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During the past decade, new biological curricula and 

courses have been formulated. and incorporated into New Zealand 

education. Implied is that this 'new• biology 1s also a 'better' 

biology. 

HoweTer, recently t•o trends have been nottced. Fi retly, 

the world wide 'drift' from science,: continues unab :ted. Secondly, 

research in biology, especially in 'pure' biology is declining. 

The 'drift' and the 'decline' in research continues in 

spi.te of new curricula at ~.-, -:uctory levels. The drift from 

biology is obvious at the break between secondary and tertiary 

level education. Some factors whi.oh contribute to thi8 drift can be 

found in secondar,y school biological education. Quantification, 

reductionism and factualism have been described. These factors can 

be classed as consciously or unconsciously held presuppositions 

or assumptions which are held by biological educators. They m93" 

not know that they hold theae presuppositions, but curriculum 

makers and text writers r veal them when they writ • Exploration 

of the unatated assumptions, possibly held by text writ rs and 

curriculum maker , is important exercise in this the ia. For 

example, biological educator mq neTer explicitly state that t 

'new' biology is a 'better• biology. Instead by thei r writing it 

oan be concluded that they do in4eed make this aasumption, 

tt biological ae&l'Oh i 4eollning and a dritt trom 

biology is conttnut.na, it aeeu neoeaea:ry tor some unsta ea 
aa umption or presuppositions to be made explicit. rthenore, 



t 8'41l1Slon ot ,ti. ol>a•n•t.• phae'.e, and the iaoo~ 

b r., •t et W· val ta 017 - _. O\dl 

oa'l theor.y, if ~ lo ln\1!..i,' 

oou14 nro~ Wljh'tllO(IOX• ~ t ttul appneobt• to 

, 1 .. SA uoioa. s "'Ul:IIO<l.tl.7• u • .. 
·l"ft0Pd,e4, tho 41'1ft troll bioloa e • 

he e4 -•- •• ooul.4 a4ff1'\00 tn te ,.,,. 

bS.o.logy wi thorut "'•lng h truna ~ n f. !\i. t••• 'loacnre·r• t: 

• blologt.oal ,e o could b 1 t t 

uM~Mly neaJ.eet P'OUP• "MwJy • to be 

aoteri et by b.a'rin o""i t4ti on:, •h1ob. if 

au ta1ned, could benetit tutun blolog1.a-1 aearoh biolog1oal 

e4uo ton. 



During tho nineteen sixties, prescriptions secondary 

aohool biology were changed. iolosical text- books, laboratory gu14e , 

curricula l e b modif' ed. he old ' doafish - earth\lOrm" b ology 

had been transtonnod into a. 'n , bioloQ, hi.ch atre.osee ooleoular 

aspects 0£ biology: 

"Tlurlne th p year or t o, the 1 . -niology 
in full oi'f'ioial garb h begun to t e the secondary 
Gchoola by oto 1n a fashion uncomfortably reminis-
CEmt of the tri1P.ffll'\n•1P1:t progress ot tho '1 • ath ice . 
Introductory courses in biology ore being renovat , 
wi.th the crnph,.ulis shti"to from or.no and dogfi to 
the beaut ea 0£ nuele c acids . 

'lot the most exolt ng end oigntficant aspect of 
recont progress l e pr.ea sely 1 e re: perhaps for the 
first t me - or at least more 1ns·stently n0'\7 than ovor 
bofore - the key them of a scientif c biology ie 
booom:1.ne a re~~ity instead of a pious :iope. 

liat t aosoo is the dl velopmont of a. uni f ond 
guantitat1ve thoory of 1ow liv1ne: orgon smo fu.'lct on, 
xpreo od in terms of _,ho ::i'.Jst fund mental explanatory 

concepts th3t can be us • " 

(notner 196')) • 

e-tner does exprees . , c:.mccm eb.)11t t he enthus asm 1th 

1M ch edueational. pol ey- makero formulate curr l cula, but t e sur:1es, 

it se , that t M ch&"l(.'9 r ' old ' hiology to •n ' b·oioa can 

do notii ng but eood tor t futu of biology. 

In le• al d , in vhe nineteen sut , policy-

C (1 t h oditiootions in biological e<luo on re necee ary. 

Sixth tol"ID o I'S a re novat 1' 4oecr1b 

by .... gu1 h 

Currie t t 

(• 08 8 8 1 9) . 

p 0 h to • cl h aleo 

publia " h an oyolo e 

to s 

• 



hip , 1970) . 

t a so probabl t hat the fifth f'orm b ology 

prescription i.s due tor mod fioation end upd.a:t g 1n t o near fut • 

he cost of t e ·)laborate and extene ve puliU.cations, 

d the fin ce necee ary f or raw materials for pract1oal :work, ie 

large. policy: a.kens had to convi.nc,r; t ho I'epartment of Education 

that the e n o uro would give value for rooney, ?hat they s em 

to r ave a i eved plausibility is sur ely so i.ndi oot ion or the 

t huairuim of tho policy ers end curriculum dovelo rs . 

Jn 6(Jneral tho ' net1 ' biology' :ln ~ 8'0' ,. al.end haa been 

baae4 upon the t\iol ogioal Currioul Studies oour es loped in 

Colc:,ro4o, n. :;. A. T fi1utflel4 Poun4at on of tho Uni t 1U .. n6(!om 

hove also been used as a. -,odel on \'th ' oh to develop 1e 7 ealrnd 

M.ologtoal education. rt thus seems t l.,c1.t the trans .~· rmntion f'rom 

' old' to •new• b1ol og came about as a result of muc, . caref ul 

planning end convincing. ""he \:,Ork r equ red in the or onleat on of 

• i.n- service trainin6 courses • t o keep biology teo.ohero a ere of 

the types of chongee beine :--ought, in the CW'l"i.cula must have been 

tupendous. 

Enthuei m for ohm . was probably c:Btalysecl by en 

ion biology to ha arri point l"8 

N'fi luti n w t 8 place. his Y<>lutton IS to 1 

t b1olo wo tn te etr:, t 

moleoul• • 'tt tbt. oooura, biolo would to atn1ng 

e l to ie rt• I t 1rould t 

et tut 



,. 

at the olecul.ar J.e,rel. 

his situation e to -t mp type ot ortbo sis 

or •straight- lin evolution•. Lhat is,the future ill be exactly 

like the past . ' he past succeeaee. of' moloeular biolor,y, it is 

assumed, • 11 guarantee its fut ure. he policy makare in biology 

seem impl i citl.y t o have acoopted th s s i tuation. Yet t really 

means that too future will be non orthocsenet c . If b olo is to 

' 8dvonce• th future muot be cont~nusl.ly changing. ';°'lius there soemo 

to bo a paradoxical situation. 'i.lhe policy ek rs e.ea a cuaranteed 

future for moleculnr biology, while on the other he.nd b olor.v in 

general will keop changing. Also · t means t hit poot success io no 

guarantee of' an assured future. 

I t is the res pone l bil tty of b olog!cal educa.tors to 

prepare future reseo.rchere beginning at introductory 1 vela so that 

they con enter re ear ell groundoo tn the relevant approaches 

and 'inf'orme.t on. Consequently biolor,ioal eduo ... t t or, i s Vf' ry 'lclportant • 

. 1ut , de • i.tc the ne'flly develoroo. courses in biolof.Y betng 

set in mot·i on on o no.tional scale, a major riroblem has arisen . 

"'he •sw:tng• or ' Drift ' , rom ~ctonoe. 

'1h re s e nee n eati n g trends wh· c i a p roolating 

throuei,iout so1cnc inclulling blolo§: 

(I>. 



h re a a • t science•. t 

from overseas {Br ti ond Mmerl.o oumaJ.a) but 1 t 11 be hown 

th t th ' swing• ia ~ore sp ad thm thin. he jor contributing 

study to the • ne• r • drltt • from science 1.o the> nton eport 

(1968) : 

"For t present it s clear t r at the trend " tli 
t aeainst ec1entif:lc tudieo oro cenoral and by no 
meane cont ,ed to ,. stem Europe or ev t h orthem 
!1om1.sphore. 1t is therefore the more lik ly that t y 
st from very d ep oea.ted ca.uses relating to the 
nature ot tho -peal of 0 ·.ence ond teahnolo&Y to 
young people und r many div rse eduouti.onol d aocial 
cond:~ t .. on • " 

("' c.lnton t>e,,ort 1 )68, 
f;a.roe; rtlph 125) • 

·~vidonea ug!;Gsto that a numbnr of t~ors may be 

ountributlne to tho • s ntr.': 

'"111,e pre nt posi.tlon, h over, s tLat dos11 t 
the i.opro ci ve advo.nc o of' r.:iodem reeK1 ot, and, though 
in the mortU"ied o ~ of th Dalnton ·:oport, 'noti,:nc 
just i.i'iea e. movement ay from these sub jeot o in schools• 
si.: th fore..arn hnve revealed somottr ng lees thllll z • for 
ecir•nt; fie studies. vn thi.s point there io 1 c ..1rt 
to bo ucrl ved from rec n;:; atori e of a recl.uot in the 
s. ing from so enoe if; as soema like , all t .. at i. s 
he.ppentnn is on adjustioont of subj0ct oho·~ to t e 
econ o of tl higher education market pl 

( • Layton 1J72) . 

9 O ndly, i t ia pro:ao,:tioD9:litz h1 imp rt t, 

llbich (acco g to D = 

(Thom~m 1 



,. 

he at t ti for ustral a ts little d.itt nt 1 

",.,he 1367 n l'8 also a hey 
1n that y more thm t t.y thous• n w 

rgredu. es t ared t Aust ralian Univ&rs ties, 
YI . 6 r cent of t go g tnto the sciences 62 . 4 
per cent 'into the arts fields ••• 'L'he national i'i .a 
for 1967 • showing in one Y" a.r a .fall of :; per cent in 
the proport on choooinc sci n e, strlkin indeed. 

d e.1 t the t do ot the 1962 period re 
continued 1n 1967 - and on the face of it , cons ider­

ly a.ccel rat d. " 

( homton 1 68) . 

d epread 

11 
••• ln 1962 tho total ntunl:"'!r of undcr-

gradu es ho enrolled at all stral. un~ veraiti s 
•~' elo e to 14. 5 th uaaoo. or t , ose nev, und rgr uates , 
53. 4 per c,.,nt enroll n a rta and 4(. 6 per cent 
enrolled n soionc • J'n 1 %( tht;i total !1ad grown to 22 
t hous , m t he proportions became 59. l+ r c nt '\.n 
arts and 40. 6 per cont in o ences. tn f ur ye s the 
fore . th proportion oos ng science :-:.&1 fall n trom 
46.6 per cent to 40. per cont , a deoree.se ot 6 per 
cent; at t a e time ( d neeeea ly because Tam 
tald.n6 tmple 3ftd exhaustive diot.otomy) the proportion 
chooai.ng arts increased by f per cant ri3in8 fr'Ol 53. 4 
per c t to 59. t.. p~r cent . ·• 

(Thomton 1 ')68) . 

(1 ) • 



or 

"Boys tn upper to Sn our 
c asingly re Jectin s ce 

- t report oste.blishea this as 
a f"aot • supported by undant convt.-ioing statiot cal 
evidanoe. o bald sta ment neede s . empl t'i.oati.on 

t · l tuat:ion ie com;'lex , odying several disti.nct 
trends. . hue • 

) ,,ore youne people aro stcytng on At school - t 
rwt anal ixth form is setting b geer every ti • 

b) s a. result of t h s G rOl increase, the absolut 
numbell' of pupils tald .. ng actentU'io subjects is otill 
inQtteOS!eG• 

c) N rtheless the propo ion of se1ence st onte 
ste.,in6 on at school ta oteoo·· lJ' declining, thus 
there 1~ relative decrease in oc enoe studoots . 

And 1t t o l t mentionod trond oo,-.tinueo, then 
in th very n er future, the absolute number of 
oandidst&s com'lng fol"IJard f1'0m school to 1.miver ity 
to tud¥ science or tochnolOBY 11 deeroiu;e. 

As ti Report mphasises , it is f •'.l t h'!. :, etream 
that o eet oost of our dent:tsts 1 vetori.nnriens, 
eoient:teto , tecmolo sts and en,<.rlnoors. \ e Loro 
t he •tekingc of an ala.""'!:l ne nut ,mf'.l s · tuotion hi c 
co· •ld joor .. ~..rd se notional devclopmo~t i.n the 1 )70' a. " 

(BriM 1%8) • 

· r t ia c ,on,.1aoe t Lat t i~e f'ace of sci.enee can 
now transtom itself ith:~n a dec10c; less !"11rn:u..nr 
are recent changes in t he patterns ..:,f' rocrtrttrncnt to 
it . Against every eoono1ri. c o!' educat onal predict on, 
the pro rt1on of young able men .-:ll"l,J •·omen enterlne 
phyei.oal so once aub.:eots e.t ::;n e.l l.eh un'ivorsiti.ea t.as 

gun to aocltno . " 

(L. 'Tudson 1968) • 

.. he ro ono for the ' drlft ' probably ry complex. 

ple, ono ro on be that t here is opportun:1. ty to tt pt 

BUb ots rtiary l elG which not of th e ool 

f on also be imrol • E d co f' or 



·7. 

COB't'OlrM~1on. 'l'he otbor on i impl,y th 
openin t n o4 biliti s tor study c r 
areas that oither not been part of tho high 
e ool eduoat on, or hf ~ b n oh lo int rooting)¥ 
taught tl ooionce. " 

(Doty 71.nberg 1972) . 

Frt bers ( 1961) pl s at deal of blame Up Q!l 

ci.enoe educati on: 

"T not enough of o t'at1onal1et to sh to 
keep 1n ec on t he nt N'1Cl pr · young!ltere 

: o le o it , nor even oonv:tnced tuat it '1':>uld be n 
the n t onel inte:roat._ t,atov r tl·at may be, to do so. 
9ut it doe se t o mo tha , tho e:tP'-'rlen s that drive 
them out h ve t r leso to do 1th so1one e e t.,h r a. 
met· od or e is omolog: cal 1st . than .1 y do t h 
ee once as a eocio.l institu~i ,--.n • ...,lo~ of' our : ,est 
sub eta O left ci d BO ~SWMW~Uil&Q..J'Jl.Lmlil.Sl~ll.i,Q 

tho , .. 
.... .,.....,;a.;;.;;.~.:....i;::.B~n .. t_i~al;::.:.._i ... e: after oll , it ie our 
renpondente -.o baliove that eci enoo deals th do p 
and fundanentaJ. iosueB of be1ne, ho 81"0 correct. But 
undergr uatee do not get rnuoh chanoe to eet cown to 
f'undam tal.a . Tt v,,.>uld soom :at ~.i .e ooneiblo WEf/ tor 

nat~on to rota:n aucl1 youngE -· rs. ea f t',ure so1ent .eta 
d Cllt, rs wonld be t o a-ove t oo lf{ t']iy are 

t .- , and to J30Cl1fy t he opr,ortcn:i.ties open to tl -
i..-vi the r later employment • so as t o provitl a legiti• 
mate expoctation of perGona.l outonoiey- i.n tho r won~. 
I\ut tll1.a is not the way our culture is e;o:lng about t. 
r nntead ubjeot afte1~ subject in our study co l alru, 
that t w t l achoo ad him into ocience 
co1 ! md m e it much .or for Lim to 
how hie oaroer choic& f!.S 3,)ing to afi'act hie life 

hie cf h" olf. ro on adols ent, considering 
,hat t te f has to do to fll'()Y; up , t hio ve17 
aerioue acai,nat ocomary ed: tion. " 

( rt 01" 1 1 ) . 



8. 

hes trends ole rly ~at in Graph 1 on the toll owin p 

In tbe countrlei, outl n d, Austral:l.o., the United lC gdom, 

nnil t he L"n ted S t atee, the educ&t'tonal syete e d verso. Yet t 

ls from t i1eeE3 lar md cl rse educ ... t onel ~Y teos i:• 

b n use<\ ea a baei :f"or currlcul change ! n 7{ew r ealand. 

It '101114 e r.i therefore, U t Ne ~'. e a.land ourr'l culum 

plenn r have borr d f rom currtoulum lan to opr,ly to 1ew ?e 

conditions , fro eystome where a drU"t f 

ocourtting. ~ h e mi cldng process ~1. s tully aoknowled : 

"B'llY porsono have solst d. tn t he prep · 
of th-1.o text ook. Tn parti cul t he Doprutment 
~ ucation acknowledge tho o us as~iet ce iven 
by vh Re ts of t ho Uni vere·ty of olor o, ~~ulder, 
Un t8d Sta.toe oi' Amerl.oo., on bohalf' of t!1 olog:lcal 
So· cncoe Cur1·ioulum ·~ tudy . i'he tors haw been able 
to use freely or adapt the text nnd lluatrat ons from 
the three n.s.c.s. vers·ona. " 

(n partment of r.:ducat i on ckno l edgemonta ln ' tologlcel 
r ctence , frocosses and l- attems .. • 1969) . 

• 

As lreedy not d , t.he d tuat on in rel et ton to the ' d~..tt• 

f r,..,m cience ie, complex. -~EJllJ ssuee o e1 .. lap e.nd inter-rolate . 

he complexity ,1f tho problem can be noted by t nc xton-

s i va publ shL .i argument ·i c f ollowed the loose of the Datnt.:m. 

eport in Gr at B r1 tatn 1968. J homt ( 1 '.)68) , Rosenhoad ( 1 }68 J t 

utoher ( 196 ) 

the C ot th 

rt. ea ( 1973) • 
ing • 
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10. 

An article by e.ve ( 197,) requil'es eloboration. he 

title given to his article i.s compell:l.ng - "The Sw1.nc o ~c once" . 

emnpling procedureo ed by the Dainton Committee. his committee 

did not g1 auf£'io1ont igbt ng to tho thon n l.y eetabl1 ed 

oomprehenaive a . ools 1rh_oh featured open admia!:I on nto ixth 

forms . Rather tho co:mdt ee ba ed t reeeo.rcb around non-oo:npre-

si sohoole in En and al s , hiel~ l.e.d closocl entry to 

sixth f'orms • . hat • ontr., could be cained only through a.oceptable 

1nt Bl 

"In no:. -f ; ~ ··•~.,;~ works on t h ts sub~ect has 
tbore bom any attempt to control school types. Indeed, 
the general canolusion from most provious stud ee is 
that th g tl'Ol.ll t he oiencea ea general phen 

non in s oondary aduoa.tion, aff>oct .nc all types o 
.ool:s to e. greater or lesser dogroe. , study h 

roveoled that there is not merely a • s :ng from science• 
among atudents going to uni verei ty fr c~12£0t:8!l§i ve 
school , but rather a pos t :i. vo • m .ng to eoienoe • • " 

. 
1

• Ol"UCial St8 

( •:oav 1973) • 

t 1n h s artiol s diecussoe tmiversity 

1amioai,ea. to all ot r un t 
• 36<"' of comp 
• ~fort 

( e n 197J) . 

It 4 be a • iaf)ing ai t 

0 • u1; 

he •• atut\V f' leee 

• ton rt (1 ) . 

l 



otua_, _oul therefore cutter t 

tha.t he att butes to th Datnton Commi.ttoe. .. o maintain that 

there 1.e a • g t o act.once• from stud3 h ch is tar leae 

comprehoru, ve th tt Dainton port o to 00Y1vey an e: osphere 

or confid c in science where research ia doclininc. (:.1uck 196'.i 

u &·J~ ....... 1969; ,eise 1970; ellanby 1?73; Levino 1973). •ea: s pled 

t 163 comp enai schoolo i,ed xth formers during 

votober 1968. Other 3ehools which re •eelect:tw• sahoolo {hav ng 

ex ·lnation roqui rements bet~ore si . fo entry) oor not 

cono dered, but he did try to compare hi.z flndin33 nth those of 

e Da1nton Com:.tttso espite the foot tha.t: 

ainton• e inf'ormat· on t 6 gathered in roe ct 
of tho yo81"-._ro .'.p ·--~1>.C.: c.ut ored un ·vorn ty three years 
bofore ours. bus e 11£213 rel1,g.bl,e go;; l.L .§.!!1 
:t>G1'!im t.'f!9 S!YUJM~ orp.not P,e. rt;ii:!9-E!• 11 

(Ne VO 1 73). 

Yot, des Y to th:la admission, c ea: goos on to at~empt clooe and 

detailed stat oti.cal o . pa.rison w th tf: ~ ninton re ort , to rcvoal 

ts apparent inooequ~c a. 

$eoondly , n ave ' s stucly pl~cs thct trends are boine 

i nvost gated. nut trends um better Bhotlll througb longitudinal 

studi s, th by 

to d.eri dat t 

it 

in61 etudy. e D int Report d att. pt 

OT r a pe o4 ot ye rs. e ~ , on the othor h 

t itt 

ot 

to 

tor a ... 

t 
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per cent ~ studeAto ent ring eclen 

in comparison th the 27 per cent t 

from comprehons ve ools, 

other 'select ve• echools. 

S.o , 1n it lf, ao0<:1rJin.6 to noaw , 1n410utea a cle • amitlg to 

so. once•. But i:.s it? .1.honrton ( 19t;8) tor exac!'le mai.nta.i.no the.t a 

drift t science 118D occurred whon t proporti ot total entrants 

to untvereity tell f 42 per cent in 1;)62 to 32 po cent in 1%7 

1n Australi Put \'Jithi.n the cont t ot 1:mw!P, leave• f' ndinga do 

not em to 1ndicato en::, marked swing to sc once at all. 36 per 

cent of <mtranto opting tor acience f'rom cO"tprohenai scho:·•ls is 

not very signitioent pl o withln the context of notional 

trends. Th sl £jltly h etier figure (36 pe r .nt) could ·1.y be 

attributed to i.n t iol enthuoiasm of t ofloLer o md oducnt nal 

aut horities for est&bliahl.ng and t->ncoura.e1nc tlle roll'.t'i.vely new 

oomprohens ve schools. he need for a longit ud nel study ot;ai.n 

neces a:rJ, to observe ti' th o :tni.tial cnthusiaeo for • open 

entry• i nto oixth fo:mlB , and the mo1-e broool.y baaed curr oula 

&ystem eharoctoristic ot eompre.~ena ve ochoola is s ort 11.ved or 

not. Jt ,ould appc t hat as the th rusm suboidoo, then tronds 

ll turt r loot those outllne4 by Da.1nton. 

• 0~ 

T try• try• distinction roqul s 

unlikely. 

0 r1a 

1 

est.on'• C •o 

try into 

f r th4a DUIDDEll'tt• 

• 
,c~~~~~1 ,.~~·~" 



sixth to rs 1n comp ensi aoboolo. tt th s i ao, probabl,Y 

it is , (though Neave does not &q oo) then pl'Opol"tion'll .ty la 

important. r,eave dooe not account tor proport. onaJ.ity wb.i 1 can 

be explained a& follows: 

13. 

There is a very large nur.sber of students in o pre­

henaive sehool sixth forms. Of thia large numb&l"t not eU would 

wis.b, nor would be abl • to enter solence facu~ t iea tn univen-

1tlea. Ot those who 1'1.ah to enter univorsit¥, 36 per cent opt toF 

ecienee. On the sUl't'o.ce, this ee to be a healthy otate of a.ft rs. 

But it tail.a to aocoint tor proportionality. 

Ot this alro~ large nwnber o1 atudents in compre-

sive sixth forms because of open admi .ssion, qnlY a small na-, 

portion of t his le.rge 81"0"P mq enter university. ·rhe 36 per cent 

thcrotore ~ be rely reflecting the large influx of total numbers 

into sixth foms . Open admisoion would enhance ltlrger numbers com.inc 

into sixth forms aad this ould be refleeted in actue.l numbers 

enter1ns tertiary science education. 

~ proportlon ot those .-tsh:tne; t o enter un •o tty 

from t ae sixth fo mq in :fa.ct be qu.ite Btr.aal.1 . W avo tloos not 

appe to ecoo .~ tof" tbi • proporU.onality probl b b 

nan (1 h 

( ) 



R"lll!IM:lll'UI 0ft 
cl1mna, thus 

0 student •• 

(Br·:;..• 1;)68) . 

u.tcher ( 1969) sleo puts the t t ntion cloarq • 

~ numbe , the m.nc h03 be 
--~~..,...e.. aoulties ~ scum b ~ expom:WQ 
-:..::-...-.;;;,,;;;,;;111. thM ot r faculties . '' 

T.hl'ro i also enot r 1 rtant t tt..r Tihi , 4 s net 

appe to be given dot led attention by e1t,cr Dcdnton (1968) or 

( 197 3) . tteave, 1n plac1.ng groat importmce to the !b per cont 

enter.in science at un versity, does not account for ~uturo dropout 

ratee ae tho student pr061"8S&es in a sc enoo oourse. for it 

account for t hose students, who ei-ter qualtfytne in c enco, do not 

continue in so1entitio oceupe.tions. Friodenberg ( 1959, 1 '.)61) ; L ·l.n 

end Sherwood (1971) huve noted thi s . Butcher (19C'J) states: 

"It ar,pears t.h in their sub,'8ot the n er ot 
undergrnduatea otud31ng for de€1"8eS 1n soi.onoe a,o as ,e 
as the r ooui-so pro sao • but the:t the orpos t appliod 
o students ~ fl"ttt "'1d eon al oo ences. 11 

(But r 1969) . 

'Neav ' e attx\Y could be aloo lo·:.,ked at f t ho point of 

v th t U' t.t w o.e pt a at the . is in fact a • 11.ng to 

• , a number of 1mpl1 for soi oe ed.u would 

follow. 

1-Yt pN&Gnl: COU Sn h1 0 

t o it 

nuo.enta 
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1; •. 

en ing is a hl shlY er al art , cad th 5000. 
tonohor t , end con only, ork fro a d p rs al 
o viotion. l' believe it ia useleao tor .t m to surrender 
his intelloetuol independence and ' toe th p y l 1 

• •. 1n fa.at the ve17 roaaon ~! :iuffield Biology s not 
mo popul 1.s thet it s such en in 1.vidu approach, 
that it oe not n fact a ol to a widn renge of 
ton 1 rs and pupil . " 

( .., in 1970). 

P fP (1973) ol o orltic s ~uff ld Science 

oimilar t hi.on : 

goes on: 

ro is a very re den r that the pro t 1.ge 
of t oundat· 1n otP.er eph res , the fra.U tie ot 
human nature, and the p &sure& ,,.. 1 ch w1.ll b exerted 
by roue infl uent tel but · s ·tndi vi.duals and 
group in th roalms ot ed.ucat on, will o tte 
projecto, proposals to be accepted too readily d 
too widely. he:, d then be prescribed e.s ' the 
thing to do' and ight even become ' statu eymbola ' 
for schools ,. lf such thi.ngs o.oour, woe botide the 
heretics cunon teachers d unfortun3te authors of 
books w, o do not toe the •rarty Line'. Jt would be 
bod fot' ncience too . tt 

(. ! senoe of th a quotat on woo r~. r-st publiet:.ed n 1 )64., 

t I' 

t o a .e 



o toll: f hion to toe 

the parly l:i.ne. 

Tn w "':ealend, with tral· aed 1-i.atra . · .,. · .. c :,ntrol 

of currlcule. bivloa be. ng held by t tt,pnrt ont of' ::tlucut ~ n , 

tho a tu.atio.n outlined by t,a_ 1I 1970) ~amage ( 1973-) a co 

pounded. N biology 1n secondary schools is more than lJ' b :1.ng 

•t he thin,g to do'. It 1a ln t act c uleoey. 'lo ehoi oe of curricula 

or approach for teoo el"'.J has been all • A tvaol r o tor on 

ot thodologsr, dooo not wish o adopt tho p1--o oribed ll!)pr 

s therefore mo " open to being regarded as be-lng • not oooipotent • • 

*not responsible', or ev ' disobed.: mt • in tJ "". ea.land W'lth its 

n bioloa cour ea , then n r:nr,limd r a1e ,. .. t th N "ield 

and ot r courses. he la:::ter dooa allow for oho ee .-,f alternative 

cour ea. 

".:hie situo.tion, currently present in ·:ev: ~· ealand io b 

for bi. loe:, . '),1oloci.sts, teae~!ers, curr· .oulum ~Rkers d teict 

te ·s hold that ' exper.iraent' a important for _ec-1.enoe to improve. 

Yet to ex, rl t t i, al.tema.tive courses o.t a ~;:,'jOf?Cal l l 

e not hold to be import t . Apparently, it i a.,s t nat all 

expe te by teachers of biology neo ssary to iLlpro-,e courses 

es Ol1l'T"l out. ho preo t e-

t.n b 

tly 

cal lffel 1 

• 
ere 

olos, • 

0 • ta 
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4" lo 1n oience. he o• orltt.ot also s ne to inclicat 

t ha:t this is not thB case. 

S oonclly, it se s that a. • g from eoionce' to a 

• ing to ec once• con be invoked merely by applying t courses 

of co rehena ve ohool to all other oohoole, no matter the 

country. 1'ut i n other count es a marked svrt.nc f rom science io 

ob ed. ~hts doe not ar ar to h ~ occurred • .A lfflin from 

science ls oo rrina throughout e , stem odd ln opi te of the 

type of course betnr used • 

• h rdly , oa•a implies from l s !'lnd ngs tl:o.t he could 

indicate c oos of tho mvi.ne not only t"rorn science but to solcnco. 

t!c o s not do thi , excspt t; o •ly t hat open sixth fonns, ona 

w der opti.on ayateme m93 be causes of e. n ing to sci.enco. vt hor 

studios hav~ s lio,m t hat t he causers are complex. 1--rcmature spec l'..l.­

isat on P.utct,..er 1 J',9) may be a reason, disil! ·.s cmmont with t .. o 

acti ities of so once :in eencrru. ( 1tranr:berc 1J72) me;J be mother. 

Peycbologieal and social factors also contribute. (? riedenberg 

1 )5 ; Hudson 1 (6 • 1 %6 ; ~replay en Field 1 )6{1
; Ct nhouoe 1 ')71) . 

'i'hua t her is s danger ot ace p ine ._.h.s etudy airnpl et• 

cally. Ot r donco t. ch is oro ooq, hons · , d. sagreos v. th 

t not Nh s1 8 ool end 0 ) eyet 

1 0 ate a • to soi co•• otako ly c 

p bl , and t t i t J.y to 

pt t mpU. a 1:, po 1ti to opt . 

4oin brtn 

or 

, g 1 1: ri 1 J ut r 1'68s 

ot,y j son 16G, 19681 abo 1973; om.ton 



ao en pt the tmpl toatione tor 

findings penasively ignif1oant e to promote ' hope' at the 

eventh forms e kept rally etrictiv, alt 1ough s 

ation ot criteria for entry tl'OCt fifth forms h oocu • Most 

sahoolo in 

schools of 

Dain.ton. 

7.ealt:nd would therofore ree mblo tho selective 

ere ot th8 type a led by 

The Dainton oport , boo use of its greater compre­

hensivenee ... , must be accepted e.s being more si fieant than that 

of Neave. In fact the parallel bet een Australia and the i:nited 

Kingdom is ry close. 

nit 

"''rho proportion of etudento entorine science 
baaed faculties in un versi.t1es in tho :. ni.tod ',i.ncdom 
1n 1J62 was 46. 0 per oent; i.n 1)66 it wos 40. 6 r 
oent. ln Auotr 1a 1n 1962 i t A✓-: . G por o a1t; .,110 
i.n 1966 it was z.o. 6 p r cmt. 

that the ' drift• 1& not rel,y a 
local phen1o11..11:s,uu, nor is it a paeeing one. Tnet , 
1t oe to b deep & at per9C18i'Ye." 

(Thomton 1jG9) . 

t ltt 

Aust ta the 
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'l'he situ ion in l Ze end e mo dittioult to eess 

becauoe ot a l ok of published statist1os. How ver, t important 

empirical stud s av 1 le ( 0 bome 1973 and (\Vlor 1966) . 

l\oth stud e l tod for present purpoaes in t hat the Oabome 

study deals mainly th t h • dritt fro physics• , ll'lCl t he 1' lor 

study cleals 1th teacher qualU' cations in science eduoot on in 

Both of these otudiee plo.oo o. e.ront deal of the blam 

upon a lack of adequatel,y trained teachers o.a contr butory faotora 

in the drift • . t ie ntoreeting to contrast t his with t>ainton (1968) 

,ho did not ae to regard le.ck of teacher que.lifioo.tions 

ei~ f icantl.y 8.3 those studies do: 

"A dely held op nion is that soienc d 
mat a.tics teao+·ers in our acho0ls '\re leas ell 
:;iuel ·tioo then toa.chers of arts subjects , mu th t 
t!-ri s nevite.bly influences school pupilo in tho r 
choice of sp cializatton. he a:.nton r.:nqu ry 
ex ed. thi.s pos ibU .·ty c fully , and crune to 
t M conclusion t hat little if any factual evidence 
ooulcl b found to support t.t. Certainly t ey found 
that groduate sci.enc and l'l&t h tics teach rs 
to in ·or.; supply, that a Sood de ot 

ohool t tics 1s t U8ht by toacl·•ors without 
eo antit' c or matl i oal qualif'1c tion. ut , 
4eapi the e s 1ort •• o rall uality ~ 
oi U11C11.era 1 t.gh in ony sub ot." 

( ri 1 ) 

o ru,y to 

bo 19 

pro : 
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nu::iber ~ graduates produ a furt r 6 torior-
ation tn tea ber qualtttoati.ona. " 

(Osbom 1973) . 

It appe s that ' teac\jer tra. ning' too nucib& of 

praotitdne sc ence teachers and th ir quru. fioation re Uy 

enabl to emp rical sttl(\y. ore le, ':."~lor 196() also 

devotee a great deal of attention to emp1rioeJ. dnt: 

"In an apparently preaentative samplo of 188 
sohoole , o.prr t ly 100,000 pupilo wore tooe,ht by 

, 170 teo.ci~ers . Of these fewer t han s·lx per cent wore 
not , or re eeldom, ooncemod ith te ching oionce 
sub:oete, i . e . over ninety per cent were te chi.ng 
so nee, th ma..:orlty f or m appr oi'abi"" proport on 
of tbeir time. Of those ho were involved 1n ocience 
teachl.ng .50. G per cont were lacking o plet 
ac c qual tf oat one containing any science uni ta 
at all , while 20. ~ per cent { i . e. 24,6 teachers: lack 
qualif ce.tivn 1.n science beyond hat t hey •,ave 
lea.med at s condary soho'>l, or at 'Jenobers ' :onege , 
wh!le on a course not n eeaaari.ly dositp'led to fit th 
tor teacl, ng cienoe in sacondtll"y acho ls . "he pro­
portion of teachers l ing n oom1loted degreo cont in­
ing soienoe varies with locru:lty, be..ng lcmeet 7 per 
cont in ..;:,rlstchuroh, 12 poi· cent to 16 per c nt in 
the otl r th ain oontree, and reaohi.ns a ' li .gh ' 
of 50. 7 per cent in th econdary do artments f the 
d'\.atrict h~ gh ~chools. \· orse, there app are to be 
trend towards decrease in scient\fi9 quaH.ti., \tions. 
In 1954 t porcente.ge leaving · ost primary teachers• 
coll ees tr.1th science de s" 20. 3 pr cent; by 
1965 tht l od dropr, to 15. 7 per oent. I t s un-
lik l..Y tMt th1.e trend will be re~ r d 1n the near 
future - unleee s or reorientation teJces pl • 
0 doepit t inCN con op HU tor 

ople to ent r t aching s ply to Jo , _ 
tot oi 1.t o 

UI&-'LYltllrstty O i te 
to 1 ratory qui 

r ly h rth 
ry 

1 ). 



Oebome p enberg (1961) t. 

qlor ( 1966) implie t hat tbe shortage of 84 q tol.y train 

qualified te era as the ~.,or it not only cause of. a. • dr1tt fl'O'::\ 

acienoe•. Dainton (e the quot t on ot ~rion•s) notes that t ao:•cr 

q,1al•j f ic&t1.on is po..,s bly not the only major renson. and that t l1e 

shortage of )OO t eacl ,er&• t hough important, ls not the :mly -cause 

of a. drif't t DC enc . It d appear tho.t data o reodil.y 

obtrunable n hundreds ot te.aehe '"'a ond the r ( ualifications. ?he 

use of data probably a good bani for forcot"ul and oonvincins 

agrument by advooa1:o8 or a dr:lrt in atudent number , md e. decline 

1.n th st e.rd of scionoe teaching. I t seems ( on t ho 3Urfa.oo e.t 

le '?"lt) that arguing using data wid sto.t. stios is the beat ey of 

1mpress!.ng policy- makers who need t;o be con vi.nced, so that a ma. or 

reorienta.t on s able to be begun n currl.cula and coure a: 

people o 

prob ly 

at 

• rr t here :ls a genu· ne ahortP-{;8 of oll• 
qualified teachers of physics t hen t :ts ewe · rable 
that t his shortage shoLlld be danonstratad in con­
crete stat st cal terms . " 

(C sbome 1J73) . 

· be Btatistico derl.ved aeeme to be ' frusts ' and f 

to argue " th 'facts•. St ~,ousa 1972) • 

ar oth r baGes for ar8t}l'.!leftt which 

rical t hod • r t bo4a bestdeo the 

ot thee re ons. a 

t :ta to 

• rl.oi • facto no 



be quant t at ly ure4 but they 4o oct aa contr:lbut g 

ow s to a ' drift from biolof.tY'. h s t aia will att t to 

4 souse these aspect& through argument , and bJI citing dence . 

UC\ll8~ r bom • s etudy is very • ortant for b o­

logioal eduoat 1 on. It empbe. lees a need for ual.U'ied t achen, 

and tor ore teaohere. These t o t ors do contribute (but er 

not tho onl.)t c s of the ' drift' or ' awin • f e enoe) . J' t 

1 also an important etud3 , beoroee t t is one t the f r cent 

to teechor short a , d the adequ iea or 

othe se ot teaohero • . ~oroov r, Oebome included l!lOre than 

pt\Yaios uoation 1n M.e l'8 .ort . lte h also been generous in 

su lying atatist1.ce tor biology as ell, md t ee de rve 

di.scuse1.on. 

"' rstly, as a gener back rop graph indicot tng 

the oituatlon as a.inton f'ound -it :1n the l'n"tod .. tn • (Graph 

1 proc ding page. ) ~t 11 be noted t . at there . 3 o declining 

trend in the 30 en .. erol..!p, M ui,surge in the ';nixed soience­

arta• era p, ma an upsurge in the arts group i.n the sixth 

f'o • 

Gr ph 2 (follow· r.age) is a graph kindly euppl1e4 

by . , • O me 1ch • deffloped f 4ata eu pl by e 

1>atu,Lr'f:1M11tt ellin . on. t outl B t tor-

1 1967 to 1973. o cU.a 

eetlB&ll!U'Y. Flntly. 

to ic 

a OOGlW:l80 

tor biol o • a 

~iiil:.iill&. in rullbel~ 
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m:JElUJer ot el orati ltc ttona C b• 

oe to t".h•- c1 ces. 

i.ratly, the Bi tuat on for ch atry and. phys o 

eerlous. A ma:l"Jce~ drift in thee soieno s c ot holp but feet 

try into spec alt rt a.ry sehoola such e.3 mining, t 

ocienoe, medic , dent1 tiy, GNe.e of appl.ed oeieno , ohGtn etry, 

and technoloe:,. "'o be faced th a dri~ t n th,a l ght ot incre in6 

pop e.t. ons of ooth fo rs to draw f"rom, D a v ry serious 

situation. A major impl cation f'o biology ocouro even at th e 

early Gt age in th oucei.on. Current r>iolo . cal curr cul.a 

trying :,o achieve t'9fo onda. irst}Jr, these curricula the 

ulti e unl£1o ion for all sc enc s. A parently biology will 

become onco:npaaood under the ' phy Lee' umbrella. Secondly, current 

ourricula emphasia ls upon bioobauli tey or molecular blolocy. fo 

curricula a1"e ci: c ly orientatod. :'h t: grapl~ shows a decline in 

n rs ot tudenta taking obemletr~. rr biology oontinuoe to stress 

c .i.atry, t M. in i'tscli' will o.reate a drift of inon • stry• 

students f b1olo • •rhen the rond tor biology .ould pos.,1.bl.y 

be nearer to tb patt m for ahemiotry, 'i'raditionel biolo did 

not bar non ch str:, tud te fro alv oin in biology. Current 

bolo e. 

1 logy. 

e~a.cmta at 

bi 

can DO re, 

, the altu tl to be 

ta e pel't"lotal b ervat 

atr., bolo 

t otal popul 

1 2. 0 

• 



Dainton has aeaerl'bed t herefore i.B i,pplicable to ew foal.end, 

and it extra.pol i ons are dov, lo-pod using phy ics ns the 

indicator' oub eot th situation is likely to bee e worse. 

Students st~g tl e nciences , phyeio , ohemietr.y snd biology 

belong to sroup of diminitshins s ze trom 1967 to 1973. 

,,oreover the trends for pby i cs and chetrd etey h a.VG 

marked repercueeions tor ' pure' tertiary end e.pr-lied biology, 

{veterinary c1ence_. dent stry, medicine, food. technology, 

agrl.culture and horticulture) . f•erusal ot• current Lniw·rsity 

Calendars reve s a pa-ttem of r requi eites fo1• Bd,rano1-ng in 

bi.ology. l'he r re-roquidtes, usually invoked at fi rst year lovela 

involve ohet:tiatry ond peye1os . A student w:,o doos not succeed in 

either or both of these two subjects is bai•red f1"00l advancement 

in biology, or eny plied fields . 

i'hus tho •a: ····Ltt from b1olo&Y' will probably be m.o:re 

marked ·i n university irst year coui-ees, than a.t saoondary school. 

As -P osenhead (1 'JG8) hos em.phas1.sed t t1 s trend , no marked in 

aecondory eohoole, 'fl ll have t n.r reaching o.nd deletoroous effects, 

eepecially when '!'few "' alnnd do_ nda uron biolo cal prtnciple 

l ns to to product'! end pri tndustry. he rnt1 rot 

p pli biologict ( including dent ... st and doctor) is 

l e 1n th n r f'utu it tho sol ction pollcie , 

0 ent pre ntly C co ed.u ion 

, biologic tn p • they 

• 
or 08 a 

41 tly •ct l b olo • e 



2 • 

tudiea thJiee otenc:,ea • pJw 1 , -.--stzs, and biolo , 

not likely to od• to tertiary biology beOtJ.WJO ot pre-requisite. 

Thus, just there is a artr. from phyet.ca and obem1str .. ·, -,o muat 

the 8.lao a similar drift tror advanced biology, deepit th 

apparent healtey at e as outl tn Graph 2. 

There is also a aeeoncl important interprota.tion wm.ch 

must b el orat upon. Biology ! a, despite present ourricula, 

• • eub ot oomioaz:'Od with physic md chGm:l.atry. my 

otud nts who 61"8 rally • ans• orientated do opt for biolo 

&t a ior -~ool le el • Tl~us a situation m£3 arise he considex-

l numbers of students 1.n ~ h toms stuay biolo§ but not 

phyelce 41 ·· cheaistry. C:. r-aph 2 :seems t -, indicate ti m biolo8,Y 

ourva are cocnp · th physics d chern.otry • "rhoy tI11J3 not wiah 

to c tinue to otudy od,rr:..nced biology in futul'O yoars. rr they did 

1oh to do so, too pre-roqul oite 4 n ohemist~J and phys .. c would. 

bar them, or e.t least trustrate th n su.f'r-to'tontlJ ti") <lrlfi ~ 

tram bioloey. ·:-1 ref ore ---~~- Snoreoo'ne ~rend ln bi.vlogy, 

according to the t!raph ~ be mu worse th...,;n indicat • ho x d 

• nrte/bioloav1 etudente in f &et be •maaking' a dool1ne which 

i alree,:\y ooouring t rtiar., level • but hieh · e not edily 

ap ee le l • lati l.y inor 1n 

aooount t r by tho no,rm.f~ over l 

eta o nta o ins 

aa t tr e.....,..;H..\i,. aub 

• • D"""""~""""""'• 1t will • r«l.Ub•1rad Obl!~INld • 
COt!lllOG• 111,L,Ji~ BI"1DS-•Bv,1.,i;u.1vv aI.t~,ni. W 



he • s- biolo ' type st nt s the ost U.k ly 

type ot m.xed stud t beceuse current econdar✓ school biology 

deep te matbm·, 1tical, chemical , md. phy ical conccrpta being 

lnco orated, · e a subject st 11 ablo to be ' ick.ed up • alone. 

the way by studonts who "ant a cr,tV168 of opt on. _ or exam lo, 

o. eevont.h t'ormor mey opt f'or bi.oloey for tl o f . ret time i.tt:out 

p ous sixth fo etu.c\Y and be suoeeeeful . ?o do th" s for 

pt\Y'aios or oh m:tstry 1e more tfficult because of the so · uential 

p nentat on of concepts and prlnc i les uvor a period 

in t heae to oubjects. 

It •ould eee, that t o ft otors are oontribut:t.ng t o ti 

supcrflcit\lly ' 11e t. ' atato of at'fu-lrn in bloJ.or_y . "!'lt ese ar , 

the effect the : nc asinr, overall populotion of studonts hF!.G on 

nUMbers stwly l'!g b oloe;y; secondly, the :r.'ixed urte•triology student 

masks e real 15 tuati.on. But the numbor5 wii o.n cidvonoe to tcrt1.ary 

lev ls aro mo likel.:, to follow tho po.ttern of ·!iys c and 

che .1 etry, than th.t· trend noted t'or btolory, beco.usei tho ro r 

t,..o are i,r r 1uiaite sub;ects ~. oh aro ,Jif -'i cult to ' p ck up ' 

at t rtiary level • A provio· .s knO\l'Jledge ot" phyoios d cheni-1 stry 

a rally n ces:Jary for un. vers ty p!,ysi cs md c ... stry. 

tt ting to • ick up• only one of thee ub ects at un v it1 

wit.ho p lo kn wl •o, d an on urmo table task . 

1 a healt~ t 

p to not 

nWJIDt!•ft 0-~--•"" f 

otcl 

•• 
IIIJUr'r;LIJIL g.UJ"1ng 1970, 1971 1972 

• bi lo 

• 



eq .. ely explain d 1n t sat o• rall inc ~ seventh fo 

numbers durlng tlloao yo re . ob ou B)'mptom of e. ea f -,,l' a •new• 

couro or eyll uo n b ology urely m,st bo t he diasatistaction 

~,n th , part vf teac:. ier , ourr cul um ce r of th • old• course, end 

tudents who perheps a.re not at racted t ::, th ld oouree or syllabus 

being used. :'ho no course , apparently u ' bet t,e r' one, ought to 

ttraot r student t o it than tho old" r oourso or syllabus . 

l attituclos .lch s tud. ts hold ctbout tbe neT1 oouroo i.J.l be 

di f'f ront ( apparentl y mo favournule ) t hen t he older O'Jl rs or 

oylltsbus . ·: ve if rofe t'8noo 1s made to Graph 2 th o does not 

oeem to nave bl""..en the cnee • . .,here :HlS been no s:11 ~i£1cant attitude 

e 1n t !ie rt of i,eventh f<.i b ology o udonts frooi the old 

cJuno t tho na '. course . 1 ~ • -.,ulJ ;; ;vo oreate·.1 a vory mark 

lncreaso · n numbers opt ne for b olofY. 

Currant o ,ur es and yllabuses ·n ' 1 
•• 1.,,, ':ealMd b ology 

maintain t riat tl .oy ' I"'! r ble t0 ro ani. r. ull'tte • at · Uudoa • • .., r :q H i ,,nal 

ooureea are not so xr,,l l cit . By cont rart , tho::ic olde .. co:1 r se3 

never seem t) oonsci.01,gly oun m t bemsolveo wah •at · ... l tudeo• . I t 

e maintain d hat ' ~ttitu s • belonc to the • ru". ect, vr;i domain • • 

(f,loo ot l!i• 1956) . ~ teJ Us e d . .,,.p cootie bo~es . 1he ' affeot"vo 

d .n• uo not seem to be &3 pul bl u OUJT()nt biolo io l 

uo :tors 

cone uaio 

ta:l.n : at c • be. <-. e s ( 1 3) not a 

wn 
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( t) both types ot biolo oour ( utti ld 
uttield pl"Oduoing s1 lar atttiudoe to 

scimce in their students; 
(iii) ne ther type of bioloe.v oour'-'e i,s all ct n th 

attitude to oience of their atutlante." 

( "el s 1'.77.3) • 

- s it seems to be very dift'ioult to attain measu1'8a 

of attitudes of students n b ology. 

ith rot Nn to Graphs 3 and 4 (the sixth form end 

:v.>vanth forms opposi o) some elabol"'ati. ·,n seems neoese • 'r.eldng 

the sixth form situat)lon first . rt m.ll bo noted. tlw.t an inoroase 

d cl oomcide wi L a chm in curr-lculum dur-lng 1 :J70-1 '.fl1 . Thi s 

could be t en as rJo t encour ing for bioloror. nut cauti ceems 

to · e neoepe.iy • 

Jn the ":b,at pl..i.oa the inuroaso to 6 ,llne extent is 

1-e-floot 1n -tl ooturu. inerua.:io :in nw.obers entering o1.xth f'orms, 

since tho recent inetltution ot now more lenlen regulo.tions 

hich allow Gtudonts to ter e:1.xth f'orrm, . '1 econdly, if o. course 

is lab lled 'nEm•, tee.chore are enthusiastic, and students 

likely to a.ttre.ote. to the courses . ~he ant rgputation of 

prev:touo biology preoor ptions ini.tlally co te for .Leso. A 

ion of novolty d thWl-a tore be potent 

rdl.Y, tho biology- cou e hao not boon t1tute4 

or uttioient oat t at oixt . to l 1. 

, prob 13 

.. :*010 t kin in 1ta off• SA . 

l 1n 

8 0 

Bi l" of • e biol 

be • to ei rl D 01 to out 



ot biology in the o even h form. v.oreover1 t is ro'babl that 

t he sixth fom leaver·s are l ·ely to 6 mixed arts/biol oo- t: es. 

71 :, soe no futuN in studying advence<l b olog;- H" i.t necesoitatea 

the study of piJ,Ysics and ch :tstr.,. Thi o,J.d probably account 

for the marked reduct .on i n numbers etudyi.ng biolor.3 t"rom the 

s · xth i'onn to ·he seventh form. ','oreo r, as th Deventh forms 

it s the mixed •arts/biolOBY1 student , not an •erts/p aios ' nor 

an •arto/ .ouLi3tr-.t ' st"{th t'ormer, oicb ' inacks' the actual G t u­

at:i.on ror oovenoed bioloa. Ot"' the tbr seirmcea , b:. \,.) lom- .s 

nee.rer the • arts • end of the lmowledr:e spc?otrum. (t"..oe::tler 1 ,64 

Pag 3.32) . hese m..i..xed • arts/bi ologt ' studtm.t21 a re less like to 

go on to edvanced lcwls in bivlogy b oause of later pr "equ13it 

probleme , whore t.her e i :, r u~tr l'!tion and dtffiou.lty tmt ... Hed 1n 

pio..lci.nc up physics ,md che:nistry at lat r atagt;;s . C-r apc • .3 and 

(,raph 4 (previously) Gi ;o•;: thAt ehe si.tuat on 001.1l d be exr lai ned 

in tonns of a ' drl:i't • .Jf a <ii. gni£1.oant prorort ton of ' arts/biology ' 

students from biology bet"een the s~ xi;h and seventh fo s . -1~h i s 

drift is 1\uthor acoontuatod with t he chtv·,. , to 

tertiary lovels. 1~ • nrts/bioloey ' students w-1uld d&r ombe.rk 

upon bioloc,v course at ~ntvarsity expect to sucoe d. 

Yet t o b contended t hat in losing •art /biol a • 

students 

cletinite v..Li-

t o biol 

ot pros t couroe struct 

tor b h bi lo c 

ol• t e importen 

olo 

s to 

con ributes t o 

ion bio-

t 

. ( r 196'..) . 



De er. b1o1og1 of gre repute, he4 not the 

import o of a in biology prioT to ::orld r ar n . ~ contrast;·. 

pre.aont ,vi•-"rv:"" biolo no longer att s to tc.p 1 s vvr;/ large 

d probably fruiti"ul oource for biologioal reso o 1. De Be r 

1 ), 

trad , ,lorml bi.olo 

entry ot 

pay olo st, 

( Beor 1969) • 

t rceogni on 1.stinct ndv,m~a 

ts into 'bi.>lo{tY. H\Xloon ( 1966 • 

g v!. for thia: 



». 
It is po a b f th being 

mode t s asaooi .ted w.lth s students. Biology s t udents 11"1' ha 

1101'8 rte orlentato4, divergent students than th other so maes 

bee ee o the 1 mixed •art /biology• Bl"OUP in sixth fo , 

end to a les er extent 1n se• th fo • Yet current b oloe3 

negl ots, mcl al oat :fot"Cee t se potent all.y 

to f...ri.f't f om b ology through tnvo g p requ site restrictions 

tor .advanc ent to aduat l vels. Currmt b olo(O' se a to be 

e ensi ve rich a .uree ot pose ble croati Vity • . ,ore­

ovor, otud ts likely to be symp h t . o t o theo et1.esl 'bi.ology, 

are probably derived from di ergent or a xed. • arts/bi olo~• 

students . ·1 h:i. s tr.osis holds that 1.f ' theory ' is ncorporated 

into 'biological eduoa.tion the ' drift from b ology' at edvanoed 

level s would be sterr.med. rr incorporated. , theory would a lso 

possible eo.pture sub!!~ r.tinl numbers of these students to the 

. reat ult-tr!'..ate advent age of biology. ·rr.e O'me.iequences of n gleot­

ing ' arts/biology' students o pos s bly n0\11 be n r f elt . n bio­

logical roaaa.rch lev la. ( 7uck 191;i._; :.ir ' an 1 J6.3 ; t'eis 1970; 

L Uanby 1973; vins 1)7,3) . see to bo 

oltning, 11' th 

oon.eiile 

d 

the 

n t 

• 
On 

t horitiee to 

to biol • 
81l\lt40llt8 

of o ' a/b olo • tu :ta) 

b olo · , ea11t:111~11 ..... ly oloetoal re11e&1l'Oh t 



would go eacl 1n le D end. boun4a. ut t.t ffl&aY h 81 f''l.c 

advantage. caution is necessary: 

" • • • o ould be wise to approach the probl 
of soientif"ic originolity th circumspect on. !Dd, 
although r!ff discovery of an o.rts bias 1n t te of 
'o ativity' ~ eem demagins, the inferences t ho.t 
econ drmJ trom it bound to bo guarded. " 

( Hudson 19~0 • 

But because issues sue.ti a& orlf:1.nality, ern.ot one.l ty, 

and creativity are complex t doe not ooan that these 1seue 

should bo completely nesl, cted 1n biolo,:ice~l educat i on. Tt o~ 

be that a ' dr.t.ft from bi.ology• ,ould be c,.hated at se nth f'om 

enu tertiary levels f one of a.ocean .re elven to mixed 'e.rts­

bioloCY' students to edvonoe in b .... lo fl.Y to graduate levels . ~ ore­

over, t hi..:J tratomr :in biolo6ical oducntion r:..my h e lonr tom 

benof!t to b oloro,. 

by M.olo 

t 

A QU to.t;ion by •~oestler soeme to be M apt conolua on: 

"In contrast to t h art. at, the sc entist s 
not upr osed t '> a.ppeal to omot ono, and the s t udent 
of' oc enoe not to bo r.u .ded by thfn . ' ut 'tie ht~ve 
se that the oquation o£ science .ith logic and 
reason, of art :i'th ntuition an,1 ~motion, is 
blatant pupular fallacy. ,;o d4. co ry haa even boon 

by lo M eal deduct on: no ork of rt proJucod 
without oaloul t ng crattmons .. p; the emot'i.vc e p 
of tb unconaoioue ter nto botlJ• ., 

(Jt atlor 1964) . 

a-biology• atud nt 

t ey . l'ttt ', t 

s 

generally 1 o 

where 4o t rli't 

in peopl " • 11 

1 1 s 



que tion le likely to seem moro patriot.ic then 
oholarly to anyone who is area ctor ot cience 

bo 1 as an area ot inquiry Md as a method of 
scholOl'ship. ho asile raoo, 1th tho val.nos 1t 
«cpreeeoe, has tended to put off any aerlo and 
cll.eint rested stuci3 of what has been h pening to 
competent youngsters who set out to becor.ie 
scientist in our soc .ety. Yet , qu to apart from 
any 1mputetion that etudents ought to have atqed 
in science, either tor their own sak or that of 
the nation, the • elf image• of the sciont st , and 
the J"Olationahip of h1s culture to that oft 
humenitles, both :1n acad.en\v Md in daily lit is 
now a cmo1 issue in itself• 1 he choice ot a 
pl"O'toseion le tho one ooramitment our culture ally 
tokes seriousl.y J t is ta tor keeps, it is not 

ter• like love or loyalty, to be continually 
elterecl to fit the n011 o l"OUm&tencoo. Confl1ots in 
t his e.reo. if they are sertoun enough to make 
y~etors cbang their plans dramatically, end 
follow eny disoemible eO!tlllon pattem, are sooie.l 
phenomena orth otuqtng. n 

5. 

( ri denberg 1961 ) • 

"r rosmt ind cations si,ow o. substantial 
upsurge in ti1.e social aciences in 'loo ?ealond. 
1t seems likol:, t hat the m'i.xod arts- biology 
group io attracted to the nocial sc ences . t1 

("'homton 1968) . 

Rosenhead hos also outlined aome f'a.ctors in rolation to 

a currant • onti- acienoe• phenomenon pervootne ec enoe educat on. 

He state th situation cl arl.y2 



t t u , h arisen 1n all ot I' h t;hly 
t cbnolog!.oel aooleti ot the orla, both 1n 
echo 1 •llere ecienoe t aobing is o d to be 
• ,;t0o<l' , · d tho '1here it ls aa14 to be •bed• ." 

( OD ad 1968) • 

A great deal more e dence could b ci.ted 1n detail on onti-

soience and disUlusiuu,,, ....... t with sc ence, but t i s would b 

di.61"8SSi.n£$• It i rru.f'fici t to s93 that probably becous ot 

d et .:,te for somo s cial · impli ions 1n science, tudente m9¥ 

be tuming to the aoci setenoes altemati • Mo ov r 

thi.s trend probably occurs ore with tho mixed • a.rt biology• 

student than any other b cause prn- 1\lqu s tes for the rsooiel 

sciences at uni rsity are not as etr:i.ngent as :1.n the biology 

:fiolds n much tho student ~ have originally been interested. 

urther -ore, social sc antists TiOuld probably not regard this as 

e. drift at ell becooee soc al sc1.ence & in·loed sc enoe. H ever 

tbe smng referred to a that frCCl the more tradition or 'basi c' 

sclencea, namely pl\YB cs, chem-tstry md biolocr, (See G p1 5 :follow-

ng) . here is oufficient evidence therefore ( Osbome 1973) 

to note that the orld 4.rif't from· ectenee has not neglected -.7 v 

!'1ealond. t or is biology immune. PNsel'lt study trends do 'indicate 

a. drift f-rom biology at chool trom sixth to seventh f' o and 

sity. All thia in s1,ite of reputeclly updat 

o runes tn 1nt oto17 bt loa. 

P now an the 

11 1ft t 0 

o e ta.lrl.7 11 eat ll 

1on tor.t 
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900 

II) -C: 
(1) 

7J 

.2 700 
(/) 

~ 
(1) 
O') 
0 -(/) 

'-+-
0 
II) 

t300 
...0 
E 
:::::> 

z 

100 

1965 '66 '67 '68 

/ 

'69 '70 

Year 

~ / 
~00;, '/ 

·O / 
c} / 

c.:,O / 
/ 

/ 
/ 

/ 

/ . 
/; Physics 

'71 '72 '73 

Graph5 :TRENDS IN N.Z . UNIVERSITY ENROLMENTS SECOND 

YEAR: 1965 -1973 {Statistical fluctuations smoothed 

out) After R. Osborne, Nov. 1973. 



,a. 
c1Uf1oult the earlier it ts at tem ed. Thoush t aituati tor 

biolo not yet es pro'bl ttcal as that ot pJ:\Yalcs ucat1on, 

the early s gns al"8 present and could be dealt wi.th. 

here therefore to be paradoxical i.tuation. 

On the one hand, curriculum makers ha•e mthusiastieally modlf ea 

biology courses . i ae polioy makers tJere ure tLat the eh 

that they wt re institut n \!tould increas e the att ract veness of 

biol ogy to pro poet ve studf'nts. Yot deep te this , evidenoe in-

cl • ~ · :,; a ' dritt •. r hat SN t . factors htch are likely to 

oontributo to t hie drti't · 1.n biology? 'Is the ' mm' biology e.s 

extraordinarily advanteeeoue for biological oduoatlon antl bio­

logi0al research as has been assun:l&d by ounent policy n-...rucers -in 

b olog1c&l education'? Answers to the e qU&f.itions need to b 

obtained, it ie contended, f' b1 oloe;ic&l ucr.t ..>n . c t o s uat .:i' n 

its contribut · n to national , even global .llboing. t.l edy it 

hns been n ted thtt.t the fe.otore wh1 ch contrlbuto to the drift 

soem to be . any f!lnd complex ( l?.oeenhead 19Ga; nutcher 1969 • 

t.tt mpt will be e to dentify some of the faotors oontrl.butine 

to th. e accelerating drift. 

T.ntroduotocy biology is most s gnti'teant in attract no 

stud ts to the sub eet . Thi plac a t deal ot sp nsib l ty 

tor 4ritt cl rly on t oul4era ot introclucto17 b olosloal 

• So ntific inte ta seem to d lo at a • ry 1y 

r 1968) . 1JG1 oi t tic inte st be n 1f'i ~h bl iogy. 

l a tural curio 1ty f'or lifllll 

o 1 ; Le f s uvft1r.• 1951.) . 

p ry e , 1. 

•p ,1t • o blol ogi 



lu ant • e 

attituaee• by th& ti.me t to rly k =m c i.14 h 

• :ti 

entered 

s enth forms . \ e must t refore a.,sume that a large proportion 

of child acM.ng CJndary school are interested in b ology. 

S o-lenoe { including biology) is a compulsory core sub jeot for two 

years until the fif'th form. l\t t he et.art Of a fifth form ye r, 

choice ot eub,iects ean be made t hrough an option s,yst • A choice 

b ween arts end scieneee ts of'ten made at t his point . If scienco 

chosen, th re is little opportunity for ohange to o.rts until 

the student leaves ochool . t studying the sciences, t h studont 

ia 001.nmitted to the sciences, tl'te same for a.rte. 'llhe student 

coamits hims lf for the rest of h:is school career from t i f f'th 

fom. Some el-Uboratione hnve b en made about this : 

chi 

0 0 

''t.)eychological , l"l0t1vatlonal , oconomic 
aociolog c faotore 'i-"Ork together over a period 
of eeveral yea.rs to pred.ioposo an individu 
townrds e. particulur type of occupation, v hi.le 
oppol"tun:1 ttea in other d irecttona beeoro lim:1. tod 
by hts education. ~ 

(~atUA_"e, Vol. 217 , Maroh 2,3, 1 %8) . 

"Sci tiflc interests often obvir>us by 
8 or 101 and by . d- teons, the cho ce botwoen 
eo1ence or arte ae u uslly bec-n r"loda . Becaus of 
the '11J3 th oduo t1. nal system is ore;un ed. 
re ion of' cholc ot' occup ti.on boo . s leso 
possible indirldual Pl'061'9SS8S up the sohool . " 

(f! ure, ol . 217, '41!1JM;lfl4!,J , .~68) . 

The sy a to re 

a th 

i lt. 



et e tor further oience st~ en 1n 
g er t ing t he usta_n n r ation that a 
o r in aoionoe so often qui s . It is 
ypieal of tt. state ot educo.tional research 

that lit tle ttort i e b in made to evaluate 
t hia ori noe. 11 

(Doty md J1nberg 1972) . 

t ould e • that if the popul at ion is more or lees 

captive ar.d conv:dttod., then there e Uttle n ed for couroes to be 

ttractive en intcrestin, to etudents. The 'd t ' at the 

end of e seconda.cy school oareer s ~ems te inai"te that pol i cy 

makors and o.ds1.n etrators find 1.t more expedient to enforce a 

o:i.ngle unattract ve near compulsory course u,on students , than 

to attempt a more clif-ficult ta k 'in trying to eluoidat charact­

eristics in bi.ology lich Jould attract and bold students anu 

also to develop Vlu>i.ed courses md curricula. n the short tenn 

the • compulso1-y ' .. t ee;y e<: ems to work. 1;o ever m the long term, 

bioloe cal res,:•al"Oh , and b olocy 1n general is likely to suffer. 

states : 

l1cPh rsoo ( 1 )68 1 puts the dilemma succ:i notly hen he 

"If soienc ere compulsory, it must be 
attr ctive; i.f n;,t attract ve~ it 11 suffer 
1.f mad compulsory; 1 it were attractive 
it ould not need to bo oompulsor-J• " 



tOGY? 

'?erusal of :rec t text-b ke 1n bi. log sho s tNit 

periodic r,-'i'eren ·l a made to th •na'1' b·o1oe3. (Puck 1 ;67; 

Platt 19 8; Chodd 1972) . Det ' led nvest gation of thl ' new• 

biology l i c r,tos t ,at it has . iolecula.r basis. 'any cur,ent 

text- books :in introductory biol a , h-we n tho ... r 1.ntrod ,ctory 

chapters, detailed bi.~ah<iattstJ:-y outlines v.hi cb fll' ~ rega cd as 

a necesee.ry p -requ·i_ :3:l te for any eorioue utudent . , Ma often 

volves detri s ot' ~ub- at i e struotur • ant, vcleney . (r. t eisz 

1967, i..,hapters 3 arul 4) . Title of 5ome early cha •ters in pree0ntly 

used text-bovka o b'. ology moy nel"\"e nt ~v 'u,nco for this che i c t l 

emphases ; 11·:iem..~ta ond 'olecul~:: ·1 (~err:ill 196-~); ••·•he -olecular 

Basia 1.,f Life" (VUlee 1;)f.-/) ; '"l.'he t;hemieals t,f s.,i1'e'' (• o· ::.z 

1 J67) : "'"'he ..;hemioal l'asi o Of Lif " (Otto and ~owlo 1;6J; . 

\Hi.at is this 'n • M.oloe,y? 'ov .. ooc lt .iif!\ir fron 

tradH on bio.1oQ";' t is intoncwd n ;, .fr 2oct; on to outline 

some of the cha.ro.cteristios of the nev tiO.L..)i•Y . :..:xtGn::. tvo use _,f 

quot nt 1 ons , inly trom text- books , wtll be used. From t se 

quot ,.t ons eoveral key i eisues or es::.ent al f'eb.tures pertaining 

to th b ology 11 b developed for later di cuss on • • se 

k y ssu :s will be diacu in d t l to ol'lO'fli Y at 11 ~ · to be 

eekn a~ea i n then bolo • \ h s pointe of ctif cation 

tor b olo will seuseed. 

O• r tbe l 
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modif cour ee in b ology e also been lab llea • • • 
H0trever the molecular orientation mq n t be as n919 

commonly supposed. i) • . pson ( 1 J69) mai~:ta.'tna that hat s la.belled 

' new' biology 18 in fact very oJ.d b . olof""✓ - older than what today 

is 081.lcd volutionary bioloror: 

"It is not trtt t i.at 1ooleculnr bi Jlogy is ti 

new soi cc. h loh has ttiken over ( or could 
conceivably take over) where evoluti.on ry or 
organ.hmal bLilofY 1 e-e off. (><'or that uetter 
it :h not t rue that olut. onary bi.t>log_v has lef't 
off. ) o~ cycle 1n both animal$ and pi ts 
wu o.lready 11 known in the eie,1toenth century, 
nn:.t ~he orit~ne ot molecula r b i ology c~.n be traced 
oven f'urt ier be.ck. ~· t alroeily had long oxtsted as 
a speciality · .en t ente red a ne, · era by ' ohl '3r' s 
synth.eois of u.roa in 1828 . '-:volut onucy biol ogy 
t, e.rdly ex1 C'ted before 181,9 . "!,ue molecular biology 

s n fact , older then evolut~on ':I b"(>loe:,, , 
althout,h it Ss true t~.ci.t some or1:,,.n · sm.al ~"J_;octs 
of h ology anted o.tecl them botl • ·• 

( hpson 1)( J) . 

educe.ti 
\ 

alist, O.f'rees v th Shpoon when he 

note fl t hat bi olo oa.1 <>duo11t l on i s not 'mm• at all . 

Curricula n current ":8\? ·· cal n1d b · olop.y pla.ce a grc,at 

deal of emruas·is n thoir preambles entitled ' nl.mo an ob~leot1v o' 

upon kuowi.ng facts, understand· n g prl.nci lee, and kno .i.ng the 

proc ur e of cl eno • 1'1 ae 

iattcs of tbe •n • blolo 

cons do 

t 

to b s 

e ti~es cl , ~~ t hat 

tb inoluel on ot a p le atl'eseins ob et-

S.ve fl •n re• Guide" 1 70 2) . 

ao 18 tb.: t •• e4 th8 

ove te ure are OD (1'172) nt t 

ee t 

••• - e l biolo , st • 



p sic pro ota, far t ua ring in a signitic t 
period of curri.............. to , a re pro rly se 

e signal.ling tho of e r • T ry round ott ju t 
o•er a century ot oienoe educ 1. tn '1h tie 

hllsis hae beon placed in varying degr s on the 
a.obi ent of tv;o broad ob ecti.ves - first , an 
understand· ng of the con ptual struoturea of sc ence , 
s ience as a body of' knowlodge, end seco on en 
uod retond.1.nr, ot the proceduree ot o'lence, so· once 

a process. P sent day educatore havo no monopoly 
on t hes objoct1ve hioh date from t.he orlrlns of 
eohool sc ence teach ng. Certainly na long ago aa 
the 1ij40 , Tyndoll end 'f'rsnklAnd Mro tea.oh ng what 

would cod ~ as •n uff eld ~· cl.cnco • at ·~ ueenwo 
Collese in 11 shire. "' 

(L~ n 1172) . 

1hat eeeme to be ar,pli..cable tor rsuff old biologf socme 

biological sduc6tion deals w th expuM:r,.....hl proceJure d 

accum Ed: i factual Im ledge. -:sb.ese charnetcrlsti.ce i1 re old . 

li'urt•,errnore t he . s emo to be d:iff' ranees of opinion 

among rep1table loeular b1.olo5i.sts a! to ~-he precise natur.., f' 

' new ' btology. c-: t 6nt ( 1')(i8) empt1aeises t h i r, point ho·1 he state : 



Trus Aetbury• df)finit i d not e 
biological into tion or gon&t cs . Rut, by t 
the to ' leculsr biology• had booomo popul in th 
195o•s Md many a research and university department 
had been organieed under that n t a aning had 
, :idmtly wicl eel to include molecular genetic • And 
as Kendrew points out , though molecular genot1c1sto 
are 1ntereatod. in such matt r as the D. t{ . A. double 
helix, their int st in t he structure is not •geo­
mot cal so much Els topological. : tho one dimenoional 
( rather then th three dimensl n nature ~ the 
in.formation sto and rol of t he speoific p rs 
of nitroeenou b es 1n plic, tion. ' hus the have 
exist tmd there still xi.st two a ools of mol ecular 
biologists - stwcturists d i nfomat ioniot s . " 

(St ent 1%8) . 

Text-books do not rev! or not t hese o,,,"tltrov,.rsi s at 

all . Tn the int rests of cle r unoluttered oxposition, they aeem 

to accept simple formul ion for mol(.-.. ..... ,..r b ologys 

'"rhe ultimate aim of tl-.e mod.om movement 1n 
b1olo is i.n fe.ct to e-xplai n all b ology in t e rms 
of physics and chemistry. " 

(Cri.ck 196() . 

mt wr1 tors in biology, especially n more recont 

toxt- bo~ko, e -em t o o.cce t the posit on 8·o: t ed by Cr i ck. , he 

followin g quvt at ons have beon extracted :from n :- olcct on of 

c only ed text- books: 

irstl.Y, molecul processes and tho un t cation of all 

th sciences emphaa 

1 ). 



Experiment, quantification and physical aspects are 

also stressed: 

''Molecular biology has emerged from en inter­
mingling of biology, chemistry, and physics. Its 
subject matter is life; its experimentel techniques 
are frequently mathematical and physical. Its 
language like the language 01 ell science becomes 
increasingly unnatural, precise and mathematical." 

(Smith 1968) . 

" •• • Science i s essentially quantitative and 
metrical. . Unti l the advent <>f molecular biology, the 
science of biology, or large tracts of it seemed to 
escape t his characterist ic. Molecular biology is a 
thoroughly quantitative science." 

(Smith 1968) 

"In any case scient ific biolo&V has two 
principal characteristics: the insistent belief that 
organic structure and function will find thei r · 
explanation in t~rms of sub-microscopic un. ts 
(molecules and t heir parts) w·.ose properties are in 
tum expressed by laws of chemistry and physics, and 
the steady quest for relations among facts r ather 
t han isolated facts alone - relations expressed as 
empirical laws when nothing else is avai.lable, but 
preferably ( as soon as t he nttlt@ of our knowled ge 
perm.i.ts) broader Wi4 JOOi-'§ f~;1tc1l r el~t-tons, 
and systems of relations ( th@@ri@f) , e;qirer. :ied 'i.n 
a language that is appropriate t@ ~o:i.ence; :£'9rma. 
rathe1 ',h.s.n colloquial.•" 

45. 

(Rei ner 1968) . 

"Perhaps for the ~irst time - or at least far 
mo re clearl,y and insistently no than ever before -
the key theme of scientific biology is becoming a 
reality instead of a pious hope . 

That the is the development of a unified and 
quantitative theory of how living organisms function, 
expr ased in t of the most fundamental explanator.y 
concepts t h t cm be used." 

( Reiner 1968) • 

any text- booka emphasi e the apparent necessity for 

chemistry as a pre-re uisite for bioloe3: 

" icall.y, all cells f'unction through the 
echanism of chemicals in tnteraotion. The terial. 

of which cells composed is, of course, chemical 



(Phillipa 1971) . 

S conclly: 

"Biology expanded and al.t0red atly the 
nt.noteenth oentury, and hes eont nued thi.s trend at 
an acoeloratoct pace in tho t entieth. This is d 
in part to tl broeder scope and more detailed 
knowledge ava: loble tode_y, and in pa.rt to ne 
epproac a made possible by tho 4 ecov rles ~d 
techniques of peysice en - che . atry. 1 .ese technical 
advancas havo led to uantitative analys· e of the 
moleoulo.r otructurea en events underlying biological 
processes , a facet of tho so,.~nca hes been tormed 
,qleoul,m;: hi.9.!,oa. -='his 1.ncloo.es ( 1) analyses of gen 

strooturo £!l'ld f'unotion , nnd of the lll8ohmisms by 
h. ch genes control the eynthesea of' enaymer and othor 

prote .. is; {2) studies of sub- cellular otructure md 
t l oir roles 1n adopt vo ond regulatory pt'Ooesses 
withtn t ho o 11; (3) investigat·~n of tho mechaniem5 
underlying colluler d f'f'erenti nt i on; and 14) onelysos 
of th colocular structure or opectfio protoina -

_ oglobins, omymes and ho1 ones - 1.n dif.forent 
epeoios . any of t se etud:ies, for techn oal reasons, 
have ueed simpl r cro-organioms , bacteria and 
viruses, but the princ!.plos d soovered appear n oll 
l ving thine.a. '?'hese invastigctiona, indeed, r.av 
re--enim.has'i.ned the fund tol unity of life. " 

Analysis 

g biol ogical • • 

import 

{ · 11 e 1 ?67) • 

atrotegy at prea :t tor bt 



n. olog hero aer s with chemirrtr,v. 'i'oclt\Y t here 
are ro si. s that tho next trontter will be 
the o..toms which in their turn eompome the chemical • 
and bi..ilOE:f tomor r ow 11 undoubtedly mo rg with 

omic eics. Such a t la qu" te natural; for-
ultima ly living thin&O are a.tomio th'nge. r-en-
ult ely t l are .omic t u1ng· , md 1ly a 
larg ooole are they plMts and eni.mals. Tn the la.et 

olyois, tl.orefore, b olog must o.tt pt to ehow 
how ato , arw chemic s o out of atoms, ore t 
togott or tor f orm, on the one hand, something like 
a rock or a ~iece of metal end, on tho other, som&­
thin like a f lower or a ht111m boby • 7h a book _ a 
an outline of ho1t succe sful tli attem t hao b on 
t ?·uc f r . " 

( .'elsz 1967) . 

r· ioz ( 1967) t ! e wthor or a current te.'tt- book comf'lOnly 

u 8d in aecondary nch ols , stresses the ultimate unity of the 

basic DC enoes tl, u1;p redue ng biol oflY ul t i.mate ly to rhysics. l!e 

m.r..koe mluor ref' renco to ' organismic' b oloc:; , aHur. ncr at the 

•n eat ' is also tho ' best ' . 'f. ey ieeues omphru, .. sed th these 

quotee are f'.inalyo s , qu tifi ca.t on ond the ultimate unlty of 

soi noe . Vill ( 19 7) eo inakeo so t r >£e1"8nce to t radi ticmal 

aspects of biol o • 't'he •ne • biol o is moleculo.r in orimt >tion . 

he 

book wri t era currtculum 

(A) All tt r obey 

( ) r ~,._ ... _ 
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re 
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pted by text­

te4 as followe : 

sics oh atry. 

ot 

table 

at ri ) 



l • 

has co und r th umbroll of th l 8 of pbysios, b Olo t it 

seoms, is o.lao mat uring, as it t &s on tho le.lie of c stry 

and then pl:\Yaice. It would seem that it is but e matter of time 

before unified sci once re ies a cu~B1i.rlBti on. er a.U eplintet'-

ing t hin t ho se ~..ncoa is currently a problem, and a unified 

single scienoo th s1.mHar concepts and raethods s most de i.rable. 

( ·1m 1970) • 

Put t h s post on, .t tis ~eroed t o, orootes problems. 

fl_·,ysics ap rently s the ul.timat ' wt1..i re• oc1.onco . , ll other 

soie,..1oes t here.tore must be at e 1 ftez•ent temporary nte.ges of 

deve h,pment toward matur . ty. Molecular bioloe,y i s closer to phy 1os 

t han t ho ' old dogf .oh/e~:. om• b olOCf . Already t he lar..;s ot 

peyoica and chami a try can be inv ked n n10lecular lJ ologr. .~ f tlrts 

is t he case, t hen it f ollows ~.,.at mr)leou ar b'1.olos,v s a tepporar; 

sub -teot f or bi ological Peeear end !'or bioloeical education. ' No • 

biolotr1 is thue mo ly a pass ng ptiaee in bi olor,ion.l eduoHt i un . 

{;'\urthermore , if curriculum makers cont i rme t o f ormul a.te these 

temporary courees, then i t would t;ippear t t at t .t..ey c ,ultl be lty 

f i.nculcat1n6 ha:les hi ch ~ be more f o.sM on:.·bl o t b pe 

nent or eduoat1onully valuable , ( R ago 1:)7.3) . 

r, would putable molecular b • ologl te t 

that •n • bl olo is but a rt t t por tai.r? l t t iy 
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ot 
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otooro, t 
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he b io reaea.l'Ch pel"formecl by fecleral an4 
ate.te at,rioultunl research orgc.nt.aations u ot 

agre quality. suttere from a 11ah~1 leek, of 
&Qi:elAeew l!!£l•n~t:e" , and is auiedb3 policies 
Aetri.mentel to the tnterests ~ agricultUJ"e. This 
is t h& op1n on ot a number of \Wll•lmown aoademie 
eoiontists who eturU.ed tt:,'"J agricultural research 
enterprise under t he ew,ptce~ of the Nati.01: al 
Aoadecw of Sciences. ( he report states t hat) ••. 
T!.J! 2resent. peal.th of agrtcul•ute - related. !!! 
bigot12m:~'1: reee~ b nl?i gnl,vJ>.Qor, :J&t . d.!!!£­
iorat~S• ,, 

• • • Ba.ale work tm photoe:,ntheeio , tho panel 
asserts, ia ' almost 'flithout exeept1.on earn ed on 
in private and state universi ties and research 
t.natitutiou without sup, ort from the u.s.D. 
( be Department of AgrioultUJ"8) • 

• •• of 56 papers on photoayntheeis p ented 
by u.s. participants at the 1969 International 
Bot cal. Con es, only two acknowledge sup. ,ort; 
from the u.r . D. " 

(S.~ienqe, Vol . 180, Mo. 4-084., Apr -11 27 , 1 )73 
Pages 390 - 393) . 

he quotat · on indicates that in the field of molo~ular 

bot8ll,Y, the mo t of stgnificant resc arci1 seems to be decl1n1ne. 

A reason f' or tho appe.ront " shocking lack of i.ntelleoturu. lcader­

shi.p" :nay r est · th the bas eally ' non theoret:le-al ' position upon 

which current molecular botany end 'new• biology in gen ral adopts . 

This important quotati will be d.i3cuseed in deta 1 later. All 

that ie intended at thio st ia to use extons ve quvt ations to 

l!t ow racteruea the •new• biology. 

ounting critloi can not only be foun4 about the •n • 

ln n of wh is Gaid 1 at t 

following t...-, re 



Certain e uoat onal.iate 1n high aoea 
bee con'finced. that biolosv o be eq~od with 
one 4iac1pl1n au aa bio otry. 

o biolo st t~ oan f l to be aw of 
t he sreat citement and intel lectual stimulus ot 
recent <level te in, f"lr example, t he t old of 
nuolo1o acid o ntrol of collular vent, b t mav l 
apyeal, o pl :i.ntivol,1. to ony b olog1ete 

1·.o feol that other aspects of our subject s ch as 
17ology, rontolo • genettcs , evolution, 

oolow, animal end plant pheiology, par38:1tology, 
and unolog import , to etend their 
gJ!"OUnd 1n the t"aoe of ncroasing p~aeu And to 
spoak out 1n favour ot some of t hose studi , 
which IDl\J' otherwise bee nogl. ctod, or totally 
4.iare~ beoo.uae of preosuroe to get t for 
lll01'8 chem atr;y supporting more biochemistry. I 
also feel th d ger that non-biologist princi · -la 
md influential memb rs of co ttoeo g o<>me $0 
reru:y:d bi.o h ta ;mr,:oue w ... ~h bioloa end 
t hat t hey be pre ua.. o this direction 'by 
specialist advice which io not nee es r: ly 
representati vo ot thn ma· ori ty of oontoopornry 
b1.ologi.ot . Attar all, nobody \lfl)uld e'ltpeot modem 
physics syllabu&es to beco i excluai vol.J c1ncomed 

' th nuclear phys . cs , end surely a tinsty ,ing 
towc-rdo ono branch of w· om subject may produce 
ha.rm '1l oucoeed n.s generations af students . '' 

(Bonnet 1963 . 



OF . 

'toting t quot :tion p vioua.ly outlined, a ~ew 

eesentiol faatu s of tl ' new' biolocy oan bo dbserv • It 

is intend to outline thoee as ces tial re tures: 

--r Stress upon quantti'icat1.on • 

m .h.asi.e upon ' pra.etical-eXJ:-Oriment • h1 oloe,y, i.n 

contrast to • ere' obs rvat ton . 

IV A ' Wlif\ed science• te possible. 

V • F;nqu:iry p ~oesnes 1 Gre important. 

VI ·die downgro.di.ng of botarv in bi.olo t~ . 

·11 ""duo&tional ' preeoo-iousnosn ' in bi l;:)gy. 

rn •;mhposi.s upon the 'cent rel dor;ma.' of -::iolecul blology. 

IX _he dOtTnerruling of •ttieory' ln b ology . 

bi ia not an oxr.e.ustive l st . Ott r featt.l.l"G8 oould 

be outUned, but the abovo se to be some ma..,or ones. 



,.,. 

~~sentlal - .... ~1.:.:;::...==;..:::.;;.;~=.::=-:.=.:.;;;:::.:.::::;:;;=-:~=~= 

t t e as, d that the more biology analyses and describes , 

the ctore b!Q~C t procesoes will be when ob erved. 

Analy s simplifies biolog. he • prlncir le of par-::!1.ClOf\V• 

is importent . All apparont co:nplexit ea or inter,ron _ng vari les 

are p d swa.y. Eventually a st~ i s reached in the analyti cal 

pro as " ro app tly only the ' eaoenti s • rems.in. This analy• 

ticol strategy t ·,oitly sumos that the level belo is ,'. oro ~fl!} c 

than ttie l vol above . • _olog1cal. text- bo ,ke c01•Lonly outl ne • le~els ' 

1.n t he following m, er: 

Bl entar-.'{ r artlcles 

.Ata 

Compound ... 

i.;rganelles 

Cells 

o r ge.ni ams 

Populnt one 

eo 

io eg.ions 

Current bolo • •• r 

pal'tioles, b • Cro Bl 

( • 1 67) . 

C ll 



bolo c 

gr 18 l ch toll W 

ol CU! ~'1'fel -
Cellul r ... &vel ... 

0 'l"ia -
":' ndivtduol i:..rr; -
opulot . n -

..; ,un t,y -
orld ~- . • 

• i. or, -

Th evBl.uatioos uf tl1e t. ts . · 

r od1ng n tut, 

53. 

u ing 

•t 

C 

0 
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C 

( ' lt• r; us~l~ 
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PROFILES OF RELATIVE EMPHASES ON BIOLOGICAL 

LEVELS OF' ORGANIZATION. TBADIT IONAL BIOLOGY 

TEXTS.(Letters indicate levels.Numbers indicate einphases.) 

Developed from crossland.March1971. 
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c , to orl.ticts • ly that it 

not d~ta l ·.d ob ')ci i • Y t i..., doea se 

'"he major point of d scuaei on i e ~ e o..inphM:te presently 

uoed texte pl on tho loft hlVld s de of tho graphs ; the marked 

oocloct of the rlgbt hand sirle . he m.olo l nr ood O"'llular 1 Vele 

are r:iwn o much greater mount of ph· i s . !n trod.1.ttonal ' old' 

bi o: oglc&l t.oxte, stress e plnoed upon the ' orgr.n•tissue • end. 

' . ndiv ... dual. ' lovels . 1 owever bot•i t ho trad. t . onal :'rid the 1T.odem -
b oloa te s soorn to 8l ,,ha.sJ se th 

furtr,e r .1nva tii-ati on :i.t ta 1·ound thorA uro m rr.ed cl fi"orenees 

at th s l evel. Por e.x ple, tt tradit onal text- book ,-rol'lcl emrba.s oe 

tissue structure end b:r .efly desoribe a few esrent e.l funct·i ons . 

·,~odorn tert- b~oko , lJJ ountra:-t , ro Into a .-iet d nl of nnru.yticnl 

and even · on:lo level~ ... o e-c ,an la , ~.ho rrontly d~tui.led Ge'luent al 

t-axts., fhotosyntnosis , exoroti.on, r.uscle c1nt ract vn en,1 protein 

eynt. sis ere furtLer ox ~rleo . , h0t,gh t he ' organ- ti sue ' level 

usully n ar top priority wnethe r in new or old h ology .te s 

the emphaais w th n t b l v l han oh d. Tf an&ys · s :ts gi n 

portan , then h nu::i r ot deeo pt i v l ab l8 

• 
is t ,at etu A 

qui to deal wt.th 

a probl 111.ll 1 tel' diacue 

t 

t also 

t d 

4etaU. 

biology. 



he hieblY d velop lengu~ of soi nee 
ttar opaque to the un1n tiated. 

t ical troatment - 011d ofter all 
tictS h been &14 to be the l cuaee of 

ac-tence • odiately ·1uin1-shes the potanti 
roadereh .p. " 

(Sai.tb 1 ~68) . 

'umt t t _ ve biolo i.s • as sed 1n two " • F1 tly, 

thoro ha.e beoo upsurge in t he uso of' stetiet. co 1t t the 

incorporation of populat on b vloey. <:; oc '.>ndl.y , bi oohe cal. aspects 

amenable to mat!'ematioal formu.l ntions • ..,he ' n ' biol ogy t hrn 

incorporntes c. groat deal of' i.nfonnGtion at t he physiologi.eel level, 

1ich i.a nnble to quantifi cst on. ,·m· t h ( 19/:8), ( qooted) soe 

to regard favourably t he red.uct'l on in potenti.a l ra rs \ p 

t hrout.:' mathe!DO.t cal pre- requ ites f'o r b .,l oet• 1A: poro..ritly 

• qual ty' of bi .)lo "-tudenta t olda groo.ter pr orlty t han ' quanti.t y ' ) . 

I n vie of t he n:e.rkod ' drif t ' from science, and t h1 s J rift <loco 

not exclude bloloe3, t h s tactic f apr l : ed at introduotory level ::> , 

wvuld pr obably enh c t he trond. Snit h goos so fer as to imply 

that t drift 1s o. gooa thing. O t h r reputobl scientists di 

e . ("rian 1J69) . Current oo r s , curr :oul.A ood toxt-booko 

atres mat ti cte . or exaw:le , th foll<>Tli.no outline 

f rs to t uae sties pNec pt on: 

• 



59. 

- l\,ypo si formulation an4 test1n using t 
Stuctent• s t and/or ann.;: hltne,y U teats and Chi- aqua.re 

- thf', naturo of type I and typ Tl orrors, t o tailed 
d tai led tests. " 

( "U vero1ty Bursary/$ ol p Bi.ology" oni Seven 
Te iors' Gulde, Department of !duontion. . -:- • 1971 
Page 53) . 



_ssential , get}¼[!, 

u ... Tent b ological curr oul in N 7.e md also appear 

to strE>ss •tte practtoal aspects ' of hioloro,- . A situ t~on BetJ 

to hav de eloped whe1"8 ' the practical ' is OpYosed to, or eurp sseo. 

'the t heoretical'• rn doing th' s , cur cul.um makers in ~ C1f 7.ealond 

biology courses ould appear to a ree w:ith the follcming co . only 

held Ci'.>nC ptions: 

' hroug} out the oouroe greut emphas a is 
placedu : on praotioal one, end. the <levelopmont 
of eseociated Ule • • • basis is placed 
upon t he deT lopment of intellectual ond practical 
skills wh ch fund ntal to an understanding 
of biologic 

(,.University Buraar:,/scholarsh:tp -itol~gytt Form Seven 
"reacl era• Gu·'Lde . Dopa.rtment of' 1•:duoet on. 'T • ··: . 1 J71 . 
Paeo 5). 

rn ad.vocat ng praotic bioloirf, b olor ioeJ. pol cy 

makers fleem alM to ,,,., der ding theoret cal biol ogy. Theory , and 

theorising seems to t ... ave become antithotical to the pract c • 

"'ho notion ' precttcal biology• n ds furtHor elaboration. Practical 

biology tak e on a nuober of an ngs. Fiva will ho elaborated 

'49hioh a currently appl · caole to biologicol eduofd:ion. 

r tly, • p ioal' b ology C b gard 9 ' pl'ted' 

l>iolo ' 'biolo ia t :t biolo 

to n :tional 

•u ful ' 

' appli ' lolo • 

ec no lnt et, Ueu ly ' 

• • 

ot ' appli 4' biologist ie 

' Pu • biolo o :tr ts w: th 

iat 

t t fut f 



t on ' 8P~ ·e4.• 

echo-lo tion b ts, oricri,nally • pure • b ology, later 

'appl ed' with t he develop. t of radar end ' eo ng' pectaoles 

for t e blind. 

Current biologi.oal educ· tion places great ein! hosts 

upon 'nppl ad' biology : 

''A close contact of seventh f'ol"'OOrs wlth 
v,orki.ng biologists ie vory desirable both to see 
the ·ob relov oe of biol o . cal etudi.os as oll 
as s · me of' t he pr actical ; ssues inv , l ved., 1n t he 
applic~ti~n of bi)lor,icol eonoapte and methods. 
lf possible , students hould iw.ve o·prortun1.ty to 

ot pr,~ ~i cing biol ogists t n oa.lt- works , medical 
laboratorieo, !!Sewage t1•,-:-nt mcnt :·lP.nto , t'ie t,ori.es , 
landooe.pe des gn, fa:nn U1a{:."Or.Jont etc. Discussions 
with tbe o eople could be foll ed up ffith 
project rk and related experimentel work. " 

("Un·l ver sity Bur a.ry/~ohole.re:rlp ·O10r.1 • . •or.n ~aven 
'ea.ohers• Gu·:.do . r epart:oont 0f -;due · t:. ion. •· • • ·1 ')71 . 

Pare e:) . 

Be ing practical ithin tl,ti COl'lte~ r,f' cur rent biol oc; c 

educ. tion 1.n ,1ew '"' e8) '<!'Id me;, ti.orefore me:•n ' as!'.loota;te itt. 

' ap .l.iod ' b oloeists and observe them nt , orlt ' . 'i1hi.:- r hasis 

I.l aces a vocat onal stress ui:on current uiol o3Y. ·· t mey be 

carried. on rith t he 0pacifio intent'i.on o-1' ga.i.n:1..ng recruits into 

• apr 1 • cd • bi.olof"Y • Attractive salarie s w th acco,.npeny ng high 

social status mtq t a furtl:er potent inccnt 1 • •rure 

ooien • d/or • theoretical sc enc• • would prob&bly ap 

lee ttr t v to novice u.d te . 

oren r , 

eaciomipaeaes • appli • b lo 

cutticul n, t 

aa where pr t\oal wo 

to rn al e. con m by 

at h • le 

oalle4 en.;;.:::.:.::.:::-==::.:::...::.;~~.:;&. 

work. t to h • nt t hat not all t hey le 

• • 

la 



'vc.gue d un. .. ortmt' . n emphtlS sin thi.a pect, ourricul 

re & em to bo assuming that a great der:l of biolow ia, or 

has en, i rrelevant :ln not being .,oc t onally orientated. It 

would also ari;ear t hat the curriculum to lo.t rs nro not fully 

aware of the function end nature of ' pure ' b:.oloe:;y. · t can be 

n tecl t hat 'appl ed' b1 olog mu.et rel:, upon • I ure ' biclo • Y\rlan 

( 1 ;)f?) notes t e need for advocating both 1n bi,>logi cal educ tion: 

''T om speak fro per ca of the value 
ot teao 1.ns pure and uppl i d so1.ence ln tti.e s 
depe.rtcent . At the tin varsity of' Gh g , o.grl­
cultural bot~ and pure botB.1\y havo i'or mm\Y 
yee.re b n taught in the s ·we depru-tment , agri-
c tural zoology end pure z log/ oim.i.larly. T 
two sete of s!.udents &hara some courses in common 
but separate tor thors • . he int ellectual st mulus 
to tt.o etudente t hemselves or' otnc f'ro:n the nter-
ct ion of' t :o iff erent backgrounds e i ~.r:,t:inse rmd 

it ia poss1.ble to provide far better teaC(lill8 f or 
both lots tLan t o emall dep \rtments cca1ld ch. eve . 11 

(nrlan 1 J69) . 

A so meanm to •pt' ~ ical T>tork' could be '!',,. old 

rk' • Ecological type exerc ~es emphasised i.n most bioloe,y 

courses . Tn enera.l. thoe act v ·tiec, et ss '-luantito.tive pro­

cedure ( transect and qutldrats) . L ttle attent ion ia p d to 

tens vely observing or ant.ems in the1.r natural hab tats 'in tho 

mMnor o£ a natural hieto en. h1 is 

C .;.:::~...;:;..~:.;.::..:..;.:...:::.::::-~==-~::.;;:.: t e p:reced oe o r 

ext oba at n. 

1n bloloc,. 

wU1 b 

or., 

• 

0 

1 r.) 

a to current den ing ot t-beol'.Y 

closely • ( hi 

tnv l e do 1 or o 

). • 



••~ pr &orl ·i.on eeks to &welop t 
tollow!ng ak lls •• • the use of prect1.oel 
teohniq s o'f iolog cal invest gatio 1 the 
ability to handle scientific apparatua , to 
ob1'er¥ d raco accura~ ly, d to handle 
the quant tative 1nf'onnat1on, and assess 
error and decree of i.f't canoo • • , 

(Depart t or :~ducat ion. •; . "'. . 1 )71 . ,g:e, oi,t ) • 

Fourthly, d 1.ng pro.otic . work may be ta.ken to mean 

,.,. 

working throue;h exorcises from supplied laboratory 

is c\lffently placed on l aboratory manual ork. 

uals . Stre e 

nome Po~ures O!' Leboratoty .. i anuals. 

J-ubliet;ed ·i th some text- books end courses , are spec~.ally 

des'lgned laboratory manuals 1i er! , if M>rked t hrour,.1 , aim t o 

devel•Jp skill in hi.....i.J..l.l.ne, uiologioal apparatus . For example the 

Department of EducAti.on in Ne ''oa.l.and .- a.a r;ubl:isLed a i..aboratorJ 

'.1 o.nual for s:i. ·th fl)rme entltlod n;~tolol,':icol : cienoe: Frocesses d 

J fattems Lf L:lfe", Jc.!boratocy 1', oou@l, ·,ro. A oyolostyled manual 

he.s been DuppH.et1 for aeventh forni0 . 

:.Jany exero ses in these labo1:a.tor;1 manuals involve 

str:tct obedience to a particular sequence of steps :n th monner 

of a oook ey book. If not, tho • mswer• ( :n thts oane u ually m 

obs rv colour-change or a.surement) is not obt · nable. 

. eao. ro d atu4 te t"rustrflted \t c. labor oey 

exeroi clo s not •wor. •. t t th exero1 e tl ant cons t-

1e 'r . t• ob :t the ot of 

COUl' , uee t g• .. 
CUD 1 • ut ti e 

will not l or or:, rcia not 

t • aa oat • • 
u.1. Q • rk' • ~ r this eel ct n , 



process bas brout!,ht ith lt or sacrlftces. 

It ·has been found that eJtGl'Oioes 4ooling ith hole 

live anima.ls are dtff'tcul t to carry out because they never seem 

to obtain the aiced- f'or •ouservnt on•. ·~ aually a tea.ch• ·r or 

student has SOOla idea as to what is the eonsequenoe 0£ a labora,.. 

tor, exerei se , 'i'be trtJubie arises .• en ttio nntCJ&ln ~ill not 

'behave• in the appropriate manner. ·rhus ·t t -ts foun, .... that labora­

tory exercises involving live and oobile animals have been culled 

from. current l aboratory menueJ.s . l\.ltemn.t.lvely an:bnale ma:, be 

used in laboratory exercises, but so completely ,.}ut or oonto~'( t 

of the habi.tats in whhh they i·,ave evol ved thnt it moltes the 

exercise b:lologioelly naive . Slaters may move fWJA.J f'r•dn " bl~ing 

light bulb , onJ thi.::: may be earefull J noted by students, but tho 

evolutionary ei.gnif canoe of nega.t1vo photota"ti.s in olnters m.ey 

not be menti,med . "'heOt"t3t1 oal n tpccts r,i.'. c ;, \"1.·;uld oo~)!)le.~ify tbe 

laboratory exercise ore gonerclly net nc counted !'or . ~-- nolly, 

wnole o:rgan1 sma are GO.-neti..rner. dlf:'ica.it to obtain viLcn needed . 

·•oat biology teao."lers t, ave suff(•r acl from the d· .lea1u1 of teyme: to 

find suf'f:ie-lent weta.e from the field for en insect dissection for 

a class. 

Howev r chamioale and extracts are more readily obtain-

able f the laboratory ehel voa • · h re l a 

by t i t: i and a 0 ctaoulBl" obe " t on 

(colour or t ) hi C n .t the onol ion 

the lutru.otion ot D t. t 1n vit • p 

gr& t ieal t1f 0 nt • L1. ct' bolo cal t 

•tn vit • he 11a ory tor • u. ' biolo C b • 



begun at oehool. Consequently, current laboratoey exerot.ses 

likely to involve cbamioals end t et-tubes in labo tone tLan 

live organ!ems in the r Olm. habitats . 

7h fol.lo inf table of onelysis serve-.1 to e xemplify 

t his: 

Table :l ---
"Biological. Science Processes And Fatterna Of Lit " 
l,a.boi-atoty ~1'anual 1970. ( A Sixth r-'orm Mcnual). 

·-
otal ,1 umber Mo. of :io. of No. of 

of Exeroiaes. ~eroi ses taorc sea Exerci..see 
Devoted 0 Tnvolvi.nt Devoted ,.,o 
l'holo Ci rganiems Chem:cals ll.nd a.ti em t ·:c..'ll 
1.n Hab1 t 1ts. ~tracts. "oohn·quoe. 

-
50 21 22 16 

tt can be seen t hat by !'.• .r tte ma._:ority ( tl. .. rty- s· £;ht) of t ho 

laboretory xercieoe are d.ev,>ted t o o • . ng with e. thPr mat he• 

t cal type exerc sea, or th ' in t o• type ex rciaes. In 

fi't'O mvol field ob ervat1on. ;-ome involve pecta 

col • ht.o is •hJ' the total to g at r than fift y . 

ot practi c • roieea the fo oont but e to 

tt n-o theoretic natu ot cu 

work t 



the labor tor.,) 
m ~ 

( 'Depart nt of Education Form Seven 
op1 c:it. f' 1 . Their 1as s ) . 

.. 
• 

In o olueion, ob:,ervation is layod down. A quick glance at 

colour change, or ohonge 11, or a measureoent or a tat-

at cal solution be all t he obs rvat1on ',1oh ~ nee ssuy. 

P . ot cal work i s e e.s aed . A r,rea.t deal of this work is 

ohomical encl rnathemat oo.l r t r then bt.olo .. cal. 



At p nt ooncern ie tolt about the apltntoring of 

the aoienc s. echntque cent red spo aliat aro ha e pro"llr• 

erated (~eias 1970) . Apparent ne eciences have dev lo • This 

diversity created by specialisation prevents cofl'.m\lnicat1on 

bet en each science or bo each special et area.: 

• • • • soi nee i · part ing o£ the general 
conditi ons of tre. tat1on. hue , there a 
sharp cU.visi o bet en prlied s enc p 
scien e, botwoen theory d experiment, bet n 
one spec1a'U.sed field .-:..nd another, Md bet1'ffn 
ditforent branches e,f e h spec1al.iey-. 0 

(Bohm 1970) . 

three 1 baa o' ec oncoe are p!weics, chem stry d 

b ology. odom chemi try had ts ori.g"'lns 1n el.CL errry. il' rom th so 

ori~e it hB.f.l devolopod nto r i~spocted 3c, enoo. ·rn it devcl­

o nt , cl tnistry h46 boen en.comp aed by tl:e &fS of phys cs . 

'7. 

Jt has an)arently matured . Physics o cona'1dcirod the l'l)OSt •mature' 

or the scienc s. (?1mila.rly 1.tt, b olofY. Tt .:3 asouced by 

curront bioloe· eta tho.t bi.olott, ill !'ollo. the 1.attc-m of 

chemiotry o.s it · .aturoo . Alreooy, it se ms. the p'':"'in ples of 

chemistry have biology. 

bl lo , biol 

-•-•, ry9 It bioloo 



prlnoiplea. it tt 14 be a e rt etep to b olo ng plain 

in terms of pl\Y 1cs. hu o 

un f'ied ccienoo. 

assmnpt ion. 

atry, phy C and bioloa will 

to ba a coc:monly held 

68. 

hear t is fa.ulty f i t s tak f urther . ,leysios 

must h ve its _,. principles and l s. . hoee tic • 

ure ao enoo , t reto • cootraey to the popular 

aaumption pe tuated in text-book , t!W)t be applied l!l,at.tJtemEd;:l.cs • 

not p ico. . OUl. a reputable th ioi cl i m that is 

stuqing peyoios he 1a ool ng hematical problems? ' ere-

r 111\Y ought ono etud;y physics, ch stry md molecular biology? 

', }\Y not merely stud;y thomat cs? he edvoc tes of molecular biology 

put t heir own f eld of study in a por. \t i on hi ch could bo regarded 

ne bocus. ~o ooleoular biologi t ould ad.-:t~t o t h: n. ·tor would 

a me.thcmaticien ola..1.m t l.nt he 1ws studying molecular biology,, 

when he is studying m.atice . 

If biologisto accept the assumption of an ult ... -~l_i 

unif ed ociencc they at therof'ore occopt t he.t current b ology 

t e-. orory. Biological. educators , 1n trJinG to keep up to a te 

w1 th the l oot info end t ho eno us ch 

to t these chan a uring at 

ult 1Y un1t1 sotono • 

• • 
ult .~1.a 

to b tn 

.. D 

t be 

• If 

qu 

nea.. It t 

o takinc pleoo, 

0 

1a 

cal 



tutu.re. at it 

conaideration. 

ll oocur 1n 

be 1mposaibl does not n po to e giv 

•ro conclude, the tallowing th.re quotations 

appropriate: 

" oeesiv veren to· ,.,ton and hi 
I.IIQ:'-Ul~l-liios led to too ~uoh 1"8epoot for ' quantity• 

c enoo · a negle of • quality' to narrow 
al.most ohanioal, oonception of ooiontlf'ic method, 

to the ext F,i,duotionist dogma expres by 
a peysios professor who, within the laat five y 
said to a group of science teachers "P~sica 1& 

, 

th st fund tal ot the sciences since ultirr e-
ly it muot be poss ble to exr•l a.in o..11 of tl 
phencxnena snd proportiea of th mc.torial world tn 
to:rms of the lmve and oono pts of pt\}rsios. " 

( ~~8 1967). 

ot all p~ic1ets ero are of exclusively biological 

properties rm pr1.nciples. s mpaon , on the other hand accepts the 

ultimat-e un11'1co:cion of science M a po$si ility, but he outlines 

an integrat · ve t rend hich is the direct op osi te of tho ourrent 

ne: 



oan ba ost meezdngtu,l.ly aoue}lt in u.i t oppo it 
direction, n" through principles that apply to 
all rn ooena but through phenomena to hieh all 
,1rinoipl e apply. !ven tn t his neceoaar:1.l;y sunmary 
di.sous 'loo, T !v,ve, r bel i.0vo, euttic .ently 
1ru-:. oated whet t hose latter phenomena a.re: they 

the omen a of l i.fe. 

B ology, then, is the so:t oe that stands at 
the cent r of ell ectence. Tt i ~ the science most 
d re,.,tly t'.led at eoi.enoe• s major eora and moat 
definitive BOal• /l.nd it ta here , in the t· eld. whero 
all the prlnoiplea of all thn ~ciene s are oobodied, 
that science cen truly boeome un t'ied.. " 

10. 

(s i:npeon 196.3). 

In conclua on , Ramage ( 1967) augceste that pbUos~pey 

of science, especially philosopcy of biology, has important 

contributions to moke in biological education to elucidate 

exclusively biologioal concepts and theory: 

t, !uch of the recant \YOrk: on ne ee1:em a for 
sohool ooience education hw; been marred by excessive 
attention to mean& md too 1atle t o ends . 'Juoh 
conzi.doration has been giveo t? tho mechanics of 
toaoh:i.ng end learning so enoe, btr .. te:r too little 
t0 Rbi.Ja2SQB1licel ffi]YB apd f':,l)eret'0£2S• For exem· le, 
t e disjointed list of alleged aims for ono biology 
coureo e~ no distinction between t hose aim~ 
hioh a.re scient fie in general ond therefore 

o.tta.tno~'lo through any branch of science, md those 
which ll1'9 b1olog1oal in particular and bO require 
opeoif'ically a course 1n biolottY•" 

1967). 



• 
s essenti al feat ure is eenorel.ly not 

copt:ton lo ti ""Tote ~o 

Stud to" irl"niolom.ool Science: Proc as e Pattoms", 1970. 

One hsa to l oo at laboratory guides nste , to note t emphasis 

on • nqui ry procesnes• . 

, bi 

lo 

"Tt 
critic .. • 
expe rl.t!Dlt , 
thm n the 

hoped that the course will foster a 
roach to biology th emphasis on 

qu .. ey, and understanding, r :thor 
aocumulat ion of info t on.'' 

(" .iologieal c; c en-ce: Pro 
Lito" . Labor atory Gu de. 
r· rnoe. 1970). 

sses \nd "attems Of 
pa.rt t {Jf ··:ducnt on. 

"One of the prinoi • 1 ai.ms of i.he "'tu!'f eld 
. ology Couroe hes been to fof.' ·.er a critical 
approach to the 3ub.1ect th en OOll.)h is on 
experiment t · on and enqu ry rat1.•"'r t? an on ere 
tactual o.oer..m:1lat1.on • • • rn cla practionl ork 
the accent -ts o t hor in using i.nfo . at~ on, 
tect-..n-tiues end ooncepts , or ridng trl6m out . 
1t ts eonontiallz an nveeti,.~~o.r.,, or Rrobl. 
,!qlvi nG ~at vtty. tt 

(hd'fiold r. olof.Y · .. enchcrs • r.d de. r., :ace 
xr , and X rr ·· . 

"':'he nei. us· on ot a preamble aotti.ng out 
the ai na and objectives of the ouroo i3 robt.ml.y 
the most novel feature ot the preeor: ption. Tt 
pl s at has1.z 1""E f'.., •:LOP" :'t1i 1 (.,f' :~ K .1.,LS 
ti:ID A rrrt:ID l'ather than tl.e former stress on t 
aoqu oition of knowled . " 

(Po 
S ol .11r1:r.vm 1) . 

J) epit le etUl an 1n '41'1tt ' 

0 • A aooo •enqu r,y 

' la n ary • 

C .3) not a a •1cn exploa t in 80 oe. 

h ct . ( oat nt 1 I' 

u 

, a • 



ho prob-• t nto . , 13 how curriculum m8k :re ( and 

otua.ents) are to deal with t Me enormous quanti\y ot biological 

knowlecl. • A student cmmot abs~>rb it 1 . here appe to be 

72. . 

tbvee t emati ve strat egies. Firatly, curriculum rookars could 

reduce the quantity of 1ntormat on needed to the most ess tial. 

details. i'.n att mpt eeoma to have been !118de to do th s , W' t h en 

emphas. e beine placed upon ' general t hemas• (Glass 1965) or •big 

_:,., '·'l'al ideas' (Departoont or Educnt .on •r. " . 1970) . l' e Beer ( 1969) 

also advocates t his strategy. Yet t i.i s baa failed. , he quantity of 

lnformst1on has shown no reduct on at 011. ?or example the 

fol l owing text- bo -ks serve to show hO'fJ al.reedy vecy largo toxt­

booke in biology become even thioker • 

..,ho text- book 0 1' .->logy" by c . A. Yillee ruJ oOO'lposed or 

six hundred ond twmty-tive pages in 1 J62 . Tt was then in ito 

fourth odition. Tn 1'.)67 the !'if'th edlt lon totalled seven hun d 

and thi.rty pages . Tn five years tho text- book hod inorenoed by 

over .;)ne hu.ridred po.gos . ~;ccond.19 the tcxt- bo.ik .,'!'ho Scienoo vf 

Biology" by ,.. ous in 1963 oonsieted of oven hundred end eighty­

six p a. Yet 1n 1967 t he text 0fl not only larger in e.rea, but 

i.t s vol hed noreased to eight lnmdred and ighty• oix p s -

an 1nore e ot over one hundred p in four yeare. 

A e,"",,u,u. etrate - the ing proposed • would b 

theo t oal b1ol o " Tht could uce t 

q ttty ot tact to le8l'n up. It could eo aot 

" iolopo 

• 
i.on t • quiry pro • tnt o 

• th h ' kn 



exploal '• o over, the rationale for enqutr., process 

distorted to s. lov l ere they are deified as b in mu mo 

si@nifieont than tho oubJcct-mattert 

"''<>.roe of ts proponents he.ve elevated it 
( leami.n by dioco ry end 1.nqu 1 ry teohn-~quos) 
into a panacea, mald.ng xaggerr+ed olaims tor 
ito uees and efficacy that go re~ beyond the 
oV'i.dence. e ll as f beyond s.U reason . 
rt purportedly can do thinc;l'l f'or hloh it 11ns 
n r ntonde49- Md 1.s ov n Ul adapted • m.d 
for reasons that border on nvettcal. venerati..on 
of its alleged effect$ on tho lenmins proo es, 
or on ai, eer r.;enttmentl.\l. fantasy about t ho 
noturo of tho chlld end of the educt\tioMl 
prooe e. " 

1, •. 

( ubol 1-Jf.1) • 

• ho deta: led uootity of' 1.nforoation presented. 1.n 

laborator3 and teao.! .er guides under • aims end object-vea' is 

sutfioient to a.s ~uae a cert.a.ind e of •veneration' among 

lriological curriculum makers of m ttlry prooeS!':Ga , 

A nw...bor of dU-teront interpretations soEY:' to be made 

na to the nature or enqui ry processes . ttowover, all nppoar to be 

based a.round the ' het r:lettcs of d. ~covary• promulgated. b.Y f\ runer 

( 1960, 1971 ) • 

( 

al ler 

sol & or qutry 



enoo ter." (Bruner 1961) . 

Thia tlieref ore relates closely t o the develOTll!Mmt 

of atti tuiee nd okilla. Inst ad of roto mt:D.orisaticn of factual 

t o al 1n blolomr, the methods ot a.ck (appropriate att tucle 

and Gkillo) d eloped tor otud ts. (Seo provioue uotation 

Form VII ~81.\oher • Cw.de) . Current biology therefore p seed 

tor th: s third alt m nt1vo. I n doing this. it has oll d for a 

number of implicotions aid consequenc a. 

(a) 

Ausubel i s e. trong critic of ' onquily prooo soa• i 

" ucb of' t h s • heuri tlos of d eoov ey ' 
orientation to tho t oe.ohm of s oionoe s mpl 1.od 
by tho ew t hat the princi l ob;ectives of 
science instruction are tho o.c ;U · o tion of con ral 
in u ry skills, approprl.Rto atti.t udea about 
science, and t raining 1n the c.parati.ons of d1.a-
cov r:,. Implicit or oxpl i cit in th s Ofpro a 
th belief otthe1• ~ !at the particular choi ce of 
f-..bJoct_mat er chosen t t t hese al i s 
a matter of incllt'ference as lone ao :i.t 'i a su t-

l e fo r t e opernt lono of in uiry) or that some-
now, in tho c-:,ur$e 01"' rfo inr, a seriea of 
unrelated expe•·:1:ments i.n epth, t ho l 1' r>.mer 
acqu rea a.l.l of the wally 1.m ortMt subz cts 
he needs to know. 

ft • 



"To tate the goal ot e enco 
to desor:1 the co ti ek lla 

the atu4ent rather thoo the knowlod 
aenttal to tta.i.nin these ekillo. ' 

All of th: s implie of course t t · e 
inqu.-try procos per o 1.n ecionce ducc.t on is 
more important t an the acquis t on ot kn ledge 
i t self' . " 

1,. 

( •usubel 1965) . 

Tf tho attitu4.os d skill arc mtldo important , then 

the ' oubject matter• BS could be pl yed down. It need not matter 

wh ch sc .. ence 1.s beinf "' tudied. 't'he ;tti tudee skills e.re 

appropr iate to all so:ence, indeed to all enh.~oct matters . h s 

rn93 seem to be a convincing gum t for the ultimate unification 

of so attitud o ond Bk1ll9 necos ery all of tlle 

e sort, wey ahoulti there be a gumb!r of sciences beins stuc.tt.ed 

at secondary s oolo? Surely ono or o soionce ould be sufficient . 

Are thcro no c uo vely b ol o cal concepts md sk1lle to be 

inculcated? ( rt fli.11 be contended lat r that throur.h bl loe eel 

t heory t hero are exolws vely bioloci-oel skills ( croat ve ob erv 

tion) , and theoret i cal guest ona f biologr ouch o.a • 

' function', and •enteleoey'. ) 

tntion', 

It le noted as ell t tn laboratory gu des ma 

ourrioula ., ry littl ot ' biology•. rnst 

l e al 8 t hou 

ot t to 1ncU • 0 iy. 

ied s~ • he ory 

II .. ( 1970), t • 
• a C 

iolo to• 

• a•• t t • i lo •blolopots• 



76. 

1 h 1.ts m unique aub-

11eot matter ancl rstion&le. Downgredins ot biological theory 

contributee to thie situation. tologioal theo:ry, it seems, ie 

not only m important aspect for students to compreherul. It is 

also eru:oial that biological ourr cul'Utl 1!18ker5 hnve s 

tamiliarity "1th ts e €,Difiomoo. oreover t will be contended 

later that knowledge o~ biological theory i.n l c-&min6, could, it 

appl · ed to the pedagogy of biology, ciok n :-·nd most aubetantio.l 

contributions to t he u s· gn of currioule. not only f or biolo&r, but 

also tor other subjects. Yet current b ologicol education prefers 

to a.coopt • enquir.1 proeesees•. In doing so, it dom.cradee biolOl!Y 

as an exclusive oo once. 

•'urthemore, ond pe rhaps more i.mportar.,:J..y, the emphasis 

on pedagogy odeo the positive contributions bioloGical science 

oould make to educat on • 

.... t ooems t hat ourr1.culum makers have ., ecided t.hat t he 

'knowlodge explosion' s bey en.y hope of control, d is hence 

1.gnored. Tt i assumed that new scientific kno lodge builds on to 

oldor sci.ontif c kn09ledge in additive fashion. Future info 

ton wU1 'be t o n en a.ccelc :tin r. 

b1G lB 00 as t 1~ ore not : 

i 
"a pro ot ne tton 

uilcli.o OD 8C 0~ p t . 

p terns Of Lit'i " 

Acco 8 t 

• expl os t C 0013 wor thi ta on • 



tor :tten.t1on b ·!.ng pa: to 'enqu r:, proceaae • • 

/q;a.subel ( 1 65) akes ob ou the imp&rtmce of oome 

l<:nO'tlled e f' the hi toey and philooophy of' soienoa in biology 

eepocially at more adTenced levolo. It ts ,.ell eta.bl al e<1 

(H son 1961, 1972 ; Kuhn 1962 , 1970; ~oultrrl.n 1'.)62; Koestler 

1?61+, 1%9; De r 1969) that soienti.f. c kn led6$ 5 ,9.2! 

oumul.at w Sn the Wf){I d crlbed. Moreover it ie the aopen enc 

upon • 10.ory ' i ch mo.k s sc1entific knowl&d not cumulative. 

11. 

Kuhn (1962) outlines t 1 situat ion, 1 he shuW , historiool.ly, 

t liat scienoe ( including biology) has boen syncopated by a sorlee 

of' oore olont Nvolutions, with much lon r ' quiet ' periodo in 

between. These revolut ons involve a ' pared chan • • Lhe 

1ening of ' parad f.1!l ' is ocmplex , (Lakatos and "'h.mgrave 1970) 

but it alao involves theoz:y chm • 'i."huo • ' parodigr.:: • 

chonged, tho now knowledge h i.eh a.ccumulo.tes · a roo· lt, is 

different " om t .at of another, previou pa:eadi :;:;. . -or ~· M pla 

i!' k•:owledge was cu.l!lul.e.t v , ell student:, of biology would need 

to e.tt .pt to l • e.m about l th nldng in b ol ogy h ch been 

recorded. learly they do not do tH • ,Ior ould it be pou lble. 

Curriculum not are or the nature, nor \nfluence, 

hiator.1 and · tlo op}\y upon biolo • ons quently t ~ 

apt to b ing t o btolOf'J': 



ev 17one undergoes formal training of some sort 
or another at a tertiary level, the in:mediate 
need 1 , for changes in the e<lucation offered 
at t hat level. 

The prime requirement 1s for teaching in 
each of the sciences to give more aognioance 
to theoretical and methodological i s sues. Better 
under.standing of epistemology is needed - and 
the better if' it is instilled along with the 
inculcation of fact and technique peculiar to 
the science in question . But '!.; --~ s.:; ,h,; .:....stilled 
someho,1. Many of our present troubles in sc __ e.nce 
education have resulted from decades of neglect 
of t he essentlaJ.ly philosoph-i.oal issues which, 
whether we like them, or even recogn:i.se them or 
not, are there nevertheless. We shall get out 
of trouble only by recognising and coping with 
these issues. 11 

78. 

(Stenhouse 1972). 

Incorporat on of • t heOI"'J' in b:tologicul curricula, 

presently neglected, would serve to develor unde rstm1din g of the 

rel ationship between t heory ond feet. A nev: paradigm in biology, 

r or exrunple would likely make some present biological ' facts ' 

i rrelevant. Theory determines hat is to count as fact. Theory 

deals with exclusion and not complete specification . heref ore 

a situation co d be arrived at ere sub ect matter content 

can be outlined in curricule. through the ' lens• of biological 

theory. Not all of the biological ' knowledge explosion' will 

focus out when the lens of theory is applied. (See pages 1~3 - 146) 

tor an explanation) . Some ould be exolud.ed. 

Str sing histor.1 and philosopey ould also outline 

and haaiee t n ed to incorporate strictly biological c oepts 

and ethods into curricula. or o r, the ooiount of subject 

tter 11ould be able to be comfort ly lealt with by studi ts. 

Co red th the p aent text-books and lahoratoey co s, the 

content ould be ad.equate as a basir tor l :ter resee.rc 1n biology. 



u f'tn.:1t • 11 • • ~ 

be inco .or to4 into a theoret cal • 

'b) 

eoientiot • alao oli th t m: 

-boo!: ) 

("'•,· oli> ,.;, ml •·t o ooce: , ro oon n..:i • nttemo .. , 
''ntr.)"Juct~ on. 1 P.O. 

t.hod' I 



obet ee b time 7ou wUl knmr 
the e1'.oitemont of :ventunna ter trutt " 

( ·atologic 
Tntroduot 

Sci 001 Pro a es And Patt ma• 
1970) 

o over ' tho ecient!.fic method' 'lo regarded u being 

mpcrtant enough to be eluded in ominat. : 

urine your eoho~l- 10rlc in eon or b lology 
you will hnvo the poreun:1. ty to pursue a oourse 
of pre.ct cal work bl •hie you h appl · d the 
soienttf1c met od of' invcstigat.ion to e b ologioel 
probl Ol' hypothee o. 

( a) State ouocinotly, but completely, •hat you 
underotend by • t t e sci.ant , fie th ' of 
investigation?" 

(Entranco Scholarship Exeminat·on l'ueeti.on, 1973) . 

Current courses use 'tho Ciont fie thod' as tho 

•enqu r-.1 :proceao•. TJ ,i.e situation con be takon t u m extreme. I t 

ie mpliad t hat mere applicati on of •tr.o scientific method' in 

b ologicaJ. ( or On;J other) phenomena 11 r ovoel •truth' . 

'let it is noted (neslo r·arrtnon 1)5B; !,1edm,ar 1)67) 

that t here is no Auch thing as o. single ' ocientific method': 

"\. i eoi tiets do boa novar been the aub oct 
ot a seimt fie , that is an et.bolo io ui • l t 
is no use looking to soientifie • p r • , for y 
not merely conceal, but cti vely ·· arepreoent the 
ro on1ng that goes into the work they sori • If 
set ntifio papers are to be ao pt• for publication 
t b wrt.tt t.n en tnau lve styl • • 

ao. 

( • 1967). 



out tnea • '1' , e:ring f'0,& ...... 14D 

1e t altbousb t re le indeecl e. Soi tifto 
od, sol nt1sta o s its nil unc • 

oiously end do not undont t in the nae of 
in able to rut it into ords.,. 

(Yet tud ✓ ta 

examiMt:1 ns.) 

expected to do so • aucotnctl.y ' 1n 

hu situa.t on enses ere studente 0r0 ing asked 

to understand oot od ich io not f'Ully accept by e ent ets 

in t heir actual ,ork. 'tt is a.eeumd by curr. cul.um mako1"8, that by 

_e sc ntitic method' embellis , stud.onte c.re acting 

as scientists act ·hen they work. If '!ed&.lla.r• s evider.ce is to be 

given credence, t hio is not so . So entists r1hen they ork do not 

81, 

ore st ctly to the !!c'ient .fie , thod. 7he ' scant . o thod' 

is •t!l.8017' • po s_bly tho o .l,y major theory advoo 8d by b o­

logic curr:toulm makers oncl oven this is found to be based upon 

sumpti. ons whioh c!:!Dtrast t evidence ":: oh oan be obtained 

fran the h stoey d philosopl(f of acicnoo. 1'hi3 oitua.ti<n ocoms 

so to further serve as evidence for the need to incorporate 

' t ' ory• , history end philo opl'\v of' ce onoe into biolocioal 

Stud t 

t.Ui with 

o oiantiote rely by 

offloif. . .:....y o 

g 

• 



al to ,&p4w;:aa 8umc:1'-n;U1g 

epirit of sctentiflc 
rt 1Y eCDJse 

to wol"k ful.l• t f ormul.ating end te tin new 
hypo· sos it to quit e tndefensible ••• for 
the atudont to do the a thins ••• If be 
ia r to dieoover, he 1· st t t leom; 
he cmnot l')am ad quately by pret ing he o 
a ~uni.or ocientiet; • o aoqui re faoilUy 1n 
problem solving and oi tifie t hod, t 1G 
also urmoc esar., tor le era to redieoover 
ev r:, prlno l e in th syallabus. Since 
probl sol ing e.bil 1. y is itself transf r-

le at least within e. Biven ubjeot :ttor 
ti lei, facility gained 1n 1Jl(ILOptmdent)¥ 
to1'1lllat m appl,ying o raluation 
is tr er le to other pro lams in t s 
tli.eoi l • urthermore over--emphas1s on 
devolopina probl solving ability ul.4 
w.timately detoat te own ends . B oo ot its 
t consuming ao ct t would lo stments 
with inaut'fioient time 1n 1ich to lo the 
content of the d aoipline; and henoo deepito 
the r ade ne at problem ol ving they ould 
be unable to ool vo s im·,le r roblems invol ng 
tho a~,pl-t.cat on of such content . 

Under thee ciroumatano s, student 
'Would t · l to a.oqu: .ro tn m _nimuJ. de . of 
subj et tter soph st cation in a ~iven 
~i so pline th t is noceseary or cl>straot 
intolleotuol. funet .. ontng in that di e pltno, 
mch lese make original research contribut ions 
to oimoe. " 

82. 

(Ausubel 1965). 



,. 
( c) 

lt h been pointed out that presont biology placeo 

61'8&.t importance O,.I;\, ' practical• biology. 1"he laboro.tory appe.rently 

is the plae where th nqu ry prooessos re put into pra.otioo .. 

baro students can &et as scient st . 

Labo tory gutd e, apparently, are t ten to inculcate 

•the scientific method' . But oven cunory investigation ~ laboratory 

6Uideo doe not al emp 1a upon titi. e supposed mo t important 

method, For example, "B1o105ical Science: Processes And Patt ms" 

Leo: ·;tow r anuql~ 1970, hflD but one exero:lse (Exercise 2 :1 ) of 

about fifty exerci soe, speoitioally noomed ~tth the method as 

previously outlinod. ".'he type of b:i.ology perpetuated by laboratory 

manuals is ola.1.rned to be scimtif1c by the wr· ters. heso same 

r1 ters mru.nta.1.n in p a.oea md introductions, that 'the s cientific 

oetl)od' 1.s +,ho only path to truth .. Yet t he oetual lebo tory 

oxercities preeentod to the students are cUvorced from ' the oientif'io 

method'. St ct obed ence to the step of each laboratory 

is neo a ory. 

rciee 

biolo 

will 

(lt 

blol o 

Moroarver, th s type of iology could be l ll 

oe• ology. ' Obed • biology 

lie upon peat chi~ ta. Little i n 

.a.11.-.A. .. ,., .... fro U'l;l\il<L-~u• biolo • t t it le 11 

80:J.C.:108 "-"''"­

b 1o , by 

aa.,rocm:tla tnr<Nl!n 

eo1 title aco r-



ne to 

biolOSY 1n 'biolo cal e4uontian will b 41scuesed l r uruler 

•teobnici • 1n b olog. 

rtho re, laboratoTY exerci es apt to b labour 

the obvioUB, 

tud.ent t • 

to to a at d ot vo.luable te rand 

"Yet cience coura at all oade o le le 
tr itionally organiaed eo that stud ts waste 
v uabl houn in the laborator.v ooll ot !.ng 

and pu1 me irioal data, 1 , at v rs 
bost help th isooYor or exemplify prlnoi. loa 
t ~ the 1n3truotor could present verbally 
dEIDODetrate visually in ~he matt er of minutes . 
tionce, elthou h l oratory ork c easily be 
Jwstift.ed on tho aro of g vlns otud ts o 
opp oiation ot t he epi.rlt end methods of scien­
tific inq ry, and of p .oting problem solving 
onolytios, and generalidng ab·' U.ty, 1t is a very 
time consuming and ineff oient practtcc for r out 
purposes of toach'l.ng sub ct ter, or of' UlU&• 
tratin& principles, where didaotic xpoai tion or 
Dimple danonstrBtion are pe eotly adequate. 11 

{t, uaubol 1 J65) . 

' oreover 1t ml\Y inder students in t hoir opprcc ation 

and interoot i.n biology, 

1). 

1'1.ed.811lbea~« ( 1 1) al o not rt 

ot 

at • • t 



o£ labor tory iD etige.t on pna t 4 in our t biology ta 

likely to f'o.vou,· the ver:, prooeas they a ok to prevent: 

lfProblem solving can be Juot as cle ing, 
just fo i stic, juot as mochan l eal, ~ t as 
pas:sive, and ust es rote es th ·orst tom of 

rb expoi,i tion. 

( Aueu.bel 1 JG 1 ) • 



(d) Emphasis UJ?on Enquiry Processes 
Is Implicitly Lamarokian. 

• 

Current biological curriculum formulators, in advocating 

enquiry processes , also interpret leaming from a behaviouristic 

framework. (• 01'1'8r 1960; Koestler 1964). This is Lamarckisn in 

some of its formulations. It is therefore surprising to observe 

that reputable biologists (apparently New Zealand's leading 

biological educators) implicitly adopting and advocating Lamarckian 

theory, to inculcate anti-Lamarckian subject matter. 

Criticism ma.v be directed toward this claim by stating 

that behaviouristic principles are now • dead issues•. It mq be 

regarded as 'flogging a dead horse': 

"We are constantly assured t hat the crudely 
mechanistic nineteenth century conceptions in 
biology, medic ine and psychology are dead , and yet 
one constantly comes up against them .. 'm the 
columns of text-books and technical journals and in 
lecture rooms. I n all t his , Pehav·ourist pay ology 
occupies a strategic key position . ,..,hi. :: is the 
ease, not only in the United States where the 
Watson- Hull kirmer tradition i c still an immensely powerful 
and keeps an invisible stranglehold (by negative 
reinforcements) on academic psychology. I n England 
Behaviourism has tered into an alliance with 
logical positivism and linguistic philosophy." 

(Koestler 1967) . 

The introductions in two co only used pu.licatione 

in Form 6 and Form 7 t..iology in New Zealand { "Biological S oience: 

Pr ocesses and Pattems Of Lite" , Laboratory anue.1., end Form VII 

ers' Guide," versity Bursaey/scholarship Biology", 

published by th Department ot Education z) both maintain a 

decidedly b haviour:..:..ttic fr of ref renoe. B aviouriam, on the 

contrary, is not a de issue in current biological education. 



Extenslv, use ot endenc :from Pia t ( 1969) 'Who 

received hi early educ ti.on in biology,1ri.ll be used to show th 

L U'dtien Chamoterlstics of ped. gogical emphases currently 

pe:rpetueted in~ ev: ~ea.land biol ogical educo.t1on. 

niological educators, in neglecting tt-ieory and in 

emphasising th se pedascgical asp cts have, it appears, missed 

67. 

a ~lden op rtunity. They ooem to have for gotten t hat learning 

has ee~enttal.ly biological roots. They havo preferred t o not mako 

l a.ming a biologio probl It is probable that this i du to 

the present dertdtng of ' biological t.beory' . Theoreti o&l. biology, 

f expl ored, ould probably Lo.'VC revealed to biological educators 

tho contributions the.t biolofIY could make to education. . h1. s 

major roorlentati.on would ha•e coincided wit.~ the ren ed current 

intereot in tho bi.ologioal natur'-' of man , mi'! ho~. he behaves. 

{7inbergen 196.3, 1968 ; r: ndo 1•)66; Lorenz 1'lf6; ?ttorris 1967, 1)6) ; 

F'letc .er 1968 ; Bronfenbrenner 1968 ; Bowlby 1 )71 ) • S urpri s-4 nrly, 

ourrtculum maker do not eeem to be at'J!U'C of the resoe.rch f ndinr,e , 

end the method. and. rationale (theory) of ethology, as ~ t relates 

to l ;:amlne in man. 

F currant bioloaioal educators would • ah to be 

l 11 arlMl.!'Ckit:n. T manner ot eiplenat:t • t ho ount 

ot attenti n 

1n4ic. t • 

wt to LSJM~itums in t ext- ooka te ueu ly mg1ar~v, 

L~~ 4m • 

We ~h WS 

"1 the 1 

t 18 ttith the ' ~ eot · ter• 

th OU 

• 1. ~ ol 

01 bi l o • t, 

up to 



with ago oal as eta, th 7 

p sition wh~ ch • futc-<l !I'.~ J uly, 1858, • th the ubl't. t1on 

ot e D ini thooey • urthemo , the 

beoauae current b olo col eduo i on esp oially i n prefao send 

introduoti s of laboratorJ manuals , pl el\ a . st d l of 

s oiH'teanoe to tho fpropriate e-xtemtll m· lieu tor l o , in • 

Tntroduot one to oour s - ' Biros d object vea• - t o.in t hat 

leami.ng h occurred when t e desired psonsos ( aims) are seen 

to be ac 1ui.rod. Lcamine in t hia context is a .. f responoee 

hich are r ov : ,,ualy detet'ffl:1 ned by the ~ry•·roprlate extemal 

env ronmental Qondit ona. Those introduct :Jns ly t h s when t hey 

give spec1£· c d t a:.. ls ae to t . exact types • dP.s'lrc attai nable 

-os r onsee. , laboratory mmual st tos: 

r unl.y by oxperlsnce in t h l 1'1>oratory is 
it pos5 ble t o sea what sc ence rew,1,y i • No 

-eter h· muol you leam about tho f ts .)f 
so i.once, y ou w:lll never qn1te understand 1rhat 
makes cienoe t · .e feroe it i.B in history, or 
eoi entists the kinds of people they a··· , unt 1 
you h •e partic pated in suoh an experience. 

T J) . 

pparently, the 1ioh are ., in" detail , md subs "'od 

under enqw ry p cease , c b • etaw1.IQU in• durln leeoons d. 

labor tory • s1 • • his e t at t ttudent 

0 pas ff l8 

B 

0 

lie t b t 

• 



8 • 

1 a• supplied in t ae publicati. na are autficient end adcquat 

rlstic ppro eo to oduoati are out-

lined i n current eduo:•tional texts , encl n Hull ( 1 J4.3) , 

Skinner (1 957) , Koeetlor ( 1964, 1· 7) , md let er (1 ' 68) . he 

position hi ch inoo, porotee beh viour· um ae being the~ meens 

to loo.ming 1s eomt· meo le.b lled • learning thoor,y• ( t':oestler 

1964; Jowrer 1960) . 

Dy contrast t ho a ubjoct mo.tter of ethology hos shown 

t hat 1~,e.mws is an act. vlty wh · has cndoronouo or r· ns . 

( horpe 1%.3 ; Koontlor 1 J64; :i'letot r 1')(8 ) . :'h,3t :s, an or gan om 

re oeto to enrtroru~ nt . Organ} ems Ell't' not pRos i.ve recoi.vors or 

stimuH . fM ight i.o involved. ' Learn ng t heor-J' doer. not ar 

to accept en or,enoua origins . l t profera to stress the importance 

of' t he extemal cond tions ~ a p ro,:ui.ei te f or l oarnlne,. 

How "' s he S1.tunt i on l\dvooatod ny r;, oloa cal 
Currioulum 11akero Lamaroki ? 

Pinget and Tn11elde r ( .oaotler 1 J6) ) :,avo ..;utl:lned L"i.n 

positi on ao 1'oll.owo: 



t ho right extemal conditions are supplied, then what ie lenme4 

wi.U be an exact (end corr ct ) copy of eztomal r.eality. Piaget 

and Inhelder continue: 

- such concept ·: , •ith throa 
funcu.mle.ntal difficult es. Biologists have shown 
that tho relationship bet oon. an organism and l ts 
environment • .. is one of con tont.~.,taction. 
lhf vi.ow that tl orgei, submi~ . Pf:¥!l'l1V6\i ta 
th l n(l!zt£flC8 of t s en ronmen.i.Jlgs bo 0t00 
unt nat>Ao I How then oen men as o. • kn er be 
simplJ, a faithful r 1eorder of -,utslde evanttn 
I n the secood place ml""ur~ tielde of human 
kn011ledgc nnd nde :vour, l!lathematics for on , 
clearly eaon s from the constraints of out e r 
real· ty. his d sc\pline deals ossont ially 
,r th unobservable fe turea, md ·1th cogn t ve 
constructions 'in t he .~ itcral oen8o of' the ord. 
h irdly, men oota on, :'llld modH.,i.oo ,·eaU.ty, he 

obte: ns by tranoform.ing "·b iorld , deeper 
underst ,mdL"\6 t reproduot ons or co~ os or 
reality oould rever provi.do • • • " 

90. 



ch 

• 

-

orgont mply lll.MlttM by extem 
....,i..iii,;_!on.i=•• but that theN h o be tnteract igp tn 

of 1. e. that as a 
ro lt ot a tension or 1 nl ce provoked by 
environmental c gea, tb organ.tom hae invent 

ori . solutton by ans of com'btnotions, 
reoul ting in a n equi.libr.t.um. Tr us ...t..en 
compare tis ·neept of • response ' to .. hat used 

o long by beh ouriam 1n it r famous etimulu 
eponee ohoma {S- R) are ed to find t i1at 

the be vuriet psychologiots l.ave te.inod a 
et otly L - ckien outlo , 83 if they hod 
ioiored the oontGfil! -orary biologtcol NWOluttCllln. 

the excluoi ely L role oontext of 
boha urlst theory, the sponse is sim ly 
sort of ' fmcti.onal copy' (Hull} of tho timuli 
in their particular succession. ConeoT t ly, 
the fund tel process of aoqu d. tion of know-
1 is oonsido e leam ng proce-s in th 

1 1 ciot eonso of obtaining ntorma.tton throuB11 
obaervat on of tr..e environment . I f t h · s re tru , r 

tal dovolopmont ~ e ,hol ould then be 
thouBht ot as the result of en uninterrupted 
s rieo of bits of lea.ming in the abo mention 
sens • Tf, an the contrary, tr. basic point of 
gt ing o rtnin responses i . o. too ' co-:ipetenoo', 
leeming \11ot,ld not be t same e.t d· f · eront 
develo t levels , antl ·•ould depend eesenthlly 
upon t evolution of 'oompoten • ho true 
problooi ould then be to xplain their develop-
ment , for this the cone of le 1ne tn tho 
class cal ense of the to . ould bo in e-quo.te. 
D ?Ht ORYSOJla we C ot byt fglloyr tJ\e princi~loe 

d 9ov9re4 b,v 2ont nmomrx biolOQ• hie ana 8 
fund tal ch.an in the psycholoEJical inter-
P atian of tal. 4evelo t." 

( 1 iagot I lder 1n 
Koe tler 1969). 
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In an art1ol entitled •te BotOl\,Y Dead?' (~I!! 

Vol. 220, Pa69 521) the view was expressed that bot-.y was a 

cleolining ub,:ect . he article, which elicited a great deal of 

later di ous ion about the state of botanic education and 

aDOf\YID.OU& eut r , pro'b ly because of the 

c-aotroversial. naturo of the tor-to. e1'utable bot sto 1n the 

lJn i.ted gdom saw fit to reply to tb cl tms made. (f\rlen 1'.)613; 

Ho.rper 1968; V.hittinghe:n 1968 ; .lf. am 1969) . 

rian ( 1 J69) t1'18 attempted to dr threads ot the 

discus ion together: (Conclusions wM.oh were lesa related to 

bot ical education ba.vo not bean included). 

"{ a) 7he numbero or studento studying bott.:ny 
in uni vera ties at undergraduate end 

graduate levols too few and pei-hape of too 
low quality. Post science students and partic-
ularly mozt of the best ones being c elled 
into 1 ~sical noiences. 

(b) horo io an uneati&tied need for botani.ste 
with conoidorable phyaioal kriowled68 to ork 

on probl s of pbysioloe;:, of JI ole plmt,s f!14 
9ro2s. Su t1ork requires a dogreo of infltru­
ental. aophiatic tlon d ~sa iG inevitably 

slow. t: 1n years mere mo purely laboratory 
worlt t e e1 ••• 



(e) he small siae ot a uniY· r ity clep,11.Y't:mant 
1 a eerioua 41au.M1Yentage since the 

nocess::iry st mulua to real 1ntell ctual interest 
1n biology can only he ach eved where there & 
a reaearoh group ot some eiae ••• 

{ g) The mage of botQI\Y among t.hQ public end the 
profession, is o poor that ineny engn in 

earcb on pltmt probl ems prefer to avoid eny 
augge,:;tion t hat they e.re botanisto . tt 

{ rian 1969). 

Tbere in no reason to b lieve that the situation is 

ans different in Jqew r ea.land botanic arch en<l eduoi- tton. 

, he numbers of students t1Jd¥ing botony ut graduate u11der-

graduate levels is small . 7 iese numbers nro reflected by the 

relatively omall st r 1n botany departments 1n :.;n versities. 

(Perusol of current Un vereity Calendars oonfi.:rms th1 for 

No-r, 7ealom. ) 

Secondly, jrim n ,tea that at present moleoulor 

botany is rocei.vine a fair unt of attent .on • .., .,. is type of 

botany has stimulated interest at cellular and subcollular 

,,. 

le ls. nut t ho physioloe,y ot the ~ .ole plant is be ne noe;locted. 



and biological environment are essential 
if we are to be able to understand the relevance 
of our new lmow:i.ed.ge of cell processes to the 
whole organism in its natural growing conditi ons. 
They are essential because it is at t his level 
that new peysiological knowledge can be applied 
in agricultural practice. Suoh application need 
not be direct: plant breeders are increasingly 
selecting for physiological characteristics, and 
t hose characteristics that dete rmine crop plant 
performance can only be defined in tenns of 
whole plant peysiology; plant pathology is 
becoming more physiological., and comparative 
studies of healthy and diseased plants at the 
whole plant or crop level should be most 
rewarding." 

(Brian 1969). 

Zuck ( 1964) also puts the case strongly against the 

over-emphasis upon molecular bo< .any: 

"This is an age dominated by too moh 
preoccupation with the peysical sciences so 
far as thinking about and experimenting with 
plants is concemed. Alt hough ther e is no 
American Lysonko, t here is a kind of t hinking 
being foisted on the plant sciences which tends 
to put non-adherents of t his new orthodoxy as 
beyond the pale of serious scientific endeavour; 
whereas , in reality, the kind of blind zeal of 
the neorthodoxy only r eveals profolllld ignorance 
of many of the well known facts of l ife . It is 
a dominance which is being encouraged by the 
channelling of large sums of money to t hose 
institutions 'l'iith · increasing numbers of these 
zealous adherents and apostles." 

( Zuck 1964-) • 

In reference to Brian's third point ; perusal of present 

New Zealand University Calendars shows that first year courses in 

biology as opposed to botany and zoology are oomon. There also 

appears to be a tendency 1n N Zealana to separate 'bas~c• 

research tl'OQl 'applied' botanical reaearch. Finally in ret'erenoe 

to the image of botaey 1n New Zealand, it seems that it is 

regarded as a course tor ~e ales. The image for botany therefore 

is probably very little d1tterent trom that in the Unitecl Kingdom. 



in biology be not for oondar,y education 1n Nn Zeal.8ft4. 

P1rstly, te er qualtfit&tiona in botany. Osbom 

( 1973) outl1n the case tor phyaics education 1n N 2ealm4. 

He notes: 

ffA sustained orto e of: peysios tea ere 
must ventuol.ly 1"8sult in a lo,, standard of 
pey&ics achie nt in aohools , a lowering of 
the numbor ot gradue.t o produced m4 a tu~her 
deterioration ot teachere' qualifications. " 

91. 

(0 bome 1173). 

Osbomo sin fact explaining an othogonio s tuation 

wh bee , s progroeaivel.y orse, w-l.th each new gen r at ion ot 

potJrly qual f ied teac11ers detriaontally affeoting t ho eub.ject 

wh; oh they teach. -:,ho same pattem oould be used for generally 

low esteem held fo r botany in ~ aw ~ealand biologioal education. 

The ver:, o. 11 si eee of botany departments at UnS.versity could 

be taken o.s m indioation of e. general lack of interest in t he 

botani.oal aspects of socondary school biology. 

Osbome in hie comp hensive study also supplies data 

for first de gradue,es trom Secondary eaehera• College tor 

the ye 1967 to 1971. 't' uat e are called • biology• 

ot r soi e . 'biolo • 

can hold Oft3 ot number ot ore wi.tbin the qualtt1oat1 • ! a 

are not nGt y ted to • in hie 

pal'tS. ........... ,­ .,,..."'aIU., .... e o bold my one r 

tollowt.ng tint a.e,[l"allm 1 

(a) • tn •oology. 

( ) . 
(c) A 

• • ·,,ota,.J. 

I'.:. • 
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(4) A n.so, in geology. 

(e) A B • • so. 

(1') A B. Ag.s c. 

{ g) A • tort Sc. 

l of these above qua.lit Otlt1. no are accopted 

' btologioal' in biological education. 

b 5.ne 

· h's de spectrum of a vari ty or b o md e.t plled 

qualifioationa, if balanced, could be a noble ohara.cteriotic for 

cuITent sec<...-ndary biolo • cal eduoa.tton . 'o ·ever t h· s 1 s pr obably 

not the caoe. Tt is enti.cif a.ted t i at toachero holding qualifications 

in zoology are likely t o pred linate over all of' t ho others. •. h 

ia reflected throut;l tho p esmce of large soolobY Departments 1.n 

Uni.veroi tioa in ~ Zoaland. :sti · s can lead to t ho development of 

coureea md syllabuses hlgi1l y orlontated tot})() zoolocical side of 

biol ogy. An imbalonco i.t seems , is occurring. !Jotony is ' loe:l.ng 

out• aeainat zooloe:,. Brlan ( 1 JG9) oxpresees :iis conoem: 

" ... tho aecti.on of' the publi c t l!at e botmi ata 
most n od to a··,real to is the younger generation • 
school children m d fir t yo· r univarntty student • 
Once al compotiti on tor try to our 
honours ornn:onas, onoe e t a al demtm4 f 
ltudont for expansion of our labora.torieo, e 
shall kn we winning tll.8 battle. 



• • • there arc forces that ep t rt iary 
bot to small populati.OA sues hiob 
more irrotional. I was once invit :.=:d to help 

point a ad of biology department at larto 
college ot eduoat· on. aotore the intervie11e, T 

was told the.t they ould not normal.ls appoint 
a bot at, as he would "be too narrow in know-
ledse ->utlook, but a zoologist would be 
excellent . i "•ie kind of attitude in a. collogo 
of' eduoa.tion can le to its ~"pea.ranee at 
school lovel. In eel I SU pect fu, tn01'18 zo 
log.lots than botan: sts are emplo,1ed school 
biology ta rs. t his c influence 
students oorl\ing to University, end eva t hose 
appotnting ads of uni l"8 ty biology 4oport-

ts. lt can lead to plant ,:;tud es being 
negl ct in uch depart :ts. r e must fi.sht 
such attitud a, g n not mei.r· ly because t 

unfair to botanists ( though they are) but 
beO"UD() they 8l'O bad for ·btology. 11 

( rt.en 1969) 

rurthe , ore current tmtt- bo·)k writer are usually 

~00103 sts (" clsz 1 ..,67 ; KAeton 1967; ?err ill 1 )fi7) . f'-yllabuses 

seec1 to be hoavi.: yorienta.ted to zoolof!Y ( see ,..om VtT Teaohorat 

Gvt.de 1970) . Hence, 'botany :tn b!olomr cot;rees a not gl.ven a 

great em hae a . Curroot introductory biology &..:tphas ses un f -

cat i on of botany with ao .,logy but the procoaa aooms t o he.ve 

b en an imb onced one, end · ooloGY has prove:Uod. 

··oroo r, boten eel t cs, it t l-.ey are d scuased, are 

u ly at o llular d eub llul r levels , dealing th QV1,u. 

chemic 

a 

tent1 

le ' the biochc str., of otoayn-

e to do 

lt ia 

e ;ti 

• 

oloGY, 4 ol 



•pey-stol ogic etudi sot ole plent 
in rolation to ts pcysiolll. , obe c , 
biological en ronment seential it 

abl to 4erst the , lev oe of our 
n knowlod ot coll process e to the ol 
orgoni in its natural ng conditions. 
"" y oseential be se it ifl at th:b 
l vol that n9'1 ph3siologioel. knowledge oen 
b eppli d in agr1cul tUNl racticc. " 

( ~rian 1969) . 

1 t :t o biological duol'lti.on att • pt to do to 

rectify the downw tr erally low status of bot 

!kne Btrategy being emp iaed 1.n t l s t heeie , ... to deal nth 

t he problem by upsrad e t heory in elem to.ry b . ology. 4 r)lont 

nteracte with i.ta envlronment , rt h:io oo ioloetcBl and more 

subtle phystologlcal features "' ich allow t to 1 ve n ts 

enr-.ronment . Onc"3 t~,i s is noted, then theor-; end theoret col 

pheno r-.ena such as • adaptation' o.nd • survival value ' o.ra 

iato.l,y importent .. ?-; ologi.oeJ. education oo: .. ld ntroduoo theory 1.n 

bOtril;/ v~ll e.e ! or ~oologr. D in reoosn s th· o with I s 

own plant otudtes . •·e based h o obs rvat:t.ona :nd e:itperlment 

around evoluti. ona.r,y t?· ory: 

,'t on more 

olut1011ar,y ory or ly 

100. 
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botany. Tm a nt o~ theory 1n bi logical 

swamped by zoology. :'he 1 ortenc or th or:, 1n botany ia oquelly 

as import t as tor b olo gener ally: 

stnc from the evolut on v1ow was 
I\ ,t.n•a con.st t att8Cll>t to r'·' l t a 
obsorv: tions of truct ure and function in tonne 
o~ pbylo otic reloti0nships . h-n prooe<lure 
carried to an llo cal ext re in so b 
l o 1cal fields, hns l peed , orb oo unconeci 

jeeted not rs. Tt i poss ble f or syst 
at or morpholod.st who iB 'bl1.nd enti ly to 

the impl· cations of evolution flhon dealing with 
l er l ls of or ic vnri ti , to be do tic 
about up~~sod evolutionar-., arrangements of 
· ghor systome.tie co.tegorios snd , on t he ot r , 
for an analytically I i.nded physiologiGt so to 
soom phylogentl "al opeculat on , eh he roio.rd.s 
as unf unded d inc pablo of rigorou test , 
that h • · Jeote a mode t thought not neoosoa l.y 
without v ue :tn a .,.:i,11.oation to h: e om iB.terl • 
~' he • i a lesson for both 1n t he !lp rit - cautic-.a 
yet enterpris1.ne, op oulat ve y et reosonad - in 
wh1.oh Darwin used the evolutionary h31)0thesis the 
most mport t gener li :i.t on of 'liolo§, in his 
own botanical r eoarch s . " 

( 
1eslo arrieon 1958) . 

r'lnally, it is popularly thought t hat botany is no 

1'.<o t i .an a ro oatalor;u n en<l naming of s -ocies, yet Da 

himself did. not oept. botany tn t h a •f13• l' n taot he o d be 

re arde4 the tor ot pl t siology. Yet• at 

a great deal ins c ndar., ohool 

for ten ta orl. • • 

• 



ergument as slight tn4ee4. Tbrou 
diet gutahccl line of p rson it , Derwin's 
work on plsnt movements may be 11.nked w th 
present-daiv t ivity in the field of' tr-op c 

aponee.e. one outco,.:,e of hlch hos been t 
d:isoovery of plant r,rowth ho1mon D ••• v b:l lst 
historical connections like that j t mentioned 
ml\V' be distinguished l · nkint D&n'fin ' o expor ... 
mental boten1cal rosearoh with tl at of tod93 • 
iJ: s op.not be 8 id t he.t the D!£!!:in £A. ?}!lO!.• 
op.jz 0£ mode pt rsasqnin& · s 4articularl3 
etj.dgnt \!! @09:o~ Pl5t phzsiology.1' 

(!-toslo lfar rl :.ton 1958) . 
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current trend 1n b .ology seem t.o be to pueh h y 

sophist coted prlnc l e teohn que furt .or md furt iior dom 

tho oduc,,t one.l l evels . t ho.t u onee taught to aec~nd year 

zoolo& tudentn ~ fo-r, years a80, nt\Y n b found be·ine tau mt 

to f urth t'o pu 11s ns part of their scionoc eou:ree . n.deed t 

aeema th.at to a.tt r:.pt to inculcete complex pr: nc plos to youn6er 

end younger tudents le duc .. tional vi rtuc, to be looked unon 

· th favour in current educ at on. De Boor ( 1 Jf;}) attacks t· , s 

not1.on on the crounds of biologl oal pr:tnc l rlee. l;'i tly , !,8 

phasises th t tl.~ o educ~ ti.on strat,~e;y enr,onders oduoat onal 

procooiousn :is a,·;on r, otudonts. i.'hese stud~nts lack on app ciotion 

of' a v,ide v.1r ety of eubJect areae. He contrD.Sts th' o oduoat onal 

st" tegy "11th the btologio prlneiple i mportoot to h· .mm be ngs -

' del~ed develorment '. ,, econdly, ho . mpHos the biolo cal 

prlnc ple of the • critical periods ' otl:esis 'S cott 1 J62 J n°"lby 

1<J71 • (Tt seems thtr.t oh ldren o.re more sensiti ve to lee.mine 

oerta.: n concepts and l guag at one otage oml not at other otag o 

of development . ) F'urthe re , if a ohUd . socs a or t\oal p r1od, 

it will be to l. s det 

• 



1 • 

( 9) . 

Currant biological educ :tors, in neglecting two 

biological prtnoi ;·lea out lined above by De er, b promoting 

a ' drift ' fro b ology through encour-n•--....P. educational preooc1ou -

neee . \toreovor, t he aituat on is ma.do worse • n thi onooura e­

ment s e· ven official fav-.,ur. It ould eoem that it biolo cal 

ed.uoetoro a:-1pe ed to biolosical th ory they mes hav a &re 

d.oal to contr but to Q8r1Y areas 'in educat on: 

( 1 ). 



••• tl-..ere h t, peat 
thoo oe :ln the l,1ator,y of b1ologv t hat 11ent 
mo than e. !n at p 'beyon€l t 
tme ffl t ot _.,..,.. tal reeulte; t t 

t'9 orgmio evolution. the • c.mtHl. 
<lo • . .. 

(St(jflt 1368) • 

• ,tent ( 1 . ~,;3 

the theozy ct evolution givm equ"l estatus . Cur- t 'b olo 

to lm.ply t hat tr for, r prevnUc ov r tbs 

1 t "• 

Somo p io.1.M!y diacuso on a 

abatroot1cn • u se • 
~ outlined by ~; eon ( 1"J71) . urganlc olut 'lon on th other hand 

o.f th or., , o~ nto focus o.e •toot'. "' tent ooe to thut 

tl tl.oory .. c t ame o.·"' t h ov nee for ovoluts m 



10G. 
C G&al:mt ~o 

the htatono u 

Q.GJe<:ta. t. f'Jer;, le a lo lly t abstract . n • . t 'ffl>Uld 

tu lo 1o J t~heo-r:, 01'0 inuo bl int rlw1n9'l . urther--

to thoorJ for tit.et:\ te1 be oount-1 e.-o •t -t • • Tb .e rcla·: 1 h.1.p ta 

re~ul od t hrou,;1. logio 1 ate-p • , oo rocoae ot oo fOCUDe .ng ot 

' lM\B ot t ory 1o doter .. , by the thodolo«, cit 

sci ce ( udm,r 1967) . "'i-;u it :,ul ~ u th4t theor., o ~ho-

dolo&7 b,,':. h 3101'11' eant t bioloa. 

s 0~~11, re ,dl$!'l.1, o. d1st1no-tton mu.st ao bo nedo 

betw: the centr.ril do 

ao Crlo.k col ihe ~!!! •c trol dog,)a.• 'i n 1 )53. ,·1,,c t 11 t 

t1mo t . G'(.ln6rtll.7 boon unor t1oelly nco.pt·d: .;o .. r:::onar 1 ;C,. , 

b u t ion ) • rt se.eu t h ref oH t.he.t tte1 ift." • ttie eontral 

dogma. han t ken ~n tn cl1nractor1 otic& of J:1,~ .. ~2!".e ogma: 



f'ollowa: 

1lJ1,. ., • 
.. .• • ! 

r..nnn r , i.ch sl:o ·n 

l"GtlMmtSDlo ta t 1 

' doe,1a• ia ~hat 
bi , not l.ogtc. " 

1 • 

I . 
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he • • h baon • 
u tb:...a 

~ /,J_"· \ \ 

' / ~ 
~ . A • f T'-,totn • 

Cr pl • tho o nt t of tha t 

do ,.. - 1n tho foll01J1nc •es: 

1t 0 o noted t h tho 'eo .~ r tlo • non re 

a but r rl-., c cto o oar-

• 
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o c. ' cx:>rru.• purp-o • rt 

o.op:oo.•, muat c ao b 

~n d a:> a ' dov i.a• • l t i~l'IS boon oll'<# ed t..:> toke on t' CLAr C­

tor: :i;tio!l vf tLo ~ ' do~•. ··t b olOf'.1 ~c ~-o ·moa b:J c. dt~f1.nL,~cn 

boin6 e ntir o oot1. ... t;;. . olO&f coul d bo !,1 f~l"!:184 nt -1 

• tol o6l1Mn1 • '~rmkl 1)()) . 
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i8 mit on"r., .)Ut 'tn dep1:rt111<-1nttt -Jt' 'i ,owi tr-J. 
"ho~e 1:,u'tl or1mes not est\ i.l.f 1-f;t{H"ed l>J o. . ~ ::h l :,r 

1..evolo. od o:"ltablio1.!?10nt • ., 

1,,. 

( · o mi.· ,.. " 1 .,r, , '1 • •lt· - i : 
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by biOOtH!Glst • t-u::u. . .,1 t xt-01:>0M;;i, or b 
Che, atry at all le els abound 91th dla 
( f oh. tc :roe.at\ ns) •h.1 c.1 arc inoomp 

s olo to c.hem. ate • .... t 'ts t· e (luenr~ly kpl tod. 
•,ha., cel't.atn orgenie rr.ol oulc& whtoh occur in 
1 v1ne a;-ot s poeneo bonds whi ct can cto 

r , n ad.iit on t.o ~uc 1 abuao of all con-
,pte of ol,.cul,ir otri ... ct ~ , ldoaa drmm 

all ly from tt; t ntJt<>rlowd.y difr-1 cult 
eu~ ;,ec'I.. , ot1e:"J1 cru. trJ&rmodynoot C6 , ore d ::to e 
bey ro~oenit~on • 

... ,o o-.>nfu~c student ~ n t r,: s ~ '1 
ucuoobl • ''ho 1'al.s Ar . JW•nts 1Js1.•d n 

a OO}poaod t.o d1roct e.tt·0n::.:lon to ti:o 
mpo1-t Ct• oi' pn.rttcult, , oloeulo • :n v1 vo', 

but in foct they o1 fUiae te tv~e le, 
here t 1,, .e l& knJ9n; r.m,:J t·.hGro ., t ,; s unk,v 

pl"C! nt e..«-sirn of U!!<•!'ul ex:-•r-'ll!P.n'I!! • ' 

( iinnks 1 ~70: • 

.nhi'bitD , os::'ule tuture ?'GO'S ro.h. '.'ot tt ~ ,, :;· ,, s t , Out'' ~ ..:.~ 

ci~ -mi stry • do rao by :,~mrlist.l o text• bo.Jc p 

.:.e 1 st •,nti f!JOy e re ui t Uhw~so Um l,; s t :'l 

OUJ' t biolo c l I'S • 
'O $ into tbt1t d ai.le ot .le: 



on to • net·• t t:u 

curioue vi •• ~t f ~ nt 4e4 o do t · :t ex pt to n,) e that 

• lac u.pon t!ioubtful d mi oo pr-1 nc~ t l &. 

":~ r. t,.ey ( th ri duct\ c>· ~ i ~ d rP le,c, .1,~r 
ato ) claro, tl pro~,a~ of gro'Wt.h d 

'ity ,.ivo b ,en 8!" n t .• oo dvtom.i by a. 
of' ,-, . ~: •• 1:!Ql& ul s, 1.iiolo{l3' hoe ulr-eady 

in ucx !i oo prinoi r lo, to b·i ochcmi titr-.t; tl-::e 
co ... f l tion o!' th- ,'o 1a f"',juttno . :_,re.n'Axl 1-,'J'ffe\.or 
t:iat ;: . ·: . : . ti:1S pr-oeia ly tiie pver t r.at. thy 
cl1.d.m for 1.t , ite 1lrrJtf on c-im<:instrote:, , on the 
contrary, ti.o.t. biol(,)gy s •,ot roduc ible t1J tlv­
ctt~nntstry ( and ultbf.;.tely to r,hyoie ) . hat u· 'on 
1~ . 1.. . ... . do · ta l•~f'i< s nut i ts cLe::-1.otry • out thu 
o er Jf tt.t bLsea .i.<>ng t Lc · • · . • . c !i~.l.1; •• ~t ·'. & 
the .lr.-it.1!" l, i c.n · .ct i ,ms a..~ ,~ .;,),..e tu b , coo 
ot.rt oy tho -.;.1.. ~elo£,int, ..>r~w.' sm • ...,i e l ei,\.m -,f 
t'hysto.., :.11i: ciiei:•;.st rJ nolct , m; !"educ tlv l to 
r.l.tt,t.ly '.nai t, uarvcra~ly ; thoy Br,~ enti n.'1.y 
unafi" cot<:rJ t:1 the i:,ort t CU.t ll r l in:near DP quenoe 
t,~tit cr1'lrt.u:t•)r: :es tl· ~J • • let c;:,do . ~order 
ia ro~!l ~ tle ~t'.J'G: oo-eli,e · l cu:ly; ti,o rof0re pt-;;· c~ 
<Vld C o;:let r,; O.cUll\Ot Sf,8C~J•y !t:A,CiJ. 0 •~, r ~11 l, 
ucceed 1n funct "n f..S e co.ic . · ·,.-t ci • rr,.,;, .-mt , 
r.! ch •:· t~.: r incontrovertH.,!e i-M f1tv · by 
·c,ael ;olonyi (i, ''.'. oienoe" · '! . 1 . f) , 1)( ~' • 

... ,. ordorly struotu ,. ·Jf rt cYem1 cnl Qr,lecule , 
• ol :,1. p" into out, · s ue l:o a ~.vl!lrul!l o:f' 
etabi Uty <: l'Tt 9 .• n,PnP. to . m~n 1 ''.•J'ft ,,f ot nti; l 

·r.:, . uor :>n:lcr ·holly df•tei·.::\~n"d by the .1 · o 
or phye ioa lnd c .. r- tr:: ;ma tr.• b,.-Jn ey 

o. t.h oyat tncopuble of • 
lUiJ1U 8 

ver- "e n t <} d, t 
ei~rl.Y no 4 a o~ rrJ 

atatlat oally ll oe,1ue:nec:•a 
C Ord 

t • 



mol eoule . It is t ho peyaioal. i.ndeternd n4ncy 
that produces the improb bi.l ty of occurrence 
of my part cular se uenco , and thereby enables 
i t to have a m.:?aning - a meanint t hat haa a 
mathematlcall,y determinate nfo ation content 
e 1ual to the• nuoer:lcal improbab .l i ty of t ho 
arr anre ent . "' 

(Polany ( 1 ;68 ) qu1.1ted by Gr ene 1 :) 11 ) . 

1)6. 



... . 

·•: ., ·• -. . 1::i unlike .$ --,t , ~r , ubet.,,,.,noo . 
1 fe e a un que c1)nd 1 t: · a beceus-e • • ·1 . • s 
n unique molecule ••• 

• • • ~s ;1ou c<>ritl< :/O 1r etud¥ of bi ;lOf"J 
J·.JU will find that -r • ·; . • co.., n into d1 ,oue~i->n 
o.g in md &goi.n. • o do orP,M1..m:m fJ'Otfli' o do 
t t-. f ro. irodu.o ? "" tiOes u erf<cl&B :naint 'l n 1ts 
id 't t:t; · n.y clo neYJ ort.n'll s !'i.•8,r,(!lblo t°(:o i. r 
. or nto i.n ~hm;e -SfN>t and u:N'or :n ,::.ton. 
~. ·; • • ;,.-(>vldes th• ~s,Pr~ t;;i ,)eee 1uest otrn . 
· • ,. • . • ! n -::.,,r k .:J to ,t 'i t'e . ' 

. ,... . ·.-· - ·-J • 

d rect y ~or .· . •~ ~uat be l 

ty 0 

u 

t'ion. 

blolo~ 

l 

. btt 

1 



"Cell~ a ·•ot..tld cont n a dt v icc\ for 
trMslatl.ng- t •·,e -,ode l U,rary conte. .nod n the ~- .·J. ·. 1 o ti ,e b·olotrleal ol,nracto"·s wMc:· 
~ t o~to -~~nes : c<mr utor :;c1 nco exp,·ri.ence 
;:nr.\fosteti t.hnt tt trA:ru~l~tl .,n do . oe our,;.t 
to be con~·J .Jt:rnbly ,;ore m(lsohe ~hon the 
lliFa.t.• --- . . 

, rie ovo.: laole tacta surro~t tr,n.t 1;,v1. g 
ti :ngs do not me6t theoo requ ! r'1 iemts: 

(1, , r on sms 11rr.i c h ·::iuat rllffc;r l}.•neich1r .• bl.1 
tn ,i !.r g"'net1 c 60!.1!f1lo;itt.:1 often 1\i:;Vo 

9i .. i e.r oellulr r · • '• • . c,.mtente, , rnd th<;.!X'f'l ~ e 
{).O ov1.!;,nae t:.l¼t ti,,;; dj_.,cr.;pnr-ioy (Ha. bo th:.!:iunt­

ed f ✓ r by ~d rfert-nco3 n t;;enct ic t"odundr cy or 
i i'\ the -!.n..,t'tneeL'i •:>1 !oli;& cnr0<~,osorM aactl en • 
~vnverac-1J , or•ge:-.n1 m?'IS \"lt'i. oh a.r,! n ·n·l1 .:l•:.-nt i cal 
;n renoti.o c..1;1rl.e~ity may dif~· -r cJ11~.iwr 'b.l.:,r 
i.n eel u.l!\t" r ••• c,:i,ntt,nt . ··t.e · ,.-i· l~\bl.<J ov' J(-nce 
doen r;:)t; ~u-!o:·t th<:.- :-.. ~a <:>f r.i _.no- to-me> C•)rt"\,S-

. o:'ldenco b -t,-.u n c,anctic ·'n•·~r~ t · .n , !.~;,l ,,,.: 
1nfo1 Tt"t:.on represeftt t:i b.v tr1,l atrict.u1•0 o.t' .. . .. . · • 
:,r for :ha; n~tt!l'•r nny .tL-or •·,ol.-.cul · r co.--:- oru:1nt 
or t - c c0l i. . 

',.:) ··o cyt<.~1ogiGt L 0 !" .: ~:-o,>V .?"<"d :i :ibi:ul~:ms 
str:•C ... Ul"f, c,)c!'! : 1\rirn.blJ 1~rger th,::,n t .e 

chro ,os,x.,os '~1.,0 -~oi.!e l 'br"'rJ · 1·.- • ;;(: ~. ows 
cv· ·Jenee -fol" :icr;: ?'€ ao r;. trrnslrt-..1r . · ; Uo 
recent Voc~~e1:.~oal filVLenoo !il.,,•re~h :-o:-~ihle 
ir.!(.!ons ,..-i eby t • . , • '.. - bome .nf·onn·~tL,n rrr.uj bo 
tr·tmslated i ntv ~ met i oc l:J o r ... -.<.--t.: v. pNto1.n 
s ,eci rity, tLal"\.l is «ti l no s 'lrn of L'I ti·· v~ ce 
capabl of tr"llslatlaf n ' ; .: ,. . • into nu· NU 

at c re u o ( t''in r-prlnt$ for .a; r leJ 
th t loo inh rite~. 

1 • 



iyolo 'Y &u-pporta th s 
ntly some investi rs 

rtain a.: oH·~ c typ a of 
~ l,y tn p"."OtOa(la, are cr i -

";'~o.. r+JUlte hnv .,n p.>rt . t.., bot ring 
en the c,,mtOO'lary i. .ae ab•ut ;:, •• \ . • for tb · 
c l Jr.tJ iUG ';- 1 n t l. bP.aic l.il'J "'U ptlan that 
7 • ', • • ' or rott "'i.ot me, ';, r cny ,,t ·,0r e•inel 

ed ·c tton. 

• ct 

oo ·!' Ant or o go o ll) c~ -p,Jesi bly sorv , 
by i't&·•lf , aa the flnal arbite r of bi.oloP,lool 

_eof~t:, . " 

' ... o"Mlon&r 1 ,61 · • 

•
1

• ot ltec.:i ' rt t ontat1.v or ou tful ovr..ce t,ta 

tr at th u 

• 
0 

1 

.. 



our t 0 ffl 

e1plan t , tb th actual coror l rt ty. t~ no tri, y oth an 

,rosiot.e 'tflutuoH a. ' e.n 1ell ~ 'fl'leci-pl .. s S'!l t • .; or ox ple t 

tb "o ~ ,"~hs..t:9 ' Gu d (· llt"C 40' f or ·,n: vor :t.>' :"urs r_; 

3.'ld oholareh t fi olofy h ~ en outl . ne ot t.he • r I ly t • .Jf 

..'.t4l o.e thoug.; • 1.bJ ,,vol ut~ on of cum has been f.' nnlie d 66 i' ct . 

11 ~olo1fcAl t r:eory rolnt in r to ,en's evclution n->tee t)(;lt t !,ore 

o probfjbly e num;et- or 41 tcmat i vec to t t e ort gin of ~an. 

<or cxn;::r l , th •non- anthr opoid c, e> 1.,i·.no ~ • £ not e: n e::iy 

C')"')S,.ierir,t-1on .,t "ll [~·trau 1:Jo.9). '!'i:uz i.t "lU&t bo ae!'U'16d 

1 

t ·,at ti:e (JOtl1 ne i& !10t only ' s .mµli. ati e 1 ·;ut so ' fact~~l~s~i c ' . 

• 



• 

h' ologl 

e:-:i~,hao: a ur:on • a ,· J.le ' • tne p i.t 

'"il" nt1. t cm 111aa , r t. r , t~ Ge t'. 
volu· of !.fil!tl~ ' ';"!,_ ~: . orntl.9!1. L'½tt--r1 0 
a ~ n -11t,. •• 

·•"'r t ;fj&t ie 0tucion~o ehrnld i ,,w o ,1ortur tJ 
to ";>oot .:r-aot1~ nv h" .lQfists in 1:•eitwo o , me,~·col 
J. •·;.J1·rtor~~s, eeTJnr. tt·<·u-,tmf•m::. rlrmui , f·1s! •r ,!s , 
.l. decnt:,o tifl ... :rn. f'1rn ·.,·.rer,•)~11t .;;tc . ,. -:i S!\1on 
w:tl:, ti'm . ;"OO le oa -l~ be f oHcnvod up t-,;th pro,'.oet 
Cllld r lr•t~"d l'')!:J,"vrlr ,n~. 1 \'ilOrk . ' 

, ,., 
t 0 

, .. ,. ,. 
\ 

,. ' ... 

C 

'i.:e ' 3ti l" · 'ol ,J' - 'p1;re ,L.,lu • ,is lric io 

d1ft' o t • r f r ~te 8 O th1 dleut.iH on 

• t b 

• 
0 C 

t 

t oe. • 

1 ~ .. 

0 



1 

for the rirny sr,ecl I eod ta a nvolved e pee ally 1n a ne.tlon 

whioh bll~ a to econ 

ne ar.i ll r i.nvolvo o n· 

'v 3th tr.e 

-q ic o olo 

C 

ak 1 

r uet • 

VO 

t\ 

..:-. J.la. 

ll l" lO 

11 , 0 

b ol • 



'bio t 
• .. e 

v ry-tng of est l'ioh~ r,rocoduro O?' e. 11a • .. \if!-Uolly not 

levels: 

""!o estr-tbl ·o:e! ?"•.;. 1:11 'l QL,(!I , c !,~fi, 

i: iet be dot t, :r :med bnt':,i-t• t:, no t11ct:3 cnn c~ :e 
t,, rwt,, c<•• n tcr.nc, ':lf l ~1 c • ":.: r.11' , t, : s Yrn"H'.\ 

'.'.;hot t. c ~ r0v: u~ r r11cl f'"l -·1..L--:t - r r v~ . · · ru llJ 
?\t Jor ot - 'b(~ n -g 1t.o-.'.: 3r Li id · '1 a tr>yr.nC•' ••• 

• 

1 71) . 



Te-o-.n 

currently ostabl hod ,,nd aecept 

bio.lo tts t• a,.d.ane Ui.1r. f oro ....... , - t o h ld. h1 abey 1ee, oJ• tu 

n gate currently accepted v1e'P1&, t o &ttc,apt to creat<? sn wt.kn , 

cruc al o the r rocoeo. 'ioloc1cal oc1 nee, o.e opposed ~o teoh­

r,ects 'but 

pute t e sltton ucclnotly: 

1 71) 



,tob ne .. 

'•nratnl ni,, pl1otoaens~t:hc CY. utot" ... 'lnt'ants 
4t1 :r,:ro,ls too - do ,ot m~ se~ ~t o ob-,c, 

.notllmlrair . 'uitnhlo th1tt· .r s enru rt~tJ0t'Jt ::nd a toroge 
· ••• ~hat tho •'rlotirin of •:nra to ~~Ad • that 

tlutu' .1~1- o ... :::wd.n.'lr, th~t a pl e• r, ... i.nt• :udn 
fMct on tno "Oo rep-id.l,y th deeemt, t, ,.,. there 
1 a. co.le!~ dofleianey 1 Gonnootlcut N> l , that · ht'.i 
ror.h ~r.Jodoan v;Qtert1-ble has dr.,r,rcd ... th~!'~ oll 
°"onoem ub ervn.t1 ons h ch by tar . :coOG\l the :>rdor 
a? c:,h :,tic'.'ltion ro ~• ble thr.::m::,:1 ""'1'4\';' :,m s ox r • 
once. 'far r! se o 3 f :,~~ l;J !"13:tu\r • physioo­
b 010,A et')l •o eno.,,_on ' to th;:J en:.oo ty,r• ~l aJ • ,i.w; 
i'or tclo&Oi)1 .as, 11'1 croooo ~, n, i·,et,t Ronzio:-o. ct eetcrf.l. 
~ •'lot uf'f i oi.ent to df:'!teffltne tl,at 'Pc?'• :, ·· ot1on n 
i-troe;r.:ttle, t h~t blood r-J, <ltdng 1~ O\jt. ·• nt in. tb3t 
volo-rin~c aot 7 it i -~t-. '"t1· r ablo t; ·nclce 
o o!" the ~ on ro1u !'Ii, ,r.nQ' e• . _ r ·1· ,) .' • 

n t .... 1crpl.; are oetuH;l s1ci·uil.a. · ,ndorst n.~-::1n 
el -:nittoonoo o th ,'if.I.\ :f'l.nzo r.tuttor1nt:. ·r-)IDI tl\9 
b vt ti10 • : ueoo ·11aebot.: • 'ioe n ur:-u, 1,y 
nqu\r at ... •) f to bo i'l0ffl1) . " 

• 



1 

thee 

ooov .r M,Yt.iine, n about oo.l.c1u.r.rlack 1.n Doil . ~•no only '£lltlfY i n 

t 

• 

*4 r,o i ntent ... nd tho layr an ooe: t .ey t..ro 
01..• t blind. rut thoJ o~ nn,.>t oe-e Vih"tt t u-. pLy 'i. c1 st 
oeee; tn£i.. rt i, l rid t ·) • ,a't ba se<H> . " 

( 

• 

• .. ,. or 

1 ~) 

• 



"'l.us blolo c ooucl'ti.on etreneo the a z r .eno • 

t,~ est cldcve nta, oft 

b.i ologi.c 

9 .. tu..t.t i 

oe·pt 

loYele: 

... ' '!'be p•.rticu er pl,enomenn of t.i orto 
c.nJ. c;.;loncks : ro rot\.lly l..ut a ha\l· f'ul • wrvte 
• ranees :J. con, • the invt1U't i on :of t l l o.usea 
and 1:tU sc toi.ceo wot;ltl be , 11-;l)i}l.ll" of out e. 
tc.,, yon.r~. • " 

osearch. 

' oreov, "• Ofll.,hasts s pl ccd u: ,on the 11utk 1rlt.1 or 

tu&l 1.e • • ~ ud n~ sm;at 

• 

oiea • toll" ted nt:o4uct 
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oto 

plo !n ' dl.V¢ 

i ~}71) .. 

he . . c,'.lt ono..1 

!I a 

0 

•n , ... olo~o"1 0tl, 

not 

tud.cnta ho ~ the rct .. ol\l " orl f'nt""'t. • . --~ rgq c ete lon 

m dot. 1.c' 

'•""'~e1ir:oloc'lool t\evan irur.t u1t1 to :r 
?Jocoo: trl · u.-u , ta r .1:-1 • ur:0n s 
r.tant al oonMnu"' nt: nnov ,~ nn ~.t ~.he 
b · to 1 l . " 

t a . 'oc!1.'l c; biologist 

t ii' 

on. ,n t roir~ f or n ,. 

n to ~ l o · btologiot • ·tot t, · th l"t:!-in t\.-tu J 

1 

I 

• 

ohon O ·tn . t , '!..ho no hil ty t 

l l.:,/ 

• 

• 



.,oiflo • 

a. .f!)neral e1 oe ecb~cot \on in h 

hope th t &d t.bJ> l ty ll be ~tt 1n • -::'he oo t oo , t t nis 

cienoe curri.cul ov t'lo e4 ith facts 

,.. • t. ·, • ·y 1ft otm tn gener , 

ould a 

the.>ry, two con ~ t'oll tl,y I f thin.king• 

nee ea -✓, ·)u.ld n',t bo a r 

tru.ined te · ,nic l"la:f not o"' neceo 'i.ty oecu ':-<;i bo c :inf'tned :n 

teom1 cal skills 6re o a dt•cide<l advoot··ge n otl. t.:ir aoemin gly 

remote f eldo . .... h D l ·. t r situtilt!.on n not a reol ty 1n oul"l"ent 

•teohn c1et • M.olof"J• . iolo cal so tt ts , f they study 

s log, bot r t 

with 

lleat 

uo 

to 

ol oeJ. 

1 •· 



to uoo 

so noo 

t 

· s th ,Job ~ kot st r.r ons , the e u .te 
ill . •.o de, Ci!ll'O than o.ve hlo dtplome. l ke 

d: he · .uat use ; :a n~tiotive 1n 
sesolnr: ·.at i rfJcil1 vn.111ts ~o do . 1 nd .,•uat 

tNJ:tl:f orto gr.Ylu~•tee o:ivo t'o,.nl too1 :r flY into 
so -enc~.1uoo4 !ndustrJ, )~ti.ore t 1 c eo1ent•r.t 
sho· J Ld n01A> aert the ullefulnoO$ or 1 , o od.ui!at n 

a tra .n..nt ror' l if'e rot er· thntt ,:l'St a tr'\ 1, ne 
foi- H :oo ~n ec:t • . • • • :" von a '!"nhi:;'i l.y f <> 
:·vb r.i1rk t .n 't'u: ol. eo~•m--:. lsts ';.t"C Linl.1 aoc~t t • 
ea n R->n- scton•. c :oos , a ortf.GQS d surre· 3 
of ac ont,ste i n sc ~nttrtc oooup~t~ons ould be 
e en >ut. by c,c,ono,:ii c tnott ats.>3 11t0b :tty tM?en 
A~C"vora e.<:OO?'lil DC '.:J OhN.f'\l'Ul 1n om..~d f- tt(' ffl • 
~u · · ow dc;;eo 11 s..,i nt i$t eet a. .'•)b :>•Jt:;'ide 
, cri.f"noe : _ ot ,:nee tie deft' ·· t~ t ;,:iJ.kaJ tv a 4• 

eo1 ent:t ·;' c,;:lly tr •\~ ned r,o::• r)le, ·o 1: w )W"N' lv~s, 
do n\;t .,.. rnot oo the s •Ll{~;;: to '.:. O.J t1ti.d ~;-cl :lt 
un;v,·, r5'5t.;t , ,,i:t br n , a ncriont-:1.fio backeF.),,nd 
to o rwn- :::c:er,t· f·lc .u,i,;i . 

·n t}~ end. , bc3 vt1c,, . ,r. ,, 1 · ,,,:_; oi' lc)ul{ i.nc at 
t:,a i;,.., rl<l : ,.o ct.ti sa:; o.f t--rry ;ob ti at a; r,i.~l 

ot ix,nnf t :t't•.::~. hr i nr occup .. -<.,-<l Li ·)u,rieuoo • v 
lv,,ks it : t t~ro .. 1 ~ oo \ontH'i\! v.o.:-/': '' 

, olo ota are eduonted ·:n e: eo f c • •':' cy& r 

lioitl.Y t , t c • r t 1 t r-efo . 

0 t.a voent 0081 .l 

0 

0 l 

ot s 

f; 11 t 



( ) 

( ' ' OJ 

"T have A VO. t nu!'/Jt)81' of ~eG to deru. •1th, 
each ith il"f'erent f"iol"'ittee Ul'&?'neieo, 
end v-:ith dU': eNJnt t ecftloe. Tou no&d en 
t1rg:¥1i8Qd. mi.nd o8d a onnf'ully etn.iotured 

p•o&oh - as well b S eotc,t: &aolon - to be l 
to cope with 1.t all . 'Y c-1entit1e trainine 
clofinitel.v h~e me • ., 

(1t :'; cimt':.at. , ol . 50, --zo . 752, i r.1.go 4-!Vi) . 

'· ,·) 



• 

Pre t biology r :tea •experiment • as par ount . Tt 

see rio to be c eld t t at ' exper!ment ' is a t e t ura or ' mature• 

sci noes suoh as phys cs ttn.d chem.i. stry. Biology t hw, ls :turing 

1.:f 1t inculcates •ex ri. t ' nto :1.ts subject matter. ·1,0.t 

homton ( 1969) olai ns tor science a.:,ems also apt for current 

bi l og cal educati n: 

0The Committ suggested in eeve- 1. place 
t hat many le at~>denta are dot rred by the riGour 
of school science esp c1al.ly hen that ri our 
degenerates into a a._-anarian' s formal.iBm wh it 
1s bOltiterod by an JA2!'4wsa b},ll 'w elC . 

~ and hen ~t i!l ov rlain wit h v t 
f tuol _information...,1,," 

(Th n 1ton 1')6:)) . 

~ ologlcal education mimicka b.L. l oei, cal. research . 

eaeons for a.ocepti ng t h-t e vi.e Appear to b as !"ol l <n'fs: 

Ftratly, ' exrnr"lment' forms m i.•i'portant ond i.ntegr ul 

pa.rt of ' the s cientific t hod'. 7his meti,od ls promot<.>d in 

text- bo0ks . ,.t eieems that 1.t s t ie or. 1 r vmy tn L · ch l13Pot l.esea 

can be refuted or confi nned. ( r: eo ·etaz 1J671 . : . .Jcondl :,, the 

find 1.n ge cont 

then fi ndings de ved 

o r t app 

situati on •truthtully' 

te - ook p ... 
o ot n,oe1t"ll11m1 

tot 
or it a 

thou . t to be more real 

• o oenat on. 

ce a1n th 

' o'b ct ly'. l.y, t 

{ U ee 1 67) . 



15). 

vide 
evlaon • ex rments 
gu asinc at anawer& be s truly • sc ... 1., o• 
in i !5 epr,roacti . be he proter J. onal &ohm . st 
or not.." 

t, 0 1 0 t J67) . 

. , ..... e oo.lent--'-st ust st up m a;:1;,n• . · t 
ln w' • ch tr:e hypotL!! s " 11 (~l t hor be au::r..,rt­
od CJr oontrodicte<l. · h'"' le t :is ~.ften d t:'icult 
t do, u. l factors exoopt t .i,e ono to tiiest 
must b ved or accounted for. ""o rofor to 
t ,. s uno f tor as ~be !'l. ngle vn.r u.blo gr 
expori tal f ctor. "" 

(vtt. o end ~o le 1 )(-./ • 

"Tt tlll;J er.iund deN ... r-.1 t J tho bloloc1c , 
<.l ::.uo, o•.) • to t:1e ~vc:i . , sol .:mcos, t-o a tJ t t-1t 

tlie.f are ddecr: it • 'tot ~t t~ true - 'in : u.rt 
L c" so of t.t.e ·•,ht;.)rl o&l. ®\>elor-~nt of t ho 
sc ¢c,o w, i c•, has oeon the t-1 :.1-l or1.o~u 30! .nC (J i 

~,.2J.r.2;·:, tJ,a .. ucr,&,.,,C:-~~ 1ti .9 . t o tho ~:t~.:.,t·l.:1,~ 
~ d' :' thodolot3 :t..ore rcoootly tl sn c"l:d t. ~ 
r~ yo' c c:Ll 001 onor-i • ·• 

{Gl~s 1 )(5; • 

....,.. r- --'•~tel b '11·->o,J' . · aleo ': ,U :lt ™•• - CJ/Ill 

th • o:.-.p 

to 

latt r 

bi lo 

0 

• to 

••• le 

• 



tor b olo t 

d cl rlfic t on, mclto a ,r&.rent-

J..y do or· r:t statement, to c.et e# cloaks for pres.en ,:,t ens . 

·he d; f'=·~ nc ar~ ooa ,;,·a.en such statements Cl'C r,ut c nto p 

" t , o latt r et, t ent s · o~, opan to 

our-r-tculun1 moi< re c.o no.; BPt to ent Arg..::-, 1t . o prt1taont a 

riv,scri .,ion iw a d oor: • :::1 . .,n s to civc the p-v~•ticr1 t'ioo a 

dlr- • ,.,f 'f'nctuol1.ty', e.n.J ,~ r opl , .e,. •.ttdentn , oI" tooo .ors 

im· lomert ing ourr: culo, dare to nr ue ,vi t h •recto• (" t~n1i.,t.: e 

1 , ,..,, • 

N,otb ~cnt.,-.r.oe5 : p t tl\' us! 1 tl ·,ted by :iass) on tJv, 

surf,. fr c~· l&a~t, lC>ok !'actuQl , , !h.r· i ve, "!'l•i u••arr.nr-hlo . 

t ,) , "n on•· mei,tanco l,e e~s t1 at b ,l or,; .i!;:. de&cri rti. ve. r; t t:: 

noxt he t'fS tt;nt. t .J.s_ GX, el"· =~,entnl . , reacr1 ;:-t .on can e l\1o.d. l.ly 

\..nP -~·Ni • . 'l , usition e oocur·le a me. to be t ~.1 . • l'\~ olOf'Y, 

r robobly nt asp•~c~s o .. .tt , 1. deec t~t -.. :X;;cr1 nt l! 

o tu ot ~ .. :·ci e 

9 t..> .nt nth 

0 ct it 1• 

a 10 u .•• , • t 

lo t ,. 
_, •• 

BO ' t • al. 

801' • 



t o be a et icport, nt 

il O.OVOt(;(l t;.., expa • 

-eat 1,.-n ln oo toxto (.., t to 

· ee.lmd ~- pertr.'!alt of due1- tian 1) /j' seemr. t.o tncHoet tt..at 

.,. , .. is .. ,, .. 

·~ Cc 

• 

s hi:>t c·1 tb .t the couroe i ll r ootor 
a. ar;:,l"'.>ac!~ 1.0 b ..,logy ith th 
on S),;t , ,.ii,mttl~ , euqu • r:, U"ld•:rstantl !n6 
than .M ac ~1ti.on l)f tnfo t on ••• 
labor,,-.t:ory) o a pl ~b•"r9 ac;.;ur ta ob 

e Qt' f( 1'"6t 1 or ...;rtnnc , '1her~ r ree1 B'fJ 1~ u 
o tlo obser-o~tion, J herw, o,Jnt,·ollc.1(} cotk'l'ti. fl 

~o t o:s-' 1. le to c,mduot f11t?Or •. nenta r-r.-..m 
d; · o!: cloar i}oncl.t; ~ one c ho··. t'· •,n by lor:en.1 
t •.1nkinc • . r.l,,f..P:l c,,rJif•ri_(];no,:,;..,.ln. ~,ht l;£.b.,a,~t•,,•?-q 
__ ,,_r_ . ....,t.,...!'..,•J ... c, ... n .. j .. b,..l~-. to soo .-1r et s..:l (Oaf' ree11~ "i.r, . 
_.. .. - -· . ---~ ~-................... •- ~ ......... 
r .. ·i nlo,} col c,<mc ~ t r: :ic· s:.ios nd · ott<:- s f 

!~ · fo'' . 1 •70. ' 01-:-es ·1 ond •.-; • 

rr ovid,•noe ca."'. be ... bto:..nad ·. ,. )t'I' t ia" t. t' .. ve 

M 8 ary • 00 u d~,01 ~'it r.,n h a ·u, naJ~ U1,0n ov·· f 

act •et;• C of an t AWfe n biol 

r t • b loo y t rp ed to 

l"C1 ' 1 1· ch !.DV!ll 1 ory 

t of u 

• 

0. le 

• 

1 • 



h.l th .a s . ... •~ rinc 

a • con rol rur-Mi!'1.r.!'li3!'lt • to t an 

1 of r, re ~ • a o•·pUoJ t1he 

to :ts b st o ~6nt · e. h. cm be 

ompl 

r u1.l. ty 'i p 

l ll thfl • e (:.r.,.~ ·o• rn n of • 

'1 ,()) 

r er-1 .. nt•, l}\.'tHnoo ( 1" 

e ecrle n Ott mo 

4is !• · on ot ' I 
• 

... U ly , . n the ~du •. at,onf.1.1 o->nt :tt , •o .. p Mc t • ~ 

en • !lo nr. or·I · nn..l. procU onl "-o r ,:• . h' e ~o! ld 1 nv:> v, np;,lJ1ne 

tr c lt· cAl o o ..,.r tnl -rl"'\")()Oduffl, or eny ,;tt1t1r ro re, o 

an rus; ,ot of 't> ol Jf:.f not ~rt- compl" ~!.t.Xl b • b olor-j c 

L: ,,lorict.\l r :wore.'. er. ··h-:i ~-~tmt on Lcrn t::."J stud,,nt fo , 

notus.1. ~c-: ont ct , ,U'l ho~,n oi,tl ~ ,d ( ' u .. ubel 1 U~'.) ~. 

¥'our~U . .., , a. • ~:el~: 12xorc o • na; ..;.o l:ibol cd • O)rl) r..­

· ·e l o.J. l.y t•·. o e.xerw:t.o lnvolvee date collo Mn, t1<!. 

~ · r1 ow. procedure • 

'''hoe . are but f ,mr 1nterpn •t . t '! on~ , 1ne g vc:m to 

• xper:t 

or b 0 

la. 

• 



lve e bt lo 

ob OW\ to ntudonto, 

l ... ,., le 

prtn, i. l by b Jn to ~ g 

ob dienco to 

( o, 

.... o .r 

v I:,, 

oocu :1:nc t-0- tL fer..·,:, 

"'""Lo ;-t --i;on<> ·· r t t1t 

p tic 

:provide, 
:n b::. l ' eel. 
ki 

! 

t 

t au ; r 

.... ,., bc-"'n ou tl • .O\'I 

d l. ora:ory 

uoe mJ. l ct .. ems" 
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(RKa1!'01se 2t1) could be b ing an e,r,~]~ • 

tt a t,,eal 1tr,eri~ent • -tr, one •h ch Uo ,. rlr,lnal ftci ntlf'1 c 

I"" efll"Ch, n t on 

""'b ly, d' e ne • ol ' 1nv-ol oa f1 ld ,or , th n thNe oxer-

e;aoe ttpect.f1c.::lly nvul•e f•!.eld i,,ork. f ' real oxperl nt. ' G 

-ri:, ,.no, or . 804 a l or 1.n to nt• or, th by fur 

th e :'~ .. oet n et· bo n to t ie r,roup <mt ~ tlcd 'Qtl. 

rMtnl,y t•tty e~ r oi~cs uM- outlined 

u:, sixttt forr.i labor "ry m u I. . ) 

~ hat ci ru-actor·l sttcs do t oo ' uthers' 1 ,e. .n 00 . ion": 

at~p- by- Gt ~ obe i e nc,) to Liot of 

ln t o-c ·; oos to dort a Sult , 1.eu •. Uy an ou~orv t ' on u!' a 

cJ.L.J .. -r cJ.toeo jn .s tt:.,t • tube, ~f' .'..l l"QBJlnt:• ... he Ks.,.,, to·~- ir 

c ... nal.;ty ~ ... th: ' c.;o ' - oo k ' nutu?"\ of' th..e :':"Ocodu •, r,n:l tH! 

sh, lo ob::;erv t ~oo ro .u · r-~ ~ t th mu. · n o:Jnenco t!1u .,rHCt t..: 

ex rclees H:·\ techa:c,;.lly or··entu~ed. 

':''i,,s tu, ~ seeno to be a :,itu~!. · vn of c .:ntrBOts, 

'b r,1r.n n ,;:, • th r;-fl a~: n. nt q~e,c;-foj&1Ve :rt.~tO'Clent 

noted t ,i~t cur.. t b .. >logy ..! p r~ ontal, Md t hat t · s 

tcr· ~t o 1! refl•·otod n b., :.;lo oduc ::: t 'i.cn. :tn r ct 

bt :no to t ,,1oeSc 

nt'. 

tl tate1moiate 

• ,} at t 

• it 1 t t tolo 

• 

d ce 

la not 



bis c trut 1.a tun .,. ex llfte4 •• t 

' olao ical• oa.."ling of ' ex rl nt • s outlin ·n many text­

books, usuall,.y tn prefao s and introduction&. (Seo 1..ologioal 

· ci noe: f' rocosses and ') ttems" in 1 ts ntroduction, d Al.so 

V 1llee 1967; eeton 19'17; , e sz 1 J67) . But vnce th s outl of 

• experiment ' has been Pl' o, no f'urt er ret'erenoe to :it e 

n the maln body of the t xt, nor is eny 

tory fUl des . 

tion mad in lobar 

,oreoval•, f the 'class1.cal ' me lne of 'e.xi::,erim nt • 

. accepted, then v ry l · ttle of the ma.in body of theoe texts 

could be regarded as the ' truth' because a great 6e of hat 

s present d has not beon derl ed. usine; the 'clnesictu. ' experl­

nt al met11vd . -.uch prosent ( o. pist ) b:i..ol r.>e.,y would bo giv 

little s1.gi1f1.c co if the lntroducti ,>ns and prefaces of texto 

were fully a.cc ted . 

1or does current biological reso oh use tho olo.eaio 

e • per mental method. 1\. groat deal ot' pr sent b oloe1 cal res,.•arch 

a ' desori.pti.vo-analyt1oal ', where rart s are brok t v emaller 

parts, and the smaller parts a me ly desor'"bed. Class cal 

e <pEirlmontG w th • OJntrols' and f'e • va.r'ta lea' are not necess 

for t h a work. !et desp·t this, ourrent b1olo cal ucatora 

<a> 

u te ' tho peri t • as the key t o all b ologi.oal 

thou it ly • ro eo. 

" • 

• 

b 11 

15 . 



1 

c1 n t t • t an at t h. a t a • Cur t bt...,lo att 1•11 rt.• 

anc to b bu· only n o t r 

prect cal w~rk. ~n::, other ro 

iS Ville 11)67; e ot 1 67) . Jbe ~n t Ln i.t se ins, o nr.rHca~l 

o:,ly t tt· c n lu ~na t~s of' Pn ex .. rlmntol :nvi:ost1 gnt 1 'ln. 

; 11. oboen t. .\ o r-1or to o'!reri um .. " . &oc·or.1n to our .. t 

b .. .Jl v .io l educators, • ""Gc•entifio' . 

< t.h1.n t•ie oontoxt of biol ..,fie •:l sduo t ~ on , t.he ilbsel"9-

st l ons neooas 

olo'" r , c1no1e:e ont\ obviw s to llllY ,.1b&ener ·,'tth iio .,al nons bi.lit"ee. 

·?s t. ->be~~r-vut.i ons uw:.>lv, , ~11 ob 1.mo c"l\our o1.til'i • , u rop.rline, r.. 

st tlstio, a dr '.nt, vr s:, or l:t· J 

obeervbt·:ona r,, . 0 l jo.~ B.J.:o-,:ed . 'ill! oi.:.serv,ti,>n i,, t.:> bo obv<,.) s. 

'tl~"' i , tn k r,~nr, ith tLO i,.a. ~ . 1ru1 rJsit · ;;;n .... utl~ . p~vi,;.. .. sly 

t,y t"l.3Got .ind ;nr,el <1or f t ;(j) . (t,u::.l"ma.l •): c tu.t"'i5 are q,rar.2-:1' .. ly 

b inr, tekon into tt,f\ brain a:s co :os J•· oxt,,,n, t ~, ... lit". : 

, C01'Cl~ , 

a b Ol)f! Cn.l d . ·ne: C .o a .?.e , not '111 dr ng ,. ll l k 

tho a oven th mtf tno:, real l.y (.r.1 to ir ..:.w xa.otl.y •1 t. th y 

••• 1.ologi C ot dr th uh t, 1 tak . ng 

.. , t 1 ia t C, 

ot a • tf et o • 

in • ton i entt all. 

0 ta a neoeaaa.ry p a 

al • 
t • 

, r I' • 



:"o conclude. the foll r wing otot on hi ghl ghte t he 

presont situation n biolo , and also emr,husi.ses t he need. for 

upiraaJ.nc o'bservat on: 

"Tt cannot be stresoed too muoh in t his 
age of rea~ ot t•or - one :n1. ght almost say 
adorat l on 1"0r - t he e..··q,erl ent, 'tnat critical , 
prec-ae, Md systema~~ J observation t s a val u­
able And i.ndi. spenseble sci entif i.c pr ocedure , 

M.cn we c nnc;.t afford t o neglect. Part cula.rly 
in our young aci eneo wi:;i naed rood observe r s 
end tho SAnBe ot hurry, the urge tor.ru'ds B?Oot­
&C\llar ' bi·oakthroughs ' mst not bo allowed to 
be a kind of contempt tor non- exr,erimentel 
obae at n, wh· ol, ,~1r, tteclly is s. slow prooea. ... 
ure but wL • ot ;:· by trial and er ror processes 
ha s to provicle us r. i t h our hunch.es. '"' 

1G • 

( ?1.nber n 1 J64-) . 
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1,,. 
(1) 

1n b1.o1o o thmlts 

me1:niaeG of ":taeorJ. (:!eoon., l ~1 , e br1e.r { t.md t>y n·_, oocn:J Mh - t . 

aonount 111:Ul bo e o~· ~eor., .. i-J1in t: • 1 • n . ._- th\· hiatoey 

.sad pi.i.l 01' ry •J.f r? •1 moe. 'l'h'I.. aiy, some cQm.,i<'tlto by • •rut le 

biolo _·et rill be r -•3 ted, wt .o no..... t . 'M!• 11an~ I)" t.hoor., 

t ht"OUff .r it tiilc tbeelo, tht.It th tack ot' U:.:ooty ·) b'S,olor,lo 

oduo.at1c.n in c~atu1r a •a.x~H't ' •.1t" po ent..inJ.ly gooo MoJ. ,Gt9 

0/t'!l.f'.;f i't"-.>r.1 t t o out._.,_..... .• . rc;.um 1;0 m ~ basis .... ~,(;It} tbxy.,ry ould 

t the t ttr"1ct'iVt! a 01' biolof!Y to Gtud. ta nt 

( a) 

• @ t 

• tu? at cm•• • 
t •• 

le aa 

• 



· te. ~tl 

' 
,,r: i;' ~ ,.ath of' r ooa:rclJ 'tn 

. :.us th'l · 

l 

.t.c, ct~f:'1.0 .1.tty ot,. ob:,er,.ticn 1i ~ !,1r .l..y 
1n un sr cttod bi • '·eopl fo-revQr (• w st the:, 

, t thf:IJ i>.:1&:ll t > !S•')') • ,, ·. · ., 

1d ones l f" of nuc unOi>noo . ~ll8 
,16 wnut ~ict.;u-:\.1 t.,r .lf! t> 1"fl t nJ 
r '!if't :-rnt'U'1 AACO, • comm k:i<m-

".t' 1t • , er.: ~t .m tanc: .t'?'~ , O!"n bo ~u'!',tl i;b!l ""-C toe 
to co ot Gbf\ervo.t on, r-no oven ·,e!'i need 
:!10~')-rt l!.lta ~~,JJ.. oi, Ct1 ~9 • V :)_; rJ a.~;. f"~-r:t'! . ~ 

, . 

t 

• 

1 } 

(C 1 ). 



" bl.3• 1 or:, 

the p oel. :ul"Nlllt ourr oul 

meJ..t , ··, lt 'lmnts 01• the follow1n r. ort: 

•
1 ·•he lntt:mtton wae roth r • o k p th 

vol oi' f otual --ad ~t¼,2:>£2\ioaj :.1n.terl • 
to m ni.mum ... ... hr.i.u ;<hout t l il 1~e, 

o.t ooay-,. r1ata i p l«i..:ad 0 !'1 prnct 1 cal .o 
on t he t'e lopment ot E• oc otad sk: 11.e . 1

• 

( • enl or :.0100 l1e-vi.slan roJcct. ~UJ"'l" cul.um 
!" ovol·Jpmont t-n!t Depa moot of ;duoc.tion 1 )70) . 

,\ll contexts i'or t he , ~n: of tbe,:>f"J - · .bM s-0 t 

\n a less r ou ,:o.:,,b l t:' Hght. "hoee tngs l'cfld cont xta u,vc 

percolnted ,nto current oiologtoal educ tton. h o 

1 , . 



1 • 

( ) 

that 1t ts not 

•M. t Oft O the,,ry 'ff ll be out 1.nod. 

t • y 

&batroot 1 it 1.e u..tmt tl-dl: thao need not be deM. d only from 

ntn. r: one deale t h bstraot ona one alao do 

101 o. and t.t fore t.heorlelft@ involve 

d philosophical natW"O or thoory whm 

sto.teo: 

!he f 

" 

" 
iol 

"ff~ l n can I' the aon'toxt o-r vel:cJ.at ~uel 

ia tl-. cvnt&xt or our e<.not ... m ;rwn, ro~l as of 
i.o e o~ to he-over or mt rtu.1.n u solcntl" o 
l-.fI -0t .llftr! a or the r✓, r3.-'i oo ._i\;t')~ ti oo.e d><.iut 
occovt:1-.g O!' re cttn !t ••• -21! '•arve:, to 
th:ni of m t)jJ.JOt.beo'is ,f the cl ro· utl..;n uf the 
bl..,od i h oub&t . t1ve :.uoet~<Jn ·1~· Ute 11 ·nto:2 
o!' ~ en~. ' ;.at S?:fuld be tC<"rnnt k,Y :-he oJ,.n , , t'. · t 
1VP YJ.;Othopto :•!1.fJ b!9R Pl!f!'io't.e:~ ..2..~t.J 
by th evh\mge 9:IDSG d fo,.t .,U ~.s obvl mGly a 
qu' to _H'f<·£2l~ quost1on and one bolone~n-g to t.l o 
J2i, i lo not(" oo. 

( or 1Jf7) • 

• 

b et" oleotion r · tl a a au l e4 

1) •a .. (1 , • 

• ')) . 
, 

' 
• ( 1 • 

t • , (, (1 ~,. 
• 

, • ( 1 ) 
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Oph l 
' .... 

tc,lo • • ( 1 , ;) 

Gr&. , 1171). 

o1.ont st • ?c !Y re t ers V.- ,0 dO'.U .nth 1)..1 l 

s uos in b1.olof?$• rt Ol'O 

tor l"(tputBbl bol o iotll 

.... oondly, an nnlogy ay be need tc> plo.' n t'ihat • s . 

1 1 • 

t 'b:, tbeory 1, coienco and i.n P. • eult-..r .oloa. Me 10.logv 

s $UpPl-1od in the '71°" le· ge that :lt pr-obcb .J 3 1!'foN from :lnbu· lt 

l iru tat 1.~ns or the use ....... MalO ea . :·o ever , it r:..:.; 0 l'V to • 

~i~pl,Y outl'.oo SO"'tl char ctor st i c • " tr:ioor.1 can b re ardcct ae 

• -~.'. .e a· t: a :• mmy • ort. ·;, of lenaeo er, the :.re 

:ippU to the G ! t .Cl)QOOft(i ~Oil bx-1.ns nto fo ott."'r ob: ooto 

4U'f t tr-om t ~· fb· t e , , 
; c ::;ul be cord •r~ .. ;.4•. 

M .. e 1 t.t.er 1 t t 

r, t • 
t • 

A • t l 

• t a • 

' f ., 



1 

( -r anson 1 r/,) . 

• fe.ct' M:ll ' f t .ood': 

"lot n g t ccn ptucl lnti ®Y w:,1.0li bt t 
b twe n • t :, fncte ' .s t ,1t mon· ~boot tho t oto, 
r mwver, cug ., Gtl! to otiw r pi i loeopl•er-s that t, e . e 
o b not lng loei,o ly loee oor llo-0.ted cbaut ts 
than at~o-... t tee !!tat ts t he"" lv • . ~ 1 nee ~t tc-

1 n t. cate t rwn n .uiies , :30 

c•1.Jro · ntr· cltt t hen 

i o 

• 



/ 

oc 1 ce t e thua n i otenti al 
o. pon:s , l th ~ o ... oc1 nt1fi.o 

8 ••• 

tatd.n • cocn1.a n 
t.h s:!aul e.~ inf! c let ng e. 

data ceptor. On the ot r 
to bo mo t!•":11 ,\,12,t tl· 

::1.ont tic t ory• s rule:> •'CJ 
d tt!'l't n up:Jft t! oorld, tL (>?"8\,y .rtoloot1n 
9.£ otudy only t oae sub et m· t t re , '. ch aro 
0 0-01 or ~ i , th t~~ ex ant tt!O ri 5 • ut , r 
th t O f.'l'.WJ'g8 a:, re \'>Orld ' a p & •. ,!bl ' lt 05 
fo.· be ne deaor· bed ln ~o:~ l\Vo.' lab te .lrmguS(;Q -

: •c,"? p ss.bU"tieo 10Ul be evr,rJ :~ tu ' theory 
l ' ~ ~i.o cl~eor::, ~i~ 1.:.8.!l&elvoe oro u· e-
olG1sod .. o oo. ( ... ot .. ld ;,:=: 11 0 i. vo exprooflod ~, 
o f aot 1 ~ 111 on ye rl!! c ro•:- -r'or wtoz:t; '1 • nd. 
.. Ms v-Ul be eo v.;h tb.~r ti-- e Je en•~ rt one 
c;:mocm onJ.; niu\pl colour regtstr::A.t! ona M i. 
tltrat onn , or intr ca:tc s-":m 1 lu•;tor o .. :;::? en­
men ':.s , G.s t n moot ;:;tond.:'lt'd OM! a o ' meosuro­
:ncnt . .. 

t th 

C • cU t~ "1S o.. t..ieGTJ th 1t i dtfttoult t ,, a o h 

a c be 

1 • 

•t 

17•1 

t.o t 

t • 

• 1' 

le 

• i-" e th tore , • to u•e 

r- l e 

{) I' • 
bee'"' -C ,.:..p,~ 5 ~ e t>l 



H on doe. not 4tseount the ro • o' t.h or e. 

' olu ,;; •' -aio• ey• 1.th t4~11\. br .. nt into f uo 

moro o ly • &uf"f:f cimt p10000ll!lOll1-G 

~ .. tGble th ::r-1. lt.emati ly , hat !.ol d to be r np t • 

oblo t or-loa at ~ t"OBent, m be ta•·•ntod th · nd fto moe, oz, 

t1ven lau6bed • undrnd yeVl!I tro:n no ., ( : .no: om; l •"1 • • 

i tl!atel:, co .1 to min4 B the cha.npe n t .<Ney at 'i to 

t ho post •hen.rt e.ttaek' om or pa.ti nts. P!-.yn:cal. cncerciae s 

o , but n t prr..tvl JUBly, 'lrrportoot o~peot 1n the re,.a 

i 1-cat lon of coronary rat~ents.) 



( ) 

'i:' t ll ng 'le a quot atS 'tlhioJ. to 

a l1fy & , t¥J tl•e t m 

as noo- t.:.rH.,r t:lonl. ~iolo Bte . 

, 

eal ut th&Or·tloel bi~l Otrf 
lcc,_._tar bi.olod st Tl',O b:.; 

::i e l a • non-the;;; t :loul 
o&ttl veo ao t 

but 

used 

to • 



C 

.ho r cur t 

t 08 
caand. 

th orat cal erects o b1.olog. 

wu nt> etatos : 

"rerh~,e tr. oldest - i:il1d on pro.:ounu .. 
t ,., ci oal pNbl hiolor;, 1.5 at i.r.. ght be 
oalltld tl.e natu of tho H v .. n r stet.a . ny tM:, , 
ma,m the et·~~ol't t oocpla.tn tho c-.:r' us rartJdox 
t hat n livtng orean'iam, deop~t its untque 
Onj: 1.Utiea tor gro1tth , e lf duplie.- t : ... . . c-:nd 
1nher1 tr-.:noo 1a n vertheleoe a r.:i '<tur ·~ of sub­
sten ... o hJ oh :,re s t:oarat ly no ruuro poesooeod 
of 1 • ta t ,r,n th more p!'09'-lio moleeulo& th t 

ver oocur ii. cells • 

• .. ·! o ... tt.c debate !! m,cin to oe over • 
...,:~ere i1, o 3 told, A conetit®nt w ich · G 

1.nd d ' R lt vlng ~01 cula' - ·,, . :. Ji . wht o , l l:'.'.s 
~ i t n. n Usc:lf tl1 ba.elc property of' Hi'e . e,olf 
dupl S c ,,t l on, md M ct: gu.tdfls tM bei:!ov1.cur of' 
all ether er~.~pQnont of' the call . " 

~ .; o · onor 1 ; · .~: • 

ic. 1onue in b\ ~o{!'.1 notably t d!ffe nee bat. 

thin s non ~i.vfor , ... bat ces. : urffnt blolor, o 

a ,wit. the pohit t 

l 

tt, e eo l OYe~. t,rr, ntl 

or., wit we l 

tsQCl09H}ully e 

ebl at. 

: 

-



d 
ed, 

17.1. 

( eios 1 )70; . 

•
1"0 l.ly nCJtLt ne •:101 ,.:. rMt!.o b (:t1l cu !'or 

t:l!M t o br n;r back ~.nto (\tl 1. vi0t: d3 r,-,~ arci-;. 
t ar·, ts tho 1' •. - ,,1,1 t."!lresolvoJ • n•;,u,t 
~n ot; JltB' ~pod ,., thfl' :::b~cui•r•nt vn ·: c 
-Pr< Cl, '" envelop,_· .,fl(•f:l e ,,. Of.>1 Ovt ti'l@; r 
n:ll{t Kt.mole of elonrly 1 1a ob.'-"~ivnl:/ ot roum-
scr~ b p. orne:ia 1·nd P"' ;r,, tt oe . · .. rt; i 1-:.".f; nat tve 
r<"o••a er rs ,ir--,11'1 a be: ;;in ! ~n. _,n.J r~-1 ci,t 

, 'loo r 1bl01lla :11eld to explmuti ,n 
'-' _":}Of'J r ValJ r ~Jbnb' J ~-al n-1t ~ 

or i11U!!t e rar.d t ,, t'.r , ,)f 001" o,., 
.;,_; ooco ~,,es~ ,.;n,,! ~ooomo,)d(ltG then • 

• 1 ) . 



' p t ti• gonoral -int & to t 

ii ti'. facto 1n f m seat•ch th OM. 8 ( tiiO 

quosti,:;m, outl1 by i' &he) got thl"O'Wn ut . . ( 1 '->f>, ) 8 

1th th' V 1llhcn t, t c,.mt O'M'Jie.l 

queoatt.t1 ln b lo§, notably • vit tam•. ( ·1tnH s."'.1 i 

pos ti roroo' , ,_ s oh ~H .ro to b 

, hen r t uv0r, vi.tali 
f 11 B out t IC Wi.Ml 

Otte , th 3 et i settee: 

ma:.nt 'ns , need for o return u.i thoo ,.t lcal lssues. 

tm uhcurot i ocl I e!'1UO<\ to dncl i.ne t.n b; olo i O'·l t:du t on. 

tlade oy lli.olo~ ... atn t.1..at oot ntH'" c 'footucl • • .. scovct". oa . t, VO 

ol i st1e.."l. , 

thoo t1. 

re ot olec 

et 

t 

• 

8, • r00 

or most of tho for:- rly t id orecul lM.ve theories 

~ 1 co n to t i e 

b. lo J:st t 6 tr 1t·on 

~ •• t · not-1 ne, o oi 1 n 

t 

a!ai to t 



• 

it i. conto tlod tLnt. tt .ry eboi;ld be zi 

roy of t 

• w "''our n1.11are Ot ·mtleoor.\'' outlined by ~o etler 

··( 1) .... 1 at b ,·.,lof eel tWtll.ution l ~ t:;;;: :ifM.l.t ::,f 

no ,,,r ~ nt t;o..:; ratl'.l~ wtrit t ono · resorv J by 
natur.:il select 1. .:.n . 

That 
b-,t r 

mt,J. ovoi.ut'i.:m i!l thA ~01..:lt ~f nothtn1.: 
CO''ll tr ~s '.,l"'nSl!H"Vt -~ by l'. ~nfc1·0<r'6nt~ . 

( t:) • 1tit llil ;rcn..-1, eime 1.:nclud~ne. m ro ,.ot.hlng 

(4,) 

( 

bu~. ~)'11 a e r...utomPJtr.. , controlled br the 
viron-~tent , .oso sole P.Hi'"Se ~n f 15 the 

reduct.on Qf t. naion.s by a.daptivo ree. -onl!es . 

0 

be 

n 

( .. ler 1 

f75 • 

) . 
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L Old.an tt oey is a. thoroughly bad tl1 ory. 7e-t t!, a ir.apH CRtion 

can be ".J!'m:pored by m 01rini l 11 preaentcd by a.~ ( 1 ·3"5) : 

n ' . 

"'l om n ow eotns t o eoy a g'-lO d6al nc,,ut 
l ,V,, of hQb,1t O£.beit.9V'h ~ . Che.nee of ti.a~ t M 

a factor m ov-vlut i. 0n ~ or cvu.-ee t he groat 
e; .. ntnbut i mode to biological theory b-y- ueITlll'Cl.-c:; 

a oontdbut 1on vht~ 85 a h ·.vG soon~ be 
10.t!'gel,y rejected or n'll'C).octed. · n rttre1etng t h1 s 
f octor 1wr.arok w · • 1 believ , abeolutel,y rtu it . 
! n aa,ying thi.. e l .,uat el'.pl n t :tat T • n.;-;t a 
t. ok1m tn the e;morally aooor,ted s«lSo at t 
tom ; ~ do ~ beU.eve that o:,mt,;e .:,£ heh. t t 
tnfluonce o ~l\.t! M thro: •. h r su· poaod htl rltanc 
of choores tn bodllJ structure brought about 
d~ [RCtl ,; by o groater tJSf'I of BOCO :,rrczw an• 
loss r uae ..::" ot hers. ·1 oe rtm··1ly feel , b:mever, 
t.htlt r,cr.m.rck de5erve ... ·-·~oh mire creel . t t u m , o 
p,eto at preea:nt, fo r d. eor,mtn,g the f.'\"Ollt mport­
ance r tho beht.tV1 .:iurru. a: <lf:' 'n the t'JO!'· ! nr of 
an'i inal evolution. ·r uive 11 t t. 1~ d!)ubt that he will 
eet t!i··s ol"~di.t !n thne. ·• 

( ·o.-'" 1 J'~~- . • ' .. \AJ . 

CUi-rent text,..books are note<! -:'or the l r enam uG a· se • 

I t W01.,l d appear tuat t hi s is a. nee eaury OOl"Ollar:, l Q (). COll'L'!S t,r · t .l 

l o l · • • • , t - oo a oro c t "l.n :.ng ~o 

8 it le t h 

•tnto le CNffll\& 1n bl lo 

••• 

• 
..... 



~-·ty t •e y rs eo. a p 
ct tut could k r up th tho 1 to tu 

by a 41ng r ot ever., e · in th Ubr.'\l'y 
reOl ~n g ro gl ctn~ et e tew doaeo j1)Uffi s, 
noting t. ie ex et.en _ or i,e,ma.pe that. nwJber 
of art eloe . ~:f t f'teen y tt-f ~, :.ho n :bet 
of ralevent. a»tiolos hPd beoor:i.e ~o l. ,so th t 
so:lontint:1 bogtm to l,; · norea&in·"' on 

stract.~. :-.no nooad~:,a, ev obotmota ht1YG 
ec ,Jl. , to ntlml)ro,...a t :.; rtird . '.fM o th ~ooet 

r<-~•~Une d, ,volopme:nt in tho literuturo f 
ec ce, h.,, b t , bl ~otioo r a 
t of porlocU.oal w"' oh n • ply 11 st nw 
l"ttolee pp&al'in U1 rel l1Ul' e(l SC' l'lt• 

iftc joumol.a by title - Rbout 2 , 000 of t :i 
,roei<l.y . !,! 

' . , ... 

"" xt- bo .. ks add tnfl,)ffl --t m n l {tt e r od1t1ono . .. el1.b-~ 

d $ nl!l'l.'i 'tr1fornmt on ro , 1a.0 th ld.. 1c "'eor(1 'JGJ, no a tbat 

BC entH'ic 

", .e .Hn. .. o and :r.ot'e is ,;.Heoovc 
,md "'• ,:ust be t g. t . •· 

, 1':.}:r8 



(liot9 cl ., nber 1 ~l'8) . 

'.i.'ho o a:Htions or texts , t ho n for u ·ine,: 

ou oula, ~L c:.tc - th wrlt'3rl5 of cu?T Ol1ln i11:l ... o ta ere tooot 

con m d about k tap .. o to th 1 nf'o on. :-i i nCll soi nee 

to c .na t ro.ri d rate , t he ~ bl vorJ 

o .f. ant . [', llrlter tnto t~on e,leooP.e ~:, toxt- mtnre rron 

oumals , 

pr f c,r to s, 

dot btful 1nfo 

tlo,Jbtt'ul 4 nfu 

, t' 1 th\n o 0 year b o :,~ obtF)l • !et 'ie 

to texts, r tr Cl" thtm d'oc0 old~~, .03v1bl_.,y 

t i on d o. t a . X'I otocr :.U t it:, of , f'ten 

, ati to be E.oM th o ;gb by · tudonts, r-'8.'J bo 

in-u .. unt bla. ~r t .· -, 

of dat hy t ho t tM ~r; .y g t pr1nted . 

1, · e ,,rohle.tm • s made woroo 1- JOO dct: • 13 or c.1,i:>cr ·l ti vc 

spec1f1oo, r • h~r h , r,oneral pr' ric l s , .~ &'l: i' t sod . 

(' onor ly, lt 1. · rlth the sp c os L re he ol• eon oc r . ~or 

e:<ru ,l rtotosym.. 

, r-i ltn • 

c substrnt ocs 

no Jon r oo pt l e in 

• 

, 

t 

to 
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D • ' 

(n·.mbou 1 )71; . 

ptenco or t ntat rtnclln 

t 6 16 t ,4 'feoturu. em-•. ' Fe.otucl om• l a.i alt e;!:J b? 

outHru; , but t:, lat : .. n to theory Lu~ not yet boon di ounsod. 

•p otuel Cffl ' o orlRlnate r:·om thr sources. :" .rstly, 

t.n science 

lt c b d ocr!bed 

c~ • Giu. ll t.i l.i.;J' rat: ,;r them 1. • ly. 

si ,pl otlo not oUe l,y s mplt r-y~ne ~ c plox 13 f)r 

eoa in ~~lmatl o_· ,cr,oa1tlon io thue al o ' f'ooturu. at o•. 

• .l ' rrt ' not are t furt. r . . i V 

p I' of 

or • • • 4 
, on. n 

ua 



b1o • 1 

1.;:,n e to tt. oint of sur ptlt oualy or 

kn !ii~* :iu.bst'i.tut ng prov1a an 

eleaonts. 1t t!1 • e a d ;m ; expl"' ti 

eota, n& bein or . t ve 

t.t lnto i t t'I.. ourrlQJlU.':3 ru.i m • t . • 

stnt. nt . ':' etud,mt coo n le t ~ a ra.ot . "" trm -

fo t1oc ot preacr ,t1 1 is , no her SOllrcr• er.• tre 

cond t on or •ractu· Bl • eurrentlJ b mi omp 1a::ri.A 1.n b?olo onl 

• 

put f"o 

( ' tonh0t..G 1 l72; • 

t.i.1 .:iroi.ic tt,i,ueo i.n b·l .JlO("'J woul i-omote 

• o".lnt • vtewpo nt • ·' 

ot1ld bo h1 e"· Ua ,t ~. ·re t toxt-book ~ nJ curr · cul a do n,)t 

allO\V or th a . rie aoru, ror th ~ t-' Nt U"t'l a •lt to ele.t»rnte. 

at or 

• 

f 

ency. oocr. ,t. oo ( M<l 

desor p ion e 

to 1 t co . llo 

• 

• 



o1nt 

• t ho Nt 

b olr.,tt, cal edua ton ol ' m to na.v fl\) no&d te oon m t !t calvao 

doub~ . 

t take on t ?- cbar "teter et • oe or ' · tu • o1enc • 

for rle , oh str:1 d r,hyai oe. 

sclcnoe. 

:or ex· ,rle , th& uot a: lls o .... • re.ti on . ')Ul.-1 bo d sort ~n 

C1f 1 0 • ' 00.t\Y deta:11 re itu s of respi rat1 on :roq,J ! l'O 

a ault or "-'I, ... , .basis upon I ot aboltc 

• r qu th B 

• • 
t • 11 

• .. lealt 

UI • 



• 

• no ' kncml ' Oll'plOG on' cen b · w l'ted ft bt lo C 

. u ly fe ... s fo tho 'b.:1 • ~ all nctonce. t1>tr ~n 

tote bo 

:lnf 

~ olo,ti.onl 

rlnc11 les proce BO , 

o rove l : • 1 tru~ • !-'ao u · 

i n b 

pMnc1 : l ea 

d t h prooo s-.ts , In t.ht'rselvc , take on ta ;:.uel ~loaka, ld 

u, .nundc.tfld 1t t~ d &t.!r "' r tiv aetaH o. :'i e tH•obl 

probl 

hoo 

dr.- 0 

b ol 

•a 

, ltem t i vel.Y blolog cal c lni a that t ,e 

'1~, f ·.t of t e • ln.1:'o 

ot <lor: v~,: ti;o f' 

t .r-1(,,. 

bolo , d 

1972) . 

• 
att o• 

l o t 

te 

tho4 ' • 

undor&t 

of 

kn 0 ·O Ullll'ly 

( 

tao aturo , th 

ot • f,rD ·C'fKWl'Ql!I ot 

~,rr.,.~,~• a e1~~•1tm•• 

, 1 t 

• 
' 

1e .. 

:i:s 



l,l.l) tl.O.f 
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:th t o 

( 

18) . 

f fno 1 )6') , . 

( 11 1 7) • 
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:\apol't .t j ()f"J . I hi 

t h , , ~ n noted 

rus o eoun ar f t. . -ut 

a do not 

·).. ( 

l.Y 

1•')(7; 

, 

at t . 

rre t in 

tt ·.a ~ ough 't wer.e !'notu.~. 

, t m Yely • te:rt SU thr.. :1tifto 

thou' 1e 

ftty"S obt Ovi ld b 0'0-t!',a b1 olo i st , o. M.oloylot could boo 

cne:;is.t • ~ndeed oll co· ~ -n t . e ,:.uld h po s blo. ~· o e 

prys cista n d cl et~ _ote b co~ hi.:;l ,r;l. to, but o".: oft 

M un ': VO~ .l e nr,1 i.ed by text 

t t o.,· are not . 

so 1· tt'1esnt, it ,o·ld 

m that a: ~ 1ed o ' eG.m tto uld .. 
e ao. 

80 

• 
• • e • ( 1 . • 

1 ). 

ell 



1 s. 

1>htch nolcls nll oo 

e t 11 he m1~ait1. 

to be b t c 

as it'i n held 1,,1 current b olo~ofll "'du1.ntoni. 

'"'hei• ftt o. so oth r retlllelrl e en . t". t d currioul 

...... -et t .e info it ton tor oo eo anti tone f . oo r.nnc,P..11"1Dh 

um&ln. P,eonuafl or tt~e f,rel"..t pl"Olirerntion or detnna n reatorch 

·.auma.J.s , text . tt1n ere likely to consult o~ther tb ob racto 

or r 'lows of' tt~r.. Tt they do ,, · .:J tho rlsk g.ltrtming a-

lnf'o on• • sroa r , b cau@e i context of the ... v'\.ng of tt 

{'\nd n , t knowm. ~ rurt, ,. of ~bstract::s d 

ewe is t:.> o :,iat r llov. Ne~ ro . re titer then text tent. 

i' t - bo ~ are J v ~ • lot all of a text- bo--k l.i be •• tb . n t l"'ie 

1t • a :n lll'en of lnt c st .l~e li !eel lhcnd of m.htclcea 1.e 

the foro f'urt, er :ncr oa--od. \lso , Su"!".O O· ·arc, , f 1dinge , ro at 

st tentat1 • · ed Mtf'ra nr! cur-riculut'l • rur.cro tran for.n t .e&e 

o ' fccte •. part· o lar · ~garch pllhlicat'i'. on ~ olao be but o. 

nor . rt at t orAl l , n t om reae r h pro ,,:; • 1,,/n® a 

t ot tc tnoo-rrora... nto ;;ho n b J of' a. te,:t, !.t 1 a ldm: 

cull out 1n t • 11.t.i., c !" :ine.41 ate :ter ttt) it.re , v th gh 

t hi le.tor n, in! at 1a ritt n in tb test-b • 
u 

• 

0 - !'· ::. ..... , 0 



u dons tt.1 

n r of r bltat, .,unts whlob e •t141f ti. · s n<lt to be t t 

ti.n (1:,t-:8) f'or 

m a, w. rwincs ... w 0 0 cl enr'ib t.h0 oaturo or ' nan-o -

1opul !'be Oil ln ~i, eh ~ao-1, 15 "1r,.,rtot.1 

s in cc 'I tt!. ' the ::, entlf 0 ~~hod' 0.".} 1s tr.c ca.se s- t h 

moot 

p bl =sh .n t hat otrl ct ord • l· !" tt't1 

Ch.Mo , t ch', Md eooUonal aapeotG ore cJ.1 ' nvo1voo.. b.it a re 

n 

t J.C so m'.l ·-ucta. , nos rrtters i.n b 'l '.jlOf c ·~ o--.:':uc.ut 1 on 0~1:-s 1. t-iuit 

' tl.,, c1.ont 1 f1o oethod ' ,.mtUnoo t"ro.11 3,.-1.u-cb : •:.;um1.1.ls • o thu 

actur~l f;,;;/ fl r.~ Q,; t,lat:1 r {l!'(~ f (f·: r,roc &!led . 

'. •~"; · tc tt a ar,1;,srent .-..rd.1:.>1• ,,r Bf-OJH3 1n th , ub t 1 oc.t · oon 

f;~i •• as ,notl}.!. , l hau:.en<!J! f! !U t J~1fi\ rent . 't"l!rr.·ln '1 J{f..) c<.nt~ :l.}-08 • 

• • 

t 

a 



d that a 
e 'l'"J k ml 

Ht.e gt Vf'..Jl ua • end 
(>, .... 

aro c r.sc ,:,uo].J 

loct aa o pl cat: one WI t oh 001.. d o, fuse tudmto. 

ho • llo.ti.ve• a 

• 

• 
f 



( Pantln 1:)68) • 

n Fantin' publi accounts of axperln s, he 

did n t dioouee 'f'asbi n• , ' 1llat1 8 nae' r • 1 ce•. be 

aspects are so r coted by curriculum and text wr: tera . 

Sooo toxt •rltero end curriculum makers ree.ot to the 

probl · 'I clo.im1ng to em.,l asise •t· s • or princi.ples 2nd 

proo sea instead. of sees of detai l. Ctbers deve _ )p progr ammed 

leaming type texta (Smo.ll\"10od and Green 196£• • n. ual oi s, end 

te t-pape ma, al o be lnoorpor ted nto e. parti.cul o.r oourse • 

..,..inally, 'enquiry proceeo • ( ,run or 1960) st re!' & d in 

logic 1 educot on. f.lut pMbl of ' th kn le ge o. plosion' 
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! aori at proa~nt gtven tt. ·r.:11mp-iuis oul ·· be r,lt10 upon var-1 1.ms 
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b y e olut ~nar-J t l.~ocy. ':'hat h , t e 121 ob rvinr, n o,·dor to f1.'1d 
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a llvlne oxarn-ra 'lltt: c..51 olo el.1 N& bl•• t ho f" 

'1l!loh 1.nvtuled lMd . ,ookM: (1 , 2 der-or-1.bo ·h$ 

oo in the ttod1n oS li 

"Put wl~ au tM ~ 1\:.. is abo t e ft&L'? 
-~loonn!ct ·,z,wo 11 kn to Gel Uets 
bof o 1 ) !18, but ..ml/ fro, t,.. ~ r fo3:, U .. rds; 
that tr back VO'f"✓ g "'1',;I -c • ·ovcm an 
35'".> !!lillit-'ft yo~,re eeo. -:'hon t ro , r;;any 
.£.t2,.s,ao,1.l\9.S::Z,.t.nis ( tho eroup t.o 11!M 0 ;1 Coo e t 111 
bol onc} nut thoy • re t · .outht to hr~ve cH out 
.'L. ~l i un youa go; the l t kn~ ~elc;coot,he. 
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l 1 :17J). 

""he ::i- lution to eut"t'Mt rPob mo .. n M.olor.1oal educ ton 

..!S....5!ZlJ!l• d is troo:lttonal . 1bo i cory,oMt·ioo of thouey into 

b lOBY Hl oro e pattom3 wh:oh otudente can nl.Sp . 

ho:,e vatterna. ooc oetrthli uod are us f\ll tn eev~lo1; nc 

•t~tio At~ I"'✓ bi 1oe:; • in b~ ologto educet_on • 

· l astabl stcoot of . at m 1n conpsra.tlve t~, 

1.n a • • olu't,' course, lo 10 tud '.ftt to ..J\t ei.pute rooe ble 

' fAto ' of okull b,.m as on~ r rocroao e t>rowi: no:.o ~: lotl of 

u .c vcrtob~tto k tnP1Jom. ' ,.,t l vertol,r toe nooo ·(111(.n tng. 'i ti)w 

<r,ttr.. lo t1 m l.l sut•f•· oe, beeoos.e t t ortr3 a.ot.s ao n '0ruto1 • w· • oh 

atuJ t lntcr ~io. to :1tu,:iJ thc·:i. "'!:e 1:)-"lffl 11,f o!' on.oh b-:-,ne in 

a ekull for e or-.1 vert brrite ':.5 tu\ ul te •. ;,t' •.e 3...,bo" t oo t 

dlfr cu.Lt &trntc,-y . · o -r,Of.l l' ! 1 f 7; ::.le0 .,i...tl !no:) tiw ;,otnt 1 r.at 

a f'® e ... o ..... :.l, les ,en prosented .,. th moey ·i better ti"m ~t!.o•::,:.tin,:: 
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bo gaps 
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b olo • 4ttl!tlttAJIMllll than t • • Conte m"; r1 btol o attao 

e. ,.,. d ot i: ortt1neo to ~ ram :t . ~hi pc.rt of b • ologic.al 

sear i o ho llfttictpatury 1n be g a ~ a oonr st 0ft 

.. t v ty, but a do s not pl import co upon 11th l" :-ol"tant: 

MJ:· ct f biol,,cy. ntv'l(!l,f obse?Vatton. c ,,e. ti. anator.i ate 

did not exp riJ· unt in the manner or p sent o10f!1. Trust mu. t ,y 

thorom!hly uni rstood t: ur.;. a th , mt .. -

01 p t.ld , t-tnd ubsorvcd to eQra tm or- uto tM;r tha,, , 104l 

tic oi a. Cib-aervntt to .c:'im w1,us • treory i.rd n•. t.:urront 

n:>n tnoa He biol~; io·· eduo:.t or s :>uld clo:i:1 that they . J'C 

• imt .• ,ect t vo • nnu • b M0cr:, • , ~-urtr c- rnoro • eoc,o mt i o r,nt tone unl lke 

l Ot ~ '11)2.,J never bo .bl to be confl • ~ o tHn• by ob l"Vat on 

01' ovpe tmant . •or a:v.r.1~r le oo orgonisf.\S,Hvtng or fG.~tH, fi'UJil 

never bo 11-:~c:ov rod t.r:.'01, ol ,.>eel.1 res mbl(' tb_, oocastral ~cMn 

dercas. at -: ,:~re l. , e. 1eaori.tt 'lon of : . t tht1 hyr:::ittct i cal 

one .stor i:.•!' t"«:m"J n;;w.ei--mo 'l'ltottl.d l i>•.3k llke. 

• 1 nt ; c1 rat,.;,ry b:lolol!f • -is tu~ fore t!' coref.1 oaJ.J.y 

based. ;:or o:-n twNey be !\lJ.ly era,Hcnted ft .. -JU'l cxrori.t:tcnt ( ''ensrm 

1 n 1) • It •::,uld e ,, t!tef'tl~<>re tho:t !t io b(rttor to d vnlc.p a 

log cally bo.8ed thoomlcnl poa._u n end coo, uot n cntiflo 

o.ot l ty tU.a bat, .. u, then it 1 ~.o 

po r. non t o~t ~ ... , ...... 1e 

Ort 
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) 

• 

.. 

'• 



-~--t 
11 tinker• t"() 

giv!n •tho trol'ld' ( 
ter) r:, port 

{Honoon 1J71) 
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act Viti 8 W-.)'Uld 
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st gui.de o en a. • duat- bowl amp" 1"1.cist t ! 

• j~t cip tor,; b lo '3• co· ,ld be .uaocl an 

th.eor ti.cal f 1. ati 

b olo ,nvld h; pe!ll" to n · nto oiirrent o.;i1..rs a .::tll1 

t oeetler ( 1 Y..J.,, 1 lf •)) could 

students e ; .ld mt: olt·ate l kel.y pattoma tl1 td.oloe· e~l r rono-

p sent eou s . ,. :.olog: cal o tr o co d 
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• alf 8 tUF.f aco. gm fl!8' 
axplor t•• 1.n biology, the f li ttat sparsely 
P~• like pianee1•1tag e u atr,, "'1i th wr.,­
boA.y 'l'lhO ~•red· th~ to hl.a om, dfflco:, . 
'°rmft• book~ were fff, CQ-"•tirebmsiw, ol'tf1nel, 
Md uniqoo , al.meet t?/V-e:-y one o~ th ~...na 
tr.ci .dgrwtutse or & ~ra but ebvi., ;sly toon 
WGft w.i.J.. sa1vr .um,:1m t~e ~ lo/d.Z .. tr.il.~' • 
Yet tbe <mo .m;·.Jr'1.cnt fvntur-e :.n OiX'lton; 

the'J tried, 1'-:Jme ~ore then i>t.hora, -::o balance 
erin4ule;ono('1 -i n tho. r pm-t eulo.r special• ty 

by poi.nt · ae up the i, 1$00 mad e,mt~ and place 
of t !u,.t fl!:teOi ity withb1 th~ otm1Lt!lUUfll Qf the 
U,vinit~ t.o:r:ld. In tb a w:q s b c ti1l10 :.lrl8:N t 
beth t1->.e 1\mdamon:t.al ~.ntG.rconneot~lnoeo of n.: 1 
a ,peoto of tfo, and t he er,1,&1l 1ng &•8.1.'t-h of 
omoreto ~letl-irG ab~ut i,,Qt!a!'S!9159Q.tsf.9!1 
a,r~;_,~,,i.$\Gl:}J ;\,/~!:¾J.ti A •ffdb9ti tc, t .. m •" 

(• O.iBD 1 ;)70) • 

). 
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pubHooti.WJ3 of '' orr. e { 1 Jf.7) !,o ( 19r(' · 

t, t, o m:.ec.1ploa - aoleot onroo i>o • e 
book ~:;n J\, salon• ::ad •-r1.o Naked Apo ' by 
i .01n.Jnd. orris. ~,th boc,ke ero oost-aollara 
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b e 001c,.m;,se e>t 

t ; 1e to !' .n re ..-n or .he pro nt at ~r ., ........ ,w. bet 

tound, 11' in titr.tll.t en i int.o t .~ vio-'is~itudo of r t 

histoey. !'ut icvoat!c tL,:n rnto tte l ne m r "it ma;J b!'in to tU'd 

m von tor nurJber ot rlausible ~~aeorm ,1hioh or.>u ee·l tho 

present rn:YJ.~ !"' t for exGl:llrl of ~nolmoe, and over populatt..;; 

vnc th ex len4t1ma h .. "i: o b-J broug1t fo · f'd, t!"-~u the may 

be used ao ~ao..i.r-o• • ~·or o::.-ntroll ne, and t th:ti:\(; e.xtt.mt, ~ rcd1ct!ne 

pnylog tic 1.~ tory of S! o~.. ·ut-<ition. no r ':h ~.-DOG doos Love a 

: -31~ t1.o tri&tory . .. ~o itnore t · s b' tory l~ ~ae o t e.t eal. 

of oss1bJ.3 ue-. fol .auor,::iatica nnil"l'.;i£int . 

Iu!:lea to bl' $0 tvoo. on ~:.tJ evolut · O? r"J h atocy t>f : en 

e·-- c .-lo.-:. ·io .1 v•. :.,•·rru. cl ne rel.at \'(!ID .n -tot . ?o 11.v ng 

J_rnct t'n tors e .1st. · ~laentoloc1.sts Md tNoluti r.o!:Jto roly 

u; on -t..,e rot1oal bno.:!."1".rut1d• ~':'•tirt 1)~5; t, ".k&J 11t:,. ·· ooh'bum 

13(-0; r:rocn 1 " 1 :..0.-key 07:?) to tUl in a1•·;..d. 11to • !r.,agine for 

o~OOlp ; t.r,fi.ng to doterm ne the ro1u, ble oc lJ(";1 ,mJ : :ma o:' 

the · idol rg 1.:r~ :'rom a 5001 000 year old jaw ~one. ,iithout t 

4G&iBC11!\CllO lut l · ts .f 

al't • 

acaaeo 

' 



. t y theo. tloal ot1 

has 1 te rooto 1.n D 

~.' 

n OOftO'ido-r'!nu, the 
(!1-0Uf , it 1 n 

:on 
t 

(Do o:,oor n ~~o t 1958) . 

"l~olk., who in 192(; 3tl•, Gd th ~ '! n o.sny 
morphol,..,ci0£J. 1' ature • auoL oo tho o.hoenco 
or b r1.,1ee,s , r,ro of oh:r. , d·:•ntltl<,n, 
r,a ·:t~on of H e f'or ~w,delcy d fus ,1n 
l)f tl'i.!t bvn&O of tho kull • •• a! t1lt (¥n 

re o. los th<? youthful m t 1'0:''IO d ; iar.d th 
t h&3e ooturoe oo 1d oo ox.t'h .. : ned t}_; tl16 
ret:ont on tnto tm &~ult trt w"'CI of l"': n at 

r-aot•"M ,tioa ~h' 1
• youthful and tmns-

E'.nt 5n t'.'lf' ~nt ,,· -ot-.o 

( 

a 

• 



(!' t~ · 1 ) ., US 1.t C be t t eo 

P OlllJrpbo ts b o. theol"C't i c&l is \ 

p auafble. Fuxtter tnveet3 gati on n.to t'ooe 1 evI <kmoo with pamdo,. 

flcont .nt, rp1'¥.J ,o.t1cns. oreover. ~1 o 

theorot tool, 

. , .. 
"'""Jt 

not su o pt1 ble 

2 ·• 

... 

,, .. nt ft'l"i'-ltatlon W!dch cen be r}cooti upon so:ie oepoots 

t • 

1 

1 )( · ; uas ll 1J68 ; :-torr i ,(,, t ·"'tnbo en 1 Jl8 J 

a btol o cal oromt . 1ntG 

tor 

.. 

-



5 

hie t"Oll-.it. Or lt 

no autt clen ~ ocmiiprrc(fWJUiJi~ro to fully 

er l. e mteraot; e ,:: th pl\181 

bas o:,on• tor n tui. ~•tetats wntlng 4b t hiolo : 

00. 196/.) . 

l t 1~ aw,,r .. Ag t berefo.ro to ob::arvo r, a c sta 

ono ,~01· of' biologio.9.1 odue:ition, ~lu b t•-> 

1n t into ts [!};-, ~ncorpo at ng . or contro-

el ia oo:s in b1 loa. 

t no: 10A • n .. -~4""1W 

or 

• 
.3) . 

pret ·nted e.a c.n 

1118\le t, ch S 

et 



l. t nteo: 

philoaor, 

Vlt l\ffl'a t .. o doctf"lrl-0 ot" tho e r • 
tural . 'Tt holcla , ea nt ally th.".lt the 

un!vM'Ge ~ all ha,"lrentnge tn t, 
controlled by &Upe1Yu1tw·al. po rs. ~.u h 
p .. ro havo b"Jen 'ftu•-t uu l.f called eode, 

,d.ri.'~31 or o't 13 vUal tore a. dlo· r 
Wluonce to holJ to aettcm no t.t .e n u 
r.na gu:d th beml• ·Au:· of planet&, 1Jtare., 
11v1ne; th1nga imieod all c~onent or 
the , r~. Clea 1.1 most reli oo 1 tUQ 
oph .. u Yit t1o • • 

er" • ntel st c phlloao-
r>!'\Y m::;ht • eltlfthore, ~t c 1not , 
val.t.lO lt'I SC on • • , 

("' 0~ 1· )7) . 

Crtok ,. 1Jf1') tnko, ~~ titrron .:r p-;s1.t1.on ,hon he at es: 

, .. ~ho ,.. °"'"" till tJ•.lm(• p.9'..lple t:od~.y . !"·O 
bel w, th.".l•, the o rtL le ~lot . -tn ,r,1 te of th.e 
OOQl"T"lJllO ao<:u-:lllat .. on of octcnt" f 1 o ov· d.onoe to 

ho oont~··r:,• nd to tLose o"' .1ou w io r:v· • ho 
vlt ,•.llst - t oul t:Mke tM.s r. r ,,pbeo-J ; "that 
, ryono bel e od yeet0!--d;gy , and you o<'.!.iOV todo.:t, 
only cn:fl.".o ti111 bbl ow t01:,.on'OW. '' 

t that 
luct. 

(C c 1 ) • 

•u 



( ora 1 363, . 

{ 1 )h? ~ J"lt' t ai.nt b, oo."l . t . oo."lol~ee 

t !at l r ltl n •n n r l,·cular 'OM' , J t.~.cr"' ·s :--1 nt a .orce 

, · eh :o tt ~r:v . t · rd ~ ::;i, l:w " _ it. ·-,,. · P cm bo called a 

• v1t.:.1.l1. t1c : ri.nc1.t:lo' . .. o,aa ~r1 e 

olcouln.r b:tolog .ta , • or ankg'. 

""i,; ~'~ ·• re., tot >. 

M J o ot-.i educ t:on currontl., elot1J~e over ·.r. a 

f'ounl 

GO''lO to:rt;- bc o ~a . i t ..,}. 

'n;m H vtne• o .. l<l o · ,om tu be 

8 t L 

not th t re 

.X, s r • 
l" 

0 

• 

oruc :,nl') orb 

ith •orit - s :c 

lor;J . 1 t ~ .. d 

•. 1.1ow r 1.t 

.n b 10&1 

} 0 • 



FUr'tltl(dr,atlt'e • 

Ult:N:Miwctory eou 

C 

would f) 

' Arl..t .• 

04' 

ld h olot3 o 

nd 1.duale H> rot 1 al b olot1 ... tooorot oian • 

21, 

throu 

Off 

t lltiNJU'IO sour of po cntiel t orati.o-

1e tr.at lar ·p of non- atll mixed 

s-b olo ' too it.a , ho UU~.uJtiw(.~ of p ... - , ¼U i O t t!S n 0 ;"';'1,0l' otr-J 

d f'l'w cg at tort ezy levola , are n.ot o to '.o n. c.vcnoo ·n b oloc.1, 

Z"O a t o ao 

only oocur th ugh h rot c ly 

or_ent ed. b oloe:::t ot.o. · t p. cent ti 

•1'0 oa roe. s.o a conoo ,.u o b1oloc ... o to bo 

c ... • diG• { H vtna 1973 ; ''P.llalby 1'J73) . 



( e.' ' I 

1c 

y 

0;3. 

' . : e t.h 

1 e1cM\CO .'ol. 1&0, '~o . l~, prll 1 )13~ • 

Jf b:h> o c 

o on lt,1 · ch to ttoncroto 

,net tuM r:mst • run out of eto • • <1ecru t nt 

educ t 1 ..m o t t1.c n 

t 

• 

b • (1 } 

19 ea 



or 
d 

ena •bro 

-:'hi C hOtfO r (jOf) not 

&Oen 

(i' e!.ss 1 no) • 

r~rouer • 1n b ! o lo'::f belon to ti: 

t jn oor,. t ~,liaing upon 

p 



tt \-;(} 

out cl ar .Lor:,rot'i c 

21 • 

, .. oio:s 1]70J • 

.h a major t •:.,,nlt !Jl amee:at"Ol1 1.ts to pie 

n 'inf<:• rt. v,-ould ~~ pow- to b ·ho Job of e. .,h.@ tician, ot oni:, 

to out 3 ne 011le , but • ls_, • o 'le.o1de u ,oi, !s'!Uh• ,•ro ls or t.ho ~ eoorch 

ro,'ect unde • •:!O~. • :.orat I on. 

.1 of ~nclc,ci..l 



u (1 ' not tho l 

lnetituti. G wi.11 . ! 

"To put ape on o \tt entirely to 
o cular botnr.\Y in charp ot· n,lO@anh, or 

ro h n,~m of ot · ; 
would. bo co·:~:-. li t~ plaoinr,; olcot.rtoi 

,1e,.n of 11 c'ICbool of' h.1..tr•oturo .,~ 4 

piaru> tunGr ~ d"i rector ot 11 ecn&~rvntor.1 o£ 
rusto. inly poo;, l~ tro · . 011 in the to-1;:l 

u more alas ioal ooteny • ot'ti'ioated to 
1 ev'.\n~ whole v ~ of ~ l mt l 'tfe, ®Uld 

• .ope to - v . ..no.,. a g ral 6. ;20 -e nearly 
o"'u e .. at.tm<linr. ot i..h&ao ma£Jt·1 rtoant 

or. M • ""'o Sta. • concept o:r t~lltl"" ., 
t he great un fy1n force , J~ .... l.sl !A<! 

...... ~i-:t ... u• 1th:;,ut t.heeo f!oat rcmarfal 
concepts. .l:'?Oal"eh :'lmto 15 l art:ol:, 
rnosntngl . , ,'\1st $3 a r,! m o t• mer' s t h . ; ... 
i n on th..1 · .c-,1s t,at no coherent l'J m ng'i'ul 
mesa c; · 

( ?u ·j l(J~ ': • 

t 10 

tho 

.. ••• 

11 

1 1) . 

to 

• 
0 



t or., o 

etoo to ll oa to tndi al ctudr.-nt w.-o r.~ve 

str lnte te in t.h-0017. ~ t eee.3tl l kol., th.it hose tt.oorot-

o:t o mey bo der iv · er::m, th· enlll.t"ging • o.rto-bblogy• group 

rci:,_u · 8 1 ea for wiv,r.oot:'Alnt ~n b1 olog;r ,it tort.iar-.r lnvole md 

orttl.l.J poor to enter t ho r:: •O ol &oienoee. v1denoo Ot,et:is 

l 11 r h!f'~ !lcb>0l MoloeJ stud .nto. 

ott-ov• .. r, :.t co(3S :1r ,ti,:b.lo t ar. ffi(."r.' t!! 1·0 1)!' tl· · e ,· .ro· p co ld 

cont M.bu·. to ',he ~w--.J'i vnl of L Olf>rJ . 



Moloa• tfCY,.ld be otreaood t.\lld l,)b9el"Yet1on 01.,l<J ba up ed. 

,\not t r mpor '. cnt fea.turo ill b die.0tu,a. * 

tt le.to to the nGOd for ,_, tu .cnto ' n 'b1;:>lo to be 

" • • • .,. also ta thnt Ur& vastly noroaoed 
ber of 1,oBt- s r 1uo.te at.udoot , ~ of 1.om 

ro not fitted to enter t-l' o f old of c ldrml 
FCO<'UlU'Ch, .Or. been Def' ~tat.is QOt..llltoJ'T-1'00Uct1ve. 
Tn a. reoont razx:irt o!' ci"o:r. t c/:1.l er,nrtmf-mt. , both 
rro!'eceoro tind l ooturore n!d tr.oy ei.,end on m 
ave e,1:: •::o---e Uin .o per cant o.r ~ho~ r ttroo 
8Uf'OM'1 o:ng . e<mrct) , · u ~-nlf of ti·JC locturera 
r.nd Ofir 80 por ooot :,f t he prt)fon:,.ore pant .lese 
t h 10 por c."'nt on rlctU y cloint ro3col"Ch t.f'art• 
selvecia -:- : n I:J ·.:liroly t h, wronc; · 8J f"Cu."l.d - n 

eea..."CL otudtt.,nt ·· o needs so r:1¥.MJ,· a:.,re?:v'' e·:ern 
sl.o lJ. bo do! ne er1vtl":o r Job. " 

~ 'ollr.nby 1 J7 .:,) • 

duotol'Y 

u-o 11 e. t o b 

l 

r qu 8 t 

p 0 

010 

0 • te 



he 0 to 

leeo au • d t h s to pei-

1-'""'&'"'•. Al ' ti O t C b ologist ho eo1·s fot- ti r om 

neceesas-y to 1.ni t ate au t 1n 9~18.?'Ch '" ld t'lnd 

• 



obaorv,.t1 

... vn of the m:Jat 
e~bolo st rat oed u 

ot the "Cole l:lt 

do'ng oo ••• 

naturcl 

:r-1noor 
• Ol . r5 1J 

ln •~·• ft! el t!ot' An -~nte"' 't~· t ' 1..,r) oo. 
••,::, . t'b-... :uiy 1,.-1 ;7; ; oee ):). 

C0t . n»toa: 



phUosopt\J at vu,_D ia 
going to ha: to t proble 01' t 

ually hap e tiata do ob rv • 
what they bring to obseffation, what they 
seloot tr it • not a.es e it s a roplioati ·n 
ot the rsooal ( legedl,z· . observation ot 
th peys cal sc ences . " 

( ~nte th Ttnb r 
,10 . 804,, ;•u1y 1.3, 1972. 

'i'inber etholo~c b1.olo~ot wl10 tt es 

ob rYntion . , hie hM implicnt i o for sreat import 

biologic uco.t on. 

1.rotly, ob rYation, it se.: o, is not r, mply the 

taking in oi' oot;ments of external r ty: 

" iologiats havo ebcmn the: 
betw')en an or . iam ond its env· ont ••• 1.s one 
of constant Jn

1
torecti n . "" :.0 V Em t l,at tho o enni am 

§3:!bm:i to pesdvelz to the 1.rlflu~~oo of i. te env ron-
r ·,at h n bee~ !JO~enab-!!_. Ho,, then oon !UOrl as a 
' knower• e tnithful reoord of ·~ utsi.de ov te? 
• • • eta u on end modifies the r 1 ty i":e 
obteirus , by tronof(') .;ng h1.s world , a deeper uncle~ 
stmcting tbon reproduotions or copies of roallty 
oo•ild o r provide . " 

( ·iagot and ! nhel der 19( ) • 

:. inb rgoo also omphe.a oe t::is point, 

1 2) . 

I ho ro • ot " " at 

{ ta 1t rt to 



b1.olo. cnl 

th 

luc •t ·)n ~~- • oi.i of 

to .. UC • e r· at 

• s 



.. a a at in • b 

d' Gtuclenta t>. ro not n .,u 

Ut:,lo the· 'rJ to t 0 

use "· r ba;-;io. 1")'-,o "o . ti.on .n cur 

eo.uo ··· 'i,.in i. a t O\'I !) C 

1 ntcrr- .. ot1. .:GO 

tho t ra.:i.nine of oc1 n . o ans w.h;;, n 

• '01'!'::... ' 1. t G ll?t 11 r • o b oloc:1 fa 

• b1 ~loglc, • duo t on. 1.n tt')"1.nr. to t cl. 

to ·- ~ · a br .. c wall '. 

l pooe!blJ nri,:)8 cJrU.:, .!"' 

• 

0 

t • 
• 



poeed .. 'ble. Fer ,x~,le he Queetion.s wh oh "t'tnbergen outl' nea 

below requh'D a tll o M.eel bea1ss 

"1 . l n .at \\'ey'e dooe th"\s ~henomena ( behaviour) 
tnt l.t,enoe t:·.e au val, t he euo of t h . 
m1. '? 

2 . \i hot ~,qkea bohav10,,r h4¥7t;tm .at an:/ c:ivon 
-;it;JM.t? 1 '·°" d®& · t& \'Oa:onlool".".1• tror: • 

.,,:-.. r~ ~ •• tm lo bet;cV:t)ur maoh:uitu-y develop 
e tho inti Yidu.al grows up? 

4.. ~~~ r,a.vo the 'boMV11,ur :1ystems ot 1 

cp,eo oo ewol , wit l tooy heoane wh&t 
they nl'O novl:'" 

e. t: ... "'lJ ~llfy othor 

art culat 1'<:l"t' i vo to Ill.low tor Nl no,,r,xru Yi~,-·,ety o 

l&l'l,: e u ~ld c:111 e. 

ot 



of ffl8 8 • OC! ~~I· tU••· 'but 

1n r'3 beennt · on -r::.q b4t n ede.:i tore e. 000 

alimol in 6 1 oboervod. · tror t 

tbooJOC.1t:i · or tot (.11')$ tJ.tOif lop l.U.t"f ront ( eucc 01\Ll~ 

Qy· f eolvlnr. problizi • 

vb nl<tt!vn t.o 13 thu furo enr. ch b:\ol oal uc t •ion 

, tt;e ry Wt.le unairiltlti'ld. corpor ed 'into, couree • cr,g ing 

cf ' tJmo17• 1n bi ology wo · d not tltN'loul':: to do. io..- would 

i .. b sivo. !·lo c 1plex tntrlottt e 'l'U !pmalt · s neooa.ear:, for 

lte ~noorpornt1.on • 

...,'inboreon' e . nterprotat on of <>baorvat ton a cond 

trar,ortt:.nt f l '1.oet1 on ro..- edueat i on. beerv,~tton 1 t1, m !m: JOrt f- nt 

md neo -eear-y ~ r-alh., 1na to exy.01-~me.nt . ' t ~ t! nt current 

o :.01oe10· OOUOllt ~ on t-.a; be J.uavini O\,t t l il proliF1!1 na.r;r ge. 

·urrent O'! . .lloey, n iwc n ~ Un popular Gliot, L, l citl;; and 

ex:.,-J.lcitly 1;l9. 11ta:..nc tba • · .r.,o i~moot ' is 'n • f'or b o Of!;:/. ""i.:.. a 

o o.;~. t he oreo . .,.:;. .,.& ... 1 •• :en;. ul t,r. 0lo~ . o.i. oool'l rotn;; n to:r on.,, 

uvlov•B s ... ~m•cb w.:rr.a xperlm ·ntat. ",u .~ obaervo.t:cn l~ 

eon decl:ulinc; tn .tlf/.:>rt inoe o r U: y ~ro. 

m -tnt' ins ;.net at on ( d th ey) is ~ n. r>n.1met11;• ".:S a p 



,. 

t tal 

biolo t ln5 carried c 1•1t edv.ncoo tova e itu,.; pre.1un1 ar-J 

obt, J'Vl.t i on. 1a ~ti-a.to 1.. lfr.:o 4 0 l t:t 1} :;~:b'!.lltie for 

roec td.oo ti ,~ to t:.o 1l, 1., ~r t.h t Ch'gM ams ll b~ nu :od 

OU.; o C·.:in t of the4 I' n t.urul · tats , 

liCoorted o~ bo1nt: •true•, merely beo <> th J 1!0V been 

:t uly • r.1ori. • 

l\lolo loul ech~ot . on 00\' d nss l G tn roctl y n ~ ti\·a 

• i eu ext oi vo uba rvntton p; · nto 

,e .eccp~t , :.t ~a;/ b host if 

tnt roduatvr.{ ov ,·oo c mo ntz-a.ted m..;ro :.;p<m ,,bsorvut oou net · t.Y, 

'- I! l of't atlvrt'lc . J. b:010,~c•t.l eouc~;t on t.o t1 ,il i. th V,t., exr.~ .,-

rn ntal ac1, ,..ts or ,• rJloe1. ',1oroov(;r, n,·t aJ.. .. ·n~r:,d~1otor-J tud.<"n 

ntal M ·· r-,1• i.r\ too fo 

o l ct~ve .n dov 1:, int t •L .. 

t1 

te 

J 

tor 0-94 b: 010,t c 

:,•-e i.t • be 

to 

r 
-

• 



• 
• ( inlwr 1· ) . 

Pl":. m11 -; och l ou,-.·~~~ ...... .. .~,...nd ff i . 

• tu .: tud,y . ( !' tn ce ... he ~- !iru b re.pl oe . ., 

• p '$ o , eo v r, Nati. 

( · eciAL be contracted. . Yet "' nber 

oxtoo .. vn not a con r-aot.cn oft 

obe 

l el·ed by 'tntroduc4 ,; cbsei: ati ita · l• ofter 

nvu • lohlt~ • u 

• !ntc f. tnte • ·n tho lube, tory sto c si..:'lcrc; 

ex ,r-l 



a • 

ortant evon et vary el o 

1n pr:i 

l ot d in btolo - n. el,y • bal::>1 to• sn1l • t c.t. .. · •• 

Both o'f: these noti arus a N v r.1 c .lex nd t.h q!3?ti2N:-• (Lue 

1 )71; i lnbor~ 1 J7'J> . Yet Ult!oe n~ia.na cm bo ini t i ally deftl 

-with or,: 1 t s.r; level • ,.f' thooret cal notions 

aobool le le~ then eu,-e · 

i:;eg~ . n h:1 s bo 1k, tnstructs t-Oa.cntH•e to: 

,,,.:;onoantroto o.ttent.ion on l : vi.oo t htn...,e 
wh 1 CJ ,,re roal to tbe c-n M, ratJ ,;, r thrm upon 
gen.JP it eo wt\ ch f,, r-emot f'rom 1.t5 ~odd 
of t bm.. • vne l arrow .Ul hold i:-1 e 
. ttentton bo -,te-r m MJ diocusa <.m on bU ' 

lees of b' Iida;• 

( 1 51..) . 

I:mp.U.ed in td.s eta.t t , 1, that b t,:redm l l ncorue 

d 

inp, . t t 1.t 'l"JOl'St it ts'O d be l ike to 

W\1tu.a o on<lt1 t :.,tf l 

1t •• 



(1. 00 ler 19&.} . 

taots, cur t toxt 1'1'it r B ot th 0 bar that 

tnclwle a ' drltt ' trom bLloa. ' oreover, text ffl"ito ho wrlte 

the styl e , 

bioloc oal 

o'iolo 

" ••• &c1MCY-~ t 
school • i · t"a.tl 

.ind :i:>t obvto .. ly rel 
er, !.". ra . Y' oung people 
so" co GD a rotter 

l gtne sub Joct . " 

( 

. o . ing nowadaye in too 
r too twu, too dull, 

it to Lumm. m.d soc 
mmtl\l r,. ctu ... r 

d and not reoll,y 

,, 1 • 7 ). 



CQn1M(:wt,tft'O:l3 'Ol"ibh<)r.Elftlc' ettu 1-on OOCl.l • TM 0 

dol t.r1oua ocn qu~ tor tutu btolo&'(. (Stenh>u 1972) . 

r' mid.en , a major cont t }. boon 

d&velopo4. un tM 1,ma. nogp (1J¾) amp 'obaorvat•;cn• 

and • heor:,•. »e ~ s t!U1 te pliei t abo\..t t ~ ~ atatncd interest 

•Moh oon bo emted t br<.H.ip th~r.,, t'tald obe.e - ti.on ma 
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