
Bacon '8 ideas have been modified and improved by some lind contested by others over the
centuries. LOJ,{ica/l'o.\'ith'i.l'III. which evolved from empiricism, has two important tenets, namely.
observation and deductive logic in reasoning. As with empiricism, knowledge is considered as
objective and reliable (Chalmers, 1983).

Two main criticisms have been levelled against the induclivist account. Firstly. there can be no
such thing as innocent, unblused observation. What an observer Sees depends in part on what is
really ther.: and in part on the observer's past experience. knowledge and expectations (Hodson.
1982). Second I"" an Inductlve argument is nor logically valid, Popper (1980. 29) lends weight to
this claim when he contends "...that a prlnciple oj'induction is supcrtluous, and that it must lend
to logical inconsistencies", In spite of such criticisms. inductivlsm has in the past had n vel)'
strong influence on science curricula in Britain and America (Hodson. 1982: Finley. 1(83).

In response to these criticisms. Popper suggests tim! science doe'i 1M stutt with stark
observations but with n pre-conceived iden, hypothesis or with It " ...preblematic observation in
the light of some lltem'y" (Chalmets, 1983. 4(). Althnugh Popper has been identified with 11

phil()sophy known :IS logit'II1 t'ml'lricl~vl/I (Richards. I(83), his views have been so overwhelming
that its adherents have become Known as .ltl/stllt'ati(mists (Chulmers, 1983). Fnlsiflcntionists
believe that science proceeds by trial and error until it arrives at a theory which sfltisf.'\ctorily
explains tho evidence, To quote POI'llor (1963. 5 I).

there )', nil more f\ll!urml procedure than thl) mcthll~1 Ill'lrilll !lnu errer » III' conieuure und rcl\l!ation; 01'
hoMly pro(ln~itn" lhc(lri~!j; Ill' Iryin!~ uur hc~t ttl shuw Ihlll Ih~sll are CITIlnCllU'l; \lml of I\~~c(l:inr; them
ICllt,lIl\cly If \l\lr CflllV,lt etlllrt!; arc um.u~~c!,·.I\ll.

Pt1PPCl' lubels this attempt In dispfI\w "thbil1ahle" theories Ihlsificatioll. Ile c\mtolld~i that
sclenrlfle thetldes ennnot hl.lverlttcd hut eun be nhuwn to he Ialse. When theories ore lIot

Ihhllicd. their cunlirmatiull should he accepted us teutntive. The idea (If tentatlveness (If

scil.mtific knowledge has ibi r(luN \villl thullllsilh:atilllli.ts (P,'ppel. 11)6~).

Popper's idl!a~ nrc 1M tree from dimcllltic~, lt'theories IIfU to he Ialsilled 1\11Ih\) hasis t1I'llUW

Ilhscl'vll\inl1s. such \lh"\)l'vnti\ln~ can ubn hl' ~IHl\\n hI h~ Ihlllhlll. In other words, stntements

~,USpCl!t" (I lodsou, 1t)H~\ I D). hI

uddltion, evidence Ihlll) hh!llr~ dlll:~.1M himl ',UPP\lrt 1\1 the lI\l!tIHltlllhl~"illS advocated h~'

Ilihith:ati\llll"t·" I hhi evidence sllgglJ~\t"' th\) need IiII'II dilll:rcnt. more CI1I\lph:X UCCtlUlI1 or
SI.dlllll!l.: and its devclopmem tt'haill\\)l's, Ill!!'}.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND TO THE PROBLEM

"Wns tha electron discovered or Invented"? (STUll. l 974).

Providing a scientifically acceptable answer to tho above poser may not come easily for many
science students. Their answers will make demands on their conceptions of tho nature of science.
What then is meant by the nnture of science?

Many dellultlons of the nature of science are fuund ill sclcntiflc literature. According to
Lederman and Zeidler (1987. 72 I), it may refer to the "values and assumptions inherent to the
development of schmlific knowledge"; values such as whether or not scientific knowledge is
amoral, tentative. empirically based. n product of man's creativity, or parsimonious. The
National Science Teachers Association of America (N.S.T.A) (1964, cited in enrey and Stauss.
1968) describes the nature of science (IS comprising three areas, nnmely, knowledge. modes of
enquiry. and human endeavour. Herron (1977, 30) hns referred to it us a learner's 'value system"
which is impiit:itly conveyed via the teacher'S elessroorn behaviour.

Tho above views suggest that the nature of science incorporates the nature of scientific
knowledge (including its generation. characteristics and limitations) <JS in science, and how
science is p'·:\ctiscd. Tho various conceptions of the nnture of selene« and their influence on
sclcnec curricula are briot1y considered.

The beltefs about the nature and philosophy of science have changed throughout history.
Abimbofn (1(83) suggests that for science educatlon, a relevant starting point in the history of
tho modern philosophy of science is with ~"assicallJlIIpi"lcisl/l and the ideas of Francis Bacon
(1561-1626). This philosophy suggests that the basic method of generating knowledge is by
mductivlslII. According to the inductivtst view. sclentlflc knowledge starts With simple. unbiased
observations. From these singular observerfons, generalizations and theories can be formed
provided certain conditions nre met.
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ABSTRACT

This study investigated pupils'. student teachers' and teachers' views about the nature of science,
The "nature of science" includes the nature and generation of scientific knowledge, its
charncteristics and limitations, values in science, and how science is practised.

A convenience sample of 47 Std 10 physical science pupils. 14 pre-service teachers, and 20
teachers from institutions in Johannesburg were involved in this descriptive study. An
oplnlonnnlre based 011 lin existing instrument, "Views 011 Science-Technology- Society" (V0aTS)
was developed and administered. It consisted of 13 multiple-choice items. Propositional
knowledge statements which summarized current viewpoints held by scientists and philosophers
of science were used to categorize the views of the respondents into various positions.

Generally, the positions selected by the majority of pupils were quite similar to positions chosen
by practising teachers. Pupils and teachers defined science I1S consisting of facts nnd processes.
The majority of them also believed 'a' scientific method existed. This position supports a
positivistic view. The common but erroneous view among the three groups was that hypotheses
mature into theories which later mature into laws. The student teachers generally had a better
understanding than tho practising teachers of some aspects of the nature of science. One possible
reason for this is the positive influence of a newly introduced methodology course in the
philosophy of science on the students' understanding of the nature of science.

The results of this study confirmed findings of research in other countries that pupils and
teachers have inndequate conceptions about the nature of science.

The implications of these findings for curriculum development and teaching practice are also
considered.

u



PUPILS' AND TEACHERS' VIEWS ABOUT THE NATURE OF
SCIENCE

Ellis Koe Ayayee

A Research Project submitted to the Fuculty til' " \ Il:e, University of the Witwntenmtnd,
Johnnnesburg, in pnrt fulfllment of the requirements 1\11 \"e Degree of Muster of Sclonee .

Johnunosburg, NOVCJ\\ bOI' 1t)9~.



14

~llI1SCnSliS forms and it becomes unproductive to launch fmthcr chnllcnge« (Stanley and
Brickhouse. 19(4).

According ttl Reiss (1 C)93 ).. science has been portmyed in textbooks and in Ihe 01.1551'(10111 as n

product of western culture and not I\S 1\ universal human (!I.!tivity. He finds this positivistic vlew
problematic and suggests it shuuld be corrected. St~, ,Jey .llld Brickhouse (1994) believe t1u~tif
::.cicntific knowledge is validated by II team of inquirers. it is importnnt that such n group should

represent peop!c of' dlverse cultures. They propose such a group bhould I!nv,~,nmong other
things. tho capacity to generate and consider various possibilitius f(lf understanding and

deicrmlnlng knowledge. Tho), contend that western scielltific Immewerks cannot provide II
universe! Pl)Sitioll. I.\S it h \111ly ,)1\0 pCfs(1c\!ti\'c nmllng. mUll>' others, Multiple perspectives should
he considered and seen as l\ rielt resource for science and seleuce education.

2.2 TilE PlUU)S()}llIICAL UASIS OF CtlRRICnLA

III u bid to ntnlnuln world supremacy in science and technology, new curricula were introduced
in SCh(ll~ls in tho United SUItes of America in the early I%O's (Yager, 1(82). However. the
curricula lnnovatioos did not fully nehleve their desired purpose, A crisis in science edueauon
developed about twenty-nvc yenrs after thl' national dftlll to upgrade the quality of seteuee
curricula and lustructicn. The crisis \\'(1:1 eharncterized hy u general discontent with selcnce
education. and with falllng numners of pupils L'nrolling Into sclenec tYngcr, 198:2). Duschl

(ll)RS) und Hodson (l1)R8) contend Ih:'\ the Hcicnl.1l curricula were nnt satisl1lctllrily Mvclop.!d

hy the National St.:icllcc FI\I.II1dati\11l (NS1') The theme \H\ticrpillllint' the NSF 1.pmlsurcd

curricula was "to learn by dl!inp." \\hh.:h eventually became known In liI.:h.'nl.!'~educutton us
"sciclwc hy enquiry" Wus(;hl. I 'JRS. $,HIl.

It hus been observed lhnl nt U lime wlten eurneulu inn\l\atillll~ were hcin;~ cll~etcll (I95R" 1%(1),

equally rapid dUlIlgl.l1. were 1!~CIIITil1g in llw !lhilll"llj1h~ u]' ~,cicne(.; (l\hIl1l111114l. 191n: DUliChl.
I'I~S) Fill' exumple, aClll1rdinL\ III ~tanin (!1J'12. dtlld in Duschl, I IlKS) iI~i dill l\lltilll\ 111'CIIIIlliry

ilS presented ill the N!·ij: currieuln was heing SI1\11ull,\ r~:jl:ctcd <'IlIl rl!l,hlcnl witn new nutlnns in
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Popper nnd Kuhn seem to have divel'gent opinions about how science proSI'CSSCS. Whilst Popper
believes that scientists discover the truth about nnturc by npI1b "u:hil1l_1it closer and closet .. Kuhn
thinks the an!-lWCISare not so simple. lle believes that unless tile nppronch to truth is defined us
the result \If whnt scientists do. we ennnot recognise progress towards that goal (Kuhn, 197()}.
This vlew seems to have caused Kuhn to be regarded by Stow (1982) and others as il'l'ntionnlist.

P{ll'Jll:r. with his universalist view of science. claims thnt the ontologleul physical world itself
judges the valldity of a scientific account of that world. and that this account is unrelated to such
things as human interest. culture. gender. race. class cthnic!ty or sexunl orlcntntlon (Stanley and
Brlckhouse, 1Q(4). Although fhlsiflentlonlsm nppenrs to support the idea that the neccptnncc or
I'ojcction of {I theory depemls lit least in part on scientists' decisions. POlmCl' (l ')SO) denies that
this process reflects the culture 01' lntercsts of the deelslon 1\H\!,el'H.He clnlms such methods are
universal. rational ,tid independent of partlculnr human interests or the cultural chnl'Ucteristics of
scientists. Furthcnuore, he esserts that without unlversal standards for rnnklng such decisions. we
will have no way to judge 01' determlnc if one description of reali!, In bcller thnn nny other, To
the "new" philosophers, there is lltnhing universal nbnut such methods (IS they arc suhject ("
ongoing fCC\.'lsidcratiol1 and reeonsnuctlous us the group of scientific enquirers changes (Stanley
and Brlekhhouse, 1(1)4). To tho IInow" philo!iophcl'S of science. the nctivity of modern science is
rooted in tho community of scleutlttc inquirers and us n result WI,) cnunot have uny unmedltnted
neeess to I'~lalit>,.Wr:;enn (lnly estahlish scientific Imtlwlcdge through tho inlel'pretlltivl.l ef(lwts (){'
those eugaged in seiontitic inquiry (Stl\nlo~' and nl'icld\()us~.. 11)c)4).

Slleial consrruetlvlsm, nn offshoot Ih1111 the [(uhni(ln perspective, provide t\lrlhcr insight us to
how selentlflc km'\Vlt.ld~wis constructed. Stanley and Brickhouse (1994) diu Lntour (I c)87) and
Longino (11)83) us tho most represenmuvc (If lit is pusition. They nminlain !hot because science is
dune by lnunnn heinS!i who me inevitably influenced hy ethicnl. idc(lillgical and cultural values.
the claims which arc put forward (IS Incts must have been Ilrevi(lll8ly (\ffected by their C(lilluxtual
values, The sucinl constructivists, (ll.:cording to Stunley and Bricl\lwllse (1994). further (\l'!:1.11e thnt
lndividun! scientiHts do not (lWdllCI.)lhcts but ('OllSil'u,'t claim", Such scicntisN then work til

IiIlstnin theil' clnillls in the nll':o (\1' chnll~'n!\\Js Ihmu~~hJudichms modlflcation lind thl.)mnrshnlIing
ul' nppl'opriatl.l teehrtienl, rhetorlcnl uud sociul n':S\lUlCCS. 'lhe claim becomes a fhet when i\
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Two phases of science tire p113tulatl!d: normal science and revolutlonnry science, The normal
science phase is considered a period of relative calm in which tho 11mdulllenlal assumptions of a
discipline nrc accepted without question, The type of netivity scientists engage in. and the
teelmlqucs used, 01'(' considered fuirly routine. ntuch like "puzzle solving" (Kuhn. 1970a). The
overthrow of the pUl'Odigm is intttutcd when it is UI\(\bh.:to provide adequate nnswers III

pmblcms th!!.t llI'ise. The flnnl overthrow may luke time but wlll occur when II rlval pnradigrn is
able to nccount fhr the discrepancies tilat beset lilt' older paradlgm, The new scientific thought
coming into dominance may be based on quito different and even "lncougruou« principles and
nxicrns" (Toulmitr, 11)'10. elted ill Ablmbola, 1983) so as to make impossible scientific
communication between perlods (Kuhn. I()70a), This illconmlcIl8U1'ahh: nature (If scientific
paradlgm«, as it is culled. ntso makes observational data taken from the two periods III be
dilTcr\:llt. In summary. tho stnges involved between two successive pertods of ncrmnl science
arc: nm'lllal science. crisis. l'evllhllltlll. and new normnl science.

Even though cl'iticism of thu "new" philosophy of science has been made by its proponents, such
criticisms have been levelled us a means \)1' shedding lul'thcr light 1)11 tlto phillWllphy (Abimbllia.
1(83). F(\I' example, Ablmboln notes that 'Iuulmln (I<)70) believes "rovolutlcr ". as u polltlcal
renn, IlIls long since \\10m out its value (IS lIli cxphulIltol'Y concept. From a hisiOl'icnl perspcctive
Toulmlu hurl token the "incollllmmsUt'abilily of paradlguta" to tusk lind argued dun i}tllitienl
change has never invulvl:d nbsolute and outl'ight Immeh of continuity. ThQ term "purndi~~m" hus
also been erlttclzcd 08 hovin!! multtple, and thcrcflwQ vogue definitions (Mnstermun, 1c)70). !I\
fCSlltlll1iQ to such critiCISms, Kulm (1070(\. 1970c) hus elnbernted Oil his notlon \11' purndigm'i and
ldentlfled tWIt vcry difft.mmt usages Ill' the Mill "pal'!\dip,.m": the conceptual h.'V1.l1Ill' individual
sl,!iclltist~: (Ind the soelal level of a schmtif1c ctlmnHlIlity. Kuhn (1970n) has nlsll ndvoeated the
usc uf \III} term "disr.:il)linllry mntrlx" hi connote ~mup commitments of scilmtlsl!l.

Rubinstein ct nl. (I c)84) hnve expllentcd the val'it\\ls meanings oj' paradigms nnd thllit' functions at

the individual nnll Ctlllmmnity levels, I'll the individual scientist, e pnrndi~\m reprc~cl\ts his
eoneeptlon Ill' an m'l1c\:t (If science. At th\) soclal level, (I paradigm 01' disciplinary matrlx may be
seen us the world view Ill' a given 1>Cil'ntit1I' corumuulty that ~\Iwcmqnut a kul,jccl mntter hut
rather a p,l'IHlP I)" praetltloners. Such U clImmunity InllY he t1cl1ncll in Vtll'illll'l wuys: ". ..hy
discilllilH:. h~' meutberslrlp in Uspcllinli/cd nrea IIi' work, ','f h}' explicit eemrultutent to an
UPIW\lnch til illvclitig(\til1~~II slgnilic(\l\t problem" (Ruhinlitcin \:1 III.. IURil. 6'1).

•
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Fnlsiflcatlonlsts consider it easy to obtnln confirmations or verlflcations liw nearly every theory;

what is therefore lmportunt il1 tu I'll able to refute a theory. Accordtng ttl Popper (I (80).

sclcntiflc stnternents do not 11",'(' to be tested hefhre they are accepted, but they 1I1l1st be capabk:
of being tested 01' fulslfled, Altlwugh scientific statements nrc never in theory fully justifiahle or

vertflahle, Popper {l98(). 44) considers scientiflu statements I)I~iectivc if they con be "later-
subjectively tested", This will involve other investigators independently testlug and

understanding them. A statement which cannot he retlncd by nlly cnnceivable event is

considered non-selentifle. The criterion Ibr what counts therefore ft. a scicntifle theory iJ nor its

tI:stability hut its IlllsitiubililY 01' rcnltl~hility (Popper, 198(».

Abimholu (1983) 11111n1.; out that the basic themes Ill' the "111~W" phlltls\\pJty IlI'science are woven

nround the ideas of Kuhn (I 970a). Somo of' the phllesophcrs and selemlsrs, who Abimhola

(19831 suggesrs nrc Hlimtitiud with this 11e\\ approach me I akatos (l970). Toulmln (11)70)

Fllycwl md (1970), und BMHI (I977\. Contrary ttl pllsitivisltl. this "new" philosophy r~jccis

formal logic as th~ primary tOI f Ill' analysis ofseleuee, In iN place it relics on the detailed study
of till' hist(ll'Y Ill' sl)icm:c [(11' Its llnalysi!, (Kuhn. \ 1)'11); Brown, 11)17).

'l he olliectivily in Ilcrl'eptillll which hns clmrUl!terilcd pllsitivism is no hlll~v.:r held in high esteem

by supporters of the 'new' philmiophy of science. Perceptiou is seen to he influenced to n great

extent by the I\n\,.\'ledt\l~. hclh:fs nnd tl\emil.')s WI.') hold, Thus. xclenee cannot he presumed ttl be

tree from unlounded spl.'culatillll or the nuluenees \)1'trndltion (('awthnm anti Rowell, 1()78).
Silhmce is c:,sclltiully seen IiI replI:scnt a luunnu ul,;tivit~ with "nil IWlliral ilh~l.:l'vati()1l lunguut\c"

in which t,.:icnti~t~ (lim to Invent Ihc\ldl'i that explaln \llhcr\ed phcmuuenou (Kuhn, 1'l'1Oh, 2),

I he "new phil\I~:llphy mjcch the vtew that SCienCl! 1'1'lll\n:s'.cs b~ (\C\~l"·lhlll. anti lnstend pr(lpllSeS
that sch.mce j, I\('gnnhct! uround II paradigm (1\.IIhn. 11)'Jna). (1\ paradlglll ma~ be cllnsiilcred in

lhi!<'CIll1tCXt us un nccepted world view or it '.cient'l1l! ~\Imlllllllily that IhllllC~'the sclentiflc

nctlvity tllr some lim\!l Sckntilic 111'''111'1.':.'. i·, '.lIell hI 11"'':\1(' wlien 11111.'paradi!'.tn hi rdinquhhl.ld

and (Ill incomputihlo ulternntive h ac~cph:!I, Tltl,' ll.'(lla~'\·lllt'llt 1'1' thl,' older (laradi~'.ll\ is u~llall~'

Ilc~allS!.1 it i~unable ttl meet I:hallenl·,I.'~ 1'\I~l.'d h~ IlIllie. expcnrncut Ill' ohservutton (1\.lIhn. IWIll).
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Even though researchers agree the,;' ;~',II.' unified conception 01'what positivism embodies, some
1)1' its mnlor assumptlon» have continued to be the ta('get of criticisms. Stanley and Brickhouse
(1994) list some of tho (elicit! as follows:

a) the assumption of a single, tungible I'ealily that can he /i(l,(.II.:dindepelldently;
b) a correspondence theory of truth. in \Vh!:::, '1I'ulh' is llelinl.ld as knowledge tbnt matches

reality:
c) the fungunge of science is exact snd literal, therefore meaulngs (Ire UlliVC1'S(11;

d) the assumption tlmt experience is taken III be lll~eetivc, testable and not influenced by
thcoretlcul vlewpolntr;

e) the ass.nnptlon of value free method and the sepurat.en of facts lind meau'ngs; and
t) u vcril1calionist method of justification.

Kemeny and 0PI1CI. helm (l910, c'ied in Abimbula, 19S3) eompleto the list of tenets with the
followlng:

g) Scientific knowledge increases hy accretion.
h) Observntlons rcmuln the same durlng scientific revolutiens. A new thenry IS (lnly (11\

improvement liver the old. us it takes into account more observattons.

The eticcts (If SOIllU of these assumptions on sclcnee curricula development arc disl,lussed in
section :.t2.2.

Popperian philusophy III' thlsili('atinnislll ( 'halmer», I (113) b n.'ganll.ld us 1I lrall~itinll'll doctrine
between lngh:al cmpiril!islIl and 11m IHlW philllSllphy \)1' science (AhilllhI11n. 11)),3).Slime ef'thc
tenets llt'lltisillcuthlllisill ure (JllIPPIlI', Ill?!):

il) 1111lrelinnce on the f1tml~ ul' tht: hil'ttlll)' \11' science ti,l' (\1\ allal~sl'i \,1' science;
h) till' r~j~'cth\1l \11 the vic\\ that 'iGielWIl pnIPJC~I';\!}' by a~\!r\!thlll (Kuhn. IIfJ(}a):

l~l tile l\'i~;crtim\ that 1\11' ,.~I\!mill..: ~tllt\!mcllto. hI he valid al\~1al~~Cplubl\) they must he t\'~t(\hlc:
til the :t11~umpli11I1 thm 'idcntllh: "lIllwll!d,',e h 1'[I'\I-"\ll1al:

t:) the u~l,,'el'tan(e Ilflhbifkath.n il'. the 1'1'I1~e'." Ill' t'''hlhlhhill!', '\l:ll!lItifh: "Iltl\\ ledge.



CHAPTER 2
l.ITlmATtJIU~ lU~VlEW

'Ihe lltcraturc under review 011 the nature of science is considered under three brond sections:
The first section deals with views about the nature nnd phill'tsophy of science as held by
sclentlsts nnd philosOI}hers M science. The second section examines til" philosophical
perspectives thnt underpin S0ll10 of the existing science currleuln, The final section deals with the
literature on pupils' and teachers' conceptions (It'the 11111mc of science. and eurrk'
developments which attempt In Influence their coneepttous about th\) nature of S~II.. ~J,

2.1 TIlE No\l'URE AND l'IULOSOllllY OF SCIENCE

Thnmghmlt history, phllosophers and scientists have tried ttl describe how selenee ncqulres nnd
validat .s ('oliable knowledge and umlcl'litulIding of the world. SOIllC ~)fthe Il1UjOl' philosophies
have heen clnsstcul empiricism. posltlvlsm, logical positivism. Iogtcnl empiricism and the "now"
philosophy of science (Abhnhola, 1(83),

{'Iossicnl emphtclsm, associated with the ideas of Francis Bacon, rccognises tho importance of
expcl'itmmtlltioll in order to reveal more IIbout nnmre than would observntlon. Pnsitlvlsm is
understood us n severe or nus!o!'c i\mn of empiricism (l,incoln and Gubn. I !l8S). According ttl

Hneking (1983). SOI1\O of'the philosophet'!! with a positivistic ftame of mind were Ilume (1739).
Comtc (1830.1842). and Van Fransseu (1(80).

Tho themes of three Illajor 11hilosuphies that continue to influonce science education namely.
pllsitivism. fnlsilici\tionism nnd thl.l "new" philos(lphy ~\fselencc, (lrc considered below,

Positivism. nt, n family (1[' phllosophlcs with Oil extreme view lIf science und scielltillc method.
hn~ hecn the lI.lCIIS of eritlquc IlW more than a ccntUI'>' (H[(\lIle~!nnd Brlekhonse, lIJ(4). One uf
the mqjm' criticisms levelled lit it is its Ihilllfe III 1'l'l1ville (Ill ndcqnnte conceptunlizntton (If whut
science is (llesse, 1980. cited in I ineoln ami Oulm. 1()8S).

9



.ools tlw thinking. Individuals with the nnti-realist finme of mind who deny that theories aro to

be taken literally nrc !laid to huve the instrumentalist perspective (flacking. 19(3).

1.8 AnnREVIA'l'WNS

The following abbreviations arc used in this study:

nm: Transvaal Education Department. This was c nc of 16 educauon departmel1ts in the "old"

South Africa.

mm Department of Bducatlon and Tralnlng. '1his dcpartmeut was respcnsiblc for black

educetlon in the "old" South Africa,

Sld: Standard. The 12 yenrs of selrooltng in South Africa consists of gmdes I (lilt! 2 nnd Stds lu

10. Primary schools IlslIuliy include grade 1 to SId 5, and secondary schools Std 6 to SId 10.

The matriculation exnmluatlons are taken at the end of Std 10.

1.9 l>ln~INI~ATIONOF 'rUE STun\,

Clearly, South Ali'ica at the time of this study in 11)()4 was in a state of transhlon, anti tlns is

reflected in tho nature of schools. Pupil~ from n trnditilllll\lly white. but currently multl-reelnl,

g(lvcmlllont schoo] in ,Itlhanllcshur~~ \'rIlI'C l,lImplcll. Traditiollolly black sehuols under tilt!

l)cpUl'tJncnt Ill' Fducatillll and Tl'lIinmg (mrI) \\l'I'C 1M used !lllcallSI! such schccls had been

di.~rllpll:d tilr n pcrilld or several ~'cars. It \\i\~\ rhcrelcre unlikel> line would I~CtViC\vH Ill' Impils
who had chlsdy t\llhlw\~d the scicnc\} and hlllllli'Y eurricu]n.

l.tO 1.IMI1'A'l'lONH m·' 'l'lm STUny

As the samples \\CI'\! I'clativl!l~' small uud not randomly selected, cI:tims ah(IUl the gCIlt:t'alisabilily

Ill' Ihl.}n:'lIlls cannot he made hy the researehur, Illl\\CVCI\ it is !\\llwt! that I\W th:tails 11I'lwith:d

will allow the render til dctt:rmin~) Ihe tmllsli.-rahilit,Y nl' the Informutlo» (LiI1l.:nln nnd Oubu,

IUSS),

8



1.6RESEARCH Ml~'l'HODS

A descriptive study W(lS used to explore the views of pupils. student teachers and practising
teachers in the greater Johunnesburg area. nbout the nature of science.

The sample consisted ofthe followirrg: tbrty.seven Std 10 physi zal science and biology pupils
from a government school in Johannesburg; fonrt.)cl\ BSc gradu ues who were studying biology
and/or physical science methodology courses in preparation for their Higher Diplomn in
Hdueution: twenty praet'slng physical science .1Odbiology teachers from live government schools
in the grenter Johannesburg area,

An opinilmnaire based on all cxisting lnsuumeut, "Views Oil Scienec-Tecltrrolegy-Socicty"
(VOSTS) (Aikcnhc(\d and Ryan. 19(2) was developed and ndmlnlstercd.

Propositional kncwledgc statements which suurmarlzcd current viewpllints held by philosophers
of science and scientists were formulated and used to categorize the views of the respondellts
into various posltions, The results were recorded in tables and graphs, and quotations were used
tl) convey answers to the free-response questions.

Dctalls of these methods UI'C included in Chapter 3.

1.71~XPLi\NATION OF TER.MS

/:i1istemoillgl' ilfsdence aecordlng to Bullock nnd Stallyhmss (1 (77). is tho phllosophicn! study
of scientific klltlwlell!\e. which seeks til dellnc ami distinguish its principal varteties, SCiClllilic
realism is n movemcnr within the el'blem(\hl~\>' Ilfscilmcc, Aecordlug to Ilueking (1981).
ndvoentcs \,1'realism bulie\ e that the entities, slutes nthl PI'III.!t:S~i\l!ldescribed h>' correct theories
really (In exbt (C.~1,pMOIlS. photons, Ileld of three). Such advocares arc described as rca lists or
arc sakl til hold the tJ1Illt!(/!!iml PCl'llpcctivc tR)lIll and Alkcnheud. 19<>;;).

(lpPIlHed 1\\ tl.i}i ViCW)lllint ift unti-realisnt. AdV\lI.:ale'i helicw there is 11\1 Mllih things (IS electrons,
etc. Sud\ entities. lhlJ~ maintain, me ~.\ldnll~ constructed flctions, und thenries about them nre

7
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According to Hurd (1960. ned in Lederman, 1992), its earliest occurrence in the American

syllabus WIIS in 1920, It was regarded then as necessary to better train the mental facultics of

students (Lederman, 1992). More recently it was advocated that All adequate conception of tho

nature of science WIIS necessary if scientific literacy was to be achieved in the population

(AAAS, 1989. cited ill Lederman, 1992),

Science, including physical science and biology. is being taught to pupils in South Africa and yet

the curricula do not attempt to develop pupils' conceptions about the nature of the discipline, It

is likely that any views pupils currently hold about the nature of science have been developed

implicitly in class. nnd through media nnd everyday experience, As cffol'ts arc now underway to

develop a national science curriculum jor a new democratic South Africa, it is appropriate to

assess the views of pupils nnd teachers abour the nature of science, This will facilitate the

development of a more relevant and philosophically valid curriculum and allow nny preblcrnatlc

ldens about science that may cmel'e.; Juring this study to he addressed in the new curriculum,

The knowledge. gained from this study will hopefully guide teachers and educators in tho design

of selence lessons and syllabi which will fhcilitute tho development of (luthclltic conceptions of

the nature of science,

1.5 RESF;ARCn QUESTIONS

It) What views do SId 10 physical science unl! biology pupils Ilt a government school in

JllhmUl\)Hhurg 11(1\'0 ubout the nature of science'?

b) What views do physical science and hi(llllg~' student teachers at thl.! l !nivcrsil~' of the

Witwntt.}l'sl'I1lld have nbout th\,) nnture of SclllIlCt.}'!

c) What views do practiHin~~ teachers in selected government schools in the grl.!atcl' Jnhuunesburg

ureu have illllll1t the nature 0(' sl)hm~c'}



of pupils from all racial groups, ami reduced interest and disengagement by most girts in the
sc.enccs (SAATPS, 1978: lIRS(" 1981; Levy. 1(89) These problems have: led to the persistent
technical manpower shortages in industries {Cooper, 199:3).

While many countries are experiencing a renaissance in terms of the philosophy of science in
education (Matthews, 1(90). it appeal's that the South Afrlenn situation is not as promising. Two
problems exist: Fh:,tly. the current school physical science and biology curricula do not
explicitly address the nature of science. Secondly. as far as the researcher is aware, no research
has explored teachers' views about the nature of science in South Africa and little hns been done
in this field ,involving pupils. Notable exceptions nrc research by Porker nnd Rochford (1995)
and Laugksch and Spargo (1995).

1.3 lltlRN)SJ~ OF THE STUDY

'Tho purpose of the study was to describe the views held by the following selected pupils and
teachers in Johannesburg nbout the unture of science:
a) Std 10 physieul science and biology pupils who had been exposed to the current curricula;
b) pre-service physical science and biology teachers who had completed n BSc degree und were

nearing completion of their Higher Diploma in Bducation. It was expected thut all lectures
linked to the nature of science would have been completed by the time the instrument was
administered;

c) physical science and biology teachers with one or I1HH'C years of teaching experience. This
would hopefully reveal whether lcachillg experience lnflucnces or modillcs the views of
teaelters nbont the nature 01' science.

1.4 Il\WORTANn: 01<'TUI~ srnnv

'I he development or udcquntc conccprions ~lf the nature \11' selence has been un implll'tallt

objcctive of science curricula in several \lVCI'SIli\S countries lor runny ~ears (Lcdemum, 19(2) .

..!J'
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Matthews (1990) has also highlighted the problems of science education in the 1980's in many

western European countries such as Britain. Germany. France, Italy and Denmark. The problems

include: the "alarming flight" from science education by pupils, failure of science education to

develop scientific understanding with science illiteracy rated (It 90 per cent of the general

population, the exlsteuce of "massive" inisconceptions, and poor understanding of science among

science pupils (Matthews, 1990, 227). The school science curricula in these countries were

blamed to a large degree for these inadequate conceptions held by pupils and teachers

(Ablmbola, 1983; Hodson, 1988). The curricula were alleged to be outmoded in terms of the

philosophy of science underpinning them nnd thus they presented a distorted ill1llgc of science

(Hodson, 1988).

Clearly something hnd to be done to address the problems and there was good reason to believe

that research could provtde the needed answers. The scorch fOI' solutions led to a rc-awnkening

in the late 1980's across Hurnpc and U.S.A to the importance of studies in the nature und history

of science as a ccntrlbutory solution (Matthews. 1(90). Consequently, many lines or research
emerged with some science educators focusing attentlon 011 students' and teachers' conceptions

of the nature of science, Others sought for relationships between teachers' beliefs. classroom

practlccs, nnd students' conceptions of tho nature of science (e.g, Lederman and Druger, 1985;

Lederman and Zeidler, 1987; Brickhouse, 1'.>(0). Another line of research has been to develop

new currlcula and usc them to improve pupils' conceptions (e.g, Hodson, 1988). Abimbola

(1983), Hodson (1988), lind Solomon ct ul. (1992) have called for a more contemporary

approach to the teaching of science. Such un apprl'laeh should lncorporatc the historicnl and

philosophical dimensions in the development of scientific knowledge.

Bused on the research findings of the lute 1<)80's, various countries including America, Brltuln

und Denmark have included history and philosophy of science topics in thelr science curricula
(Matthews, 199(); Solomon, I<)c) 1).

1.2 Sl'ATEMI'~NT OI"TIm PROBLEM

Science education in South Ali'icn luccs similar prohlem« at the secondary school level to those

cited ubove. Research tludlngs Indtcate there is the avoidnncc of physical science by n ml\jl)t·it~·



The "new" philosophy of science is the most contemporary view of science and it number of

philosophers and scientists, including Kuhn, Lakatos and Feyeraband are identified with this

viewpoint. According to Abimboln (l983), their main claims arc as follows:

a) The knowledge, beliefs lind theories we already hold determine to n great extent what we

perceive: hence. observations arc theory-laden,

b) Scientists operate within accepted paradigms (Kuhn. 1970a). presuppositions (Brown, 1977)

01 research programmes (Lakntos, 1(70). Pnradlgms determine what problems to solve, the

lnstrumenta to usc, and the inferring techniques and models to employ,

c) Formal logic is rejected as the primary tool for a, science and replaced by a rellnnce

011 the detailed study of the history of science, The ultimate decision on scientific value rests

with the scientific community.
d) Continuing research coupled with continuing crlticlsm, ruther than accepted results, nrc tile

core of science. Science has two phases, namely, normnl and revolutionary science.

e) Observed data do not remain the same from one revolution to another, This is becuuse

scientific paradigms nrc incommensurable (Kuhn, 1970a).

The Ilternturo cited shows the major developments within the philosophy of science, What has

been the influence of these philosophies of science on curricula?

1.1.2 :,I'he nntlll'c of !I~ieltcc nnd the cUrI'iculum

The I%O's in America witnessed n period of rapid changes in the philosophy of science, This

period W(\S also coincident with equally ra.iid changes in the science curricula (Hodson, 1(88),

The mnln goal of the scientists W£lS to eneoumge lntcrcst in science, and CHICh up with the

S(wiot Union in terms of science und technology (Yager, 1(82), However many (If the

curricular innovntions did not reflect the developments in the philosophy of science (Abimboln,

11)83; llodson, 1(88), Murttn (1979. cited in 1lodson, i988. 2:\) claims that ".. .the views of

slOionce methodology contained within the curriculum proposals were confused, frequently

eoutradlctory, lind 'based 1111 dubious or discarded philosophie» of sclcnec'". The ufterrnnth of

such curricula lrunlemcutution III the U.S.A, was the continued decline in enrolment in science
coupled with plW attitudes (Inti Interest in science (Yager, 1982: Yager and Penick, 1(86),

3
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3.3 NATURE OF THE SAMI'LES

One school was selected based 011 convenience. The school. cstublished in 1967, WU& until
recently n traditionally white government school. It is now a multl-rncial, co-educatlonnl
government school with nn enrollment of 1100 pupils. Tho performance of pupils in the
matriculation examlnatton ranks above tho national average (Hcadmnstcl'. pers, eomm),
Streaming is practised in this school with pupils put into diffl,lrcll1t subject groups according to
their nbiIitics. Thero were four Std 10 physical selen,e classes. Pupils from the higher nbility
classes were selected in order to minimize the oftcet of low ability 011 answers to tho questions
(McCarthy. 1994).

TI\e sample which was drawn from two Std 10 classes consisted of 47 pupils (31 mules and I()
females) of average age of 17 years 10 months. They all took physical science nnd mathematics.
The other science subjects taken by the pupils were biology (20 pupils) nnd geography (13
pupils).

The reason fhr selecting student teachers at the University of the Witwntol'$fllnd was one {If

convenience. Fourteen student tcncheri:!who wen: registered for a. Hisher Diploma in Education
(HOE) at the university were involved in the study. Eight of them hIok the physieul science
ll1elhodology course whill.} six took biology methodology. Ten of the student teachers had
gradaated the previous year with a esc degree. Two l,r the remainlng four ntudcnts (who had
graduated two to three yeors carlier) had two years teuching experience. The other two students
had no teaehtng experience. It is thcre(bre sufe to ussume that except for the 10 weeks tcaching
practice completed during the HOE. most of the student teechers had 110 prtlctlcnl teaehlng
experlenee,

Teaching expenence has also been cited as one of the possible [actors that lnflnenees teachers'
eonceprlons ahour tlte nature (11' science (llrkkhousc. J 991)). The inclusion in this study of
student teachers with little or IU' tcaching experience WIIS regarded as important to investigate
Ihis proposition.
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CHAPTl~R 3
RESEARCH METHOJ)S

3.1 INTRODUCTION

The bl'und goal of this study was to descrlbc yf " views held by a selected gmul' of 1)UI1i1sand
reachers abo lit tho nature of science, nnd to detenntue the extene (0 \vlticll these views converged
on centcmporary viewpoints about tho naruro of science, In order to achieve this goal, a
descriptive study was conducted, A survey was carried out which used an oplnionnalre to
(h.'tcl'minc rcspondcll1s' bollefs nlmut :le nature of sclenee,

As the most ('sselltinl components of dc"igning good descrlptlve rcscllfuh nrc subject selection
(1111.1lnstrumentutlou (Sctmmncltcl' and McMillull, It)()3), these will he consltlel'ed in detail.

3.2 .iAMPUNG n~CUNIQUES

'1111':0 populutlons were sampled:

glllU1~: SId 1(l physlcal selcuec nnd biology pupils from "model ('n sehools in JI,llUnllcsburg.
slud!;ntJQ!l£lwts,: recently quallfled BSu graduates who nrc c()m[lletln~\ a Highel' Dlplomn in
Education.
;IJWl'hQlll: l1rnClisin~ selenee (induding hiology) reachers in "mudd (''' schools in thl.l greater
Johannesburg urea.

Non-probability sampling (Hchumal:hcl' and McMillan, IQC)3)W(lS used in selecting each samnle.
Ali the researeher does not know how representnttvc each sample is of the populatlon,
genernllzetlons uhollt the IWpl1ll1tiol1ean not be mad«, However it is expectell thnt meaningful
intill'lllnti\ln Ul1U trends will be revealed about the samples.



took 16 weeks of observation. Dus ...hl and Wright Iound that teachers I1IlVCI' gave consideration
10 tho nntnrc of science ill theit' dcclslou-maklng about wluu centent to teach and how to tc:,.ch it.
It seemed that teachers mther took into comlderntlon student development. syllabus l,bjllCtivcs
and pressures of ncclllmtabillty to guide ihelr dccislons in selecting instructional tusks.

A mlhcus!1ing of resenrchers' attention on the presumed l'ela(ioIlShip between teachers' and
pupils' conceptions has demonstrated that the influencing variables involved are complex
(Lederman. 19(2). Lederman has hypotllt:sized that the most lmporimu v!lrinbles that influonce
students' bolien. about tho nature of science could be 1I combination of "... those specific
lnsuuetlcnnl behuvloura, activities. lind decisions impllllllclHCd within the context of the lesson"
lIIHJ a balanced il'catment of the history and narure of science (Lederman. IQ')2. 3S I).

It seems lhut lbr adequate cOllccptk'IIS of the nnture of sclenec to he dcvl.ilopcd in pupils,
uppropl'iatc undcl'stttudingll must be translated into elnssroum pmetlce, In South l\j'l'il.ill there
Ilppcurs to be no datn base to determine if pupils and teachers have the necessary understanding
of the nature of science. Such n data base is nCC(lSSlU'Y before an UltelUllt is made to develop
instructionnl strategies to promote adequate understandlngs,
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and deelsions arc Si/lllifil.:nntly lnflueuced h~' their c(ll1eeplilllls M the nature lIr science. Various
researchers have explored these assumptiolls.

Bl'iI:kllOlIsa (1990). using a purposive sample in " qualitative study, explored th' ....• IlliSumptions

when she investigated three science teachers' understlUlIling of the: nature of scunec, nnd the
influence of such views 1111theil' I.!lamOlllll practice. The tW(l experienced teachers in the sample
exhlblted classroom praetlecs that were consistent with theil' 1l1.!1'sonal views and philollophy of
science, The other teacher. a novice. had no well detinet! cOllceptlons and so demonstrated IlO

t1~finitc pattern (11' clnssrenm behaviour, 1ll'ieklHlIlsI.) (1 \)l)()) concluded that teachers' conceptions
influenced clessroom practh:tJ,

Three other studies provided no clear cut answers tu the (hSllll1"timl~. l.edermnn and Zeidler

(1981) used n blend nt' qualltattvc and qualltitative researelr methods to test the nssumptkut that
tea~:herii' COllcclltillllS ofthe uuture llJ'I,cimn:c directly inJlutlllced their classroom bclnwiour,
They used (\ uon-random slImple of 18 teachers with average teaching; c};pcricllec of is.8 ycnrll.

lind mw randomly selected grude HI binlo£'j' class taught hy each teacher. A questionnaire. the
Nature \\1' Scientitic K.now!edge Scale, was used to place teachers along a coi.tlnuum graded as
'high conceptions' tu 'low eonceptrons' of 1111.1 nature of science. (,laSlil'OlIm observations (If
puptls' and touchers' vcrhali/atilll1S. chalkboard notes, hnnu(luts, manuertsm«, non-verba! enes,
etc. provided 44 cla~sr\'ll\ln varlnbles, Althtmgh these varinhles were spccil1cully related to
various aspects I~tthe nature of scitmtilie knowledge, thc~' could not stlltisticnlly b1.lused to
,nffcrclHilltc between tC\lC!II.lfSwith 'high clila:cpt!oIlS' and 'low conceptlons' of the nature of
sclence, Lederman (\11(1Zeidler (l'l87) enncluded (hat teachers' cl,lssrtloIU behnvlour does 11m
varj Ill! II dire:.:t result Ill' their cUllceptium,.

I cdennan and Dru/'.t.·r(19!lS) obI' IC~i"';dIhl1 !l';~llllllplilln that teaehcrs' 1ill\lcn.hllll1iIl~' or the
nature (If seieuce iii Im!,itivcly related 111 the changc" III the Cll11ccptiml~ (1(' their pupils, t Ising a
,'m' study uPPwlII:h Hml pupils und tt·al:ht.:l'~ from 1H :.11111111' high Sl,'hlll\!S. the data hIH\\Vcll that

the tC(\l,'hcn; Iwsllc~ ...cd more alit:l)lliltc l,'\ltll,'l,.!pthw, than the mean \11' thl.l~tlldt·l\ts in thelr I!la~l>l!s.
I Iuwever, the !I,'ilchen,' CtlIWt'ptilln~, were llllt liJllnd hI he related III chll1~w~.in their students'
Cl1llCl!ptllllll. til' ·.dl1llce over the im,trllctilllHll (l1!1'11'~,

Illh.:hl mill Wl'il\ht (1 t)Rlj) I,'IIIHilll!tl.'d II ,tlllly in all Aiuericun hi!~h sehnul which involved U
t~·al,'hl.lr.~nnd thl.'l!' pupils. I Ill' 1,lutly which illl.:ludl.'d 11\lth qualitative and quantiuuive techulques



22
definitioll ~lfscience, '1he 11 pre-service teachers without courses in hbtory or philosophy
produced tj'pical textbook deflnitkms of sdcncc e,g. "Science is the ~tudy of fundamental laws
which govern the.:universe", IItmtlllel'. ll111st were aware that due III the .'itlciall:nnstJ'Uclion of
scit'nlHil! kne-vlcdgo, aeienee could not be ncuuul (1(' 1I1~icl!tive.This linding was surpl'isin~, III
the anthrlr/ol who were aware uf the "seientlstie" and (lllsitivislic views that experienced teachers
hnd c:\prcsscd in other studies (Nadeau and Desautels. 1984; Hodson. 11)88).

In tryill!' ttl IlCI!t1lll1tttlr this sellming.!y unusual view l'f pre-service teachers when compared to
"Imctising tenehers Kin~~(1tit) I) hypothesizcd that sometlrlng happcns to the 111;\',,'teachers nnel'
tlltoy I.le~in teaching. The t'l",sihility of textbooks bcing accepted ns ullgrnas. class size
eonsualnts, and exams which stress liu.:tUl.!qllisititll1 were cited Uti inilucllccs that reverted their
1(lIm'l ;:l "sclcntlstie" ways \11' thinking, King proposed that tcachcrs needed much longer C{)UI'SCS

'1\ the histl1ry ami philosophy of seienec HIl' them 1\1 maintain udequnte conecptlons over the

Lederman (1992) summarlsed tho main research findings rcgardint~ teachers' ulldcrstunding of
tlltl nature of science (IS I~,llmvs:

al Selence tcachcrs do not p(lSSeSSndequntc cJIlcepth1lls of the nature (If science
incspecth,c llf the instruments used 10 asses» lmdcI'SIl\lldin~..

III AClIllcmic hm:kgrmlUtI variables do nm significantly improve teachers' conceptions of tho
nature Msclenee,

\!) Teelmlques to improve teachers' C(llll!uptillllS have been successful to some extent whore
they include either history Ill' phtl~IS~lphy \If science,

,\cctlrding til I edermun (1')I}:2>. 1\\11 il"',Ulllfltillll~' an,' illlplicit in tlllJ f(,'"t~an:h illw pupil,,' and

Il1aclll,!n.'11111l11\Jptilll1~1"f the nature \II seience, l'in.lly. Phlli"" IIl1d\Jr~tand'n,\ 111' the nature ul'
~dcllcc i" related til their te,\I:hcr~' 1111tlccplllll1l1: und )lccIHldly. teuehers' instruetionnl behaviour
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2.3.2 TCllCluws' CCHlcellti(llls (II' the 1111(111'.1.' of SCciCIICI!

Herron (1969) noted that science teachers' preparation programmes were being blamed for the
apparent inadequate conceptions of science held by science teachers. Kimball (1968) lh' J tho
Nature of Science Scale (NOSS) to compare the understanding of the nature (If science of '112
prcfesslonn] scientists and qualified science teachers in America. The year and school of
graduation of the 1\\1) groups were taken into account. However, no signlflcnnt differences were
found between tho two groups. Tho author concluded that there was no dlffcrcnce in the concept
of the nature of sclcnce held by scientists and science teachers when there acndernlc
backgrounds were similar. In tho same study, the philosophy llH\jOfS were {bund to display
significantly better understanding of the nature ,'f science than the science majors (including
both teaclrers und setentlsts), The results served to dlscredlt public criticisms of science
education pregramrnes for that period and also served to justify the call for the inclusion of
philosophy of science in the undergraduate courses,

C'(It'e>,and Stauss (1968) attempted to identify variables that might contribute significlllltly 10 a
teachers' understanding of the nature of science. Thirty-live secondary school teachers in
America completed the Wisconsln Ill' ..nlmy ,,1' Science Processes (WISP) instrument. Their
scores were then eerrclntcd with vurlables such LIS teaching experience, total cellegc science
grade average. nnd total college science hours, Nil relationship WlIS found between the teachers'
conceptions of science us measured by WISP. and (IIlV of the nendcmlc buekground varlables. It
was concluded that none of iho academic varlnblcs investigated could be used to improve
science tenchers conceptions of the nature of selcnce. This tillding seemed to confirm previous
reseurch that tlll\l;hing Ilxperillllcc did not contribute to a reachers tllldcnannding tIt' the nature of
science ll'arey und Stauss. 1%8: Kimball. 11)(18).

In 1\ recent study, King (! \)1) I) investigated hc!'.ill1lil1~~ teachers' 1\llIlWlcd~~1.)Ill'the histlll'j' and
philns\lph~' Ilf SCh:I1C:Il, 'l'hirtceu ('atk 'ian prc-servlce tllllchers who had lu'aduIIlcd with a
bachelors degree in their suhject areas completed 1I qucstlnnnahu on the flrst da>' ottheir

intrmlll\)tm~ cmll'sl.! in cmrlculnm nnd instruction in science. Eleven Ill' the I,~ teachers were
interviewed lit the end \11' their course. utter at hm~\ta week Ill' studem teaching, hnck!1.rllund
inlurmutlon Irom thc qllestitlllllHile illllil:atCl( that three Ili'the U pre-service teacher'S lmd tukeu
one course ill either hhtlll'~'Ill' phihlsl'ph> of seicuce. I hese three }ilulicnts were !\lunt! hI he
1\1\1(,1.:urtieulute lind with better reasoned n':~II"lll"C!i 1111 the phih\~llphil.:al qlll.:stit11l'i and thelr
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included the nteautng of science. couccptuul inventions in science. scientific method. and values
ill science. They fhulld that pupils had not acquired u uniform view of the deflnitlou of science.

Pupils' responses were divided between tho content and process perspectives and they were nil
unaware of the social aspect of science. It was found (hut puplls mlsunderstond the: concepts
hYI)othescs, theories and laws. 'fila mojority of pupils expressed a simplistic hierarchical
relationship in which hypotheses \vilh enough pmof became theories whlch also "matured" into
lnwa- a view that hns been termed "lnws-nre-mnturc-theorles fable" (I !umer nnd Rubba. 1(79).

Two assumrltions in the epistemology of science, mUllcly. the absence of lUI interfering deity ill

natural phenomenon, and the inventive nature of knowledge were nlso luvestigated by Ryan und
/i :';cnhcad (1992). About half of the pupils believed the possibility of a supernatural being
(Iltcring the natural world. ()n the inventive ehamoter of scientific knowledge, only 17 per cent

of the sample WCI'C certain about scientists inventing theories to tlxl'lain reality.

A m:.Uurity of pupils abo seemed to believe there was a del1nitc pattern of'doing sclenee called
"the" scientific method. Only nine PCI'cent held the prngmutie view thut maintained there was 110

"one" scientific method, and that scientists used any modo of enquiry suitable fur theil'
investigations. Anotltcr viewpoint lnvestlgnmd by Ihis study was whether scientific Imowledgo
changes with time. Even though most pnplls accepted that scientific knowledge changes, they
gave three different und conflicting reasons flu' the changes, Rynn and Alkenhead (It)Q2)
identitled:

a) the consnuctlvlst perspective which held that ~;clcnlitic knowledge c(\n change with time when
new conceptual schemes nrc used to rcintcrpr(.'t til\' filets differently (Kuhn. 11)70(1);

b} Ihlsiti~'atitlllist view which held that scientific knmvlcdgo could be disproved: and
c) n reali!.t view which lwlicvcd 1l1cHi were true.

l'he 1\~MMr~hcrsconcluded that Canudian pupils \WI'!,! 1\\lt well inlhnncd ahout the nature Ill'

~ICh:IWC. t hey did I\\\t lind this surpri'iing a., no ceuslstent lnsuucuon touk plnce i\l.:nl·I~, ('anmln

III pnwidtl pupil .. wlIh U more reulistic intal',e III' the nature I~f sclence (Ryall lind Aik~mhl!ad.
lIlt):!).

I hI! review Il(' the !it(~r.\turc ~II fhr inuh;,\t!!", (hat til!!!!! nrc problem .. wilh pU[1iI1/umlcr"lnndin~~ lit'
the nature of SCi!!IlCI.l,
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naively absolutist view of the nature of scientific hypotheses. Bady believes the current
acceptable position is that sclentiflc theories cannot be proven but only dlsproven, Perhnl's this
too is a rather simplistic view which appem's to beat' the marks of falsiflcationlsm.

In a survey of a mid-western American school using Nature of Scientific Knowledge Scale,
Rubbn and Andersen (1978) found that 30 per cent of' the high school pupils monitored believed
thnt scientific research revealed lndlsputablc Ihets. In addition, most were of the view thnt
scicntifle theories, aner a number (If testings and confimwtiolls, could eventually mature into
laws. These misconceptions about the nature of seleutlflc knowledge have since been categ, rized
as tho IImyth of absolute truth" nnd "lnws-nrc-mature-theorics fable" (Horner and Rubba, 1979).

Rubbo, Horner nnd Smith (1981) attempted to assess pupils adherence to tho "myth of ubsolute
truth" and "fable" positions with a convenience sample of 102 high nbilit)' grade 7 und 8 pupils.
An instrument with a • ve-seale Llkert-type format Wl\S used. The resenrehers concluded that
pupils were uot knowledgenble with rCspc'1t to the "myth of absolute truth" and "f.'lblc" issues. In
fact, tho results neither confirmed MI' disputed the pupils belief in the "myth uf absolute truth"
aud "foblo",

Tentativeness of scientific knowledge has been accepted by some researchers as tho primary
attrlbute of scientific knowledge, and that an undcrstl\l\ding of this chnractcrlstlc hi achicvuulo by

all pupils of all nge levels (Cotham and Smith, 1981: Lederman and O'Mnlley, 1C)I)O).Lederman
and O'Malley (199()) invc.'Jtigatcd this assumption uslng n pal,er ulld pencil questlounalre
followed by all interview. Theil' sample consisted or 69 American pupils enrolled in l)hysicIII
science. biology. chemistry and physics in grades 9·12. It was found that while the paper and
pencil test seemed to show that pupils had an ahsolutist view (If selentlfle knowledge, the
interview indicated that puplls held u tcntutivu view. I'urthcr iuvestlgntiou revealed a mismatch
between the: hm~\uu~wused in the questluunalre h)" the pupils and the 1'I:~earchel's, whlch gave a
wrong imprcssil1l1 of the coneepuons Impils held. In thit. partieulm' in!ltuncli. the pupih.
understeo.; thc tentutivc und r(lvisi"nar~ nature uf scientltlc "n\lwh:d~\!.).

Ryun lind Aik"mhlJau (1')1)2) u'ilJd their I)ml)il'ical1~! developed insnument, Vlcws on Science.
Trchllllhlgy.SIlt:iely (VOSTS), til sun I)j' the ~:tlllt.:I)Plillll!i Ill' ~()(){) gmdc~i II all II 12 Canadiall

~tmlt:nts. As dlseussed in tktail in the methods chapter 1111 11<1!W ,'1. a 1l1lldHh:d version (If this
lnstrument "as I.sl.!d in the present study, Slime \11' tilt. IIlpic~ R>an and Aikcnhend investigntcd
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IIodson is awnre of the problems assoclnted with cstablishing a relation between the nature of
science and the nature of lcamlng. Tho relationship would require further scrutiny (as demanded
by Kuhnlan philosophy), Iu order to mnke progress towards achieving valid and approprfntc

science eurricuia.

2.3 'rBE TEACHING AND LEARNING OF TIlE NATURE OF SCIENCE

The development of adequate conceptions of the nature of science by pupils hus been an
important objective of science education in the USA (Hurd. 1960. cited in Lederman, 19(2),
Hurd noted thnt its earliest occurrence in the syllabus in 1920 was to facilitate the training of
pupils' mental facultles. Subsequently, it has eontlnucd to be part of the curricula objectives
lIithollgll with dlffercnt emphuses yom' alle!I'yow' (Lederman, 1(92),

Tho main lines of research into the touching and looming of the nature of science have ineludcd
pupils' and teachers' conceptions of the narere of science. and the relationshlps between the two,
III addition, other resenrchers have focused attention on the philosophice undcrlying varlous
ourrtculn, and have sought for ways of improving pupils' conceptions by developing new
currlcula. Ledennnn (1992) has produced a very comprehensive summary of the llteraturo 011

pupils' and teachers' conceptions of the nature of science and many of the papers thnt ho
reviewed nrc cited in the following scctlon, As tho lit<1I'nlllI'O on pupils' und teachers' conceptions
is so VIISt', an attempt will be made to follow in II chrouologicnl fashion samples of the verlous
lilies of research thnt deal with contempornry conceptions about the nature of science,

Rcscnrch has revealed various dimensions of pupils' conceptlons of the nature of science, Bady
(1979) invcstlgllted snmplcs of pupils In grades 9, 11. and 12 1'1'0111 both pvlvnte and public
schools in the liSA on their understanding of the logic of hypothesis testing, 110 found that most
pupils, regardless of Ilgo or IiChMI. believed thl\t hypl)theses could be odcqun(ely tested and
proven hy vedl1cntioll, 110 concluded that such students were Ukoly to have a simplistic 011(1
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dynamk; aspects of science us a way of finding out, Millar nnd Drivel' (1987) find this portrayal

naive nnd rcflectlng a vicw of scientific knowledge as absolute and unproblematic ill which facts

nre revealed to liS if an approprlnto method is Ibllowed,

2.2.3 1'owl\I'dfl n )lhlloso)lhicnlly vnlid currlcululll

Hodson (1988) believes that for any science curriculum to achieve nil its goals, un upproprlatc

philosophy of science which also corresponds with the nature of lenrnlng must undergird it, FOI'

successful teaching nnd lenrnlng to be achieved. the philosophy nne! methodology of prnctising
science teachers also needs to correspond with the philosophy of science underpinning the

sclence currlcula. Thus. the haslc tequlremcnts for the curriculum nrc a valld philosophy and

pedagogy.

Hodson believes the lnductlvlst-emplrlclst philosophy of science docs not provide the necessary

relationship between scientific knowledge, scientific methods and tho methods of learning

science. He suggests that tho Kuhnlan philosophy docs nnd it is therefore phlloscphlcally valid.

The pcdngoglcal validity of the Kuhnlan model of science is estnbllahod l1S a result of it having a

dlrect equivalent in psychology in tho constructivist theory of learning, It is therefore [ustlflable
thllt tho currlculum should be constructed along Kuhnlan lines (Hodson. 1(88). Ile envisngcs

three stages of education: prc-pnmdigmle, witlun-pnrndlgmlc, and revolutionary science

educatlou, The prc-pnmdigmlc science education would occur in tho elementary and sccondary

school. According to Hodson (1988), this stage would be concerned with the establishment of

what is and whnt is not seleuce, Pupils would also be expected to ncqulrc tho 'language' of

science at this stage, Tho wlthtu-pamdlgru stago would focus on tho snbsmntlve structure of the

subject and would lead pupils to practise the skills of 1l00'IUul science, such as ncqulrlng new

concepts and Invcstlgotlng the ndcquucy of theories, The cssenttal goals of rcvolutlonary science

eduentlou would be the erentlou of new theoretical Ideas unci the investlgntlou of theol'Y cholcc

by the eomn.unlty of sclentlsts.

Hodson (1(88) malntnlns that fbi' philosophically valid curricula to be attained. currlculum

deslgner« must address tho Issue or whether the majOl' emphasis should he science content (It'

s~:ie"ce pr\lCI.~Ses. In nddltlon, the iss lies of what constitutes the sclenttflc method. tho role and
titntm, of sclenufle theory, nnd the dissemination nnd valldntlon of scientific knowledge by the

scientific eornmunlty, must also be resolved, In short. the nature of science 1U1Ist he addressed.
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contends that without teaching how knowledge claims come nbout pupils tend to form

authoritarian views about science in opposition to what science really is,

2.2.2 Content or IU'ocess 1l1l11I'OI\q"ll

Science education literature also distinguishes between science as a process and science as a

body of knowledge or content. Millar lind Driver (1987) give three meanings associated with the

term "processes":

a) the processes scientists use in investigating the natural world:

b) the cognitive processes involved in learntng science: and

c) the pedagogical processes taking place in clnssrooms,

According to Screen (1986. cited in Millar and Driver. 1987). the maln thrust in Britain during

the 1950's was to produce n process led science curriculum as distinct from one thot was

kllowlecig,' led, Similarly, Robert Gugne's advocation of the process view in America in the

1960's also had n substnntlal influence on curriculum instruction and research in science

educntlon (Hodson. 1(88). Finley (1983) has observed that Gagne's views of 'science processes'

(which 1\1'0 based on empiricism and inductivlsm), if subjected to philosophical criticism. would

be unsupported for two reasons: Firstly, enquiry viewed as all inductive process is not tenable

becnusc there is 110 frnmc of reference for judging what faets should be collected or how they

should be organised, Secondly. the idem that all meenlngful information Ill' knowledge is derived

directly 1)'0'111 cxperleuce is also uutcnnble.

llinll!Y (19R3) agrees with contcrnpornry views which suggest t'\I\t OUt' perceptions nrc pUl'tly

determined nnd selected accordlng to the prim' knowledge we [ll)S,,'~SS about the nature of the

objects and events. Finluy also H1I'USCl'S the likelihood nl' uninformed curriculum developers

pnldudng curricula bused on simplistic and erroneous views ahout science. An example of Stich

simplistic view. Finll.!> noted, would he teachlng that the methods and processes used by the
variolls disciplines in NcicllC\) were the snme,

I'rom a pedagogical polnt or view. llInl.!k (llJH6) and Millar and Driver (I ()H7) h. vc argued that

the content-process dichotolllY is un lutificial one, The process approach as a means (II' pedagog)'
has been seen III place less emphasis on science as a l-ody of kl\\lwledgll. tocustug instead on the



education circles, so also was scientific knowledge as proven knowledge being rejected by

philosophers of science.

I Iowever, according to Duschl (1985). the developments ill the philosophy (If science were not

Incorporated into the many curricular inllovations. Dusch! cites two reasons why tho scientific

eommunlty in control of the curriculum development did not incorporate the ideas of the

philosophers. Firstly, the rate of development in both fields was different: The philosophers

worked rather more cautiously whereas the sclentlsts, under political pressure to turn out nn

appropriate curriculum, worked at a faster rate. Secondly. the ideas of the philosophers were not

held in high credibility by the scientists, who as the writers, were not prepared to include such

views in subsequent versions of the curricula.

Some of the philosophies underpinning secondury school science curricula nrc discussed below.

This is necessary in order to expose the weaknesses of curricula and to provide grounds for

proposing n more philosophically valid curriculum,

2.2.1 Two contexts of science

It has been suggested thnt two chnmcterlzetions about the nature of science exist: the

clmrncterlzntion of science as n process of justifying knowledge, often referred to as the context

of'justtficatlon, and the characterlzetion of science us n process of dlscovcring knowledge, also

referred to ns the context of discovery (Lincoln and Guba, 1985: D .~.,; t. (988). John Herschel

(1792·1871) is attributed with lit'st maklng the distinction between the two contexts (Losee.

1981. cited in Duschl, 1988). With the advent of logical empiricism around the first half of the

twentieth century. [ustiflcation look precedence over discovery. So much was the concern of' the

empiricists for the justl flcetion and testing 01' knowledge claims thut the issue of how the
knowledge claims came to exist was ".. .trentcd (IS non-cognitive or non-ratlonnl'' (Lincoln lind

Gubn, 1985. 25). Hesse (1980. cited in l.lncoln anti Gubn, J (85) lends weight to this assertion

when she noted that positivism. by t\lcusing on the testing of theories til the N'glect of the

discovery or theories, confused the two aspects of sclcntiflc enquiry.

Dnsehl (1988) seems to suggest that science as a process \If j\lstit~'ing. knowledge continues to

dominate coutcmpnrnry science educatlnn. It is his view that pre-college science education

curricula should eqnully address how sci.:ntilh~ knowledge has come about, Dusehl (11)88)

•

15
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Selcnee is tlllcn dlseussed in contcmpunllY science llterature ill terms of scieuce vantent, sl;icnco
IU'(lceSSCHand the social context of science CR~:'111 and Aikenhead, 199';). A content-oriented

view of science is identified with u pl,sitivist approach (Nadeau nnd Desautels. 1(84), n process

approach is identified with vestiges (If positivism. while u social context imago is seen as

consistent with eontemporery views or science (Ryan and Aikenhcad. I t)!)2}. These three

perspectives arc included ill (he "ptions HI Item 4. I ({,,,hIe 2). Opt'OI1 n reprcsems a coutent ..

oriented posItion: options (' and F mny be considered as rcpl'osentillg a process npprouch; option

(j relates to 11 soclnl context image. while l)plioml D and II, S\iC science us a means to improving

the world c n teehnologlcal approach (Rynn find Alkenhead, 1992\ This Imlad scheme wus used

in the unnlysi'i 01' the responses and in their placement ill one of the tour cutcgllrics which Me

shown in Fig. 1.

nCSPONDI:NTS

1m PUPILS In''''7)

• OTUDI"NT'fF.AClitrm (n"l~)

HITIEACHEl'li (n"201

<IS

40
all

GO

I~r.
ill 16

10

5

o
I'rOOlU lIPProlon Inlil«lv1nQIII. WGrI\1

Contftllt ofltnilid tlUtl1NlIICllvtty

l.'lgUI'C 1: PUllils' and teachers' dcfinUlons ot' setencc

The !',cllentl tnmll cvi{iI:nt in Fig, I is thnt the content ami tUl)CCNlipC:'~IH:C!ive~ Ill' selcnce were

m\l~,t ~twll!~I~' Iavoured, I he excvptiou W till" trend h. that 3(1 (lCI' cellt Ill' the !I{UlI~'l1t Il.'achcrs
~t\:h:(;tl.'dthe IIlIIlIl I.'ll(ltlllllll\ll·ar~ view Ill' ~eklk'~~ w. II human lieIi\.ity, It l~ intcwMing 10 note thut

11l"sthan I:! pCl' cent Ill' all the ~\allll'h::i snw "dl)III!C ai. a meuu- III' illll'l'\l\illl', the world, IW NltW

it ill terms ot' the tradltional ...dcnl:c :.uhjcl.!t'l RC~lllln~c'. !II Ihl) fre, rl)"plIIlW llflthlll 11 Sllg~cM

that certain pupil" and tcnchCPI IHIVe a \Crs bread Ill' p\l\'I'ly th:llned v ICW lit' science. For
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ClIAllTEn. 4

nrstn.rs AND DISCUSSION

This chapter outlines and discusses the maln findings of the swdy in order to unswl,w tho
research questlens which WU1'Oformuutcd in Chapter 1. The conclusions and thelr inwlicatillllS

Ihl' science cduennon nrc ol)J)sidercd in the next t.:IUllllol'.

'lhe respllIhcs Irom the eptnlounnlre uf pupils (P). student rcnelicrs (ST) (lnd teachcnl cn about
tho nature {ll'science um presented in n serles uf tablcs. Each tabh' dhmlays Oil item ill till.!

oplulo.i elre including the varlous optillllS. Adjacent to (.lachoptioll ill the tnble is lIte percentage
nr respondents holding that positlen. The percentage C(1I\:I1II1\ion is hnsed on tho totnl uumbcr (11'
Sui 10 pupils (4i), student teachers (14) lind teachers (~() who completed the opinillllnuil'o. 'Ihe
l'elccl\t(\~C'i ure rouudcd 0(1' 10 the nearest whole uuruher, TIll: ollinitlllllnircs (\1'0 included in
Appendices 2 and 3.

This dlscusslon of the results was grcatly influenced hy that of RYilll and Aikcllhcad (}I;1)2). In
the discussion. the most common current vicws held hy phil(1sl'plu:rs 1\1'science on ench item arc
outlined tll'st. This is Ihllowcd by n dll rsslon (II' the genernl trends of rcslllllulents' views. A
t.:(\Il\PUl'iSOIl of the responses or the three samples is ll1(\d~'.

4.1 nEI,'ININC1 SCIENCE
'ruble 2: RI.''i(1tlIlt1cnts' definltlolls of science
n---~".:"!~~-",-",-",,,,...--,,,,---,,,,-----~--{,,_.-~

)!.--_Sj_ 1~~11

(1 U III

7111 21 J~

<I II ~
u II (I

11 7 lU

~h ,\11 ~~~l

n 'II Ii

" 7 1(1

Oennlllll selenee Is dlrncult bCCI\1I81ls~lellCII Is complex lind do~s IIIOIIY things.
But setenee I§ mllinly:

A (I ,,'utI) til' tl~fll'l N\t~h .:~ hilllll!',Y. ~hcml~.(fy lind {lh~l;ili"

II, II hml~ _,I' ktllll\kdfW. l,udt il'. jJrlll~.'II\k:o. law .. lind Ihcl1ril!!I, \\hi~h ~\{\hlln'l Ih~ \\nrl\1
lIHluflll IW (lIlalt~l'.cncrl~~HUll 1iI1J)

C', ~l'rr~m!1 uul ~'I'~fUl\I'III'l til "IIII\! (1t\1(~I~lIl'iIII ml\'fl:!,l uhmlllhc nllrkl ilWUllllu'<

n invcllttn!\ or 1!c',ll\nil1ll IhilW'i Iliff \,\lIInlll~. ilrlllkmi hearl'·, ~I1II1PIl(\·Pi. !'rUI'~'\chide!.).

l', Iillllill!\ 111111 INII!\ 1,1111\1'11'(1),,,,1 \\1 I1M"C Ihh \\\llltI. it beuer pIa,.\, III Itw III (hlf ~\lmlrl~.
~nrill!\ tll);C'h~". lall\ill!\ 1'I11!lI1UlIIpr(11111l11l'1 Ufllllflll'fllVill/1 ilfln~lIltlinn

II Ilil} III c'yhlllllil \!le Illlhlll.,I\\1I i1111llh',lIIICrul!1 IWW lhIlW" ,lhnulll\1r IHIIIII IIIl1I
UIIIH'ht' (lIII lum th~} \\tlii.

(I. u human ilI;ll\jt~ nH~lIt~11!IlI\(\[,(>. \'\I1I.\lIllI1i\ 1\11\( llIllknhtntlult', tlte \\Ilrkl,

11 NUllcIll' Ih~"\l ~hllkl"i I1t'l 111\ 1;a..II' \1~1\llIlInl "hkh h



not SCUll thnt these tenclters st)ont more time on tho opinlounaire than the lirst group.
Novcr!itctess. this lauer adlllini8trntive procedure could have influenced Ihe validity and
n:liuhllity of the results. This is discussed in the cl'itique of the study Oil page n.

3.8 ANAI.YSIS ANI) pm~SEN'fA'rl()N ()l<' nATA

The nature and size of the samples. coupled with tho t)IW of inftwmution generated by the
instrument. made (I detailed btntisticul analysis of tht;.\tll\dings inuppruprintc, As a dcscl'iptivc
study. the representanon of views of I'C511(1IIdcII(5using Ih:qucl1cy (abIes nnd graphs to
MlltllllllrilC the data is consi(h:rcd IlWI'O IlPIWlll}rintc. Quotations url.l used h) convey rcspmlscs to

the free-response questions.
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they completed the oplnlonnalrc. The researcher wcs available throughout the perled to give

further nsslstauce to pupils when necessary. No majo!' difficulties were experienced,

The instructlon page was completed first, lind this was checked to sec if ull neccssary until were

supplied. There was no brenk between tho two periods during which the optnlonnnlrc wns

admlnlstered to the two classes. and pupils were confined to their various classrooms, It call
therefore be assumed that there was Ill) discussion about tit" lnstrumcnt among the puplls prlor to

it being answered.

3,7.2 filill!.mtll tMclu.!I'S' olliniollllllirJ;"

The oplnlonnulre WIIS administered to the student teachers ill two groups OIl two duys.

Six out l,r seven biology methodology students were present for the 10ctUl'CS on the du)' selected
n.ll' the admlnlstrutlou of the oplniormnire lind lhef"t'ot'e pnl'lir.ip(\tcd in the study. The students

hnd no prier knowledge ubout nnswering the oplnlouuane nnd therefore their nttendnnce WItS not

Influenced by theil' knowledge of tho research, 1'1'.~J were nccommodated in n lecture hll(L The

purpose of the study \VIIS expluincd to them and their frnnk responses solicited, The researcher

was present throughout the :!O·Jl1il1t1tesession lind no discussion between students was allowed.

On completion l,f the cplnlonnnirc, the grout) of student touchet's were qucstfoned in order

determine thelt geneml hnpresslons of the oplnlomtalro, anti nny problems thcy might have

experienced,

This ndrnluisumivo procedure was IIIso used for thl.) physical scleuec mothudology students,

Eight students were present lit the lecture to 1\l\~WCl' the oplnfunnnlre.

The lnsttument wes administered to 20 tcachcra (\1 S sehoot«, Two main ndmhustmtlvc

procedures WCI'C followed, flimt!y. ten \If the teachers I!lltnpietl.lti the oplnkmnutrc in the presence

of the researcher, '1his included tenchcrs tlt'thu Sid 1() pupils, Secundly, in two s\'ll(mlH involving

ten tcnebcrs, the respondents were I\Illl\vcd to Cl1mplll{1l tbe llpinillnnnirll dul'ing tlH.il' sl';'l'c tlme,

(\\Iuplu\cd oplnlounulres were collected alter lWII I1r three thws. Hnch tem.:hel' W[\S !nullo aware

of the need fbt' Pl.'1'5(1111\1 find trunk nnswers. Judglng by the few trce't\)SPOnscs provided, it dOllS
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3.6 l)ILO'f STUDY

A pilot study Nas conducted (It a "model (''' high sehoul in ,Johannesburg. Thirty SId I) pupils
and theil' physical science !Cllcher completed tho ol,iniollll!lil'o. It took the pupils about twenty
minutes to complete the opinionnnire, Six pupils were randomly selected thl' all intcrvlew nllol'
thuy had completed the oplnlonnnlrc. The aim of the interview \VUS to get f'cl.ldback ahllut the
difTicult" 1~larity and phrasing of the questions.

'Ihe interview with the pupils showed the language levu! W(\S ul'pmprialu (all being English til's!-
lnnguage speakers), and pupils' verbal explnnatlons supported their choice 0(' options in the
written instrument. Tho subject teaehet' eontlrmcd in on interview thnt the language used was
npprOI1l'iato for the pupils, but hinted that the format of some of'the questlons was not clear.

An nnulysiil or lhtl l'CSPOIlSC'l showed that three questions were not pt'(lpl.ll'lystrueturcd and (IS a
result, ImI1i1S selected more thnu one cptlon. These optlons were rcsnuctured nnd each question
was provided with (\ scparute instruction requiring respondents t\1 chllm;e only one option.

Tho resuueuired questions were then administered tt) six teachers. Nll slgnlflcnn; problems wen:
detected in tho fhrmnt or content of the opinionnail'c.

3.1 ADMINISTRATION OF TIm INSTRllMl~NT

Tho eptnlonuulrc was administered to tho pUI1i1s.,I,lndent teachss. lIml tenehers close to the end
or the academic year.

Tho thllmvin~ prm:cdurc was used ttl udminbter the llpiniollnuire (\1 tho pupils ill the two Sill 10
classes. Pupils completed the opininllllllire in their c!nSSl'OillllS dlll'jll~ Ihe pll;':1.)l:ol ,~ch':u, pCl'jnd
with their tl.111chcrnnl! the resenrcher in nttendanee, I;uch session begun with the I'escun:lle,'
intwductng himself und c~plaininl~ the Imrpllsc Ill' the study, Ihls was intended 10 11110>(Illy fenl's
and promote mutuat trust uml frilmdlillcsq. Nil cllmmuniclltiol\ between pupils WII~allowed white

•
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or more vicwpolnts, The free-response option was intended to reduce the amount of guessing of

nuswers (Alkenhoad, 1(88).

All pupils, studont teachers and teachers in the study completed tho same oplnlcnnnlre. (Sec

Appendix 2). The first page of the lnstnnnent stated the aims of the study and also encouraged

respondents to answer questions in a frank manner, It was made clear to respondents that each

item began with n stem sentence which usually expressed an extreme view on the topic with

which they mny or may not agree, Instructlons were provided which detailed how the options to

the statements were arranged. find how the questions were to be answered, Pupils were also

required to fill in the fl)Uowing personal details: dale of birth. present standard, and the science

subjects being taken. Teachers and student tcaehcrs were required to provide details concernlug

their academic :\I1d prolesslonnl qualifications and tcuching oxporicnce, This covering page is

included in Appendix ~.

3.5 FACE VALIDATION

Thl3 propositi.onnl knowledgu statements and Insmuncnts we 'c submitted t n panel of four

educators at 1he University of the Wilwnlersmnd to check ftJl' face validity. The panel included

two specialist!> in education thuory. one physics education CXPClt and ouo CXPClt ill bioll'gy

educnticn. Modlflcatlons suggested by the vnlldators included reducing further the number of

options in some items. and interviewing pupils during the pilot phase to obtain feedback on their

reacrlons to the instrument, Borne of the issues ralsed in the pmpositionul knowlcdg» statements

are subjects of ong.oing debate lUUOn!! iientlsts and philosophers. One of the education thcn!)'

expcrts em the panel would have pre! Irc,~. -h d"l;. :i to be described in tht) propositional

knowledgo statement» However, it was nil! I ,,; .:~l aim uf'tlll,i reseurch to dcbntc the lIpp()sing.

phllcsophlcal vicwpoluts ahnut t'll,) lit ture IIi' scicuce, Rather. {hc Pot'.d was to explore the views

\)1' Iml)iI~. srudent t~'uchcl',~ und teachers in this nrea. Tn Ihcilitilttl mennlngful dlscusslons Ill' these

vicw!!, it wus Ilccu~sary 1\) ~,tutc tho Illllst commun curren: VhlWS held hy sclentlsts ami

phillls\1phcrs of sclcnee. While these views were uHcd in this study us a \JaNis nll' comparison

with tho vicw,; nf'the rt:<,pI1ml.:nt9, it h m:kl1\lw!IJ\I!\lJd that IlHll1j \\!' these vtews can he, nnd ure,
hlltly dllhiltlJd within tllll Sl)it.:ntillIJ I)(HllInunit~,
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or more viewpoints. The free-response optton was intended to reduce the nmounr of guessing of
answers (Aikenhend, 1(88).

All pupils, student teachers and teachers in tho study completed the sam'} optnlcnnnlre. (SeQ
Appendix. 2). The fit'st lMgc of the instrument statuti the aims of the study and also encouraged
respondents to answer questions in a frank rnanner, It W(lS made clear to I'cspolldcllts that each
item begun with II 'em sentence which usually expressed an extreme view 011 the topic with
which they mayor may not agree, Instructions were provided which detailed how the options to
the statements were arranged, and how the questions were to be answered, Pupils were also
required to 1111in tho following personal details: dale of birth. present standard, lind the science
subjects being taken. Teachers and student teachers were required to provide demils concerning
their acadcmle and prof ess lena I tlunlillcathlJ1s and re....lling experience. This covering page is
included in Appendix 3.

.:t5 I,'ACE VALIDATION

Tho propositional knowledge sntements and instruments were submittc.ll to 1\ panel of four
educators nt the {lniversity of the Witwntcrllranll to check itw ilh'C validity. The panel included
two spccinllsts in education theory. one pi,Y8ics edueatlou expert ilnd one m~pcrt in hhHogy
educatlon, tvlodificatimls suggested by the vnlidntrrs iuclnded reducing fUl'lhcr the mnnber of
options ill some items. Hill! interviewing PIlI)ils th .ing the pilnt. I)hns~' to obtain feedback (Ill their
rcactiOtls to the lnstrumcnt, Some nf the issues raised in the propeshlonul kl\\\wleogc smtements
nrc suhjc.,;ts (\1'on!:~oing dulmtc nmong Nllicntists and philllsophel's. One {If the education theory
expens on tlte panel would have prefcued such 'Jchatc~i to h~~described in the Pl'11Ptlsitillllal
knllwllldga statcmcllI:J. Ilowever, it \HI" nllt U lItated aim IIflhis (i.l'iclII'ch1,1 dehate the (lpp(l~inl'.
philtIS\lphku) Vil~W!lllill!" ah\l\lt the nnmre Ill' ~liJiCIII.'I!.Rathel'. the l\\lill "ati til explure the views
Ill' pupils, student tcachel'}; and tcal.:hem in !hi!. urea, III Ihcilitate ml.lilnin",1\11 dismISt\i\II\~, \,1' these
view«, it \\lW l\C~l.ls"ary to !.l\\tll the llhl!.t counuon current vil.lws held h~ ',Io'icllth,t~ und
phih'~lIphcni \11' '1l:iel\l.!l.l. While t1\C"~ ViC\"'l \WI'" Ilt,\"d in tlth, "tllli~ n~.u ha'.b 1(lr cllmlmrhillll

\\ itlt the vlew« !If Ihe n:~pllnilt'llh, it it; ul!hnllWkdl\cd that IlHlIly Ill' Ihc'.e vitm/. \!UIl he, tlml nrc,
h,ltly dehated \\ithin the whmtill\! conunuuhy.
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Holton (1978), Zimun (1980, 1(84). (iuu(d (1982), and Fleming (l(89). These contemporary
viewpoints of phllosophers of science were also fhvoured by science educators such as Abilllbol~

(198.1), and Ryan and Alkenhead (1992) (IS representing modem views about the natura of
selence,

Five key issues within the nature of science were selected lUI' (his study. These were defining
science. knowledge generation. nature of scientific knowledge. conceptual inventions. and values
in science, An understanding of'thf.!se areas was considered necessary in order tor pupils nnd
teachers to haw an adequate conceptien of the nnturc of science.

The fllllowing funetlons were served by tho propositional knowledge statements: Given tho vast
area of knowledge covered hy philosophy of science. the propositional knowledge statements
were used to delimit the scope and dCIHhof knowledge to be explor- \' and to sQlcet appropriate
items 11'1)111the VOSTS instrulllent. Fillully. they were used by the researcher to address the
content validity of tlte instrument,

The 114 VOSTS items were cX;tlnined and individual items which related to the 11\10topics
mentioned above were selected. The selected hems numbering :3Swere critically examined for
clarity 01' expression. Finally, 13 questions covering the selected content nrea, and which could
be answered within ebout 2S minutes were chosen tn constitute the instrument.

Sum\: in,lll!' hud several npthms with slmllnr lllel1l\ings. The number of options varied between 5
and 1.1.whicli is quite unusual in tests used in South AIi'iean SChOll Is. All attempt was mnde to
mndily the instrument so that it cunfermed tIl the pauern Ill' ntuluplc choice (\\0 .tlons Iumlllur to
S\IUlh l\Ii'icnn p\lpil!'. '1he language used was ·Slmtl,·Ali'icl\1\ised· • , -me items, Similm'

npti"l1s were dch:flo:U which rcll\H':~11 the number or I)plions in each item til ;\1\ uverage of ahout
six. Ruther than including the rcsp(\IlSC lhl'mal:i "I till not undcrstand'' ami "I don'! know clllmgh

about this ~uhicc.:t til Illll("e u choke", tlte l'oll\l\vill!\ ti'ec· response optlon was provided: "None ef

tiles!.! GI\\li';t:~ Ill'; Ill) hm;ic Vh:\VJHlillt \\hil:h is.;", lbls Ilptil'll was III he used when respondents

I'dt their views "ere not c\IU'esscd adcqua(l,lly ill thl.! item, or when they wanted til cornhlno two
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(1) Two statements wore composed tor each of the eight VOSTS topics with each statcmont
portraying the opposite point of view, r~mpirical datu on pupils' views about the statements
were gathered by making them write nrgumcntatlve pnmgtaplts in response to the statements,
Over 2000 pupils from diverse bnckgrounds responded, About seventy of t!lQSC written

m'gulllontntive pamgrnphs were sampled to ensure n rich diversity of opinions.

b) The pmugl,<\ph" were aunlyzed and grouped into catogorle- tll represent pupils' common
viewpoint", 'rho vlcwpclm, WOI'O then rephrased using PI tlils' vernacular, and cast into tho

tradltionnl multiple choice format without nlterlng the orlglnal student pnraphruscs. One of the

two initial statements become the stem sentence of the item.

c) The elnrity of ench VOSTS statement wns revised with It botch of 10 new pupils. Tnese

IHlpi!S were made to write 1I0W porngrnphs to the orlglnn! test statements lind then select a
"pupil position", This WIlS then followed by un Interview to dctormlne how well the wordlng

of tho multlple choice item corresponded with the pupils viewpoints, It was nlso a meens of
determining the reliability of pupils' responses,

d) About 10 students pel' VOSTS item. worked through sevum! V()STS items verbally in tho
presence of nn eV'liU(ltol' and resoarcher to check if the puplls' mcaning corresponded with
thnt of thc resenrehers', This technique ensured thnt tho test questions would evoke responses
properly related to pupils' undorstnndlng of the topic, It was also II menus of lmprovlug the
Vlllidity 01' trustworthiness of tho ltems (Maislmll and ROSSllUlt1. 1989),

0) A t{)lil1 of 5000 pupils were made to respond to the VOSTS Iterns, Pupil postrlons thar
received little 01' no response were eliminated. thus trimmlug down the number of options in
each question tt. about 8 to 11,

fh:lhl'e the V()STS instrument was udnpted Ibl' (his study. propositlonal knowledge statements
were torrnulatcd by the researcher. These , ...ere wrlucn descriptions which sununarlzed
clmtcmpurary viewpoints on l\ey issues about tho nature uf sclcuco, (Sec uppendix 1), The
viewpoints selected WCI'i.l those of more recent philos()l1hcl's of science such ns Kuhn (l97()i\).



In response to the problems related to exlstlng instruments, Alkenheud nnd Ryan (1992)
developed the Views on Scleuce-Tccltnology-Society (VOSTS) lnstrumcut. Alkenhcad (1988)
estirunted the amblgulty level of 1111 empirically derived Instrument's response format to be
between 15·20 pCI' cent compared to other response formats such (IS Likert, 50·80 per cent;
pnragraph, 35·S\J pel' cent; and scrnl-structurcd interview. 5 per cent, Although I'CSC1II'ch suggest
thm tho semi-structured intervlew provldes the best way to probe the viewpoints of the snmples,
McCmlhy (1994) claims thnt tho tcchulque is very tlme-consumlng, As n result, the V()STS
lnstrument was selected n!, a compromtse, The tremendous rlgour involved in the development of
the VOSTS instrument (discussed in section 3.4.3) was the main uuribute thnt Influenced its
selection, Some spcclnl features of the VOSTS instrument nrc explained in the following section
beforo describing how it was modified nnd used in this study.

The VOST!; items lire bused on sclcncc-tcchuology-scclcty (STS) content approprlntu {hI' high
school students nnd on recent lltornture coneernlng the eplsternolcgical, social. lind tccl.nologlcu!
aspects of science, The VOSTS instrument consists of 114 multiple-choice items that fullundcl'

eight brood toplcs. Thf!SO broad topics ore: i) science nnd technology, ii) influence I'll" society 011

science\(cchnology. iii) Influonco of sciel1co\tcehnology on society. iv) influence of sclllKl1
science on society. v) chamcteristlcs of'scientists, vi) social COl1s(l'UctiOI1 of scicntific knowledge,
vii) social construction of techm)logy. nnd viii) nature of scicntil1c knowledge.

The developers of VOSTS have ctalmed it to be . "new gCI1Cl'IltiOIl lusrruruent" with distinct
"psycholllctl'ic pcrspcctives over conventionn! Insuumenrs" (Aikenhclld and Ryan, 1992. 479).
They 1I0(C that whereas conventional instruments lald cmpha~is on lcst scores obialncd from
pupil 1'08110118"S, VOSTS presented pupils' Ideas, not numerlcnl scores. In nddltlon, tho diMl'IlelI1J'S
in V()STS multlple cholee items were emplrlcally determined and 110twritten 1)'0111n
researchers' viewpoint. As noted by Alkenhend and Rynn (l t\92, 4S0), 1I ... this l'ihill in emphasis
ot' tho responses hes impliLmlil)l)s when the tssuc lIf the Instmrnent's v(\lidity is addrcsscd'',

The details of how VOSTS items were developed ure summarlzed ill ordor It) explnln tho
proeesscs and \,;lH\coptunl Issues Ihllt were involved in tho development phose,

Five thousand Cnlludinn pupils 0(' nverngc agc of 17J yenrs participated in the development of
the instrument, The tl)llmving steps were taken in the formulntion of each item (Alkenhcad und
Ryan. 11)1):.n:



Table 1: Particulars of teachers who completed the opinionnnire (n~,:20)
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3.3.3 1'cnchcl's

Twenty teachers from live government schools :11 the greater Johennesburg aren were

convenieutly sampled to complete the opinionnnil'e. Attempts were made to include in the

sample teachers with a wide range of teaching experience and qualifications. Details regarding

the particulars of the secondary school teachers arc included in Table I.

Of the 20 ieachcrs, 18 had university academic degrees. These comprised 10 B.Sc. degrees, 2

B.Sc. (lIons), 4 B.A .. 1 B.Ed .• and 1 B.Prim.Ed. Twelve hud a post-graduate It':)ching diploma,

and 7 hud un undergraduate teuching diploma from a teachers' truining college, Of the seven

teachers who grndunrcd with undergrllduulo teaching diplomas, five had over the years obtained

n university degree, The 18 dcgrecd teachers were also noted to haw grndunted nom five

uulversltles in the conntry, with 11 of them grnduntlug from the Urtiversity of the Wltwatersrand,
In terms of their touching experience, 14 0[' thc teachers had taught for five or more yenrs, with

5 teachers tcachlng Ior more than 20 years, The subjects taught by tim teachers included biology,

physical science 01' mathematics and these were taught (1'OJl1 Std (i ttl Std (0. Physical scieuco
seemed to be the most common subject taught by these teachers. Five of the teachers had taught

nil three subjects in pust years up to SId 10.

3.4 DESIGN OF THE INSTRUMl~N'l'

As this study aimed to establish wh ..( pupils and teachers knew and believed about the nature of

science. it WIlS necessary ftw the most appropriate lnsrrument to be used.

Several st:mdnrd:/cd instruments uscd ill the past to investigate rcspondents' understanding of

the nature of science have hud "ambiguity prohlcms" (Aikenltead et al .. 1(87). Researchers hnd

erroneously assurucd that respondents perceived nnd interpreted test smtemenrs as they did. and

thut Inllgunge was lln'tJ in tltt! slime COlltC.XI by both pal'lil)s (Ail,l)nli '111.1und Ryan, I t)()2). A

mismatch ill the langungc used h> the rcspoudents and researchers often as high us 80 pCI' cent
was documented hy Alkuuhend (1988).



Three position!) are em braced hy the optiuns in this item:

(1) Scicntllle knowledge chunges (lIpti(1ll11 A and m.
h) Sclentllic knl\wh:dg~ uppear« to ch'lIl~',c (optiolls (. and D).

c) Sclentiflc knowledge docs nut change (option In.
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What do respnndeuts belleve UllllU! tlte pmvishlllul nature 1)1' .'lI:icntific klHwilcdgl.l'! (Sec Fig. 4).
A large majority (74 pel' cent ot' pupils: 86 per cent Ill' :.tudtmt teacher!>: and 1m per cent of
teachers) selected the I,ositioll thnt Ui:knowtedgll~i !1cillntific knowledge chUlltWS, T\\cnty.fbuf per
Cl.lnt (If pupils. 1per ccnt of rudem t~'aehcr'i uml S per cent \11'tcachcw held the view that
~c:cntilh: kuowledge uppears til change. ()nl)' 11111:PUllil and llnc teacher dh'~,C the P\lf,itlOll

asserting Ihnt sclcntlflc knuwlcu!tt! .j,)CS 11Ilt change because it cUl1sh.h of It"t. (Fig 4).
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111\their ImdchHllIllinl', \\1' Ih~' ,,\1"111'.1111',nature \11'."ll:lItitk "Ilil\\ 1cIlFI." t lptllll1 n I~, the

"tllltl'mJ1llnll~ '\~lllhtl\l"li\ hI" \11.'\\ \\hkh "~:~'I'hlhlt ',dcl\lilk 1;'1h 1/,11\"hanl',e with time,

\\11('11 11\)\\ \,'llIlt'l'l'.h W, are lI'it'd I·, intl'QllCI 'ill'!>. ,FUl'I"c'ntJ) IIII'. Klllwhlll p,I',ltIlHl \hl'. held hy

l,1 pl.'r \.'l]lIt 1'llll1pll'" 1'\.'1 1.'\'111 \If ,IUdI'll! tl.'.ll;ill'f'" \HId ,}" pt'l' h'm tit teH.,;l!t'p,
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view utscientific thenrics. '~:II: tl'l[ninant pIlsitil11l ul'tCllchcrs' views however seem to have
shitted trom n ~\ll\telllJpr\ll:C'i~) v;": \' an e!1istem\\l(\~h:a1 view. 'I his is II favonmblc :.hift. The
strong sm.:ial image t,I' science ~.xpnJ.'iwd by student teachers' vil'wS seems to he conslstent with
the Cl)iMellmlll~\icu( views most of 1111.:111expressed in tltis item.

4.6 VIEWS ON now SCmN'I'IF.lC KN()Wu;ncm (,UAN(mS

Table 1: UcsllOutl(mts1 views on how scil'ntllic Imowlcdg(' chllllgcs

-1 '1 'I

~II II It

., II .~"
It ? II

1';\1," ",!WI! 8clcIltifiQ hlHstillntions IIl'Ii llOIl\) comctly, 1I11l kuo",ledllll that SciClllhl'
tll!co\\~rfrom thosll IIl\e~URilHol" fIIAY ~IlililgeIn !l11l fulm e.

Wililt do ~ou thlllk~

1;~lelltinc kllo'~ledll" ChlllllttS:
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h~IIIf\l. 1'1' IlctccllIl!\ ewlr', til the 11111\111;.11"rtlfit'tl" IIl\C,.IIf!(lllUlI

1\ llC~llIl'.e Ihel1ld kl\\l\\(I.',';'.l' I" WIlICIl'MCt! III "1~11t\If litll \1I~,nI\Cm"i SIiII'III1IlIt t:,(b tim
th,IIl!~I'

{' Sll,'lIIl1i\i knu\\II'tlf'A' 1\1'1'1 ,\itS '" 1.11.1111'.0hccuuve the IfII~fI1rClllll\m lit till' lIf'l'liolllln 111'
Itt,' 11M 111~N1:\111Itlianr,c ('lIff';~lly tllIlll' c\IWnmCIlN ~l.-Id un~hall!l~\lhl., l'lll~

11 Sucnltlk kllllWfcllf'.1l ,\(11'1'.,\1(1' III dhlllll\l IlCl.'ltI'.,1l 111:\\ ~llIl\\lcd!\c I'. (IIJtllllllIlI ttl (lit.!
111111\\IcJ!~c; Ihe IIIll kUII\\ktlgc ll\l~'.n'l t hllllW

'~w.'llIl1k knll\~lclll\~ llt'e'. nut \hJI)f'1l IWlJU'.C It 'llIlHJ.I'i III I'rtlVCIl ItI~I',

l"hllit:mll11lh.h "lid liw 'Il~\\-' phil\I~llph~l~ both alknl\\vl\1d~\I' th~ tentuuve nuturo Ill' ..cientillc

1.1111\\ h:tl",c Fill' tlw 11>11\I: 1;11"ifkatl\lI\lhh. dh\ll:'l'll \11.'~1I1·\\ hell 'I~lclltilk kll\I\\ kdgc it. di"!1f11\cd
u "katlN, 11)'111), I he Kuhninn 1\1' 'new' I'hlll1'.\ll,hcl'. !',,,,nit.1\ maintuin« that u(\( Ih~hiI!hanlW

nud llc~'lll1w \liileh.!1H 1111;14when 11-:\\ 1.'1'II~CI'li\lll"me developed unll nl~Nnrc intcrprcll'u

dllll.'lclItl!
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The ontological position appears to be hold by 47 per cent of pupils. 7 per cent of student
teachers and IS per cent of teachers. 1110epistemckigleul position was supported by 23 per cent
of pupils, 64 pCI' cent of studcnt teachers and 60 per cent of teachers. l)ositions between these
two extremes were held by 23 per cent of pupils. 7 per cent of studlmt teachers. and 20 pCI' cent
of teachers (Fig 3).

In 8\1ppOlt of the epistemological viewpoint. a student teaehee noted: "Scientists invent theories
to the extent that they put forward a thcory based on evidence they have fl)lmd". This point {If

view is consistent with Solomon et el, (l99~) as to why scicnti'its dt' experiments. l311sically it is
to try out their expillnatiolls for why things happen. Such c~plan(\liolls in tlte form of hypotheses
or theories. arc constructed by tho scientists to cxpll:in Oblicrvcd facls.

What is tim reluticlIlship between such theories and reality'? In un open ended response. a student
teacher telt II 1I... tlleory is both dependent on mind and reality and thus depends on both",
Another student tcm:hcr. supporting the realist cnmp, believes that "...scientists follow (1 path of
·discovery' and make al~(mClliSiofj based on tlle evidence in frollt of them". It is neccssnry 10
bring out the essentful differences between the reallst and the instmmentnlist views in order to
address the tnltlnl question posed. This is about how eaeh group of scientists views the
"ceneluslons based on their evidence". Arc they considered the exact description of what is
observed (If an attempt llt creatively describing wllllt thoy think is observed? T111~t'C'nli!ltor tho
tlntologie(d position sussests that the evidellce is exuct (Hucking. H)831.

In tho other open ended responses. the two positions were described sometimes in rather
(lmbiguous tern"', One pupil stated 1I".scicntists neither Invent or discover thellril!s but m~'rcly put
Into words the fucts that (lfC p.'Csent." This response pinpoints the dilemma of pupils when faced
with "1'1ions which ere not fillllilillt to them. To achieve a scientifically literate citizenry, such
distinetiuns must be tlllltlht at schools so thnt pupils art' able later on to make informed dccimollfl
uhout social issues based on nnturc of scientitic theories.

III summnry. it seems that whilst the largest category of pupils' responses (47 per cent) thvmm::.l
the (iIllol(l~~ical view. those of student tcachers und touchers fhvllurod the epistemological view.
(Sec Fig 3). When tlte (h1minnnt positions selected in this item are compared with respondent:)'
choices on the definitions of sclence, a fO\lf~h correlation ('1' the dominant views become obvious,
Pupils who &trollgl~1 tllvo\1(cd a content perspective of science seem to equally support a .~nlist
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ttl imaginativl.l insights which art! then dcv(!lllpl:d by eunseiuus thought (I'\lpj\!~r. 1972. cited in
I Iodson, 1()R6).

Arl.l sr.:ielltit1c tlu:tll'ies Invented or discovered? This quesnon l!t'!il1cntcfI the two schools of

thought within the philllSllphy of seienco C\IIICCl'Ilil1!! thc statllH lIf sclentlflc klllj\\·lcdge. The

\111l0[Ogl\:01 or realist view believes that sl;ilmtinc kllll\\lcdgt: tells tift what is really out there. Or

put in Illlother \\II!-. there is a n:ulity out there that can he ot~iectively described. The metaphor of

u miner discovering ~t.llld nppmpl'iCltcly descrihe,> the Illltulllgical Ill\sitilll1 (If uncov\!ring reality

(Ryun and Aikenltead, I99:!), This I1U)!ilitlll i~IIIMI l.'lln.~blcllt .."hit the positivist view (Ryan and

Alkenhead, 19t);!), 'Ihe other senool (I, t1hHl)~hl. the epistcll1l1111gical posulon, mulrnulus thut

Ncicntiflc knewledge is created \\\ t.lxplain what is \l\lt there, The c,\(llarmtiilll is IIctually a tit.ltioll

w aecounr tbe what exists. The Il1clnphlll' %~'ll i.'i Ihl: lnventinn \w \'n.'iltillll of n sculpture, (11\(1

this pcrspeetlve agrees with currently held views G'ynn aml Aikcnh..:<·t1. 11)c)2). Hodson (19S()

howcvee udvoeates u c\\ll1lm1mise view tbr 1.cllll\11 SCIl!Il!.:C and thili is tllltHncd on page 60.

What do lhe respondents think nbout thcorit.m',1 Ihrce plIsitillns nrc embraced by the options in
this item. (Sec ('(lhle (ll.

a) ()ption~ A. I~ nnd (' lh:lincatc', the \'nh1Iu!',ilml pl\sitioll,
[I) ()ptkms E anti I' is the epblcltw[u!:\icnl pllsitlllll,

c) Oplioll {) IlnCllmp(lS~es hoth p'lsitions.
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IIh.~(lv"l'ic!. in seicnce would h" (I \\1I~tC (I( lillie If \W u·...ulllc,ltlhlt science \hl" llllt Illl\i~ill. Many
t1i!,~lIvcric" have hcen Ilc~idclltlll und lIlall~ have come uhulIl trom a ~.crlCi' IIf ill\\}i.!i!ltlliofl hulltlill/I
IIll1kally one upou the lither,
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Finally. although scientific work within II pal'lldigmic period may he conceived as progrcssing in

an \)fucrly. step by step manner. scienritle work between liuccessivc paradigms cannot be

considered as such. Kuhn and Popper seem to agree that science does not progress by aecrerton
between successive pnradigms (Watkins, 1(70).

4.5 vrsws ON 'I'HE INVI~N'fmN OR J)JS('()Vlm.Y or TIIIWIU1~S

'rablll 6: ItespfUlIlcnts' views about theories

~r~t,
J!I '1 S

n (I III

" (I II

~4 '1 ~n

II) ,~u .~Il

" 14 III

It 2J ~

(lor thb sliltemcllt, I18SUIIUI (hnl II Rohl milicI' "dls(ovcrs" Rolli, whllo 1111IIrd~t
"Invents" n sculpture, SOlll~ IICOlllc thInk Ihnt scientists dlsCll\'CI' s~lcntlnc
'rIllWnmS, Olfler,¥ think !lUll SCIClIlIslJ Illvelil them.

Whnt do you think'!

S~i~llli~I' discover a thellry

t\ bC~,iUMl (Ill ilk,1 \'"1'1 there ull Ihe lime • .1U!.1nccdilll" tn he uncovered
II 11CQl\\lS~it i'l based on C\IWWncIlIill !;II,'I~I,

t· hUI "demiSI" invent !he mclhlld~i hI !loti thl) Ihl'mj~'i

Il SIIIl\~. ~~lcnll ..l~ ma~ t.lumhlc ,min II Iheory ">' ~1t.uWI.l. thus Ihmwcri% il nut olher
h~lcntl!,l~i lIla~ mvcm Ih~ Ihelll:' trom 111(1:.Ih~~ illf~.nl~ kmllv

~wl~lIIiH~,Invent (I Ih~IIl}:

I' )1c~auw" 1111'111\i'i 1I1l 1II1~lllrctill!tlll Ill' ~\IWnlll~nloll liI(t~1whMI 1,~I(·lIhi.l·i have
Ilh,IlWfcli, '

h~~,III'.C tnwlIIlIlll', 1I11l'llfIC~jl~'111lI1'Iwll\ thl' mllld e \\c ~fcall,' thern.

(I N,IOI} III Ilil"'~dlllllC" lih IllV h,"'I~\ !~\\llIlllll\\hkh h

Ihe'lI'hl~. are PWpOSitilllHi devised 1\\ explaln \\hsl!rvnthln~. till.:ts mill lil\\!;. und 1\1mnke
prcdh':linns (Ryull nnd t\'kcnhcall. llll}:!). I hl!\lril.:~' [livc a SI!IIHl! \11' under. '\l\din~\ til the Ihets and

lnw« thcy \)\I'lain, III !',I\t~better 1!\lmprc!ll.:l\,illll. Ilhld~'h\\l' other v ....unl [l.:prc'lt:ntath1ll'i may he

u'lcd (RYilll mal Aik~nll~ad. 1\)1)2 j. i\ thl~llry i'l paradi!,,1ll hllllllll. und llHly ~njl\~It hit\h d~l',ri'\) 1\1'
!.l.:lclltilk I.'I1I\Ildel\\)~ 11'<IUlI[\ .'" 1\11 other Ihl!\II'Y ·.ul'l!",\)d~~, it Ill' 1111 11lmllh,'.IlI·..:!ulIl['.C lll.!\)ltr~. It
1I';t:d 1\1 lilt thl1ught that thCllf1C'j \\lile 1111'.iI,:all~derived 1{11I1I lnws, I'tld,,~ 11111\\1'11:"{In: attrihuted
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The largest category of respondents (53 pcr cent of pupils. 64 pel' cent of student teachers. and
85 per cent of teachers), who selected option B, agreed with the view that scienti110 discoveries
usually follow from a well-planned series of investigutions although imagination and trial and
error may play n role. Ryan and Aikenhead (1992) acknowledge the consistency of'this option
with currently held views .

The next most popular choice was option C which stresses the nceidental nature of most
discoveries. This option was selected by 34 per cent of pupils and 21 per cent of student
tenchera. Interestingly. no teacher seleeted this option. Clearly, some discoveries have been
accidental: tho unlntended product of the scientist's research. Bxamples include the discovery of
x-rays. radioactivity and electrons. The discovery ofx.raYII (Taylor 1941, cited in Kuhn. 1910a)
occurred when the physicist. Roentgen, while invostigating cathodo rays, noticed a stranBe
phenomenon. A barium plnt:no cyanide screen at some distance glowed when the disehnrgo W(lS

lu pfogrcss. Further investigations led to the discovery of the x-rays.

The belief in aecidC'<·t,,1discoveries does not seem to be limited to pupils in this study. Solomon
et ul, (19(2) invest, l1-ycur-old British pupils' responses to l\ question us to whether or not
scientists knew what they expected to happen before they did nn experiment. Most of their
responses seem to indicate scientists were thoughtless ubout the end-products l)f their
investigations. The depiction of selenusrs in pupils' pictures with bandages on their faces was an
additional conflrrnarlon to Solomon et al. that pupils have serendipitous notions of scientifle
investigations and discoveries. HlIW(.WCI" this serendlpltcua view did not persist attcr pupils were
itbl ueted in a course that dealt wIth the 1'010 of hypotheses and theorles in PllSt scientific
discoveries (Solomon et al.. 1992), Ryan and Alkenhead (19n), in a related study on 17.,year-
old Alalerican pupils. had similar lindings, They beltcve pupils' views of most scicntific
discoveries being '\ccidelltnl may heve been perpetuated by the medlu and popular writers of
history of science (Ryan and Aikcnhenu. 19(2).

The researcher concedes thut while there are muny accidental discoveries ln science (see
Roberts. 1(81»), there are many marc cases ot'scicntitic discoveries occurring us a result or well
rmulnted research programmes (RYOlland Aikenhcad, 1(1)2). The free response (If n !itudel\t

II 'It.lf put!l tho acetdemal view (If scientific discoveries into t1rOpcrperspcctive. Sh" noted that
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4.4 PROGRESS IN SCIENCE

'ruble 5: Respoudcnts' views about lH'ogl'css In science

.I' ~T r (til

I) II 11) A.

~:I M 115 It
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" II () I).
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All sclcntillc discowri~H result Irom II well.planned series or invcsllgnlioll!l. EXI1CI'illlCIll~
(for Cxolllille. Ihe clIpcrhncl\ts Ihat Jed tn the mndet of ure (110m. or discoveries (llIou!
enncer) arc Ilk'l hl),illll hricks nnto a wafl.

lIsunJly scientific dh~(I\'<lrles result from II logical sI.'rjcs (If illvcsliglllillllS, llu! science is
!lot cOIllJlletcly h)~li~at[)j~covcry somettmes comes by II llilsh III' illlil!.\illUlitlll. or by 1I'lal
lind error,

Most S~ICtllil1c (Iisctlvcrics nrc nccidclllUl. or they (IfI! the IlItprcdw!ed product <If the IIctllul
It\l~nUI'1l lIt'lhe &.. lcntisl. Somo dlsc\lvcrieS resull Irom II NCrleS (If inv~sllgation~ huillllng
1()gicuUy one upou tho othe,'.

Sl:lcntisls do Ilot know wlmt tIl ~)\.'Jl~ctwhen IhU).' lin \)XI'crilllllllls. Thcl'I!ftll'Q SIl.=.JiClltilil;'discuverles du not occur us ;\ result of u logicul sertes ur itlVc5tir,(t(iultS,

None of these choices !its my hn.~lI: viewpoillt which Is ..

llt'ogress In science oceul's liS II I'esult of II sllrles of IlIve,~llglltlolls, ellch OIIC building 011 1111
clll'lIef one, 111111Meh on~ leadlng loglcnlly to the IIl)xt one, until tho discovilry Is millie.

Wllilt do you thlnl,'l

('(lntcmporory opinion is thnt science processes which lend to progress in science do not simply
Involve cXl1lU'imentntion lind tho systc:mntic aecumulatlou 0(' facts, Kuhn (1I)'10a) sees sclcntlffo
development as a succession of pnrudtgm-bouud periods which nit! puncumted by 1101"

clIIntllativu breaks. The "uormnl science" practitioners engnge jn during the parndlgm-bound
periods do nor produce mnjOl' brcokthl'ollghs according to Kuhn. but oro nkln to puzzle solving.
New theories are however thought of undee situlltions when 1\ phcuomeuon stubbllml>, refuses to

bu explalnud by extsting enes, Hitch mqjor ndvanee ill science alters previously cstnbllshcd
pnttC't'IlS of rell1tionship. The decisive step lending to the development of a theory is often by It

lenp uf Imugluatlcu, intuition 01' a t1l1sh of lnsplrntlon (Kuhn. 1c)70a). Hence, option B is
currently considered (I be the most ucceptnble,

Whut nrc the vtews of rCSI)l)nd~ntson tho pn\~wess ill science' (Hoc TobIe 5). Altl\llllgh options
1\ and B agree with thl,) premise that tlcicntil1c discoverics rcsutt from CUI orderly set or
inVllstip,(lliom •• there ere llillel' \.1it1~rcnccs between them. ()lltitl!1 A suggests nil scicntil1c

disl."lVCI'ic:~come from well plullncd inVll~tignt;on1f. whill.) opnon B mnlntulns that some nspects
uf science nre illngh:nl. wilh some discllVCl'ics comintt thl'llllt\!\ llllshes 1\1' the iutnglnntlou '\I' by

trlal 1)1' error.
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As in the above quotation, other respondents seem In express principles similar to runthematicul

or logical proof where premises and rules of lnfercnce arc used to strengthen arguments to

prove a point (Kuhn, 1970a). A content-oriented, positivist view of science. it is suggested,

portrays science ill this way. Contemporary scientific views 011 thcmy choice suggest it is the

values of the scientific communi!)' thllt are importallt • values such (IS accuracy, simplicity,

fruitfl"ncss. These values which nrc generally shared by the scientific community provide the

basis for declslon making. Kuhn (1970a) supports this view about the shared vclues of tho

scicntiflc community lnfluenelng theory choice. und believes this is achieved through persunslon,

The most popular nml-conscnsus view selected by the teachers i.J that us long us a theory

cxplnlns results and is useful, the opinions of other sclentlsts arc irrelevant, Clcurly. this view

docs 110t acknowledge the important role pla):cd hy the scientific community in knowledge

generntion.

It should also be noted that "rmliclllly new" theories are novel' accepted under an old paradigm.

A radically new theory only gains prominence when the old paradigm is unable to explain

hnportant observations. nnd this nnppcns during the "crisis" period (Kuhn. 1970a).

[tor some teachers, selecting one answer to this item was difflcult (IS thoy agreed with two very

dmbren! options. This clearly shows they were unlnfbrmed Oil how deelslons are made in

science: As one cundidly wrote nw option 0: "...1 would accept both of the above C nnd F".

The student teachers, in general. seem to hove II clearer view (If the role nnd esmbllshment of n

theory than other respondents. A current und ncccptehle :!J\\, was expressed ns Ihllows:

M(ln~' n~(lfit"i lmh' WI) litlll} "HIPflonlnll I.lvj,lcll~1} 011111nrc l:s~d b~L'UWil) manv ,d"llI1',tH ill\rC~ \Vilh uie

h1eh; und uppurcnt \aluahl1ity Ill' the theory,

;\lthllUgh this llttitudu towards "supptlrting evidence" is qucstilll1ahh:. the view is gCl\crall~'

n:albtk:. The evidence .~lIpplll'ting the Big !lall!!, 111l.'01) and the tneory Ill' ('lllltilHm~:t1 drili. Ihl'

example. may not he consklcred convinl:inp, by llthcrs outside the research paradigm. I Inwevcr,

since scientific l,uIlwlcdgo is not fixed but provlsionu], then! IS the pllssihilit~! \1('such theories

boing updated or disclll'd~'li in the light llf new evidence. Indeed, this b ,Illl! \)f'thl.l PfIICCS!ieS thnt
muke» scicntiflc klhlwlodgl,) dyuumtc.
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\~Igul'(! 2: Pllplls' IUIlI teachers' views about scicl1tlllc
Imowlcd~c gCIU1NIti0l1

Clearly. tho rtHuority of respondents selected the COnSt.lI1S11S vhm. 13ma critical look lit the
options reveals that pupils and teachers were divided between options A and C. Option C. which
is in ltnc with current epistemology \It'science. was selected by <13pCI' cent of pupils, 35 per
cent of teachers, and MIler CUll! of student teachers. It is cnc(lUrufling thnt fhe mujority of the
student teachers were eware of the importance (If scientists convincing others hefore scientific
knowledge is accepted as reliable.

he sizeable pt.lrcentngc of pupHs and teachers wh« SCICl,1lCdopuon A. it (lPPC(lfll. do not

understand ht~\" CI)I\SCnSlI'l is reached, ['\1 them, it entails pmvldill!-t ctlnl;lusivc evidence to prove

a tlumry true. I hh, i~in lint! with HIt!cllntcllt·,wicntcd view discussed in section .1.1 in which
schmce is !>CUIl as a thed IHld~ \11' tlll;tli \\hich haw becn I'fllVl.)(\ true. I hb viewpllilll M

c(lncll1sivcly I'fIl\ing a proposed Ihc\)r~' t\lptlI1l\ Al wa.. C\llrCsscd stl'On~,'Y in thc open responses
(optiou Ui. As one student teacher noted:

once ,\ thcnrv I:, f'hiI1l1!,\!d 111\~~,h hI I'~ ~'lI\~'II',,\d\ I'fllwd •• 1 \"(\·.~II:,U', II\IC,I'i hI Illl rc.tclll:lI ,lOti II fll!cd'i

hI IiI 101\1Ihe [lflN:m r.llad1f!1ll ,mJ h' '\III~,lhl" 11111,,,,,,til n11ll',c II r-, ra,jl~,III~new
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4.3 I(NOWLIW(m GENEUATION IN SCIENCE

Table 4: Respondents' vlews 1Ii101lt Imowl('dgc gCIICrIltiOll

~------------------------~------~~~----------~
J!..,._,o.;l~w.t!1
,n 14 35 t\

(I II () II.

4J M .l~ C'.

Whell II new sclentmc theory Is 11I'Olloscll. sclcntists IIIUlt decide \\hethel' to ncccllI II or lIot,
Scientists IlInke this declslun b), COn~ell!USI tit!!.! Is. llf01HlMtrS of the thenry lIIust convince II
I"rlle IUIIJurity of fcllol\' 8clclltlst~ to believe ,It" new theol'Y' Whilt do you thlnk'l

Scicnli,ts who propose u theory IIImt clfllvlncc ouicr h~lell!lst,:

R n u

h~ !,flll\~lnillhcm cOllcluslve evidence tlmt !1mvc.~ the theM}, true

hC~'Qu,CII theory I.~IIsellll III /ICiCfl~~"Illy when Illll'lIl1clicvc the thenry

hccnu,c when a number (11' scientists diml5~ (I theory nnd its new ideas. ~cicnlis(s nrc likely III revise
or IIrdutc lhe tl' 'r)' In short. II}' rencl'inll n cunscnsus, ~~lcl\ti~t(1make the theory moro llCCllrale,

S~icnUsts whu Prt1I11t'".a thcltry 11,1 not havQ ht convmce Illher !'ciCllthts:

[) bc~alls~ lhu slIJ1lwrUn!} ~vidcnco 'Ileak, 'Ilf Itsell:

I' hecau,e Individual ,\dcntilts lIill dc~ltlc lilr IhcllllclH~9 whether h> IISC a lhcUfy or II>

r b~,aUlc unlndlvhlllal scientist can upflly a theM), liS 11I1I!)as the thcllty explains reslllts lIllII Is usClllI,
nc muuer who! other scl~nli\ls believe.

CJ. Nunc of ihese chlll~cs nl~my baste vlcwpullll \\lIlc1l b

: (J U
" (I IS

(J 22 IS

When i~n theory accepted h) become part of the body of licit'nlHic knowledge'! Zlmnn (1984)

points out thot the observations. hypothcres, theories. etc. of ludlvlduul selcntlsts do not
eonstltute scicntlflc knowledge. "lit must Ilrst be reviewed by peers who cOl1stituto "sclf
nppolnted'' experts ill the field. Kuhn (19700) believes it is these experts working within the

some paradigm, who Oil examining the evidence. decide whether or not to uphold tho theory,

Where there nre rival theories, Kuhn (1970b) contends that the superiority of one theory over

nnether cunuot be 11I'owd in a debate, Instead, each party to the de bote tries to persuade the

llthcl' of the merits of their thet.H'>',The end n:sult is that one party is won over to the other side
or "converted" (Kuhl\, I1J70b),

I low tit, pupils lind teachers view }il!lcntific klW\\k'dl;!c generatiol\'l (Sl!e Table 4), Figlln~ 2

conveys the \Ipinillns t.:xpre1;scdt~' the I'l!spllnd\)l\l~i eomblned us either prn·conSCI1SIIS or unti-

consensus views, The pr(\·I!I\l\SCI\S\lS view (\lptilll\s :\ and t ') 1I:I111lmisI)the lmportnnce of

I.!tlIlSCll:,\J'i within the seienttllc \)(lmll\lInit~ in the )J,1:t\ernthmIII' knowledge, whereus thu (Inti.

1!\lnSCIl~Wi vkw «(\flli(lI1~' 1>, 1\ and n dIlLl.', 11(1t,
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Whnt are the respondents' vi(~ws 011 "the" scientific method'? (See Table 3), Options A to E
represents various forms of the "enquiry" 01' "experlnrenml'' method, Option 0 pol'!I'ays "the
scientific method" as nn attitude, while optlon I is tho couremporary position on "the scientific
method".

For a sizeable percentage of respondents (32 per cent of pupils. 43 per cent of student teachers
lind 60 per cent of teachers), the scientific method is II series of cxperlmcntal steps (option E),
Pupils and tenchers but not student teachers ulso favoured some OSPC(:ts of cxpcrhncntal
procedure (options B, C and D), In trying to explaln why respondents select the cxpcrirncmnl
steps us the scientific method, Gallagher (l9(1) believes they seem to confuse sclcntlllc method
with tho way one records and reports scientific experltnonts 01' structures scientific papers, It is
nppnrent that the contention by recent philosophers nnd writers about the scloutlflc method hUb

not been explicitly dlscnssed III most clnssrooms lind lecture hulls, Gnllaghet notes thut even
When n textbook carries a more enlightened view of the methods of science, most teachers
stressed the "steps of the sclcntlflc method" us the mujOJ'point when tenchlng it, The enlightened
vicw that science has no 0110 entirely rntlonul method needs to be discussed in teacher I'oining
institutions, if pupils nrc to be encouraged to tit',,; 1 nnd explore various modes of

expcrlmenratlon,

Student teaehere were the only group to regard the scientific method as an nttitudu that guides
scientists in thelr work. This point is furthor explored il\ section 4.12, Only nboue one·fifth of
student teachers and n smeller proportion of PU11ils nnd teachers seleelod tho position which BUYS
there is 110 one correct selcnttflc method,

Ilowevei .. in retrospect, it is cI(.'OI' that thoro nrc problems with the phl'tlsing of this questlon.
These problems 111'0 discussed in tho crltlquc of the study on pogo 71,



example, one teacher newt! "... all of the above could be sclcnce''. A Std 10 PUIAI expressed

clenrly this luck of uniform view of science when he noted "".science ; all around us, it is

included in nil these answers, You can't pinpoint science t, one thing, everything is taken into".

One could Ul'gliO that many of the activities mentioned in the various options have n part in

science. However, the question says "But science is 1lI,III1(V:",

4.2 SCIENTll~IC METHOD

Table 3: Respondents' conceptiolls of "the sclelltUic methorl"
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..!!.....Kr_....I.tn

" 0 s

I) 0 0

10 0 S

34 () 15

32 .13 (Ill

2 7 ()

(I 22 t)

II 21 IS

'I 7 0"

Whe" sclcnllsts Invcstlgntc, It Is satd thnt they follow the scientific method The
sclcntlnc method Is:

A. the lobortt\oty r'llccdurcs or rcchnlqucs, which nrc nflen written in {\ science book Ill'
joul'Ilol by u scj~lllist.

U. recording your results eurcrully.

(' cOlltrolling experlmenta! vUl'iublcs enrefully, leuvlng IlO room fbI' lnterpremtlon,

n. lesting uml retestlng » provlng sOll\ething true or Ialso in II vnlld Wily.

E. the Idc,lltilicntioll oj' 111~I'()blcl\l.ot1'cring II h,llothcsis. lind cllnductinr, un experimem to
prove It with 1\ ClIllC!USIOIl.

F. h logleul find widely accepted 11!'Pl'(lfiCh to problem so!villl\.

(i. lUI uttitude thnt guides Scientists ill their work.

I. Considering whnt scientists IIctlmlly do. there is no eh thing us "thl) scientific
method" .

J, None of these choices fits my hasic vlewpolnt which Is ..

In praetlenl ternu, science Involves lin orgunlsntion of people who have ldens lind techniques Hw
discovering new knowledge (Ryan 1Il1dAlkcnhond, 19(2). (liven the diverse forms of sclentlflc

knowledge which cxists and the equally numerous techniques fbr arl'iving at such knowledge,
contemporary views indieate that there is no such thing as "the" scientific method (Hodson,

I <>82). Scientists usc any method till\( is npproprlnte for obtniulng results including imagination
nnd crcatlvity «('haIIllCI'Il. 1()83). There is. however, n scientlflc attitude whlch may be used by
scienttsts to guide them in their work ((inu!d. 1(82).
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Although only about 11 per cent of pupils hold contemporary views of scientific models. all
Impressive opinion WIIS given by a pupil when he noted:

Ill!), are physical tblm~ III' whnl the s~iCllliM bdicvcs Ihl) ~lructUfCwill lUll}.; like llller man),
l';"f1crirn~l1b. 1.'l)icul thlllkirl~. and ratlllnuli/inll, TIII:Y ilfll 1I!.cl\J) il'l il vi!.lIal intcrprcllllillll,

Figure 9: l'uplls' and touchel's' views about models

A teacher with n more ontological view wrote:

S~hMIII1Cmodels himulillC rculil~' I\1lll are dtcmplH III CXfll.lill reulity. 'lhe hUller the mml~1the closer

il rC!icmhlcs rcnlilY.

Kuhn hclievcii there i~ lilt way lit' knowing it' we are getting c1,ISCI' hI IImlity, III! mnintuln» thM

untll we donne the nppreuch ttl rruth us the result (If what sl:iclltists dn, we cnnno; reeognlse
pl'Ogn:ss hl\Hlrd that twal. ll(ld~illll CI(88) do\)s not totally' ngl'c<.l with this view. lie ~,tl')t some

thcllril!s \IS true dI.lSC1'il\til1l\S or the \Vol'll! lind models as \:llnVCI1i1:n1devil! " Illl' munlpulntlou und
description,

The lU1SWCI'S ttl this ddlillc lire not ensily Iound without appculing III SllhlC philosophical debates

ail, 'lit reality utnl truth. Stanley ami Brickl1ll1l4C (lljl)ol) alti)lI\l't ttl resolve tim controversy \111

whut 11>real or true b~ Mlwing that even if \\1.' ussurne a runteruu reality exists independently to
the observer, \1111' kn\\W(cdgc \ll'reidit> will a[\\(\~ 'i tw mediated, iucomplete, und distorted. Thus,
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pluYl:d with. These were hold-in hand models or the inner constitution of nature, III recent ttmcs,

a model is regarded us something you can hold in your head rather than your hands. 01' u
mixture of both (Hacking. 1(83), Where there are theories or phenomena which nrc too complex

to discern. models nrc used as npproximate representations of them a an instrumentalist position.

The debute among phllosophers of science over the statns or theoretical models (just like

theories) has been polarised into two extreme positions: the naive realist who considers such
devices to be true rcprcsentatlcns of'reality. and the instrumentalist who regards them us fictions.

logical ccns.rucrtous or intellectual uistrumcms for reasoning about the world (Hodson, 1(86),

I lodsou believes the two extreme posltlous have serious limitations when compared to the acuml
practise and history of science, The t'l'itiC!tlll'('u/iSI jltlSillllll, accordlng to Hodson. presents the

best necount of theOl',Y from the point uf view of tho learner, It takes a realist view ccnceming
thecrles which they believe nrc true. aull takes lin instrumentalist view of others they lind us

useful but not true, llodson (1986) hus further urged thut the role and status of theories and

models be defined quite early in the science elassrccm in onlel' t~1forestall excessive

instrumentalism and naive realism views developing in the elnssrecm,

Three .'lositiolls arc embraced by thtl options in this item:
a) Sclcntlflc models !\I'O ccplcs of reality (optinns A. B a

b) Seiontitic models como close to heing c()piQ~ of l'cality \option 1».
e) Scientific models 111'0 not copies of rcality (llIH:tll\s E allli Fl.

What dll rt'spllndel1lS St'O models til hl,,'! (Sec Fig. Cl). Between 50 lind 6() pel' cent of pupils and

teachers regard lllo\ieis us close tll cupi~s \\1' n,mlity. Twetuy-ninc per cen; of !ltudellt teachers

alSl1 chose this option. Sixty.lilur per cent nf student tCIII:hcrH do not regard ll10dcb us copies of

reality. This I'\lt'l the student teachers us the lal't(est gwup who favoured the cuntelllp()l'(lIY view.

rhir(~'I1cl' cent Ill' (1l1pil~i appenr !II hold II pnrely realist per1lpcclivc in which models arc seen 1\1.

true cllpics Ill' reality (O(ltillllS A. Il and ('). SWdll11l teachers and teachers till not seem to he
corumittcd til this pcrs(lcctil c.
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impurities dissolved in the glass, Zimon (1978, 7S) summarising the main points of the argument
notes:

11ul our muin point is 10 no uee Ihe uncertainties anu errors Ihnt can accompany good expenmental
technique bv highly competent research workers. (lOUIhl. hcccssily of ("uependent rcplicallon and
veril1cation 01' the results or observution if we nrc 10 acquire reliable empirical knowledge cOllceming the
uXlemnl world.

This view of the pupils and teachers thut competent scientists can obser-ve und leach sinulnr
conclusions even when they believe in different theories underscores nn ontcloglcnl view of II
renlity being out there which con be observed in nn unblascd wily.

It is worth noting that between 5 per cent and 13 per cent of the respondents beliove thnt
observations nrc exact (Tub le 10). This position SC~ll1S to be u positivist view termed "excessive
rationalism" (Nadeau (md Desautels. 1984).

4:10 SCIENTIFIC MOl>ELS

Tl\blc 11: Respondellts' COIlCCI'tlolt!l of sclcntlt1c models

..!!....liI. T 0,\----;~
., () n..
11 0 I)

(7 7 ()

.~I ?,I) (I()

17 M H

II U U

2 o S

Mllny scientific Illullels uned In rmnrcll IAborntorles (such os tho l1Iodel or tho wnn,
thQ neurOll, l)NA, or tho ncom) !lro cop las or rcnllty. Whnt do you thlllkt

S~icnlilic models ARE copies of reulllY:

,\. llC~nU5\lsci~i\tlsts nil}' they ure true, NOthQY must (11) true.

B. bcco\lsC IIl'lell sGicnht1c cvidence has proven ihem uue,

C. bf!C(lUSOthoy are uue to lllll. Thclr PUtpllSO is to show U9reality or leach us something
ahout il.

I). S~h:nlillc models come clIlS!) to beillg ~OpICS nl' reality. bccuus~ thllY nrc based on
sclcnlll1c observauons nnd research.

SclcllIlIlc 1II111lc19arc NOT ~(lIIICn or reuhlY:

E. [,,(her thuy uru simllly hclfllul Ibr Icarrllng nnd cSlllainin!l. dosplte: their Iimltlltions.

F. lind tllcfcthro they have no usc in science,

0, NOIIIl of IhcSQ ehoiees tits my haste viowpoint which is " .

The word 'model' haa taken different meanings in the sciences. According to Hacking (1!)83), ill
the early days models of molecules were IikQseale mcdels ot ears and aircraft thnt children
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While option C is c(Jnsidcr~11 to be the mose current view. sound arguments con be made COl'
option It The rcsuouses of sllldcnt teachers UfU particulllrly favourable, Highty-six PCI' cent ~)f
these futuro tcaehers were nWUfO that observattons ere theory-dependent,

Il10
~tOPONCl!tlTlI

B~1'IJ1'11IIIn"""
• S1I!Cmt'tl'ACHI!1I8 1n-14)

Ion 'teACllf.fIS (n-:lO)

The general trend of pupils' [II\SWCI'S is similar to that of tenchers (Fig 8). Fitly t11}I' cent of
teachers lind 41 per cent of pupils rogard u\)scrvotiolls as theory-dependent, However, the
reasons cited by these two groups Ibr this view (\I'\) quite different (Table 10), More teachers
selected the aceepied reason that ouscrvntlon is influenced hy whut the observer already knows.

Another similtll'ity is thot 4;2 per m.mtof pupils uud '\$ per cent of tenehers hold thc view that tlte
observnrlous ufscientists willI believe in different theorlus will be very simi!ur. This vil,lw is
quite mlstnken LIS hlstoricnl aeeounts do not seem to 1iUpPllrl h. An example is tlmt of uucmalous
water described ill Zil1mn (l1)"8. ?~). 'I his wllter \VIIS 1)(\lldcns\,d Irom the Y(lIlOU1' in !Inc glass
eupillarlcs. Its slnl1l~Wpropl!rtics. high vi·.c\\si{y, and r.trun~\~~behaviour Ill) mcltin!:\ left competent
H.:iCI\ti~t~ divided \lVCI' It!l real nnturc. S(\lllt~ SUtl,l\CSled it wns It new ph,,~\) \\1' W(II\)I\ while (lthal'H

lhlhlghl it WlIS II ,,'llymel' Ill' orllinar>' wnter » plllyw(\!!.ll', I h\WC\,!.lI'. nlt!)[' many observutious nud

11UhliclI!jllllS \111 the suhject, it became clear that the unomnlous propertius were silllply due to

I?lgufC 8: l)uplls' and teachers' \'Iews about scierllific
cbservntleus



4.9 SClENl'WIC OBSERVATIONS

Table 10: Respondents' views nbont sclciltillc ebservatlons

Sclcntlnc obscrvntlons or the same thing made by two cOlllpetent srllllltlsu will oNe" be
dlrr~rcllt If the sclentlst$ belteve III IIlfillrcnt the! '
Whllt do )'OU think?

fl Sf' 1.:.211
1.'1 29 5 i\. '{C~. hccausu sclcnlisb will experiment ill difl~r\'n(MiS lind will nouce dilr~rcnt dungs,

17 :.\9 tn U. '(~f:,because b~i~nti&ts will think llill~rcl\lly allli Ihis will alter their ubscrvillillns.

11 28 ~5 C. Yes, hCCllIISCWhlll a h~i~lIIh,t ulrcau~' kuows will t1nc~t \,1,,'1 he observes.

42 7 4S D. Scientific IlbscrVfllion~ will nOI difter \~IY much even though scicntiuts believe different
theories, If Ihe scicntist3 are indced competem their ohservations will be similar,

I) 0 S p, Nu, because obSCtvlltimls nrc tl9 CMclllS tllls!.ihlc, This is how selenee lus been able II'
l\'hial\cl~,

4 7 0 F. No, observuuons ure Illillctly what we sc~ lind lltlthio!, 1l11l1't.!, they arc nlct~,

i( () u 0. NUIlIlUI' these ~hlli~l!s tits lilY \I>I!.II:VieWpllint which IS '"'''''','''',,'''''

Observation, as a prirnul')' source of datn, hns always been part of natural science, Scicntific
observations are made using the senses and perhaps lnstrnments as aids. Tho current view of
science maintains that what scientists ObSIlI'VC is int111enced by their P(\8\ experience. existing
knowledge and CXllcctntiol\s (Chalmers, 1.9B3).Furthermore, observatlcus dn not provide
automatic access to secure factual illtl)l'l\lalioll. but must be interpreted in the light M the
thcorctlcal beliefs of the indlvlduul (Hodson. 1t}86). Observations arc thcrefure subrectivc,
thlHblc and tltc(lry·ludell. When confronting the same phenomenon, Hodson (1986) notes that
competing thlJllries may give I'isc to 1ll11l·idulltienl obscrvattons, In Illct. lIackint'. (I'>83) believes
observution is u skill. with some people hclh.1I'til it than others, but the skill con be improved by
tmlnlug and practise.

The views in this item eun be grouped in three Wl\~!i:

u) Ohsol'Wl!i(ll1s made hy different ,~Gill!llists will nlhm he tliIlbrC!H because tlhsel'\,atiolls nrc
thcl'l'~.dcpollllcnt (1lptillnH A. U lind t').

\1) O\l',cl'\(\limm made by difli:rcnt scic'iti!1ts \\i11 n\\t diffcr vory much becense 11hsel'v(ttillllS nrc
nut lhclll)'.UI!{lctulcnt (option In.

.;) ObsCI'Vl\ti\lIl!i made hy different licicntbts wil! he the satne because thc~' Mil not theory-
dcplmdnnt (options Ii nnd F).

57
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1[' the hYllllthr~siH is correct it CUll be repented on other k.lllds of :ilIlIlplcs und then hCCUlllIJ U Ih~IlIJ. (Jnly

h~CIlI1l~ ,I luw allel' I\lI'lhcr cxpcrilt1cntlltion 111make a law 1IIIIch will cover 11general NI(\\I~IlICI\t. ell, Any

llh.i~CI throw II lIJl will Ihll,

The distlnctlen between hypothesis and theory is often unclear in the llternture. Chalmers' (I<)83)
fulslflcnrionist account sees theories as speculatlve und tentative conlceturos or gucsscs freely
created by tile human intellect. Such (l definition is more npproprlnte li)r "hypothesls", Popper
(1963) is quite clear on what hypotheses (\I'C· conjcetures, He nrguea that a form ofhYPtHhesis
precedes eVllry form of planned scicntiflc investigation. and he lakes pains to distinguish
hypotheses from theories, Hypotheses can with sUJlJKlI'ling evidence become theories. If 1\lrthct'
sUI'pOI'ting evidence is found for n theory. the some theory will elU(ly greater nrtlcmntlon and
eontldencc It'om the sclentlflc community. but that docs not mnkc it n 1(\\" (Ryan and Alkenhead,
1C)1)2),

The possible Iuflnencc of uvcI'ydny meanlngs of these terms is It Ihclm' thnt could have
contributed to the misconception, Audcsil'k nnd Audcsil'k (1993. 12) sUI'!'llrt this view when they
note thnt (\ "... selentlflc theory is similar to what we would cull a "law" or "fhct" in comrnou
Fngllsh usage", The law of brlwity. they noted in common English usnge, iroequlvnlen! to the
thl:Ol'Yof gruvitutiollul nttrnctlon In physics, 11\addltlon, the ruisconceptlcns about hypothesea,
thcorles und laws demonstrntcd by the respondents mny have been tho result of poor hiJh school
t('xtbook writing 01' pool'ly tnught science COUl'SCS, This ussertlon is mOHt probable when it is
realised thnt ccrtalu elemclltOl'Y scleuee textbooks !lMlrny this hlerarchlcnl rolationship between
the concepts, Aycl'st et ul, (1989. (J) (hI' cxnllll,lo nate:

Evcllluilll~ NciCIIIISl!l will publlsh II h~J1(llhcHls Ihllt will be Nil Mlc~cssllli lit (lNlh~IiI1!',wlllll will hilppen Ihllt il

becomes known ns II lhenry, II' the thelll}' i~shown III he lllwu>'H eorrcet it lIlily (wen become U lnw,
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Options A nnd B. while maintaining that thcorles can't become laws, differ Irom each other in

the following perspective: Option A sees laws (IS 100 per cent cenaln, and theories less than 100

pel' cent certain. Option B. which agrees with current views, sees laws as mainly descriptions

and theories as explanatlons,

ReSPONDENTS
IlQ ~~~ PUPlkS (n~11)

1)01 • STUDENTTl"AcHI!I'tS (o"104)

01 TEAOIll;:na (n"~)
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i 50
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l"lglll'l) 7: Pupils' I1ml tlmchcl'S' Idens about thcortes,
hYl)othl,lscs and laws

Options C lind D ('1'0 quite similar'. Both agree with the viewpoint that with repeated testing,

hypntheses cun develop Into theorlcs nsd finally laws, but differ 01\ how the stages lire achieved.

Option (' snpporrs the testing of nn hypothesis to prove it correct (similar to the Falsilicationist
position), while option D appeals to supporting evldcnce,

Tlre rC1"llts. as shown hI Fig. 7. indiemc uuu an overwhclmlng llH\jllt'ity of' rcspondents believe

there to btl an hhmu'chicnl I"'lntinnship between hYPllthcscs. theories and laws. They arrent' to
believe thnt h}PI\thc~c~ mature tll become theories and theories lila>' eventually become laws.

Optillll C. which stresses that it is the "(II1U\lIl1t or prtllll" sustained b~' nn h~l)(\thesiH und theory
which allows it to hUCnlllt.l n law, WllS the choiee Ill' ,17 per cent of the pllpil,~ and 35 pCI' cent of

teachers. This choice ))mvid\ls uddltlunul evidence that Jl\(II1~'pupils and teachers subscribe tn the
vie\ thm things 1;(11\ be proved conclusively ill selence. It b disturhing thnt the student teachers.

despite having n:cci1tly completed a short course in tllc phill\s<lph)' lll'scicnl!ll. hold incorrect
vicw!; I'l!gm'ding. hYP(lt!WS\!1., thl]orics and laws, ."\11c;';(lInpl~l or one such view from n student
teacher is as follows:



it, they are very tentative explanations or descriptions that guide investigations. Laws. on the
other hand. are general statements that enjoy a high degree of scientific confidence. Finally,
theories nrc propositions which are devised to explain observations. facts and laws. and to make
predictions. Theories may albo enjoy a high degree of confidence as Jaws do, but a theory cannot
mature and become a law (Ryan and Aikcnhead. 1992). Ruther. it explains the law (Campbell.
1953). Laws and theories are therefore two different forms of statements, and both are
dlstlnguishcd from hypotheses by virtue of the degree to which they have been accepted bv the
scientlflc community (Ryan and Aikenhead, 1992). Figure 6 illustrates the relationships between
these concepts. While these relationships arc supported in the CUrrCI1t literature. they arc still
hotly debated.

What arc respondents' views about hypotheses. lheoriQS and (aws. This item explored firstly, the
nssumption that theories and laws are different types of ideas (options A and B); and secondly.
the hierarchical relationship in which hypotheses become theories which then become laws
(options C, D and E).

~-------------------------------------------------------~
figure 6: A concept map showing relationships bc~weclI '(Or scientific Iden!!
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inlcl'osting 10 11010 that this particular student teacher is a physics and chemistry graduate, One

wonders if the statement is n reflection of his observetion about theories at the university level.

Anothcr student teacher noted "... although a theory should be stated as simply as possible one

must avoid over simplification which could lead to ruisconeeptlcns". Even though (he concern

mis;;[1 over the over slmpllflcntlon of tlteorles is valid. it is clear the respondent is not fully

informed of the criteria used in theory selection, As Ledermnn and Zeidlel' (1987) noted,

accuracy and simplicity of explanations as opposed to complexity are of paramount importance

when choosing a theory, It is the researchers' opinion that when the criterion of accuracy of It

theory is satisfied, the "feat' of OVCI' simplification" equally gets reddressed, ;;,)1' the accuracy of

n theory would fbrestall its over simpllflcntion lhnt would lend to rnlsconceptions,

4.8 views Ol'l now SCIENTIFIC IDI~AS l)EVI~L<)ll

Table ll: Respondents' views nbou; scientific ldens,

-
SciCli tine IduRS devlllo!) fr'om h)'polhcYcs h) theories. IIl1d n,mll),. ir thoy nrc gooll enough,
to bolng scientific IIIWS,
Whllt do YOII think?

LST ro~
IS 7 [S A. lhcotles can'! hccl1l1w lu.![: hecause the.\' ure ditl1:rcnt I~PC~1or kleas, Theories are based

Oil hcicnlillc Idells which lire less 11101\100'!il certain, anil so thcorles can't he proven true.
Laws. however are hllsel! 01\ tllCIS Iml.\' und LIre IO()~(I sure,

U. Theories ~Ol\'t hCCllIlIClaws because Ihey nr~' dilfcrent l:rlles Ill' ideas, l,ulVS describe
Ihinp,s in general. lh~lll'ics ¢xplnin Ihese I(\IV~, I lowcver, wilh ~u(\p(1r1ilig Ilvldcn~().
hypolheses may become lhenrlcs (CXlllnnillil1lls) III' laws (llc~cti(1lillns),

IIYJ1o(h~ses can lend to Ih~orlcs which cnn IlHld 10 IlIws:

t.'. hC~lIl1SI)an hY(lulhcsis is IC:ilcd hy ~xllcl'imcllIs, If il prove:; eurrcet, il hc~ulllcs II them,)"
Aller II thco/)' has been provcn true ll111UVHU1CS hy tlil'l~rlllll 11CIlllic lind hilS been muund
lill' 11IUlll\ lil\l~, il hecunies u law, •

II IW~lI11S;) nn h\(1olhc~;is ih IC~ICII11\ \lXIMimcnls. 1f'lher.: is SIIPl'lll'lillg cvklence, iI's 1I
Ihcmy. Atler'a thelll)' has been tJstl)\l mUll>' timllS illIll seCllIS In Iw C~sClllillllJ correct, it's
l\ulld ~r\(lu!'.h to become It law

I~ 14 10

I
47 15 :15

17 $0 2n

" 7 :!!l F because it is u lngieul way 1\11'sd~l1tilk ideils III develop.

F, Nllll~ lll' th~s~ chuices Ii:> Illy ha~ic \l~WI'1l1l11 \\l1kh IS;l " tl

...~-
l'he mcuniugs Ill: und I'I.lltltil1l\ships between, the ill11l1;I.lpt:o; \If fhcr, th~\lry. law and hypothesis are
very importunt in science. Most scicntist« eng.ogl.l thetr investignti(\l\s with some form lIf
preconceptions ill' hyptlthesl:s (Popper, II)SO), These hypnthesus nre the ici()!1sor educated

!,\lICSSCS Ill' scientists nbout problems ill' Issues ill sclcnce. Or as Ryan lind Aikenheud (Il)l)~) put

S3
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Tho most favoured oplnlon is that theories cnn either be simple or complex, (See Fig. 5). This

position W(\S selected by 7S per cent of puplle, 72 pOI' cent of student teachers and 80 pel' cent of

teachers, This is in contrast to the currently acceptable position which is more inclined towards

the simplicity of theories, This l1ption was selected by 9 per cent of pupils, 7 pCI' cent of student

teachers nnd 20 pel' cent of teachers, One student teacher, supporting the simplicity of theories

viewpoint in the open response (option F), stated that theories should be simple but must 1I, .. not

allow Ior mlslnrcrpretntions • or enormous IlUmbCI' of exceptions", This proposition is justified

when it is noted (hut Rubba'« Model of Selcntlflc Knowledge prefers simplicity of theories

(although not r(.wbidding complex ones) (Rubba and Andersen. (1978), The crlterion for choosing

n theory. according to Rubbn 'lilt! Andersen. is Ihat it would be able to explain the greatest
numhe» \)1' obscrvntlcns with the minimum number of concepts,

It is surprising. and cncotrrnging to note that (lilly 12 per cent of pupils. 7 per cent of student

teachers nnd no teachers regard theories us co!>\plex. What nrc the views of some respondents

who see theories in science us complex'? One Pllpll believes ".. .sclence is simple. but the theories
(although stated simply) nrc actually complex". This c~'llainly ralses concern if pupils begin to

sec the form or theories as complex, A student teacher who doubted the simplicity of all theories
wrote ".. .some theories ure simple. others arlo!more difflcult". lie ccrtainly has a point. It is

•
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4,7 THE COMPLEXITY OF THEORIES

Table 8: Respondents' opinions about the structure of good theories

_--

P ST T ~·{I

9 7 20
:\.1 57 SO
41 15 30

() 7 (J

6 () 0

4 14 0

Good scientific thcorlcs explain observntlous well. But good theories lire nlso Shll!IIC
rather than complex,

What do you think?

/\. Good theories nrc simple. lhc best language to use ls simple, short, direct language,

B. It depends on how deeply you want to get into the explanation. /\ good theory CUll
explnln something either in a simple way or in n complex way,

c. Good theories cnn be complex, hut they must be trunslnted into .:!mple language if
they nrc going 10 be used. ..

D. Theories arc usually complex. Some things cannot be $implificd If II lot 01'details nrc
involved.

H. Most good theories lire complex. This is because science is complex and dlfflcult to
understllnd.

1". None of these chotccs fits my basic viewpoint which is ..

Scientific knowledge is II product of human imagination and expresses the creativity of scientists.

According to Rubba and Andersen (1978), although scientific knowledge tends towards

simplicity, it CUll at times be complex. It is also comprehensive instead of being specific with

effort being made to develop a minimum number of concepts to explain the greatest number of

observations. Where there are two theories thnt equally cYl,lnln UI1 observation, the current

practice of scientists is to choose the simpler of the two (Rubba and A.' .1, (978). As

Lederman and Zeidler (1987) noted in support, scientific knowledge attempts to achieve
accurncy and simplicity of explanation as opposed to complexity.

What do respondent» think about the structure ol' theories'? Three positions are embraced by the

options in this item:
a) Theories are simple (option A).
b) Theories an' complex. (options 1) and E),

c) Theories CUll be either simple or c' mplex (options Band C),
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Option A is a falsiflcationist position, in which science is seen to progress oy disproving the

scientific theories of the past. This position was held by 60 per cent of the pupils, 64 per cent of

student teachers. and 45 per cent of teachers. Even though a large percentage of student teachers

selected the fhlslficationist position, some were aware of the difficulties inherent in the

falsiftcntionist process as discussed by Lakatos (1970). For example, a student teacher wrotc, "I

would combine A and B and include the fact that theories might not be disproved but rather

modified in the light of new research",

Options C and D maintain scientific knowledge may appear to change for a variety of reasons:

Option C suggests changes in interpretation or application of old facts. while option D suggests

new information is added to the old knowledge as reasons for the changes. (See Table 7).

Position D is an out-dated view which sees knowledge accumulation as the essence of the
scientific process, While option C runs counter to the view that observation !:; theory-laden (Ryan

and Aikenhead, 1992). Both positions seem to have receh ed little support from teachers and

student teachers. However, about a quarter of the pupils seem to share the view that although

scientific knowledge docs not change, it may appear to change due to new knowledge being

added to it or to different interpretation. It is disturbing that so many pupils believe that

knowledge from scientific investigations does not change with time.

An adequate conceptlon of the tentative nature of scientific knowledge has been regarded by

some researchers as the "primary attribute of scientific knowledge" (Lederman and O'Malley,

1990), and also as an important goal of science education (Cotham nnd Smith. (981). Clearly,

while the vast majority of respondents held acceptable views about scientific knowledge being

provisional. these results seem to suggest thtH only the minority have ideas corresponding to

current views about how scientific knowledge changes,
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5.1.3 PL)injollunlrc _lldmlnlstl'!t!llIA

As explained on p:lge 3,1, two procedures were used to ndmlnlstee the oplmonnatrc, In retrospect,
the procedure should have been more rlgorous. All teachers should have completed the
oplulonnnlrc in the presence or the researehcr, thus ensuring unlformtty in the administration
procedure. Whil~l it Is sll'~mgl>' believed that there was no collusion in the answering of the
oplnlonnalre, thls cannot he !\uarrmtet:d. \s n result, the validity of the results may have been
compromised.

5.2 SUMMA 11t (W TIm MAIN FINDINGS

Five key areas within the nature Ilf'scicnce were explored in this rcsenreh, These were: ddlning

science. knowledge generatioll. assumptiolls underl.ying sl!ientillc knowledge, conceptnul

inventions. and V(liues in the rmll.:tkc of sl;iellce.

In udditiOtl to a sUlllmary of the main views of'rcS(l(lI1UeIllS 011 items in these five areas. an

l\t\empt will he ninde m ~Y(\lunte the adequacy (if such views when compared to those expressed
hy supporters of thc "new" philoSlll}hy of science, The criteria Ibr measuring adl!qu(lcy prt.lSi.mts

some inherent problerns, Vnricus eriteriu have been used ill mcmi\lrin~ re~iIll1Ildents' vic\'Vs of the
nuture otsclence, Cotham and Smith (1981) used the tentatlve nnture ef'sclenee (IS the ha~]is fhr
usscsslng adequacy. Ryan nll~lAlkeuhend (I (}I)~) tll.:tcrmincd adequocy Ill' eonecptlons in terms of'
how respondents thred eu each item. Similllrly, ill this stully thl.)udcqum:y \II' respondents' views
is deterl\\inc~1 in terms uf' how respondents lured ill each Ill'thl,) live ke~ nreas, Views lire judged
IlHudequnte if c\lI\wmJl\lI'm'~' per-pcctlves an: SCII~ctcd h~' n lurge Il\aj\\rity (1(' eaeh sample.

It is evldent thnt n':slMHll.!l1b tin not have a well dell ned meaning til' hdclWI.}, 'lhe content-
oriented and I'WI.!t.:~,~ aflpr\l(\ehe~1 were ~1\~h:l.!tl.ldh~ more than tWlh,hinb Ill' I'U[1i1~ amI tcadler~,
lhls l'lIt', their \'ilmpuillb ill line with p\l~ili\'h.tie thinking w .• '~hsec'. ',l!iI.lm:e ae, u budy IIftilclli.
Ahout one-third III' student tcm:llt.lr~ ~,CCIllttl have ueceptublc pcrcl!l'lh\l\~ III what ~•clenec is: a

slll:ii\lI~ eonstructcd human :Ii.:tivit> urit:ntcd {\l\\;IIW, lllldcr~tilllliing lind e\I'lainill~\ the world,



11

them \V(1" subtle. It W(1S (cit that in sUl.!heases, tim opcil1llti should have eombinod and reworded
hl give respondents a srnnllcr I'Illlgc (If llptlllllf> whi..:h were ch:url,Y tliftbrcnt,

Tim Instrument, [IS noted by Aikenhcad, Ryan atlll I" ,autcls (l98'», WlIS based on the empirical
data of students. rather thun on the philosophical stcnces of ~,dence educators. Titus. althuugh 11

wide sample of student views were ohtained, thu t.:(llltcm{lllwfY perspectives were linen missing
from the option!>. ('\w example. the dctinitioll!l (If science Ih1l11 II multh:ultural viewpoint !lnd un
optioll linking the three aspects (If st:icllce were nut indutll'tl ill item 4.1. In retrospect it is
believed that the current views ahout the nature tlt'1I.;il.'l1l:l.' ,'.hlHlltl have been Included in tho
(lptiOll~i of each item.

Two other issues \\lhi~h relate !I) the content of lhl.l item .. were (111mlilunt! to he prohlematlc. The

III'st [lrtlblcm is Ihm of having a stern sentence with II vlewpolnt with whtch rcspoudeuts could
stl'Ongly ngrce or vigorously disagree. Although fCSI)llJll\cnhl were iustructcd thut they might
agree or liHugl'ce with the smted views in the stem sentence, it is natum! lor rcspcndcuts to he
hiascd hy It stem sentence which may he correct or lneorrect, A rcasenuble alternative would
have been to rcwllnl all Ihe stem sentences Sll that thl.lYwere neutral, A spccilil! example: of this
pnlblem is Hlund in item 4.2. the stern sentence of which affirms there is one scienlific method
nnd requests resptllldcnt~, to idemify the licicntifl~ method from the upti(11\'l. Although scil.!l1tHic

literature iudlcntes there is no sueh thin~ U!l "the" M.!ienttllc method. the numre ofthe stem
statement ls quite misleading oml Is likely to hins \11' contuse respondents into believing there is
one sclcntillc method 0 "the" setentiflc method,

The reseurcher hclh,wcs that ill relation to the nbovo problems, a rcwlmHn!t tIl' the items would
h.w,\ impw\'ed the quality and rl.'!iahility of the ithtflllllcnl. In uddltinn, IltCHC prohlems could
have been addressed hy pil\\tilll~ the instrllllH:nt a lew 111\1[(;tlml..'~'with dill\1rellt !iaml)h:~. ami
intervhlWil1~\ selected rt.:hp\)l\dcnt~ ill nhlr~dl.'pth hclilr~ Iltc llnul miminhtmlillll of the
tnsmuncnt, Illitmlly the n:!\\:;lrdlel' W(lS1l\\a>l:tl hy tltt: tremendous time ami rigi\ur put illt\) the
tll.lvdlljlnwnt of the lnstrumeut (Aik~·nhl.lad and R~an. lIN:!}, Hnti the Iwed til maintain the
\nlidity (It'tll\! lnsrnunent, In rclfl1!'llCCI, illlli1d1t haw been uppnlrwiatc not hI 1l1\lllily the
Ilxh.tinp. ill,.trutncnt hilt mthl!l' 1(\ dt:!lillll it new ilhlrUlllcnt 11l1I!'cly' lilll,ell !I\ V( IS'1 S hill Inillln.:"
til the :,pcl.:if1\) lIeclh I'f the parlidpanl!' in thb I~"'~'arl'h,
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CHAPTER 5
CONCl.USION

This concluding c1mptcr includes n critique) of Iho ,IIllldy. llIal a summary nnd discussion of the
rnajor findings. rtinnlly. (he implications of the stud)' and recorumendarlons for selenee education
in St'luth Afl'ic(1.nrc cousidered.

5.1 CRl'rlQtm OF 'flm STtlJ)Y

The research design adopted in this htlle.!) seems til be the most oPllroprinte given the time

eenstralnts within whieh the research was to be completed. The study attempted tll explerc the
views of u small sample of pupils und tenehcrs M the Hullil.lct.It b believed thnt u large
rnndomly selected sample was innl'Pwprilltr.: I'M such un initial stUll,.. I luwever, the nature \}f tlre
sample docs limit the gcnel'Ulisability of the results. It is hoped tim! the datn provided will allow
the render tu determine the trn(lsfcmbility of the il\l'ormUlillll (Lincoln und Ouhn. 1(85).

Thu udminhitmtioll of the instrument tint! the (IIlUIVI.h; (II' the datn revealed seveml pmhlclIlH with
the stn.~turc und content lIt'the Instrument. Tlu,)fil.)prllhlclllS t1ccum.:d despite tile tremendous
crlbrt put into the l'iLwmm. dCV\11\lpIttI:1l1 til' thl.! ifl~!I'unj(..nt by Aikemltcud amI R>'1II1 (19lJ2) lind
the subsequent Ilwdilit:ati\lI\ IW the rl.;~l:(\rchcl'.

The jm1hlems that \\erl: HS:.i\~iillCd with thl: structure tll'tlw \lpinit1llnain,' had til lit) 1I1(linly with
the stem ~.\ntl:nWnh ami the 'll,tit11l'i prov ideu. Thl.) structure \11' SI1\lW iMHS \\\I~icomplex and may
have Ctllllll!1cd \)1' intimitlatcd the 1\~:il'lll'd~llt~. 1'111'exumple, item 4J hil~ a '.lem stutemcnt pili'!
IlIn.·1,) \I[1thlll'i 1I1111l\\\ ...d by lInllllwl' !.Iill~nhmt lIthl 1"111 lI\IIn,' III'IIOU." (''''~dy related til thiN
1'l"Ilhlcl1\ b' that !,'\'l'tain itemx lnul tllll lllany Ilpti~\!J~ III' IIptllllW \\1\11.:11 were 'i"l\Il:timcs 1011

similnr, hlr example, 1'1'111111:.l' ,11111n In item 4.8 \WI\, 'iIi s!ltlillV' that the d".tin~lh'll between
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it ~clcntisl will think ill his :.dClllilic manner 110muuer where he i!i. (lnJ tlcsilitc the pOliliclIl !.i(unlion lind
environment.

Tho apprceintlon by the majority of pupils, student teachers nnd teachers tlU\( scientists 01'0

in(1ucnccd by politics is (\ favourable rccognltion of scientists as members of tile community. and
whose nctivity call he influenced by the social nnd political milieu.
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Options A to [) clearly represent ncceptnble views llf how politics affect scientists, A greater

percen -we of I>tudcllt teachers and teaclrers than :'ill)ils S(;CIll to he UWiII'e of how polltlcs alleet
sciellti~ts in S~Mh Afrlcn (Fig II). ('\ilIa 'Iy. thl.» were much more aware of Irow government

llmding determined and directed research. ,'.s one teacher notedt "... if it scientist is employed by

a governmental dcpartmenr, funding directs his/her work".

On the politicu! level. respondents were nwarc that governrncnt pnlieles clluld allcet thu values

()f the scientist and causa negative reactlons, A .• odem rencher noted,

nc!~alhc pnlHical lltlh'llY eun cause u 'hr;1I11Illain' til' HilmI )'~Icn\t~.l',. ~lm~'~IJUCllllyrubhill!, the 1iCiCllIil1c
!:llIl1llumily \11' ~i[\llIlkant cnlllrihu!\Im In !.\:I~II(lnt:dC\l~IHflIllCIH

A PUI,iI'l\ltct! the politit.mlly sensitive nuturc of eertnln scientists work nnll {cit thut government

ccnsorship could restrain their th:euOIIl to disscminatl! inlbrnHlti\1Il frcely. He said that

'cicnthts are Illl"~tcl] h~ pnlilic(I. flClh"p'l hC'Jm~(lllhh~:iIIhlY or 1Il1lY11th nllew ccrtam t!leW out due In

JlullU~ul itnl'hcali\III'1

'llle o})posinf~ vh.)wp ,jilt that scientist'; nrc nlll affected by Suuth AIHcan polhh.:s (optiuns E and

[I) elicited responses fj'l)m IlUpilll and tcul:hcm hut no: trem student reachers. A small pcrccnlll8c
of 1)IIl,ils and teachers ({) per cent end I () per cent respectively) fI!lt the nature of scientists' wurk

prevented them from Inking to p01itkti and then:l\lfe hec\lminp; nfli:clcd. Thb; view (lossihly
SUPIHlrts the discarded k(Cfelltyped ilnng«: (11' the licicnliNt who hi selin us a "wllrkalwlh.:" tied to

the Iilhllfal(\I~. Ol'tiilll ii, ticketed hy }I) pCI' cent ill' pupil", hi ~quall>' u ntlstakeu imuf.!,11 \If thu
~dclltisl \"hid! \HI\11tllu\\e heeu "PIWllllrimc (\If a \ml~rcl\t perlod in hi~h\l~ (Ouuld. 11)8~).

(teHerall,', the stmknt ti!,lcl\l,:r~ lind li!.wilt:rs SCi!ll\ hI have a better \1I\(lcr.,t"n~ ing ut'the influence

III' Pilliticf' 111\iicillnth,{'1 than thi! I'll P ill. , I hi~ h Il\lt ·.lIrpl'i'1illl' !.incl.I a .. (\l!U(tS they' pnlhahly III\\c

II hmel' (iPfll'ccintion III' the hi~ltlrildal ,~ilUathlll in SllIlIh Africa and il!. ~~lIccb 1111 thl' ~\\l!ial and

l'I'litit:al lite. A lll1twrily \I!' P\lllih rile! ',ciellli',h arc 11\11 IIltc\;!cd h~ !111!ttk:i, ,\1. \1!I1l I'"pit
CII\II\C\llHlly IlIltell,
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Fig. II conveys the answers selected by the respondents catcgorlzed into these IWt) positions.

Clearly. tho nlltiority of "eSpOl1dcllts sided with the view that politic!; affects scientists (options A.

to D) which t1ts the eonrempomry views of science,

Hmvcvcr. diHcrent reasolls were selected lhr that vlewpolnt, A. fairly large pereemnge of
respondents (36 pi'r cent of' pupils: ()$ pCI' cent 1'1' student tem:hers and 60 per cent of teachers)

selected optlon B. which saw the influence occurring thf()ll~h both gcveuunent funding and its
research policy. This viewpoint is sUPPllrlell hy Reiss (191m. lle hclieves that in n society with
Iimitel) Ilnancinl rl!s\)urc~'~i, the chuicc (\1' whut til work \11\ ie; not determlncd sill Illy hy sclentlfle

eriterln, biu tl' u lnrge extent hy the }lIllich.'s Ill' the ~\\\Vcrnmcllt of the dny uml tim prlorltles of
lill\din~~ 111,t1h:s.

120 RESPONDEWTG

1m PUPILS (n,",,7)

• IlTUI)CN1''Tl''AClICAS (n-1>1)

III1R "fl"ACHER:I (11"20)

('1'11\111A. whkh 1.!\lIl1clllls thnt the inllucnc.:e h cxertcd thfllugh k\1l\\.\rnmclll Iilmling. \\lW tho
chllice of between 1 per t.:CIlI lIud I;' per cent Ill' pllpi).; ami student tCill.lhers. Options t,' lind D

IilClIS 1111the human \\',pcct}i III' !1dcllti~ts. their links w ill! 'illc.:icty and theh' re~lp\lllsihilit> toward
~i\ll:ict~, I hc~c t\\II 1)\\..itil\n~ were favoured hy ,\ llllni \11'1S per cent til' pupib, :!S !ler cent (If

siudent teacher», mid :;<; 1'1:1'I.:cnt Ill'tllndll:rs,

100

eo

I00

<10
1ft

20

J.'lgul'c 11: PUlllIs' !lIItl teachers' views Oil how I,olitlcs nffcets
scientists
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methods were employed. scientlsts were committed to principles that ensured that falsehood was

not substituted for truth. SOIlW of these principles constituted the sclentifle attitude (Gauld,
1(82).

4.13: N>UTICS AND SClENCI~

Tnble 14: Respondents' views 011 thl! effccts of polltlea 011 scientists

U,t",J.~.;'
1<; 1 II

l) 1.1 2S

(, 14 n

'J (I In

1'1 II tI

(, (J ~

l'olllles In South Africa AIfI!Cl~South MrlcRI! !d~IlU'I\. beeRlIs~ Rd~II(I!18 Kre very IIlllth II lIaf( of
lite 50rlety (IIIR( IN. srlenlislJ .rc 1I0(l,oJIIWI frolll slleWy).
What 110~'Oll Ihlnk?

SciclllM~ AIUi ullcctcd hy S!1ulh Alfie'lII I't.lilh:~

II b~mll)c nmll,lng hlr 8clcm;c ~IHIIC"1I\(llnly IWIl\ the 1\IWCnnncnt \\htch ~!1ll1flllqlhe W(lYUle nllJll~Y Is
;pcnt Sdcl\u,ts S\)l\\ctlmC3 huvll II' I,lbby hlf Iml!J,

II hc~au'ic £,llvclOllIcnlS n~t lInly give muncy lilr re~~.u~h. Ulcy IIbl~ set p~l(cy r~ll,lflllllllllew
!lcw!llllttlCnt~, Iliis Pll"~Y dlr~tlll' aUcel, Iho Iyro III pll'I'I:I~S~I~lllbl'l Will wLllk un.

l' hecauso SdClIlIIIS uro rurt ()fSll~lcty {lnl! nte nn~c(cdlike evcl}onc else.

It hecause scientists try III help suctety nnd thus they aro ~llIscly lied 10 r.~cICIY,

Sclcnti\l~ UfU Nor lltrcCtcd by Suuth i\lri~un Jl"Hllc~

I' hc~nllse the nature (If a ,wlcnlilt'" \\1111. II(CHIll'1 the "clem!>t fWIIl hCC\1I1Ihlf\ hwolvcd pl1Hlically.

t: hc~n\l5c sclcntjo,I9 nro i~lIlatcd Ihllll ,lIclcty; their work rCCllivC9Ilu l'uhliG mcdl~ nllcntiun unlc"y Ule>,
make !iIlCCIUCul,lr lliMCllVCCY

(i NUllC ilt'lhclQ ~ll(Ilccs 1119illY basl~ vlcwf111l1l1 \~hldl Is

('hlU'l\I!\crilutiolts (If sch.mtbb ill thl.) past have often provided sten:lllypcd images of them (lS

huin~ \lccl11y involved in their WI1I1., ami with Ill) llthl.:r sllcinl conecrns (<iuuld. 198:2).
C\llHCllll1orUlOYviews ot' science ad,lI()wklh~c its humnn dlmenxion« ami sec scientist!> liS pCllph:
Wl\I\ arc \lqually utlected hy Ihl! SIl~lill ami political lilc urouud them (Schihcei. 1986).

Does pl\liti~s alli:ct ~'l1llth Ali'iean "cicnli:M! 1\\11 IIpl't)!;in!:" vi\lwfll\ints were embraced hy thl.!

\IPlilll\~:

al Sci~ntiHtHnrc aftbc.:tt.:d h~' politics (111lti11tlS i\ to 1»,
\I) Sdcntists arc 1\\lt affected h~ politics (llpthll\S H ami Fl.
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itt Ryan and Aikenhead, 19(2) reported that most credible scientists operated with values

assoclntcd with privnte science. While "mediocre scientists" rather exhibit the scientific attitude.

Is the seientiflc attitude needed for doing the best science? What arc the views of pupils. student

teachers and teachers'! Three perspectives were considered in this item:

a) The best scientists display CCI'tnin characteristics (optlons A, B and C).

b) The best scientists do nor necessarily display thC80 churocteristics (options D and m,
c) The best scientists do not display these characterlstlcs (option (I).

Research evidence seems to support muny 01' the options thut nrc in Table 13. Tho best s0ielltist:,

do displny these characteristics in public setenee, (option A amI (') but the view expressed in

option B may be seen as naive. The abundance of such characlcristir:s do not make you u better

scientist. The views in the other optlous, while generally acceptable. call be debated.

Tho general tndlcntion among tlte three snmples is in affirming the necessity of scientific £Iltitudc

for dolug "best sclencc". A 1I11'gopercentage of student teachers and teachers seem to believe that
nddltlonal persollal tri\i~s arc lIecesslU'y to become good scientist (option C), The student teachers
in this item seem to portray censlstent views about the saientinc attitude us they expressed for

tho sctentille metltod.

The display of the scientific nttitude is considered to make sc:ielltilic knowledge objective
(Zlmon. (1)78). Popper (1980) considers sr:ientilk Immvh:dge O()jcclive lf it cnn be tested against

accepted observations (lml hl.l understood lW 'lI\~hlldy. By solecling 1l(lU11ll ('. 1\ majurity of
tcspondcnts seem HI hint at the notlou M nl1iectivil), in seicntil1c bchnvtcur. Current vlcws about
sdl.llltili1,' knuw ledge sug!wst it IS Imcially consnucted anti thl.lrclbn: relies (Ill the "subjective

hunches" III' individual ~cicnli1tts in tlu:ir ClllSel!i to provide the needed breakth.ough. However,

c,lllsbilcm:y \11\1>' makes the nbSCI'vatinl1s \,bjectivo hut not valid (Ziman. (1178).

The optlun thllt the hest scientists du nut dis"",) these chnmctcrlstlcs Ill' that they arc I.'lt

imporlunt {(If dlling gum! hcicncl! Wils selected hy a ,>mall IWI'Celllh!1CIII' pupils und teachers and

nu student lcachcrs. Schmtists !_',c.mclaHy (hI display these ClllU'uclt'l'istics CSPOCi(lUy in puhlic
\,cicncc (RYlln lind Aikenhend, I (It):'.). I he: l\n:at l1trid\!!, \II' SCiCllCI! across hblllty carno because

f,eh.mtists s\l\l~'.ht "fit!!' knowledge lI\licctivcly, :\., <iauld (\lnl;!) observed, ulthuugh vurious



'I'able 1.3: Respondents' views on human qualities necessary fOl' doing science
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Il sr I1.~
13 () io

8 () ()

16 57 55

13 7 tn

17 21) ::1

II tl 5

:\ 7 ()

The best sClcntists nrc "Iways very OPCIl'lIIllHlcd, (oglcRI antl unhlased III theIr work,
These personal cbllrnctcrlstlcs lire nC4'd~d for doing the best scleuce,

Whnt do YOII Ibllll,"

A. I h~ hcst hclcnlisls \.lispll1~'these chnrncteristles uthcrwisc science will sufler.

n. The best scientists display these ch!\ra~tcrislics because the 1111lrllur these characteristics
yllll have. the better you'll dl! tit science,

('. These chnractcrhaics nrc not C1I\)u!'.h.The hes! scientists also need (lther persoual tl'llit~·
such URilllllginhtinll. illldHr,CllCC lind hUllesty,

rh~ best !,ci~nlists do NOT ncccshaJ'ily disl'hl>' these personnl charll~tcri~lics:

I), llccauS\' the best scientists someumes become so deeply lnvn'ved, itltorcstcu or Imlncd In
their ficld. that th~y ~1l11he clos~·ll1ind~d. hillSCtl, atlll not ulwnys I\.lgical in thclr work.

E, hCI:.<u~e it u,"pcnds Oil thl: individual scicmht. i;llme good scicnU~ts nrc nil~aj'H open-
Il':II.lcd. IO!',I~nl.etc. in their work, \lllIle lither good scientists ean beccme closc·m!tlllcd,
biased. etc, In Hletr work,

I:, The best Hcicnli~ts uu NO I' dibpltlv these pmunal dwntc!c:risll.:s env more tJUIIl the
(\Vera!',e scientist. Ihcse ~haraeteri;lI~s nrc NO I' nc~csslley (ilr dlling'l'O!lli selcnec.

(I, N!ln~ (\1' these chotces !ils my basic vicwI1uinl which i';"" '''' "...."

In tbo constl'llction of scientific knowledge, values ploy nil essentlal role (Longino, 1(83).

Longino distinguishes between two of such values. Firstly. the "constitutive vnlucs" which arc
setcuce disciplino centred, nnd include being open-mlndcd, logienl and unblascd. These values

hove also been labelled us the scicutiflc nUitudo (Oauld. 1982; Shrlgiey, Koballa and Slmpson,

I(88). Secondly, "contextual values'' nrc thmtght of as extemnl to the discipline of science. and

lnclude clhh:al. ldeologtcal, lInu cultural values (l.ongluo, 1983). Bller (1988. cited in RYnI\ and

Aikcnhlilld. 1()<)2) supports l.ongtno and has included gender (IS an additional contextual value,

In the prnetisc of scleuce, 11(11(01\(I I) JR. elrcd in Ryan und Aikl.lllhcac1. 11)9~) notes that two

~\IIltI'{lslil1~l,Iorms \11' behaviour patterns arc I.:xhihitt.:d b;.' sdelltis(s, In public science, which is

the selence (Imt is communlcnted 10 the public throUllh textbooks, [ournuls and conlcrcuce
PI'\\cl:cdings. the xcientlfle attitude or conxtltutive values arc prcdominuutly demonstrated. In
cllntrllllt. private scieneo is what \l~CUl'S in Inborntllril:s and is discussed in eouversatlons,

tlllteh(lllk!1 and Pt.lfSlllIlIl 11:((1)1." (Milflln: 11)7,1. citud ill Rynn and Aihullhuml. 19\);:n. Mn:;t "nun it
is i\S!i\\eiutl:d with Hul1jl)ctivil:,:. CltlScd mlndedness nnd Ilias, hlch .tspect \If sclencc (puhlilJ or

prlvute) tun> therefore involve \l\11I1J~ctllltrallictlll'> \\1 the sdl'ntilil.: uttltudc. Mitroff (1914, cited
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The instrumentalist position was embraced by the vast majority of respondents. This seems to

suggest respondents that have a better llnderstal~(:I~::.; of the mun-madc nature of scientific

clnssiflcation than of rnodels, A possible explanation for this is that the standard textbook (Horn,

Brink and Jones, 1986) in use ill many schools traces the historical development of the periodic

table, Ac a result of this. respondents were possibly aware of the various schemes proposed ulltil

the accoprance of the ideas 01' Mendcleev (1834.1907),

Another contributory factor may be the inclusion of the: principles of classiflcation ill the General

Science svllabus at the SId 5 level (McCarthy. 1994). Although the importance. history. and

nature of various classification systems nrc not addressed at 11 higher level (McCarthy. 1994), it

might be that this early exposure is sufficient to develop sound understandings ot'the man-made

nature of the clnssiflcation systems. Equally important as an additional factor, is the everyday
exposure to tho lise nndzor design of simple clnsslflcntlons systems (e,g. for stamps and groceries

in supermarkets).

The impreciseness of scicntitic schemes, an impression possibly obtnlned from the classroom,

was articulated by n pupil who wrote ".. ,We don't know the wny nature really is and therefore

we can only classify the chamctcrlstics'',

120 RESPONDENTS
1m PUPILS (n"47)

• STlJOENTTEACBflFlS(n"'4)

mll~T~OHEAS (nMlIO)

100

00

CltIIIllitlIIllon. 1\16hUm(\lIlnVllnUona
C)llIlIlIIclIUnns mllieh r.lIl11y

l"I~ItI'C HI: Pupils' nut! teachers' views nhllllt elnsslllcatlon schemes
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The instrumentalist position was embraced by the vast mujority or respondents. This seems to

suggest respondents that have a better understanding of the mun-made nature ofscientiflc

classification than of models. A possible explanation for this is that the standard textbook (Horn,

Brink and Jones, 1986) ill use in mUIlY schools truces the historlcnl development of the periodic

table. As 11 result of this, respondents were possibly aware of the various schemes proposed until

the acceptance of the ideas of Mendeleev (1834·1907).

Another contributory factor may be the inclusion of' the principles of classiflcntlon ill the General

Science syllabus at the Std 5 level (McCarthy. (994). Although the importance. history. and

nature of various classification systems nrc not addressed at u higher level (McCarthy, 19(4), it
might be thnt this early exposure is suf11ciel\t to develop sound understandings of the man-made

IlntUl'e of the classification systems. Equully important as an additional factor. is the everyday

exposure to the U1>C and/or design of simple classifications systems (e.g, for stomps and groceries

in supermarkets).

The impreciseness of scientific schemes. on impression possibl)1 obtained from the 0ln85ro0111,

was aniculated by a pupil who wrote " ...We don't know the way nature really is and therefore

we can only classify the characteristics",

120 RE:SPONOENTS
1m r'UPILS (n-47)

100 • S'NDl]N1'TEAOHEI1S (n.. !.I\

00
HlllD TUACIi:ilf11l (n-llO)

~

~

150
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o
Cltll$lflClltluns are human InvenUon.

ClnulllCtlUonc n'I$lc11rMllly

Figure H); Puptls' and tCl\C!tCI'S' views about clllssilicntion schemes



it is always the mediated view of reality that constitutes scientific knowledge. 011the basis of
their argument, models of Deoxyribonucleic acid (DNA), the atom, etc. should all be seen as
mediated view of reality and therefore as invented.

4.11 CLASSIFICATION SCHEMES

Table 12: Respondents' views on classification schemes

"-~======='==:==========;I
When scientists classify SOlllt,thlng (for example. n phlllt n~cordillg til Its spcdcs, nil
clement Recording to th~ periudlc bible, cnel'gy according to Its souree, or 11SllIl'
according to Its ~Ize), scientists AI'O clnsslfylng nature Recording to 111(:Wily lIalurl: (!!ally
Is; nny other wny would sllllply br wrong.

WhAt do you think?
(l ST T °h

6 0 0 A, Clnsslflcntions match the wny nature really is, since scientists have proven them over
many years of work

13 7 10 13. Clnssifications match the wny nature really Is. since scientists use observable
chnmctcristics when they classify.

62 79 70 C. There arc many ways to clnssify nature. but agreeing on one unlversol system nllows
SCientists to avoid confusfon in their work.

17 14 20 O. There could be olher correct ways to CllIssHt nature, because science is liable to change
and now discoveries may lead to dit1crcnt c asslflcatlons,

2 0 0 t~1 None of these choices !lIS my bnsic viewpoint which 18................. ..
The current view among scientists is that which supports the epistemological nature of
clnsslflcatlon schemes (Ryen and Alkenhend, 1992). This view recognises the man-made and
provisional nature of scientific schemes, and acknowledges the role of community sanctions
which encourage one form of the scheme (Ziman, 1984). Option C, therefore represents the
current view of most scientists 01\ clnsslflentlon schemes (Ryan and Alkenhend, (992). However.
option D is also considered acceptable.

What are respondents' views about classification? (Sec Table (2). Two perspectives nrc
considered in this item:

u) Classification schemes match reality (the ontological position) (optlons A and 13).
b) Classification schemes arc human inventions (epistemological perspective) (options C and D).

62



3. When scientists Investigate, It 18said that they follow the scientific method.
Tha scientific:; method Is:

(F>lease read A to J, and then cheese ONe.)

A. tl1e laboratory procedures or techniques. which arc often written In a science book
or journal by a sCientist.

S recording your results carefully.

C. controlling experimontal variables carefully. lenving no room for Interpretation.

D. 'lasting and retesting· proving somothlng true or false In a valid way.

e. the identification of a problem, offering (1 hypothesis. and conducting an experiment
to prove It wIth a conclusion.

F. a logical and widely accepted approach to problem solving.

G. an attitude that guides SCientists in their work.

Considering what scientists actually do, there is no such thing as lithe scientifio
methcd'',

J. None oj these ehelces fits my baslc viewpoint which Is
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2. When a new scientific theory Is proposed, scientists must docldG whether to
accopt It or not. Scientists make this dachslon by consensus; that 18,
profJosers of the theory must eenvtnce a large majority of follow Balantlsia to
believe the now theory.

What do you think? (Please read from A to G, and then ehcoae ONe.)

Scientists who propose a theory must conviw:a other scientists:

A. by showing them conclusive evidence that proves the theory true.

S. because a theory is useful to sclllmce only when most believe the theory.

C. because when a number of scientists discuss a theory and Its new Ideas, sCientists
ara likely to revise or update the theory, In short. by reaching a consensus, scientists
make the theory mora accurate,

Scientists who propose a theol), do not have to convince other scientists:

D. because the supporting evidence speaks for itself.

e. betiEluse individual scientists will decide for themselves whether to Ilse a theory or
not.

F, because an individual sCientist ean apply a ,Mary as long as the theory explaIns
results and I~ useful, no matter what other scientists bolievo.

G. None of those chOices fits my baste viewpoint which Is
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1. Defining science Ie dlffloult bOeDUS\) aclence Is complex and does many
things. But science IImaInly:

A. a stl.ldy of fields such as biology, chemistry and physicS.

a, a body of knowledge, such as principles, laws and tMor/es, which explains the world
around us (matter, energy and life).

C, carrying out experiments to solve problems of interest abc",1 tho world around us.

D. Inventing or designing things (for example, mt!ieial hearts. computers, space
vehicles).

e. finding and usIng knowledge to make n1iS world a better place to live In (for
example. curing diseases, solving nolllltion problems ane! improvll19 agriculture.

F, a way of lxplorlng the Imknown and dlscovoring new things about our world and
universe and how they wori"

G. a human activity oriented towards explaining and understanding the world.

H. None of these choices fits my baSic viewpoint whieh Is



PUPIl.S' OlllNIONNAUm

VIEWS AB()lJ'r THE NATURE OF' SCIENCE.

I--------------------------.---------------,~-----------------------IThank yeu for participating in thiD survey, Rosearch hem shown thot teaehors have
various views abOut seenco.

The mm t)( thiS questionnaire IS explore your boliofo nnd VIOWt3 about sclonco, t>or
thiS reason It wemld bo greatly appreciated If you would answer the quostlons In lJ
frank manner.

There ore no right or wrong onswors nod you may reman anonymous,

lNSTRlJCTIONS

e'tCh multlpl$·chOlce ({'.Ie.bon begll1s with a statement abr.M a sclence topic Most i,)f
these slatements express an extromc view on the toplO, You may either agMIi>
stronrt'y witl1 thIs View, disagrelo! viRowlISly. or your own position may be. in belween
the two

Next. {hef\! litoa list of choices on the Issue. Choose !W,t;. of these posllton., BUT
ONLY ONe" the one thl'lt C!.ll1leS s;r9~!t to your par,onal view or belief,

E!very tlu$slion onds wilh thl. chofer,t "NemQof these chalc\'l' fit my basic vi0wpolnt
whlel, i!i"," This choice should only b~ used when none of lh~ other cllolee~ comea
01011 to your own bell elf. If you select nus opllon. you MWS:r, writ!! your vlowpolnt III
tho space provld'ld,

Answer every question by drawing a CIrcle around the !eU"r of YOUI'choice e.g.
QUi\llStion 1 A~---*_...- ~I"""' ...... -· ~I. •• ....I._·........__ ~

PERSONAl. OErAIL.S.

Which of these oubJoctG (10 you tako at prooont? Plaeo Q tick (,I) in tho
oppmprlGte bO)(09,
( 1 Physical $clol,eo [ 1GOfJ(1raphy,

[ 1MQU1onw~jc!J. [ 1 minlogy,
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4. POMPt!lJ;lttlElIinvMtlons,.

a} ObSGM.ltlons ore made using the senees. What an obselver 'sees' depends In part on what
Is rallllly there and In part on th~ observer's past experience, knowledgC1 and expectations.
Obliervatlons llre thaory-dependel'lt and therefore subJective.

b) Focts are singular observations which are also theory-dependent.

Cl Hypotheses a~e the Ideas, or educated guesses of sclentiqta about prnblems or Isslies in
setance, Hypotheses also eonstituto very tentative explorations or descriptions that 9111do
Invostlgatlons,

el) Laws are gl!!nersl statements (generalisations) that enjoy a high degree of scientific
confldencl), Thuy describe relationships between events of which universal agreement can
be obtain'};),

0) Theories era propositions which are devised to explain observations. facls and laws, Md
to make predictions, iheorles give a sense of understanding to the facts and laws they
oxplain (using models or other visual representations In the explanations). A theory ls
paradigm-bound, Eilndmay enjoy a high degree of sClentlflc confidence as long as no other
theury supersl!des It or no paradlgm.chango occurs, It used to be thought thO'll theories wef!!
logically derived from laws. Totltly theories are attributed to Imaginative insights which am
then develop Jd by conscious thought.

.!it!i1t9.Q1h!a_!'~!~MJW.h~con~QllJallovJ!lUQl1L

Statements of facts observed under different conditions but yielding similar reSl'lts may be
coiled a genel~.,llIaUon (law),

A hypotheSis usually guides a scientifiC Investigation. A theory cannot malure ..:;"d beeeme
a law; rEIther, It explains the law. Therefore laws and theories are two dlff('f,' It forms clf
statements,

a ~~.!)a

While Ideally sctentlsts should be objective, OPM minded, scoptical and willing to suspend
judgement If thore Is Insufficient evidence, In roality they may be subjI:Jctivc, dogmatic),
credulous, eto, Scientists may also be Influenced by ethlenl, Ideological and cullural voktos
which me oxternal to tho diSCipline of science,

Dlt(arenc6o In culture among SCientists can lead to dlrr(lfOnees In the produClUonof salentif Q
knowledge,
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APPENlllX 1

The arces of the nature uf science that will he explored are: the mcaning of science, the generation
and namre of scicntitic KIl{lwledgu. conceptual Inventions (theories. laws. ete.), and values in
science,

There is 110 clear-cut, univcmo(f, accepted definition of "science", /\ C\1utcmporaI'Y, all
encompassing view regards sclence as involvlng thl! hlldy of sclentiflc knowledge, science
processes, and the social context of science.

There is Ill) such thing as "th« seiclltilic method". Sch.mtists WIt: allY mcthmlthllt might tlcl
favoumhlo results including the method Ilf IIlHlginatioll and creativity.

Science PI'()CC%CS which lead !\} progrcs'l in science do nut simply iuvolve experlmeumtlou
nnd the systematic nccumulatlon of facts, Each lll11jOl' advance in science alters previously
estnbllshed patterns of refntlonehlps. Tho decisive step leadlug to tho developrncnt of 11
theOlj' is ol\cn hy a leap of imagilllltion, intuition or 1\ flash of lnsnlrarlcn

1'/)0 observations, hypotheses, etc, of Individual scientists do not constllute sclentifio
knowledge, S:JJh idens first have to ee reviewed by peers who eonstltute 'solf appointed
experts' In tho field, Ely means of criticism and further ompirical resoaren, these experts are
able to reach conclusions on the "truth" or otherwise of the concoptual invention. or the
adequacy of such exporimontal procedure, It is this knowledgo ostablished by consensus
among experts in thO flold that constitutos seientific knowledgo. Sclentifle knowledge IS
tllOreforo soclOlIy eonstruct1)d.

3 J~ntU(fl=!lts~f\t;)~!ieknetwIAdU!!"

GClon!lflc knowledge hns tho following cneroetonsues It is

0) amoml Q it cannot be judgod ..3 \jood or bad although tho application of DGlontific knowlodgo
eon 110 judgod as ollch

0) eroonvo 0 It i!\ a product of IhO human mtolloct and omboclloo tl10 ereatlvo eesonec of tho
OClontlhc inqUIry preeosu

c) tontauvo Q eCl0ntlfic knowlodgo can chango Willi limo In hght of now interpretations of
Hnumgo

d) pursnnemeun • It attompt!.' to UCll10VO omlphclty o! oxplanation fnthor than comploxlty
0) te!Jtablo • It is GapablO of !Jolng IODIDe! aOlllnst rohablo OI}()orvDlIono
f) umflod • tho VOfIJUO $CIO;1COScontnbute to a !Jingle 0rgonll',O(j body of knowledgo.

SGlontl~:e Gonotructo ouch ,10 modolO and CIQSGlflGotlon ocnornos. ore not duphealtono of
reollty but rathnr msuuments to OSdlGt 111tho lIndomtandll19 of tlto world.
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Tho pupils and teachers ill this study generally seem to share similar views about the nature of
science. This is perhnps not surprising as Herron (1977) points out that ideas IIbout the nature of
science nrc implicitly convoyed to pupils vla the teachers' classroom behavlour, The views of the
student teachers, on the other hand, are generally more ill line with currently accepted views
about the nature of science. This is probably because they have recently completed a short
course in the philosophy of science. However. despite Ihis course, many students do not seem to
have Ililly grasped or accepted all the current views. One possible reason is perhaps the short
duration of their philosophy of science course.

If pupils ure to be Qcientifical1y Iltcratc, authentic conceptions of tho nature of science must be
conveyed to them (l.edermarr, 1992). Tho curriculum is one of the avenues through which this
can be done. The conceptions of pupils and teachers suggests the need for .1 rc-examinatlon and
possible updnting of curricula of both science teaehers and pupils.

Another possible solution would bo to introc.illt:Cthe nature of science into physical science and
biological science curricula. not Ollly as a defined section, but also as a theme whieh permeates
the entire curriculum and impacts on all the content and the way science is tat'ght in the
classroom. For example, in order address the outdated view that there is one correct scientific
method ('fhc" scientific method). pupils should be exposed to a vnriety of inquiry methods and
bl.lallowed to design their own experiments. It is the researcher'S bolief that this cOllhl enhance
thelr imagtnation and creativity. lind develop more accurate conceptions of scientific methods.

While it is acknowledged that certain soluttons hilVe been generated by this researeh, it is clear
thnt funher teseareh In this aren is needed. This study has Ioeused on schools in the greater
Johannesburg area. An extend ion of Ihe study lnto other regions nnd population groups will hulp
provide a general view of pupils' and teachers' conceptions \,r the nature of science.
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(I) In their choice of definitions of science, both groups were divided over the content nnd

process npproach (Inti Ignored the soclnlaspect of science.
b) Pupils in both groups seem to better nppreclate classlflcatlon schemes (IS human inventions

thnn they did sclcntiflc models,
c) A l\\(\io1'ity of pupils (64 per cent of Cnnadian pupils: nnd OS of pel' cent South Africnn

pupils) expressed u slmplo hierarchical l'clati(mship between hYI1lithcscs. theories ami laws,
d) Only u small pcrcentngc of pupils (2 pel' cent of Cauadfnn pupils: nnd 11 pur cent or South

Ali'ican pupils) chose the option which stated there is really Ill) such thlng as "the" scientlflc
method.

e) The dominant views of both groups of pupils differed on the stntus of sclcntific theories. The
largest pcrcenmge of South African pupils (47 per cent) agreed witl: the ontological
perspective. while 40 pel' eenr of Canadian pupils selected pcsltlcns in between the
untcloglcul nud e tstcmuioglenl viewpoints.

It IS interesting to note thnt Brunkhorst (1987. cited in R)IIll\ und AikcnhemJ. 1(92). ill n
prellmlnury study uslng V()STS. reper« , that Amcrlen» und Cnuadlun students responded
similarly to the items. The pupils in this study cannot be said to be representntlvo or nil pnpils in
~()uth Africtl nnd therelore no general elahns enn be made,

Although the results from this study (11'0 not gcncrullzable to the whole populntlon, they do give
un lndlcntlon of the views eettaln pupils and teachers have about the uature of science. The
I'I.lSpOllSes Irom toachel'lI lind pupils on some Ill' the items suggest thllt they are not nbrenst with
the changing phllosophles on the I\(\tUI'C of science. Their views tend to be underpinned hy
outdated philosophies of science, One 1>lIc11dlscrcdlred philosophy which still seems to huve
much lntluence is posltlvlsm, in whieh scientific knowledge means proven knm"le\lge - proven
either hy lhl.) 1'(lWCI' of the intellect ()I' hy the evidence 11f till! senses (Lnkato«, I(70), Even
th\lup.h 11hilllSOphol's uf science such as Popper and 1\\lhn have questioned thl.: (1l'lwing pl\\VCI' \1('

the Intellect lW the iil.:llSCS. it nppenrs thnt these argumcnts ~"I.mcl'lIlly have not reached the
clnssl'(l(lms nml tecture hulls, 1f sclentl lle Iilomcy is to he IIchievcll hy the entlre 1mI'll lnuon, it is
the rcsean:hel"ii bultul' tluu highet' pCrCelthl!W~ of n:S[H1lllknts thun tllllsl: showu in this study
sltould have lIClmrntc 1:11l1Ceptilll1~i01' the nuture or ·.I.'icncc.
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5.2.4 .CimC(llltIiIlUnV(!lItiolls

l.::tP(tels and clnssHh~n.!J(~nschemes ill science. The view of 50·60 pel' cent of pupils and teachers

(but not of student teachers) is that models come close to reality. a vestigial outologlcal

perspective. llowever, a different stanee was noticed in thclr consldemtlon of classification
schemes. Here. between 80·1)() pel' cent of (Ill samples see classification schemes tlS human

Inventlons « an instrumentalist view. Pupils and teachers seem to be more fiunilinr with

classlflcatlon schemes than models. However, it should be noted thllt a Inrge percentage or
student teachers (GO per cent) had accurate views nbout both models and clnssttlcntton schemes.

In other words, the student teachers seem to have u well donned view of the role and status of

such conceptual inventions.

Considcrtug the two items above, student teachers clearly exhibited clearer conceptlons uf

conceptual lnventlons than teachers and pupils, To I\lstcl' better conceptions, the chnllcnge hI

curriculum developers is tt) cncoumge the use und understanding or sclentiflu models.

Kcjcntit1c nttltlldc.!l.~qml the cl]'ccL,ntN~JitL9~ (lJl,.,~ciunti"ls. There arc 110simple nnswers to the
values thnt promote good science. It is eneol1rnging to note that most respondents displayed
views that are supported by I:ontemptlmry research.

Vnrious reasons were selected suggestlng how politics affects sl.:ientists. It seems IHlW~VCI" that
HUldcnt teaehers and ieueltcrs hud (l clearer view of how scleutlsts (Ire affected than pupils. This
perspective is signilii:ant fill' a emmtry that went through 1I long period \11' intcrnatiollal tsolntlcn
due to its politics. StllllC flllpil~ had naive views about .'icientists being isolated Irom ~\l()icty and

thereforu n\lt utfected h~' politics,

1'0 conclude tlli!; summary. it is wonhwhllc til cllIllparc the main Iinllings with those \11' Ryan
und Aikenhcnd (! t)t.l;!) who conducted a snnliur Nt\lll~' \\ illl 1'":,.mr.(lld l'lInndhlll Impils. 'l'he

tlllSititll\s selected h>' pupil}> ill both stllllie~ slw\\ remnrknhle still ililril~. A brief compnrlson is
mudc Ill' th'" responses or !,upils til Stlme itclll~ \\hich were conunon til l\llth studies:
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About 40 per cent of pupils and SO per cent of teachers expressed acceptable and current
perspectives about the nature of scientific observations. More than 85 per cent of student
teachers seem to have the view that scientific observations arc theory-laden.

The classroom implications of the biased nature of ob.ervatlons arc significant. They demand
thnt pupils be guided in order to make the necessary inquiry in the science laboratory or field.
For example. biology teachers should not expect pupils to sec what they as teachers see when
looking down a microscope or at a micrograph. For pupils to recognise certain structures, they
must a Ilrst be led to consider and conccptuallse, even roughly, whnt to expect. With similar
expectations, pupils arc more likely to make similar observations.

C'huroctcristics ,"If knowledGe; ntod!lccd. Although the vast majority of respondents held
acceptable views ebout selentlflc knowledge being provisional. only a minority understood why
knowledgu changes. About a quarter of the pupils seem to think thut experiments yield facts
which mny not change, or thllt fncts in science nrc immutable. rf science is seen as a body of
facts (tho content view of science), it is hypothesized that proponents will not rendily submit that
scientific knowledge changes. In this respect, pupils views 01\ the definitions of science seem to
correspond to their views on how scientific knowledge changes. The views of student teachers
and teachers do 110t eorrelnte us well on this issue.

In summary. generally respondents' understanding of the assumptions underlining scientific
knowledge were not sound. The role of theory in observations was only appreciated by nbout
half the pupils nnd teachers. Most of them sew theories as either simple or complex but not as
always tending towards simpliCity. Respondents were ulso confused about the meaning ot~ nnd
the relationship between. hypotheses. theories. and laws. A hiernrcblcul rclationship wns implied.

It is essential Ihat the assumptions thnt undergird the discipline be made common knowledge to
learners, Tlti" is necessary if a realistic image of science is to be thrmed. For example. the
hlerarchicnl imago of hypotheses, theories and laws would suggest nn lmmurablc image of
scicntinc knowledge to pupils. It is argued that should some screntiflc laws change in future. this
would shutter their false dreams nbout thu reliability of science and might lead to their
qucstlonlng the vnlue of SClf:IlCIJ.

•
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great discoveries have been accidental. science for the most part cannot be considered as

lmphazard.

These results generally indicate that respondents do IH)t have II clear and acceptable viev about

how knowledge is generated in science. About two-thirds of pupils and teachers were unaware of

the current debates on scientific method and how consensus is reached. The view" of student

teachers and pupils on how scientific discoveries occur were also inadequate.

5.2.3 ,<\ssltllllltlolls_undcl'lllllnl! scicntific Im()wlcd~

Nnture of sci(!Iltific idclls. Although respondents were not asked to deflne theories, an

understanding of the namre of theories was required. The majOl'ity of respondents believe that
hypotheses with supporting evidence can mature into theories, and theorles into laws. The

support for a hlcrnrchlcal relatloushlp between hypotheses, theories aud laws was more than 6S
pel' cent among all three samples, Horner and Rubba (1979) called this vlcw, which is also

prevalent among Arnerlcan samples. (he "laws-are-mnture-theories fable", The influence of

everyday l(lnguage lind science textbooks were cited by the researcher as contributing to such

erroneous ldens,

The nature ()f thenl'k's, The general viewpoint among over 80 per cent of nil three samples is

that theories can be either simple or complex, The fnet that the Illl\iority of respondents never
saw theories (IS the simplest possible explnnuliol1 of ObSOfVM' nnd phenomenll mny help

explain the aversive attitudes of pupils towards G ... lcnce l.q~1 I), It is feusible that if

thcorles were pereelvcd as simple. pupils would have fuvourabic Ilttitudos toward them, Wilen

Iltt:ml'ies arc SCCII as complex. less fhvllul'lIhlc attitudes nrc dlsplny-d towards them. The need of
science educators to emphasize the simplicity of theories is thcrcfbre hnportant,

Nnt~cl)!WI.l_llh.~cl'\;;!!!ll'.1b.. Pupils and teachers SI.lCI11ttl be evenly divided in opinion over
tho nature l)(' seicntiflc observation. OVI)I' 45 pel' CCI'! Ill' pupils and It.:<lclwl's believed

observntions nrc not thcory-depcudcnt. This view supports the realist view that scientists discover

reality, ami till: ll\jlicnl positivist view thnt science reveals nbsolure truth which IS indcpl.lndt.lllt of
tltll inve!.tigatlll'·s backgromtd and lwlicfs (Aikcnhcad. 1')87),
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5.2.2 I{lIowlcdl.!(l I.!.cllcrntioll

£rul~cnSIlS'IllQ)dIU~.Ul.sciencct, When sclentific theories lire invented, they do not constitute

scientific knowledge until their validity is supporred by peers who are experts in the field.

Although over 70 per cent of pupils, student teachers, and teachers believed in the consensus
view, the notion of providing "conclusive evidence to prove a theory true" featured prominently

in the selected options of both pupils and teachers. This view does not take into account the

revisions, updating and final agreement that goes into consensus-making, 1f the literal meaning

of the word "prove" is token ttlr granted, most pupils' and teachers' views would be classed as
{illsil1cationist. However, the researcher did not establish what pupils me/tnt by the phrase "to

prove a theory true", As Lederman and O'Mnlley (1990) observed, it is possible for a mismntol;

to exist between the langunge of the researcher and the respondents. Thus, the respondents'

notion of proving (1 theory true may be found to be consistent with current notions of providing
supporting evidence. us was established by Lcdermnn and O'Malley (1990).

The falslflcntionist view expressed by respondents, although not considered in science literature

us current. is nevertheless not naive or nrchnlc,

SdentHic methoc1. For a sizeable percentage of respondents (80 per cent (If pupils, 43 per cent 01'
student teachers and 60 per cent of reachers), the sclentiflc method is It series of experimental

steps. Only a very small percentage (If respondents selected the uC'(";ptable position that there is

no such thing as "the" scientific method.

As disc1l8sed in the critique Oil page 71. the format for this statement may lmve influenced the
responses. But it seems npparcnr that respondents have not been exposed to the debate over

scientific method.

l!1:ll~l:cssjn sdell~ The most favoured opinion is that sclcntiflc discoveries result from a logical
series til' investigations. However, over 50 per cent of pupils and teachers noted thnt Hcic,ICC was

110t always logicnl: some discoveries come thmugh !!'in! und errol' or by It !lush orlmnglnutlon,

Although 34 pel' cent of pupils. :!I pCI' cent llf student tl!aehcrs, and no teachers felt that most

scienttfle discoveries WCI'I! accldeuml, this opiuion is not supported h~' research, Although some
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covea PAGE OF TEACHERS' AND STUDENT TEACHERS' OPINIONNAIRE

VIEWS ABOUT THE NATURE OF SCIENCe.

thank you for partlcipaf:lfj in this survoy. ~flsOClrch has shown that teaehera have various
views about science,

The aim of this questionnalro is cxploro your boliefs and viOI<>'Sabout SCience, For this
reason it would be groolly oppreclated If yeu would answer thO quostiona In 3 frank manner,
rnere are no right or wrong answers and you may rommn anonymous,

INSTRUCTIONS

Eech multlple·cholce queatlcm beginS with •• tQtGm~nt ebout a sell!lnc$ to)3lc. Moat af lheaQ
Itatem,nle exprellls fan IIxtremt vIew on the topic, You may elthar 19re~ strongly with Ihl$
vIew, dis.gree vigorously, or YQlIr own positlOll may bo In betw~um the two.

Next, there Is a list of cholets on th& Issue. Ohoose .9lJ!i. of tht'.!'t positions, aUT ONI.Y
ONe· the one that come~ ~1.2§..utto your personal view or balief

every question end!! wllh this cholet: "None of thasa choiclits fit my basic viewp(')lnt which
Is .. .", ihtl choice should 01111'be used when nOM of tM other r.hoices comes C108i)to your
own DlSlh., Ir YOll $81"01 this option. you .M.!J.aI write your vi~wpolnt In the spseo provided.
Anaw41r every question by drawing a circle around tM letter of your ohlilce, e,g. Questll.'JI' 1.
A1---------------,------------,-------------------------------1PERSONAL DETAILS.

1, Academic qualification (Include name of Institution ... date),
e.g, B.$c,(Wits) 1985.

2. Professional qualification (Include nome of institution '" date)
e,g. HOE (Notal) 1989,

Please complete tho fflilowing tablo to Indlento your tcaching exportenee il1 biology,
physical science, gonoml eeienee and mnU10rYlattea.

• ~4 .... «.A":zc...,..;;:u~~~_='t~~~:~~~~<c~~~~ ....

Subject Stand~lrd Numberof ytlars
'Ii'~~1l!lIlit~~~::t=''''~\=~~~'l3=~#u= ..... .,.~~l:lor''''' __ '''~~

(t!l biology 6 0======"~=~=====~=,~=~========-=I

tlS
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13. Politics In South Africa affeots South African scientists, because scientists arc
vary much a part of the soolety (that Is, scientists are not Isolated from
society).

What do you think? (Please read from A to 3, and then choose ONe.)

Scientists ARE: affected by South African politics:

A. because funding for science comes mainly from the government which controls the
way the money is spent. Scl~ntists sometimes have to lobby for funds.

B. because governments not only give money for research, they also set polley
regarding new developments. This policy directly affects the type of projects
scientists will work on.

O. because scientists are part of society and are affected like everyone else.

D. because SCientists try to help socioty and thus they are closely tied to society.

Scientists are NOT affected by Soulh African politics:

S. because the nature of a scientist's work prevents the scientist from becoming
involved polltloally.

F. because scientlsts are isolated from society; their work receives 110 public media
attention unless they make spectacular discovery.

G. None of thes~ choices fils my basic viewpoint which Is



12. The best scientists ara always very open-minded, logical and unbiased In their
work. ThoSG p(nsonal characteristics ar('Jneeded for doing the bast lolanca.

What do you think? (Please read from A to G, and then choose ONE.)

A, The best scientists display these charaoteristlcs othelWlse scionce will suffer.

B. The best SCientists display these charactoristics because the more of these
characteristics you have, the better you'll do at science.

C. These characteristics are not onough. The best SCientists also need other personal
traits such as imagination, Intelligence and honesty.

'The best scIentists f NOT necessarily display these personal characteristics:

D. beol)luelethl!l bElst scientists sometimes become so deeply Involved, Interested or
tralntild In theil' field, that thoy eon be eIQse·n,lnded. biased. nnd not always logical
In their work,

e. because It depends on the individual soientist. Some good scientists are always
open-minded, logical, etc. In thoh' work; while other good scientists can become
close-minded, biased. etc, in their work.

F, The b.st scientists do NOT display these personal characteristics any more than the
average scientist. These characteristiCS are NOT nocessary for doing good sCience.

(3, None of these choices fits my baste viewpoint which I~
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11. When scientists classify somothlng (for example, a plant according to Its
species, an element according to the periodic table, energy according to Its
source, or a star according to Its size), scientists are classifying nature
according to the way nature really Is; any other way would simply be wrong.

What do you think? (Please read fromA to E, and then choose ONE.)

A. Classifications match the way nature really Is, since scientists have proven them
over many years of work.

9, Classifications match the way nature really is, since scientists use observable
characteristics when they classIfy.

C. Thera are many ways to classIfy nature, but agreeing on one universal system
allows scientists to avoid confuslon In their work,

D. There ccutd be other correct ways to olasslfy nature. because science Is liabla to
change and new discoveries may lead to different classIfications.

E. None of these choices fits my baste viewpoint which is

---------------.--------------._-----------------~
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10. Many scIentific models used in research laboratories (such as the model of the
wave, the neuron, DNA, or the atom) are copies of reality.

What do you think? (F>lease read from A to G, and then choose ONE.)

Scientific modals ARt: copies of reality:

A. because SCientists say they are true. so they must be true.

S. because much scientific evidence has proven them true.

C. because they are true to life. Their purpose fs to show us reality or teach us
something about It.

D. Scientific models come close to being copies of 1lity, because they are basad on
scientific observations and research.

Scientific models are NOT copies of reality:

E. rather they are simply helpful for learning and explaining, despite their limitations.

F. and therefore thoy have no uee In SCience.

G. None of these choloes fits my basic viewp lint which Is
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e. Scientific observations of thGsame thing made by two competent. ~clentlsts
will often be different If the scientists believe in different theories.

What do you think? (Please read nom A to G, snd then choose ONe.)

A. Yes, because scientists will experiment in different ways and wlll notice different
things.

S. Yes, because sCientists will think differently and this will alter their observations.

C. Yes, because what a scientist already knows will affect what he ebaetves.

D, Scientific: observations will not differ very much even though scientists belleve
different theories. If the scientists are Indeed competent their cbeervatlone will be
similar.

S. No, because observations are as exact as possible. This is how science has been
able to advance.

F. No, observations are exactly what we see and nothing more; they are facts.

G. NOM of these eholces fits my caelc viewpoint which Is
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8. Scientific Ideas develop from hypothesis to thecrtea, and finallYI If they are
good enough, to being scientific laws.

What do you think? (Please read from A to F, and then cheese ONE.)

A. Theorlos can't become laws because they are different t'/pes ofideas. Theories are
base< on ~r:IElntific Ideap which are less than 100% ~rtain, and so theories can't
be prove I true. Laws, however are based on faots c ,ly and are 100% sure.

S. Theories can't become laws because they are different types of Idea.s. Laws
describe things in general. Theories explain these lows. However, with supporting
evidence, hypotheses may become theories (explanations) or laws (descriptions).

Hypotheses can lead to theories which can load to laws:

C. because an hypothesis is tested by experiments. If It proves correct, it becomes a
theory. After a tMory has beert proven true many Umes by different people and has
been around for a long time, it becomes a law.

D. because an hypotheRls is tested by experiments. If there is supporting evidence, (t's
a theory. After a theory has been tested many timas and seems to be essentially
correct, it's good enough to become a law.

E. because It Is a logical way for scientific Ideas to develop.

F. None of these choices fits my basic viewpoint which is
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6. even when scientific Investigations are done correctly, the knowledge that
scientists discover from those Investigations may change In the futuro.

What do you think? (Please read from A to F, and then choose ONE.)

Scientific knowledge changes:

A, because new actentlsts disprove the theories or discoveries of old scientists.
Scientists do this by using new techniques or improved instruments, by finding new
factors overlooked before, or detecting errors in the original "correct" investigation.

8. because the old knowledge is reinterpreted il1 light of new discoveries, Scientific
faots can change.

C, Sclentlfio knowledge APPEARS to change because the Interpretation or the
applioation of the old facts can ohange. Correctly done experiments yield
unchangeable facts,

D. Scientific knowledge APPEARS to change because new knowledge Is addr J on to
old knowledge; the old knowledge doesn't change.

E. Scientific knowlodge does not change because it consists of proven facts.

1='. None of these choices fits my viewpoint Nhich is

--~----------~--,,~-.-
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5. For this statement. assume .,at a gold miner "discovers" gold, while an artist
"Invents" a sculpture. Some people think that scientIsts discover scientific
THEORIES. Others think that scientists Invent them,

What do you think? (Please read from A to G, and then choose ONE.)

Scientists discover a theory:

A. because an Idea was there all the time. just needing to be uncovered.

8. because it is based on experimental f6'l"\s.

C. but solentists invent the methods to finl;! the theories.

D. Some SCientists may stumble onto a theory by chance, thus discoverrng it. Sut other
scientists may Invent the theory from facts they already know.

Scientists Invent a theory:

S. because a theory is an interpretation of experimental facts which scientists have
discovered.

F, because Invent!onG (theories) come from the mind· we create them.

G. None of these choices fits my basic viewpoint which Is
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4. Progrefls In sclence occurs as a result of a series of investigations, each one
building on an earlier one, and each one leading logically to the next one, until
the discovery Is made.

What do you think? (Please read from A to E, and then choose ONE.)

A. All SCientific discoveries result from a well-planned series of investigations.
Experiments (for example, the experiments that led to the model of the atom, or
discoveries about cancer) are like laying bricks onto a wall.

8. Usually scientific discoveries result from a logical series of investigations. 8ut
science Is not completely logical. Discovery scmetlmes comes by a flash of
imagination, or by trial r."d error.

O. Most scientific discoveries areaccidental, or they are the unpredlcted product of the
actual Intention of the scientist. Some discoveries result from a series of
investigation; building logically one upon the other.

P. Scientists do not know what to expect when they do experiments. Therefore and
solentlflc discoveries do not occur as a result of a logical series of investigations.

E. None of these choices fits my basic viewpoint which is
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