (King)

. Maximumn: 20
GROUP FORM I FORM 111
N mean jcore N mean score
European bovs . 60 I4 63 17
European girls 61 12 59 14
African boys . 150 12 53 13
Arican girly 51 8 21 i1

TABLE V
Mean Percentiles on the Spatial Reasoning Test (Thurstone)

GRrRoupr FORM [ . FORM 111
N mean score N mean score
European bovs 60 49 63 38
European girls 61 + 59 40
African boys . 150 t.27 53 33
African eirls . 51 18 21 17

The tables demonstiate both a tonsistent sex difference and a general
increase in the gap in performance at the Form 11 level. The deficit for
European girls was relatively less at the Form I than at the Form III
level. Notice alo that in the Mathematical Insichts Test* (Table I).
which inevitably has a higher formal content, the discrepancies, espe-
tially at the Form T level, are neglivible. Two iuteresting facts not visible
from the tables are worth mentioning. Firstly, in the Furopean girls’
uroup studied, onlv 25 per cent. continued with physics-with-chemistry
after Form II. The rest had given it up. most of them, according
to themsehves, because they were “not good at it”. The second point to
make is that the best of the girls were at least as good on eagh of the
tests as the best of the boys, but the distribution of numbers at the tail
end was heavily dominated by girls.

~

So much then. for some of the evidence from tests designed to
assess what may be called a capacity to fufiction competently in the
fields of mathematics and science. It does seem that girls at the second-
ary-school level, looked at as a whole, have a less secure basis than do
boys, and the insecurity seeins to increase with time, paralleling what
has been observed in many educational situations at these ages, The next
question to ash eurselves is how far the increasing deficit is biologically
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based and how far s itghe result of a complexity of factors, buth experi-
ential and motivational, which have influenced girls rather than boys.
For obvious reasons it is not possible to be dogmatic about the extent to
which psycho-sexual differentiation in these sorts of cognitive fun tioning
is genetically determined. Certainly the sex discrepancy in such impor-
tant things as spatial reasoning, comincingls shown to be an essential
for the sorts of mental activity with which we are concerned, is a wide-
spread phenomenon, Heim (op. ¢it.) includes a chapter, entitled the
“Mediocrity of Women™. in which she argues for a significant biological
foundation to sex differences in abilities. .\ very good survey of the
theoretical position to date is Hutt's Males and Females (1972). She
discusses, among other things, the theorv that the Y chromosome, which
determines the development of a fertilised ovum into a boy, has the
effect first of all of speeding up cell division. resulting in the forination
of otherwise neutsal cells into embryonic male organs. For the first six
weeks after fertilisation hoth sexes develop in the same manner. If-the
male testis fails to develop at that stawe because it has received no
insttuction from the Y chromosome, then the same neutral cells
will develop two weeks later into ovaries and the foetus becomnes female.
Probably as a secondary result of the different hormones produced by
the sex organs, further physiolozical differentation takes place, including
eventually, some structural differentation in parts of the brain, especially
the hypothalamus. After the early speedy development of inaleness.
the general developmental process in boys slows down, girls maturing
physiologically, emotionally and possibly nentally quickeg than do boys.
Hutt argues thiat. because of the longer immaturity {and hence potential
plasticity) of boys. many sex differences, indluding emotional and intel-
lectual ones. are biolozically based thongh not necessarily directly

.genetically determined.

So far all this does not appear to have direct relesance for the scient-
ific and mathematical abilities with which we are concerned, though
McFarlane Smith (op cit.), in contrast to \ernon (op. cit.), Skemp
(1970), and others. holds that spatial ability is innate and hence states
‘that the- differences are inborn and not acquired. There is one piece of
venetic evidence for this which cannot be overlooked. There is a rare
genetic abnormality called Turner’s syndrome, in which the individual
receives at conception only one X chromosome. instead of the normal
X + X which makes a female or X 4 Y which makes a male. Such
an individual, because it does not have the Y instruction to develop
male characteristics. becomes clearly femnale, though immaturely so.
and is normally brought up as a girl. Although shortish of stature, her
intellicence is by most standards perfectly normal and her behavionr
feninine, perhaps even “ultra-feminine”. But there is a noticeable cog-
nitive deficiency in her poorly developed spatial ability, reflected in
problems with mathematical and scientific reasoning. So it looks as
though, both from its universality and fromn the little direct evidence
that we have, that there could be a biological basis to sea differences in
mathematical and scientific ability. One ust remember, of course,
that the overlap between the sexes is extensive. many girls being highly
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competent and many boys highly inconspetent.

Before we finally accept or reject the primacy of biology in this
field we must look at the evidence 1elated to non-biological factors which
also seems comvincingly significant. For example. Maccoby (op. cit.:

quotes research which demonstrates a relationship between the way

an individual has been brought up and his or her competence at mathe-
matics and sdience. Girls who have -been brought up to be independent
and to solve their awn, problems tend to be better at mathematics and
science than do others and. conversely. boys brought.up to be dependent.
especially on their mothets, and who have been overprotected, tend to be
linguistically well-developed but mathematically poor. Girls who identify
with their fathers rather than their mothers, who are tomboys and who
reject authorit, tend to be sdentifically and mathematically more com-
petent than others. In fact there is a correlation for both boys and airls
between their position on o masculinity /feminity scale and their bias
towards linguistic or scientific ability. But all this evidence still does not
exclude o biologically sea-linked basis to these abilities, since individual

differences in the secretion of male and female hormones may well be

wenetically deterniinied and hence a dotornng.\m of coenttive abilities.

“The foregoinyg, however, does not complete the evidence. In the 1950
and the subsequent decade Within {1962). Wober (1967) and others
studied different nlodes of intellectual functioning in many different
culture-groups. Witkin developed ways of measuring whether an indi-
vidual habitally sees and analyses problems in their global context or
whether he tends to observe and analyse the details instead. Ilg argued
that there is a comsistency of approach in most individuals, though a
continuum exists from ivery global to venn atomistic. Fe' named two
categories, “field-dependence™ for those not concerned with details*but
with the total situation {induding emotional and aesthetic aspects) and
“field-independence™ for those who iznore the apparent irrelevaneies of
conteat and concentrate on analysing internal facts and relationships.
Basicallv the subject is shown a simple geometric figure on a card and
then, after the removal of the first cqrd. is shown a complex figure which
includes the simple one within it. The time taken to identify the em-

bedded figures is one of the measure. of field-dependence or -indepen”

dence, There is a strong spatial element in this. and indeed results are
significantly correlated with those on other spatial tests, including those
which in turn relate to mathematical and scientific aptitude. Witkin
wsed other tests to re-inforce the results of the embedded fiqures test
and found an interesting consistency  of approach in most people
measured.

Witkin's overall results shonwed women on the average to be less
able than men to disregard the visual field in which the figure is
embedded. thouch there is, a4 ain, substantial overlap between the sexes.
Other wspects of his investigations showed that “analytic” mathers
tend to produce independence in problem solving in their childien of
both sexes and Lence field independence, spatial ability and scientific and
mathematical competence, Dawson (1967° and others, using, Within's
tests. found a significant ethnic ‘o1 rather, cultural) correlation with
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field dependenee and independence in groups of people. both men and .
swomen, in West .Africa. For example. those who had beeh brought up in
a conformist and authoritarian rather than an independent and analytic -
manner, tehded to be field dependent. Simila uroups of people were -
discovered by Beard (1968, Vernon fop. t.Y. and others to be rela-
tvely poor atapatial tests and abvo at sientific_and mathematical reason-
ing, though the_Sex discrepancies still existed. “Fhere could still ber a
“zenetic causality even here. perhaps this time ethnically linked. though . !
an ifiereasing amount, of evidence militates against this latter because .
of the close relationship between traditional child-1earing and educa- .
tional processes and spatial ability, even withinthe Same ethnic group. :
A final picce of evidence comes from McArthur #1967} replicating work
by Berry ‘19661 who discovered graups ofrwestern Eskimos in which. *
at least till,puberts. there was virtuallv no difference in the upbringing
of boys and «irls in their cames. tovs, dress, 1esponsibilities, etc. While -
individual differences in patial abilitv. field-dependence and indepen-
dence existed within such gréups. thes were not Uichotomised on sex lines.

The story, then. is not as clear-cut as one wounld like. The safet
thing is to conclude that. while biological and eenetic influences probably
contribute to sex differences iu field-dependengce and independence and
spatial-ability. both of which ate widelv accepted to be basic to mathe-
matical and scientific competence. it seemd as though envirommnental
influénees are also important. especially those which determine habitual
approaches to the analvsis and solution of logical’ problems. perception
of relationships and so on. . .

0

[t seems appropriate to biing this particular line of reasoning together . -

by coming back again to the measures of spatial ability . derived from the

+ local research (Table V. Both sex and ethnic differences were noted.

with a different pattern for boys and,girls. both African and European.

_The scores given are in the form of percentiles, which give a placing

for eachindividual in relation.to a large group of testees. age differences

have been taken into account so that Sne is able to make a direct com-

parison between Form T and T'orm TII results. One cap see that ‘the sex

and ethnic differences are substantial. in both Forms Furopeans scored
more than the .Africans and bovs more than girls. The test used was-one :
developed by the Thurstones . 1947, 1938 . on the theoretical assumption
that spatial ability is inborn and not influenced by experience, an assump-
< tion, you will 1emember. which was dlso made by McFarlane Smith
) (op. cit." author of the classic work on the' subject of spatial ability, If
that assumption is justified. the Form™TII plpils ought to score much
the same as thev did at Form I. The percentile norms from which the
figures were derived are now over twenty years old and were established
for Western European children. not for people from different ethnic
groups in Rhodesia in the 1970%. TTowever. they still have value. especially
when one looks at the comparative figures for Forms T and II1. In both
boyvs' groups the I'orm TIT score is significantly higher than the Form [
seore, (p= <03, but in both ¢irls’ groups there is a very close relation-

ship indeed, P

Interpretation of these scores has, it seens televance in helping us
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to decide the extent to which spatial ability is modihable. For Eutopean
hoys, and to a less but still significant extent foy Aftican boys, the years
. between Forms I and IIT are physically active years in this country, with
- nuch more opportunity to explore their enironnmient and a vastly in-
creased” opportunity now than 20 years ago for imestigating all sorts of
mechanical gadgets. old motor cais. electrical implements and so on.
Much of this activity involves manipulating spatial and practical rather
tiran verbal relationships, and hence, if one can ace ept an ens jronmental
cdntribution to spatial ability, it seems only logical that an increment in
experience in the adolescent years should show on a good-test of spatial
B =ability The superior performance ,of European boys over African boys
can be accounted for omironmen}.\lly Af one compares the traditional
carly upbringing of boys in a European culture with that of boys in an
African culture. Different/ trav el opportunities, toys. attitudes to authority,
different traditional beliefs about the Physical world and many other
factors could well contribute to the difference We are not really getting
L. wvay from the theme of this paper since it scems at least possible that
. sex differences in spatial ability may to some extent be brought about
. by some of the same soits of influences at work cross-culturally. The ‘
girls’ scores shown on Table ¥ stay almost identical but, if one considers
the differing interests of boys and giils at this age. it seems a predictable
) result for most of them, since il anything girls, at least in this country, are
rather less active at this age than edrlier in practical, mechanical and
even independent geographical mosement. Nothing extra has been added
to their lives to stimulate an increase in spatial ability. Similarly the
2 sex discrepancy vis-d-ris theh male counterparts, genetics aside. can
also be accounted for at least partially in long-tern experiential ways,
, in which right from the. carly weeks of life irls me usually {unless they
happen to be wester1 Eskimos  treated differently from bovs. especially
in spheres related to spatial.’ explorators. practical and mechanical
activities African girls usnally lead a much more circumsaibed existence
than do their brothers and.this could be reflected in their much lower
scores.

. '

” An aspect worth looking at in addition to the directly experiential
¢ one is that of self-expectation, and hence wotivation, The general and .
specific cultuge in whiclt one is bronght up builds up over the vears a
picture of what is appropriate and what inappropriate. what is masculine .
and what feiinine behaviour and so on. All teachers know that children
tend to produi e, within oby jous limits, what is expected of them and what
. . they expect of themselves, both of which concepts they deselop over the
vears. It is possible that manv girls have been “brainwashed” into
believing that mathematics and science are not their province, As a
tesult, even when they have not been environmentalls handicapped. in
the des clopment of the spatial and other abilities basic to scientific com-
petence, they still may not achieve what they are potentially capable of
because of motisational limitations. Perhaps the fact that cnlv 23 per
cent. of the European gitls studied continued with the physical sciences .
after Form 11 js a reflection of this. In addition, many of them. when
asked what “O-level” science subject they were taking, said “None™,
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until they wete reminded that biology is a science!

There is plenty more empirical evidence to support the cultural, ex-
perimental and motiy ational contributions to scientific and matheratical
abilities but enough has been given foi our purposes. A few mteresting
pointers about local conditions were found in which. for example, African
boarding school girls. whose lives are much less citcumnscribed tham those

y of day-school girls. scored fractionally better on spatial and conceptual
tests that did the latter. African day-school boys, on the other hand, were
slightly better than their boarding-school counterparts, which may reflect
the wider urban out-of-school environmental experiences such boys have.

To summarise, we have seen evidence that, in several abilities related
to mathematical and scientific competence, girls are widely found to be
inferior to boys. though the overlap is extensive, the best of the girls being .
as good as he best of the boys. Because of the widespread existence of the
discrepancy and from the as yet limited direct evidence. one may safely
conclude that there is a biological. both genetic and hormonal. contribu-
tion to the discrepancy. However, we have also examined evidence which
suggests that this is not the whole of the picture. because even within an
ethnic group there are vaiiations in the pattern which coincide with
general cultural noris and expedtations and specific upbringing patterns
and expériences. Discrepancies. at least locally. appear to increase in
early and mid-adolescence, when motiy ation and (ultural expectations are
becoming defined und abo wore sexually differentiated. providing further
evidence of the potential modifiability of the basic abilities. It does seem
as lhougfl. genetics apart, it should be possible so to arrange the school,
if not the home envitonmient to modify some of the limiting factors and
enable girls as well as boyvs to become sdientifically and mathematically
more competent than inany of them presently are. -

It could be argued that there is no ethical or moral justification for
planning for such a modification. This is not an argument to go into here
in any depth. except perhaps to say that, while not necessarily wanting
to produce large numbers of scientific and mathematical specialists among
women, there is at present a lot of wasted talent which will become
increasingly valuable in an increasingly technological world. If scienti-
fically-nénded people could be produced, botli men and women. who had

- some of the holistic and human perspective of the field-dependents as well

- as the analytic insight of the ficld-independents, the world might be a
pleasanter and safer place. Modification of factors limiting the des elop-
ment of the abilities which we have been examining involes the home
and pre-school educational opportunities as well as approaches in the
formal school. .\ ‘great deal more research will be necessary before one
can be sure which methads will most effectively and economically achieve
the purpose. But at least a start has been made in unravelling some
of the mysteries of the interaction of genetics and environment in the!
development of human abilities.
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