Bacon's ideas have heen modified and improved by some and contesteid by others over the
senturies, Logicval positivism, which evolved from empiricistn, lias two important tenets, namely,
vbservation and deductive logie in reasoning. As with empirfeism, knowledge is conasidered as
objective ond reliable (Chatmers, 1983).

Two main criticisms have been levelled against the inductivist account, Firstly, there can be no
such thing as innocent, unbiused vbservation. What an observer secs depends in part on what is
reaily there and in part on the observer's past experience, knowledgo and expectations (Hodson,
1982), Secondly, an inductive argument is not logically valid, Popper (1980, 29) lends weight to
1his elaim when he contends "...that o prineiple of Induction is superflucus, and that {t must lead
e logical inconsistencies”, In spite of such criticisms, Inductivism has in the past had o very
strong influence on science currieuly in Britain and Amerlca (Ifodson, 1982; Finley. 1983).

In response to these critfeisms. Popper suggests that science daes not start with stark
observations but with a pre-conseived iden, hypothesis or with ".«problematic observation in
the Hght of some theory" (Chalmers, 1983, 46), Although Popper has been identified whh a
philosophy known as fogdeal empiricism (Richards, 1983}, his views have been so overwhelming
that ity ndherents have become known as falsiffeationists (Chalmers, 1983). Falsificationists
believe that science proceods by trial and error until it arcives at a theory which satisfactorily
explaing the evidence, To quote Popper (1963, 51).

there iy nie more tional procedore thian the method of trial and error = ol conjecture and rofitation; of
haldly propasing: theories: af ying oue hest fo show thiat these are erratieaus; and of aecepting them
tenttively it vor uritwal effolts ure upsuoeessil,
Papper labels this attempt to disprove *filsiflable" theories falsification. e contendy that
suientifie theorivs connot be verified but can be shown to be lse, When theories are not
{alafied, their confimation should be secepled o% tentative. The iden of lentativeness of
seientifie knowledpe hay itd roots with the idsifieationiats (Popper, 1963},

Popper's ideas we not free from ditflesities. 1f theories are to be Tulsilied on the basis of new
observations, sueh obvervations gan uba be shown fo be fablibie. Tn other words, statements
wlich lorm the "basis for the Talsifioution are theww - - suspeet” (Hadson, 1982, 113). In
addlition, evidenee Trom hivtary does ot lead support to the methodologies ndvecated by
Talsifleationists, (s evidenee suggests the need for o different. mote vomplex gecoun of

seienwe ond its devedopment (Chahmers, [983)



CHAPTER 1
INTRGDUCTION

L1 BACKGROYND TQ THE PROBLEM

“Was tho electron diseovered or invented™? (STEP, 1074).

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

Many definitlons of the nature of seionce are found in scientifie literature, According to
Ledermon and Zeidier (1987, 7213, it may refer to the "values and sssumptions inherent (o the
davalopment of scientific knowledge”; values such os whether or not sclentific kiowledge is
amoral, tentative, empitically based, a product of mon's creativity, or parsimontous, The
Notionai Scienee Teachers Assoelntion of Ameriea (N.S.T.A) (1964, cited in Carey and Stauss,
1988) describes the nature of science as comprising three arens, namely, kuowledge, ntodes of
enguiry. and human endeavour, Herron (1977, 30) hoy referred to it os o Jeamer's “valug systom™
which is implisitly conveyed via the teacher’s clessroom behaviour,

Tho abovo views suggest that the nature of selence incorporates the nuture of scientifie
knowledge (including its generation, choracteristics and limitations) +8 in selence, and how
sefence is practised. The vavious conceptiong of the nature of seience and their influence on
selenee curriculn are briefly considered,

L1.1 Pilipsophy of sclence

The beliafy about the nature and philosophy of science have changed throughout history,
Abimbola (1983) suggests that for science edusation, o relevant starting point in the history of
tho miodem philosophy of scieneo is with classleal empivicisnt and the ldeas of Franels Bacon
{1561-1626). This philosophy suggests that the basic method of gencrating knowledge is by
ineluctivism, According to-the inductivist view, seientifio knowledge starts with simple. unbinsed
observations, From these singnlar observations, generalizations and theoties can be formed
provided cortain conditions are met.
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ABSTRACT

This study investigated pupils’, student teachers’ and teachers® views about the nature of sciency.
The "nature of seience” inciudes the nature and generation of scientific knowledge, its
characteristios and fimitations, 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
opinionnaire based on an existing instrument, "Views on Science-Technology- Society" (VO3TS)
was developed and administered, It consisted of 13 multiple~choice items. Propositional
knowledge statements which summarized current viewpoints held by scientists and phiiosophers
of science were used to categorize the views of the respondents Into various positions.

Generally, the positlons selected by the majority of pupils were quite similar to positions chosen
by practising teachers, Pupils and tenchers defined science as consisting of facts and processes.
The majority of them also belleved *a’ scientific method existed. This position supports &
positivistic view. The commen but erroneous view amonyg the three growps was that hypotheses
inature Into theorles whicl later mature into laws, The student teachers penernlly had o better
understanding than the practising teachers of some aspects of the nature of seience, One possible
reason for this is the positive influence of # newly introduced methodology course in the
philosophy of science on the students® understanding of the nature of science.

The tesults of this stady confirmed findings of research in other countries that puplls and
teachers have inndequats conceptions about the nature of science,

The implications of these findings for currieulum development and teaching practice are also
conghdered.
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consensus forms and it becomes vaproduetive to launch further challenges (Stanley and
Brickhouse, 1994},

2,1.5 Multieulturn] perspectlves oy knowledge validation

According to Reiss (1993}, svience hay been portrayed in textbooks and in the classtoom as a
produst of western enfture and not a3 a universal human cetivity. He fimly this positivistic viow
problematic and suggests it should be comrected. Strdey and Urickhouse {1994) believe that if
seientifie knowledge is validated by a team of inquirets, it is impuortant that sueh o group should
represent people of diverse cultures. They propose such a group shoutd hava, among other
things, the capacity to pencrate and consider various possibilities for understanding and
determining knowledge. They contend that westermn seientific frameworks cannot provide a
uttiversal position, ay it it waly one perspective amoeng many olhers. Multiple perspectives should
bo considered and seen as o rich resource for selence and science education,

2.2 THE PHILOSOPHICAL BASIS OF CURRICTULA

Tnn a bid to maintain world stipreminey in selence and technology, now currisula were introduecyd
in schools In the United States of Americn in the early 1960's (Yages, 1982). Howaever, the
curriculn innovatiors did not fully achieve their desired purpose, A crisis in seienco education
developed about twenty-five years ofter the national effort to upgrade the quality of seienge
qurricuin and insiruetion. The ceisis wat ¢hoeneterized by o general discontont with seienco
edueation, and willi falling numbers of pupils enrolling into seivnee (Yoger, 1983), Duschl
(1985) and Tedson (1988) contend that the wience currlaula were not satisfictorily developad
hy the Nationa! Seienee Foundation (N8I The theme underpinging the NSF sponsored
curticuln was “to learn by duing” shivh oventonily beeame kiown in seienee education as
"seienee by enquicy” (Duschl, 1985, 8483,

It has been observed that at o tine when curriculn novations were Do effveted (1938:=1966),
vquatly rapld changes were oceurring in the philosophy of seienee (Abimibnla, 1983; Duschl,

T4REY Tor exantple, agvording to Murtin (1972, cited in Duseh, 19883 ws dhe notion of euquiry
as prosented in the NSE enrriculin was being soundly rejected amd repliseed witn new mations i
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2.1.4 How does sclence progress?

Popper and Kulin seem to liave divergent opinions about how seience progresses. Whilst Popper
believes that selendisty Jiscover the {ruth about nature by appr-aching i closer and sloser, Kuln
thinks the answeis ate not so simple. He believes that unless thie approach to truth s defined os
the result of whot sclentists do, we cannot recognise progress towards that goal (Kuhn, 1970),
This view seems to have ennsed Kuhn to be regarded by Stove (1982) and others ag irrationalist,

Popper, with his nniversalist view of science, ¢laims that the antologienl physical werld itself
Judges the validity of a scicntific account of that world, and that this necount iz unrelated to such
things as human interest, cultuee, gender, rage, class ethniglly or sexual drientntion (Stanley and
Brickhouse, 1994), Although falsifientionism appenrs to support the idea that the aseeptice or
rejection of o theery depends at least in part on sclentists' deeisions, Popper (1980)' denjes that
this process refleets the euiture or inferests of the decision makers, He clatms such methods ane
untiversal, rational ot fndependent of partieular human interests or the cultural choraeteristics of
seientists. Fuethermore, he nsserts that without universal standards For making sueh declsions, we
will have bo way to judge or deternine if one description of reality is belter thon auy other. To
the "new" philosophers, theve is nothing unlversnl about such methods as they are subject o
ongoing recensideration and reconstructions as the group of seientifle enquirets changes (Stanley
and Brickhhouse, 1994), Ta tho "new" philasaphers of seience, the netivity of modeen seicnee Is
rooted in the community of seientific ingulrers and as a result we ennot have any unmeditated
uecess to renfity. We eon only establish scienfific knowledge through the interpretative efforts of
(hose engaged fn selontlfie inqulry (Stanley and Brickhouse, 1994).

Sogial consteactivism, mn offshoot from the Kulinian perspestives provide further 1nsight as to
how seientifie knowledge is constructed. Stanloy and Brickhonse (1994) clte Latour {19873 and
Longina (1083) ag the most representative of this pusitien. They maintain that beeause seienve in
done by human beings who are inevitably influenced by ethival, idealogical and sultural values.
the elaims whiels are put forward s ficts must have been previeusly affeeted by their contestual
volues. The soeinl constructivists, according to Stanley and Brickhouse (1994), further argue that
individual seientists do not produge taets but constrict claimy. Sueh soientists then work o
sustoin theiv claims in the fee of challenges through Judicious modification and the morshatling
ol approprinte eehnical, rhetorienl and sovial resaurees, The elaim beconioy o faet when o
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Two phases of seience are postulated: normal selence and revolutlonary seicnce, The noemal
seience plinse is considered o period of relative ealm in which the Tundamental ossumptions of a
diseipline aro nea:eytcd without question, The type of activity seientists engage in, aml the
teeliniques used, are considered faitly routing, much like "puzzle solving” (Kuhn, 1970a) The
overthow of the pavadigm is Aritfated when it is unably to provide adequate answets to
problems thet arise, The final overthrow may take time but will cceur when « rival patndignn i
able to aecount for the disctopancics that bosot the older paradigm, The new sefentifie thought
coming into dominouce may be based on quite different nud even "incongruous principles and
asioms® (Toulmin, 1970, cited in Abimbola, 1983) s0 ay to make impossible seiontilic .
communication between periods (Kuhn, 19708), This Incomntensurable nature of selentific : ,
patadigms, as it is ealled, olso mokes observational data taken from the two periods to be
different. Tn summary, the stoges involved betweun two successive perindy of normal selence _
ore: normal sclence, erisis, revolution, and new normal seicnee. _ :

Bven though eriticism of the "new" philogophy of seience has been made by its proponents, such

criticisms have been levelled as o menns of shedding further Tight on the philosopiiy (Abinibela, .
1983). Fou example, Abimbola notes that Toulmin (1970) believes “revolutior °, ag a political -
term, hoy long singe wore out its value ag it explanatory concept. From a historleal perspeetive
Toulmin has taken the "ineommensarabllity of paradigma” t task and argued that political
change has never involved absolite and outright breaelt of continulty. The term "paradipm® liuy
also been eriticized s having multiple, and therefore vague definitions (Masterman, 1970). In
response 1o such eriticisms, Kuln (1970, 1970¢) has elaborated vn his notlen of paradigms and
idontified weo vary different usages of the term "paradigm: the coneeptual level of individual
seientisty: and the soeial level of a selentific community. Kahn (1970a) has olso advoeated the
use of the term "diseiplinary moteix” to connate group commitments of seivntsts,

Rubinstgin ot al, (19843 have axplicated (he various meanings of pavadipma and thelr fanetons at
the individual and eommunity levels, To the individoai scientist, a paradigm representy bis
saneeption of an aspeet of seionee. At thwe secial level, a paradigm or disciplinary matrix may be
seen ox the world view of o given seientifie community that governs not o subjeet matter but
rather a granp of proctitioners, Sueh o community moy be defingd i vacious ways: .y
diseiplive, by membership in o specialized area of wark, or by explicit commitment to on
appronch to investigating 4 signifieant problem™ (Rubinstein 1w, 1984, 63).
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Ialsifieationists consider it easy to obtain confirmations or verifications for nearly every theory;
whaot is therefore intporiant is to te able to refite a theory. According to Popper (1980),
sefontific statements do not enve to be tested before they are accepted, but they must be cupable
of Duing tested or falvified, Although scientifie statentents are never in theory fuily Justifiahle or
veritinble, Popper (1980, 44} considery scientifle statements objective if they can be "Inter
subjectively tested™. This will nvelve other investigators independemly testing and
understanding them. A statement which cannot be rafiiied by any coneeivable event is
considered sonmseientitle, ‘The criterion for what counts therefore as a seientific theory i not its
tustability but its falsifiubility or vefutebility {Popper, 19803

21,3 The "new”_philosaphy of selenee

Abimbola (1983) point: out thot the baske thentes of e “new™ philasophy of seieace are woven
around the ideay af Kulm {19700), Some of the philosophers and seientists, who Abimbela ‘
(1983 suggoests are identified with this new approach are I akatos (1920), Toulmin ¢1970)
Fuyerdd med (1970}, and Brows (1977). Contrey to pusitivism, this "new” phitosophy rejects
fornl logic g the primary ! of analysis of seienge, In fts place it relies o the defailed study
of the hdstory of seighee for its analysly (Kubn, 1970; Brown, 1977,

‘The objectivity in pereption which has cherasterized positivism s no longee hekd in high esteem
by supporters of the “new’ philasophy of selence. Pecgeption I8 seen 1o be influenced to o great
extent by the knowled, beliefy and theories we hald. Thus, science cannot bo presumed e be
free from unfownsded speealution or the inlluenees of tadition (Cawthron und Rowell, 1978}
Svignee is essentially seen to represent o human octivity with oo nestral observation language”
in which seientists aim to Tnvent theorivs that expliin ebserved phenomenen (Kalig, 1970b, 23,

The "o philosophy rejecty e view that seicnee prapresies by auetetion, and instead proposes
that seienee i organised around o paradigm (Kohin, 1970a% (A paradigne nay e eonsidered in
this ventext as an aceepted world view of o seiontifie vommunity that fves the scientifie
aetivity for seme Hmed Seientitie progres. f6seen to oeenr when one paadigm i relinguished
dnd an incompatible afternutive is aceepted. The wephwenient ol the older paradipm is usually
eganse it is unable to meer clallenges pased Dy ligde, experiment o observation (Kuhap, 19703,
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Even though resenrchiers agree theee e e anilfed sonception of what positivism embodics, some
of its major assumptions have continved to be the target of eriticisms, Stamiey and Brickhouse
(1994} lst some of the tencty as tallows:

a} the assumption of a single, tangible reality that can be studied independontly;

b) @ correspondence theory of truth, in whizh “truth' is defined as knowledge that matches
reality: ' '

o} the language of science i3 exact snd litetal, therefore meonings are universaly

) the assumption that experience is taken tv be objective, testalile and not influcnced by
theoretieal viewpoinies ' o

o) the assamption of value free method and (he separatwn of facts and meanings; and

f)  veriflentionist method of justification.

Kemeny and Oppethetm (1970, efted in Abimboln, 1983) complote the list of tenels with the
following: '

2) Seientific knowledge inereases by aceretion.
h) Observations rematn tho same during scienti{le revolutions. A new theory is only aa
improvement over the ofd, o3 it takes Inte account more observations.

The effects of soimie of these mysnmptions on wienee surriculs develupment are distugsed in
section L3

2.1.2 Enjsifiegtionism

Papperion philosephy or fulsiffeaionism (Chalners. 1983) s rogarded gy o transitionsd docteine
between logicl empiricisn and e new philosoply of seienge (Ahimbola, 19433 Sume of the
tenety of fulsifeationism are (Popper, 1970)

1} she relionee on the study of the hiskiry of seienee fur an anadysis of seienes;

B) the rejedtion «f the view that seiense proprewies by aceretion tRulm, 19708%

¢} the ausortion that Fer seivmtilic statemunts tu be vidid and aeceptoble they must e testalile;
b the maamplion that seientific knowledpe i provisionals

¢} the aeceptance uf Falsitieation s e provess of establishing, seivmific knowledge,



CHAPTER 2
FVITERATURE REVIEW

The literature undor review on the natwre of science is gonsidered under three broad sections:

The first seetion denls with views about the vature and philesophy of seienee as beld hy

selentists nnd philosopliers of selence, The second section examnines the philosophical

perspectives hat underpin some of the existing sclence eurrieuln, The final seetion deals whth the -
Hiteratura on pupils’ and twashers' coneeptions of the tature of seience, and currle:

dovelopments whieh attempt to influence thelr conceptions nbout the nature of siv .2

2.1 THE NATURE AND PHILOSOPHY OF SCIENCE

Throughout history, philosophers and scientists have tried to deseribe how seienes acquires and
validat.g retiable knowledge and understanding of the world, Some of the majer philosophies
have been clossival empiriclsm, positivism, logical positivism, logical empirieism end the "now"
philosophy of seiehes (Abimboln, 1983),

Ctnssiend empivieism, associated with the ideas of Francly Bacon, recopuisey the imporlance of
vxporimentation it order to reveai more nbout natures than would abservation. Dositivism iy
widerstond 04 a severs or austere form of empivieism (Lineoln and Guba, 1985). According to
Haeking (1983}, some of (he philosophers with a positivistie frame of mind were Tume (1739),
Comte (1830-1842), and Van Frasssen {1980).

The themies of three major philosophies that continue to influenco seience education namely,
positieism, fulstilentionism and the "new” philosophy of selence, are consldered hickow.

2:1:1 Pogltivism,

Positivism, as a family of philosaphies with an extreme view of scionco and scivntifie method,
hay been the fogus of eritigue for mere than a eentury (Stanley and Brickhoose, 1994), One of
the major eriticismis levelled ot §t Iy ity failure to provide on adequate conceplualizotion of what
seienee v (Hesse, 1980, chied in Linvoln and (ubo, 1985).



wols for thinking, Tndividuals with the anti-realist fiame of mind who deny that theories aco to
be taken literatly are sald to have the instrumentallst perspective (flacking, 1983),

1.8 ABBREVIATIONS

The Following abbrevintions are used in this study:
TED: Transvaal Edveation Departtent, This was wne of 16 education departnteats in the "old”
South Afriea.

DET: Department of Bducation and Training, This department was responsible for black
education in the "old" South Afkica.

51d: Standard, The 12 vears of schiooling in South Africa consists of grades 1 and 2 and Stds 1.
10. Primary schuools ususily include gradw | to Std S, and sceondary schools Std 6 ta Std 10,
The niatriculation examiations are taken at the end of Std 10,

1.9 DELINEATION (¥ TIE STUDY

Clearly, South Aftica at the time of this study i 1994 wag in.a state of transition, and ilus is
reflected in the nature of schools, Puplls from o waditionally white, but curently multf-ragial,
government school in Johannesburg were sampled, Traditionally black schools under the
Department ol Fdueation and Traiting (DET) were not used beeause such schools had been
disrupled fur o period of several years, It was therelore untikely one wonld et views of pupils
wha had closedy followad the scionce and bialapy curricula.

110 LIMITATIONS OF THE STUDY

Ax the sumples were relatively small aud not randomily seleeted, elaims about the generalisability
o the reslts eainot be made by {he rescarcher, Towever, it is hoped that the details provided
will allow the reader fo determine the tanslorability of the information (Lineoln and Guba,
1483},



1.6 RESEARCH METHOIIS

A deseriptive study was used to explore the views of pupils, student feachers and practising
teachers in the greater Johannesburg area nbout the nature of seience,

The sample consisted of the following: forty-saven Std 10 physial seience and biology pupils
from a government schwol In Johannesburg: fourteen B38e pradu ues whao were studying biﬁlogy
ondfor physienl science methodology courses in preparation for their Higher Diplama in
Education; twenty practising physical seience and bivlogy teachers rom five poverament schools
in the greater Johannesburg area.

An opinionnaire based on an existing instrument, "Views on Science-Technolopy-Society"
(VOSTS) (Aikenbead and Ryan, 1992) was developed and administered.

Propositional knowledgo statements which summarized current viewpoints held by philosophets
of selency and scientists were Tormulated and used 10 categorize the views of the respondenty.
into various pesitions, The results were recorded In tubles and graphs, and quotations were used
{u vonvey answers to the free-responsa questions,

Details of these methods are included In Chapter 3,

1.7 EXPLANATION OF TERMS

Epistemulogy of seience accarding w Bullock ond Stallybeass {1977}, is the philosophical study
of seientific kinowledpe, which seeks to defing and distinguish its principal varieties, Sciemifie
realism is a movenent within the epistemalogy of seience. Agurding o Hucking (10833,
advoentes ol svalivm believe thot the entitics, states and processes deseribed by correst theorles
really do exist (e protons, phatons, Teld of foree). Sueh advocates are deseribed as realists or
are said w hald the enrdogical perspective (Ryan and Ajhenbead, 1902},

Cppersed oty viewpoint is antisrealism, Advoeates belivve there is no suh things as eleetrons,

Rte. Sueh entities, they maintain, are secially constructed fictions, and theories abeut them are



According to Hurd (1960, ed in Lederman, 1992), its earlicst occurrence In the American
syllnbus wag in 1920, It was regarded then as necessary to better train the mental faculties of
students (Ledorman, 1992). Morte recently it was advocated that an adequate coneeption of the
nature of science was necessary iff sclontiffic lteracy was to be achieved in the population
(AAAS, 1989, cited In Lederman, 1992),

Sclence, Including physical science and biology, is being taught to .pupils in South Afrien and yef
the cwricula do not nitempt to develop puplls’ eonceptions nbout the nature of the discipline, It
is Hkely that any views pupils curiently hold about the nature of seience have been developed
implicitly in class, and through media and everyday expericnee. As efforts nre now underway to
develop a national seience curriculum ior a new democratic South Afiica, it is appropriate to
assess the views of pupils aud teachers about the nature of science. This will ficilltate the
dovelopment of a more relevant and philosophically valid curriculum and ollow any problematic
jdeas about scienee that may emerp during this study to he addressed in the new eurriculuna,

The knowledge gained from his study wiil hopefully guide tenchers and educators in the design

of scienca lessons and syllabi which will facilitate the development of authentie conceptions of
the nature of sclence.

1§ RESEARCH QUESTIONS

n} What views do Std 10 physieal sclence and biolagy pupils at a governiment school in
Johaunesburg have about the nature of selence? :

1) What views do physical science and biology student teachers at the University of the
Witwatersrnd hoave about the nature of seience?

¢) What views dv practising teachers in selected government sehauls in the greater Johannesburg
orea have nbout the nature of selenge?



of pupils from all raelal groups, and reduced interest and dizengagement by most girls in the
scienees (SAATPS, 1978: [IRSC, 1981 Levy, 1989) These problems have fed to the persistent
technical manpower gshortages in industries {Cooper, 1993%.

While many countrles are experiencing @ renalssance in terms of the philosophy of science In
education (Matthows, 1990), it appears thiat the South African situation is not as promising. Two
problems exist: Firztly, the current school physical science and biology curricula do not
explicilly address the nature of science. Secondly, as far as the researcher is aware, no research
hins explored teachors’ views about the nature of science in South Afrion and little has been done
In this field Involving pupils, Notable exceptions nre research by Parker and Rochford (1995) .
and Laugksch and Spurgo (1995).

1.3 PURPOSE OF THE STUDY

The purpose of the study was to deseribe the views held by the following selected puplls and
teachers in Johannesburg about the nature of seicnce:

) Std 10 physical science and blology pupils who had been exposed to the cwrrent curriculo;
b} pre-service physical seience and biology teachers who had completed o BSc degree and wore
nearing compietion of their Higher Diplomn in Edueation. 1t was expeeted that all lectures
linked to the nature of sclence would have been completed by the time the instrument was

adminlstered;

¢} physical science and biology teachets with one or more years of teaching experience. ‘This
wuonld hopefully reveni whether teaching experience influences or madilies the views of
teachers about the nature of seience,

L4 IMPORTANCE OF TIE STUDY

The development of adequate conceptions of the nature of seienee has been an important

ubjective of seienee curricula in several overseas countries for many years (Lederman, 1992).



Matthews (1990) has also highlighted the problems of seience education in the 1930's in many
western Buropean countries such as Britain, Germaoy, France, Italy and Denmark. The problems
include: the "alarming flight" from science education by pupils, failure of selence education to
develop scientific understanding with science illiteracy rated at 90 per cent of the general
population, the existence of "massive" misconceptions, and poor understanding of science among
science pupils (Matthews, 1990, 227). The school sclence curriculn in these countries were
blamed to a large degree for these inadequiate conuepﬂons held by pupils and teachers
{Abimbala, 1983; Hodson, 1988), The curriviln were alleged to be outmoded in terms of the
philosophy of sefence underpinning them and thus they presented n distorted image of selence
(Hodaon, 1938).

Clearly something had to be done to address the problems and there was good reason to believe
that research could provide the necded answers, The search for solutlons led to a re-awakening
i the lats 1980's aeross Rurnpe md U.8.A to the impurmnce of studfes in the natore and history
of science as a contributory solution (Matthews, 1990), Consequently, mony lives of research
emerged with some science educators focusing nttention on students' ond teachers’ conceptions
of the nature of scienee. Others sought for rolationships between teachers’ beilefs, classroom
practices, and students’ conceptions of the nature of science (e.g. Lederman and Druger, 1985;
Lederman and Zeidier, 1987; Brickhouse, 1990), Another line of research has been to develop
new curicula and use them to improve pupils’ conceptions (.. Hodson, 1988). Abimbola
{1983), Hodson (1988), and Solomon et al. (1992) have catled for n more contempornry
appronch to the teaching of science, Such an approach should incorporate the historieal and
philosophical dimensions in the development of selentific knowledge,

Basud on the research findings of the Inte 1980°s, variovs countries including America. Britain

and Denmark have included history and philosophy of science topics in their seience currieula
{Mntthews, 1990; Soloman, 1991},

1.2 STATEMENT OF THE PROBLEM

Selence educntion in South Aftien faces similar problems @ the secondary sehool level to those
vited above, Research findings indicate there is the avaidance of physieal selence by o majority



The "new" philosophy of selence is the most contemporary view of seience and a number of
philosophers and scigntists, including Kuhn, Lakatos and Feyeraband are identified with this
viewpoint, According 10 Abimbola (1983), thefr main claims are as follows:

8} The knowledge, beliefs and theories we already hold determine to a groat extent what we
perceive: hence, observations are theory-laden,

b) Seientists operate within accepted paradigms (Kuhn, 1970s), presappositions (Brown, 1977)
or research progeammes (Lakatos, 1970). Paradigms determine what problems to solve, the
mstraments to vse, and the inferring techniques and models to employ,

¢) Formal logie is rejected as the primaty tool fora.  * . science and replaced by a reliance
on the detailed study of the history of science, The ultimate decision on scientific value rests
with the scientific community.

ﬂ) Continuing research coupled with continuing ctiticism, mther than aceepted results, are tio
core of science. Sclence hos two phases, namely, normal and revolutlonary seience.

) Observed data do not remain the same from ono revolution to another, This is because
scientific paradigms are incommensurable {Kuhn, 1970n),

The literature cited shows the major developments within the philosophy of sclence, What has
been the influence of these philosophles of science on curriculn?

112 The nature of scienco and the currienlum

The 1960%s in Americn witnussed a poriod of rapld changes in the phifosophy of seience, This
period was also coineldent with equally rasid changes in the selence dwrticula (Hodson, 1988).
The main goal of the scientlsts was to encotirnge interest in seience, and cateh up whh the
Soviet Union in terms of seience and technology (Yager, 1982). Iowever many of the
curreular innovations did not reflest the developments in the philosephy of sciciee {Abimbola,
1983; Hodson, 1988). Mactin (1979, cited in 1ludson, 1988, 323 clajms that Y..the views of
svicnee methodology contained within the curriculum proposals weee conflised, frequently
canteadictory, and *based on dubious or disearded philosaphies of selenze™. The aftermath of
sueh surrienla Implenteniation m the (LS.A. was the continned deeline in enrolment in seienee
coupled with poor attitudes and interest in seience (Yager, 1983; Yager and Penick, 1986),
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3.3 NATURE OF THE SAMPLES

3.3.1 Pupily

One school wag selested based on convenience. The school, established in 1967, was until
recently a traditionally white govemment school, It is now a muitl-racial, co-educational
government school with on enroliment of 1100 pupils. The perfortnance of pupils in the

- mutriculntion examinatlon ranks above tho national average (Headmaster, pers, somm).
Streaming I8 practised in this school with pupils put into difTerent subject groups neeonding to
thelr abilities, There were four Std 10 physieal selon.o classes, Pupils from the higher ability
¢lnsses were selected in order to minimize the offect of {ow ability on answers o the qitestions

(McCarthy, 1994).

The snmple which was drawn from two Std 10 classes consisted of 47 pupils (31 males and 16
females) of average age of 17 yeois 10 months. They nll took physieal scicnce and mathematios,
The other science subjects taken by the pupils wers biology (20 puplls) and geography (13
puplls).

3-3-3 Student tenchiors, .

The reason for selecting student tenchers at the University of the Witwatersrand was one off
convenience, Fourteen student tenchers who were registesed for 2 Higher Diploma ju Bducation
(FIDE) nt the university were involved in the study, Bight of them twok the physical seienco
methodology sourse while six took biology methadology, Ten of tho student teachers had
graduated the previous yenr with o B8e degree. Two of the rerralning four students (who had
gradunied two to three years carlier) had two years teaching experfence, The other two students
had no teaching experience, It is therelore safe 1o assume that except for the 10 weeks teaching
practice completed during tho HDE, most of the student teachiers had no practical teaching
oxperience,

Teaching expericnce liog also been eited as ane of the possible fastors that influences teachers®
coneptions abiout the natur of selenco {Brickhouse, 1990). The inclusion in this study of
student teachers with little or 1o teaching expericnee wag regarded as fmportant to investigate
this proposition. '



CHAPTER 3
RESEARCH METHODS

3.1 INTRODUCTION

The brond gonl of this study was to deseribe ¢ views held by a selected group of pupils and
teaghera about the nature of seience. ond to determine tlie extent to which these views converged
on contemporary viewpoints about the nafure of seienee, [n order to nchieve this goal, o
descriptive study wos vondueted, A survey was earcied oot wlhticl used an opinionngire to
determine respondents’ bellefs abouit “he nature of sciehee,

Ay the most essentinl components of designing good deseriptive research aro subjeet seleetion
and instrumentation (Selivmacher and MeMitlon, 1993), these will be considered in detail,

3.2 SAMPLING TECHNIQUES
Thi2e populations ware sanipled:

Pupils: St 10 physieal selence and blology puplls from “model T sehwoly in Johannesburg,
Student tenchers: cecently qualified BSu graduntes wha are completing a Higher Diploma in
Education.

Tereliepn: practisivg seience (Ineluding Mology) feachers in "model € schools fn the greater
Jolnntwsburg areo.

Noneprrohability sampling (Schumosher and MeMillan, 1993) wos dsed in sefesting encl saniple.
As the resenrsher dues not kiowe how representative each sample Is of the papulation,
peaeralizntions about the pepulation can not be made, However it is expected that meaning
information and wends will be revealed about 1he samples, '

bt



ook [& weeks of observatlon. Tusohl and Wright found thnt teachers never gave gonsideration
to e nature of seienwe in thelr dectsionsmaklug about what cantent to teach and how to tepeh it
It scemed that teachers rather 1ook fnto conslderation student developmaent, syllabus ohjeetives
ond pressures of aceountablfity to guide thelr decisions In selecting instructional tashs,

A mfocussing of rescarchers’ attention on the presumed relationship between teachers’ and
pupiis* canceptions has demonstrated that the influencing variables invelived are complex
{Lodenman, 1992), Lederman has hypothesized that the most important «arfables that influencs
students’ heliefs about the nature of sclence could be a combination of *..those specifle
instruetiona! behaviours, activities, and decisions impletiented within the context of the Jesson®
and a balanced treatment of the history and nature of seience (Lederman, 1992, 351),

1t seoms that for adequate eoneeptions of the naturg of sclense o bo developed in pupils,
approprinte understunding? must be trimslated into elassroom pragtice. In South Aftica there
appears o bo no dota base to determine iF pupils and teachers have the necessary understanding
of the nature of science, Such o data base Is neeassary before an attempt is made 1o develop |
Instrugtional strategies to promote adequate understandings.



£
and deeisions are siaificantly infloenced by Giir conceptions of the nature of seience. Various
researchers have explored these assumptions.

Brickhouse (1990}, using o purpesive sample in & qualitative study, explored these assumptions
when she investigated threw science teachers” understanding of the nature of seience, and the
inftuenee of such views on their classrovine practlee, The two experienced teachers in the sample
exhibited elassroom pragtices that were consistent with their personal views and phitosaphy of
seience. The other tencher, a novice, hind no well delined vonceptions and so demanstried no
< finite pattern of elassrooim behaviour. Brickhowse ¢1990) concluded that tenchers® coneeptiong
Influenced elesstoont practice.

Three other stutlies provided no clear cut answers W the axsumptions. Lederman and Zeidler
{1987) used & hlend of qualitative and quantitative research methads (o test the assumption that
teachers® coneeptiony of the nature of seience dirsetly infloenged thelr closstoom behaviour,
‘They used o nonsrandom sample of 18 teachors with avernge tum:hiﬁg experience of 15.8 years,
and one randomly selected wrade 10 bivlogy elass taught by ench teacher, A questionnaire, the
Naturn of Seiontific Knowledge Suale, was used (0 ploee teachers slong o continuum graded g
*high conceptions™ to ‘low cenceptions’ of lie nature of seience. Classroom ohservations of
pupils' and teschers' verhalizations, ehalkboard netes, hondetits, mannerisms, non-verbal enes,
eic. provided 44 ¢lowraem variables. Although these vacinbles were speeiflenlly telated 1o
various aspedts of the auture of seientifie knowledge, they could not statistivally be used to
Silferentinte between tooshers with high conceptions” and *Jow concoptions® of the nature of

" yeienve, Lederman aod Zeidlee (1987} concladed that tenehers’ elusseoom beliavicar does ot
vary g 0 direst resslt of their eongeptions.

Fadetmanr and Drager (1988} alse tested the assumption that feachers’ umlerstanding of the
gture of seienee is positively refated @ the ehanges in the ¢oneeptiony of their puptly. Psing a
v study wpproaeh and pupils and teaehers Gom 1R senivr hiph sehools, the data showed that
the teuchers possessed more adepate vonceptions than the mean of the students in their elasses,
However, the teachers® conveptions were not found s be relimed to ebanges in their students®

coneeptions of sicnee vver Ui instiigtional perds *,

Pusell sna Wright ¢ 1989 vondusted o study i an Anserican high sehiool which involved 13
testelers and thew pupils, The study which inciudal both qualitative and quantitative webniques

y
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definition of seiwnee, The 11 pre-service teachers without coursey in history or philosophy
produced typieal textbook definitions of seience eqe "Seiencs is the study of fundamental laws
which govern Uk universe”, However, most were aware that dos o the secial sonstrugtion of
scientifie knowledge, seienee could not be niewtral or abjeetive. This tnding was surprising o
the authors whe were aware of the “sientistic” and positivistic views that experienced tenchers
had expressed in othee studies (Nadeau and Desautels, 1984 Hodson, 1988),

In trying to aceount for Wiy scentingly unusual view of pre-ervice teachery whea eompared to : .
argetising (eachers, Bing (19913 hypothesized that something happens to the new teaehers afler

they hegin teaching, The possibility of textbuoks. being aceepted ns dogmas, ¢lass size ,
vonsteaints, and exams which steesy fuet aoquisition were cited as influenes that reverted their
siheay &y "selentistic” ways of thinking. King propased that teachers needed much longer courses
in the history and philosephy of seieney for them to maintain adequate conceptions over the .
yours, ;

Lederman (1992) summarised the main rescarch findingy regarding teachers' understanding of 1
the nature of seience oy follows:

a} Scienge teachers do not possess adequate conceptivns of the nature of seience
irrespective of the instruments used 1o nssess understanding,

)] Academie baekgroutd varighles do not signiticantly improve teachers’ conceptious of the
nature of seienee,

) ‘Techniques to improve teachers’ vonceptiony have been sugeesstil ta some extent where
they inelude either history o philosoply of selence,

233 Eheactationships_botween_touchers? and pupiils® eoncentinns, of the_nnture of seleare, :

Aceording to Lederman (19920 two assumptivns are nplivit in the cesearch into pupils' ad
teachers® uneeptions of the nature of swienee, Fiestly, pupils” understand ng of' the natare ol

swienve is teluted to their teachers” coneeptiong and secondly, teachers® instructional hehoviour
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2.3.2 Teachery! concoptlons of the natnre of seience

Herron (1969) noted that seicnce teachers’ preparation programmes were being blamed for the
apporent Bsadeqquate coneeptions of seienve held by seience teachers, Kimball (1968) u. 1 the
Nature of Science Scale (NOSS) to compare the understanding of the noture of science of 712
professional sclentists and qualified science teachers in Amerien. The year and sehool of
graduation of the twe groups were taken into account, However, no significant differences were
found belween the two groups. The author concluded that there was no difference in the concept
of the nature of seienee held by scizatlsts and seienee teachery whien thers academic
buckgrounds were similar. Tn the same sttaly, the philosaply majors were found to display
significantly better understanding of the nnture of scienge than the seience majors {including
Loth teachers and scientists), The results served to diseredit publie critleisms of seience
educarion programmes for that period and alse served to justify the eall for the inclusion of
philosophy of science in the undergraduate cautses.

Corey and Stauss (1968) attempted tor identily varidbles that might ontribute significantly to a
tenchers® wnderstanding of the nature of seience, Thitty-five secondary school tenchers in
Americn completed the Wisconsin f vntory of Seience Processes (WISP) instrument. Their
seotes were then correlated with voriables such os teaching expurience, tofal college seience
grade average, and total college scienge hours, No relationship was found between (he tenchers®
conceptions of selence ng measured by WISP, and ony of the academic background variables, It
wag concluded that none of e acndemic variables Tnvestipated could ba used to improve
science teachers coneeptions of the nature of science. This finding scemed to confirm previous
research that teaching experience did oot contribute to a teachers understanding of the nature of
sefonee (Carey und Stauss, 1968; Kimball, 1968).

T o recend study, Ring (19913 investipated beginning teuchers” knowledge of e history and
philesophy of setence. Thirtesn Cone "o presservics tachers whio had graduated with o
bachetors degree in their subject arcas completed a questionnaire vn the first day of their
introdustory otitse iy evielenitm and instruetion in selenes. Bleven of the 13 Tonchers were
interviewed at the end of theie eourse, alter at Tewst o woek of student teaching. Backproond
iformation {kont the yoestiennaire indiedted that three o the 13 presservice teachers bad taken
wle worve B either Bistory or philosophy of seienes. These three students were found o be
more articulate and with better remoned responses on the philesophicut questives and their
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included the meaning of science, conceptual inventions in scicnee, scientific methad, and values
in science, They found that pupils had not aequired a uniform view of the definition of science.
Pupily' responses were divided between the content and process perspectives and they were all
unaware of the social aspect of seience. It was found that puplls misunderstoad the concepts
hypotheses, theories and laws. The majority of pupils expressed a shmplistic hierarchical
relationship in which hypotheses with enough prool beeame theories witich also “"matured" info
Inws - a view it has heer termed *laws-aresmature-theorles fuble® (Hoviier and Rubba, 1979).

Two assumptions in the epistemology of seience, namely, the absence of an interfering delty In
naturnd plicnomenon, and the inventive nature of knowledge were also iuvestigated by Ryan and
A%enlicad (1992). About lalf of the pupils believed the possibility of o supernatural being
altaring the natural world, On the inventive character of seientific knowledge, only 17 per eent
of the somple were certain about seientists inventing thevrdes to explain reality,

A majority of pupils also seemed to believe there way a definite paueni of doing selenes ealled
"the" stientific methed, Only nine per eent held the pragmatie view that mointained there was no
"one" seientific mothod, snd that scientists used any mode of enquiry suitable for theip
investigations. Another viewpolnt investigated by this study was whether seleatifie knowledge
chonges with time. Bven ﬂmugh most pupils necepted that seientifie knowledge changes, they
gave threo different and conflicting rensons for the changes. Ryan and Aikenhead (1992)
{dentiiled:

a} the construetivist perspective which held that celeruifle knowiedge ean chunge with time when
new conveptual schemes are used to reln:ei‘pret the fuets differently (Kuhn, 1970a);

b} {aisificationist view which held that seientific knowledge eould be disproved; and

¢} o reatist view which believed ficts were e

The researchers coneluded that Canadian pupils were not well infoemed about the nawre of
seienee. They did not find this surprising as no consistent instruction took place gaeress Canada
to prwide pupils with o more reatistiv fingre of the natore of seience (Ryan and Aikenhead,
194933,

The roview of the fiterature so far indivates tat there are problvms with pupils*undersanding of

the nature of seience,
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naively absolutist view of the nature of seientific hypotheses. Bady believes the current
aceeptablo position 1s that seientific theories camnot be proven but anly disproven, Perhaps this
too i3 a rather simplistic view which appenss to bear thie marks of falsificationism.,

In a survey of a mid-western American sehool using Nature of Seientifie Knowledge Seale,
Rubbn and Andersen (1978) found that 30 per cent of the high sehool pupils monitored believed
that sciontifle research revealed indlsputhhlu fhets. In addition, most wers of the view that
seientifle theories, after a number of testings and confirmations, could eventually mature into
lnsvs, These misconceptions about the nature of scientifie knowledge liave sinee been catep.rized
3 the "myth of absolute truth" and “laws-ore-mature-theories Fable" (Hormer and Rubla, 1979),

Rubba, Horer and Smith (1981) attepted to assess pupils adherence to tlte "myth of absolute
truth” and "fable” positions with a convenience somple of 102 high ability grade 7 and 8 pupils.
An insttument with a . ve-seale Likertstype format wos used. The rescarchers coneluded that
piplls wero not knowledgenble with respect to the "myth of nbsolute truth™ and "fable" issucs. In
faet, the results neither contitmed nor disputed the pupils belief in the "myth of absolute truth”
and “fable",

Tentativeness of selentific knowledge has been aceepted by some researchers as the ptimary
attribue of seientifie knowledpe, and that an understanding of thiy characteristie 1y aehievable by
all puplls of all age lavels (Cotham and Smith, 1981; Lederman and O'Malley, 1990). Lederman
and O'Malley (1990) investigated this 'assumpiinn us'ing a paper and peneil questionnnire
followed by an interview. Their sample consisted of 69 Amevicon pupils enrotled in physical
seience, biology, chemistey and physies In grades 9«12, 1t was found that while the paper and
peneil test seemed to show that pupils had an absolutist view of selontifie knowledge, the
interview indicoted that pupils held o tentative view, Furlher investigation revealed a mismateh
between the languoge used in the giestivianive by (e pupils and the researchiers, which gave a
wronp impression of the conveptions pupifs hefd. In this particulne instange, the pupils
mderston the tentative and revisionnry anture of seientiie hnwwledge,

Ryan and Aikenhead (1992) wsed their empirically developed instrument, Views on Science.
Teelnategy-Sueinty (VOSTE), te sutvey the conceptions of 2000 prades 11 and 12 Canading
atudents, As diseussed in dotail in the methods chapter on page 31, 0omedified vession of this
instrument wos wsed in the present stidy. Some of thie topies Ryan and Aikenbead investipated
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- Hodson is aware of tho problems associated with establishing o telation between the nature of
science and the nature of learing, Tho relationship would require further scrutiny (as demanded
by Kubninn philosophy), in order to make progress towards achieving valid and approprinte

seience currionla.

23 THE TEACHING AND LEARNING OF THE NATURE OF SCIENCE

The devatopment of ndequato conceptions of the nature of scienve by pupils has boen an ;
iniportant objective of science edueation in the USA (Hurd, 1960, eited in Ledorman, 1992), ?
Hued noted that its earliest cocurrence in the syllabus {n 1920 was to facilitate the training of ' L.
- pupils' mento! faculties. Subsequently, it has continted to bo part of the curriculn objectives ’
ulthough with difforont omphuases year after yeir (Lederman, 1992), !

The winin lines of reseavch into the teaching and learnlng of the nature of sclence have Included
pupils’ and tenchers’ concoptions of the natore of selence, aml the relatlonships belween the two.
In nddition, other researchers have focused attention on the philosophics underlying varlous ;
ouericuln, and have sought for ways of improving pupils’ conceptions by developing new :
curfeula, Lederman (1992) has produced a very comprehensive summary of the literatitre on

pupils' and teacheis® conceptlons of the natwre of sclence and many of the papers that he

reviewed are cited in the following section, As the litarature on pupils® and teachers' congeptions

Is 30 vast, on nitempt will be made to follow in a chronological fashion samples of the various ;
lines of rescarch that deal with contemporary concoptions about the nature of selenzo, 5

2,3,1 Pupils' congentions_of the nature of seionge

Research jis revealed varlous dimensions of pupils' conceptions of the nawre of science, Bady
(1979) investigated samples of puplls In geades 9, 11, and 2 from both private and publie
wehools In the UISA on their understmiding of the logle of hypothesis testing. 11 fotnd that most
pupils. regardiess of sge or school, believed that hypotheses could be adequately tested and
proven by verification. Ho concluded that such students were [lkely to have a simplistic and
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dynamic aspects of science as a way of finding out. Millat and Driver (1987) el this porirayal
naivo and reflecting a view of scientific knowledge ag absolute and unproblematic in which facts
arz revealed fo ws if an approprinte method [s followed.

2.2.3 Towards n philosophically valld currieulum,

Hodson (1988) Letieves that for any science currleulum to achicve all its gonls, an appropriste

philosophy of science which also corresponds with the nature of learning must undergied it, For

stiecessiul teaching and learning 1o be achleved, the philosophy and methodology of practising

seience teachors also needs to cortespond with the philosophy of seience underpinning the I}
seienee curricuin, Thus, the basie requirements for the carrigtduin are a valld philosophy snd !

podugogy. |

Hodson belioves the inductivist-emplriclst philosophy of selence does not provide tho nevessnry s
relationship between scientific knowledge, selentific methods and the methods of learning 1

- sclence. He suggests that the Kuhnion philosophy does and it is therefore philosophleally valid, 2 _'
The pedngogieal validity of the Kuhnlan model of science is established os a regult of it having o , -
direct cquivalent in psychology in the constructivist theoty of leaming. It is therefore justifiable é
that the curriculum should be construeted along Kuhnion lines (Hodson, 1988), He enviseges .
threo stages of educntion: pre-paradigmie, within-pacadigmic, and revolutionary selence
educetion. The pre-poradigmie selence education would oceur in the elementary and secondary
sehool, Aceording to Hodson {1988), thig stage would be concetned with the establishment of
what is ond what is tot sefence. Pupils would also be expected to aequire the *language’ of
seienee ot this stnge, The within-paradigm stage would focus on the substantive stevieture of the
subjeet and would Iead puplls to practiso the skills of normal seienee, such as nequiring new
coneepts ond investigating the adequacy of theories, The essential goals of revolutionaty selence
education would be the ereation of new theorctical ideas and the investigation of theory choige
by the comn.unity of selentists,

tHodson (1988) maiutains that for philosophically valid curriculy to be attnined, corriculum
degigners must address the issue of whether the mnjor emphasis should he seience content ar
gaionce processes, In addition, the issues of what constitutes the selontific method, he role and
statin Of seientifie theory, and the dlssemination and validdation of seientifle knowledge by the
selentiffe community, must also be resotved, In short, the natwre of seience must be addressed.
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contends that without teaching how knowledge claims come about pupils tend to form-
authoritartan views about science in opposition to what science really is,

2.2.2 Content or process approach

Science education literature also distinguishes between science as a process and <cience as a
body of knowledge or content. Millar and Driver (1987) give three meanings associated with the
tertn "processes":

a) the provesses scientists use in investigating the natural world;
b) the coanitive processes involved in learning science; and
¢) thoe pedagogical processes taking place In clnssrooms,

According 1o Screen (1986, cited In Milar and Driver, 1987), the maln thrust in Britain during
the 1950"s was to produce a process lod seience enrrleulom s distingt from one that was
knenwledge fed, Similarly, Robert Gagné’s advocation of the process view in Ametica in the
1960"s also had o substantinl influence on curriculum instruction and research in science
eduention (Hodson, 1988), Finley (1983) has observed that Gagnd's views of ‘science procosses’
(which aro hased on empiriclsm and indvstivism), if subjected to philosophical criticism, would
lie unsuppotted for two rensons: Pirstly, enquiry viewed as an inductive process is not tenable
becnuse there ig no frame of reference for judging what facts should be collected or how they
should be organised, Secondly, the idea that all meantngful information or knowledge is dorived
directly [rom expevience is also untenable.

IFinley (1983} agrees with contemipotary views which suggest thut our perceptions are partly
determined and selected gecording to the privr knowledge we possess about the nature of the
objocts and events, Finloy alse foresees the Hkelihood ol uninlormed curiculum dovelopers
producing eurrfeula based on simplistic and erroncous views ahout seience. An example of sueh
simplistic view. Finley noted, would be tcuching tht the methods and prosesses wsed by the
varfous diseiplines in sclenge were the same,

From o pedagogical point of view, Black (1986) and Millar and Driver (1987) b ve argued thot
the contentt-process dichotemy is an artiffeial one. The process approach as & means of pedagopy

has been seen (o place Toss emphasis on seienee ay a body of howledge, fopusing instead on the
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education circles, so niso was scientific knowledge as proven knowledge being rejected by
philosophers of science,

However, nceording to Duseh! (1985), the developments in the philosophy of science were not
incorporated into the many curricular innovations, Duschl clies two reasons why the scientific
community in control of the catricufum development did not incorporate the ideas of the
pliitesophers, Firstly, the rate of development in both fields was different: The philosopliers
worked rather more eautiously whereas the seiontists, under political pressﬁre to turp out an
opproprinte curricufum, worked at a faster rate, Secondly, the ideas of tlie philosophers were hot
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 sehool sefence curricula are discusscd below.
This is necessary in order to expose the wenknesses of currictla and to provide grounds for
proposing n more philosophically vaiid curtieulum,

2,2.1 Two cantoxis of seience

It hins been suggested that two chamcterizations about the nature of science exist: the
chatacterization of science as a process of justifying knowledge, often referred to as the context
of justifiention, and the charactetization of selence as a process of discoveting knowledge, nlso
roferred to ns the context of discovery (Lincoln and Guba, 19853 D vil, 1988), John Herschel
(1792.1871) is attributed with first making the distinetion between the iwo contexts (Losee,
{981, gited in Puschl, 1988). With the advent of fogleat empiricism around the first haif of the
twentieth eentary, justification took precedence over discovery, So much was the concemn of the
empiricists for the justification and testing of knowledge claims that the issue of how the
knowledge clolius came o exist was "..treated as non-cognitive or nonrational” (Lincoln and
Cuba, (983, 25). Hesse (1980, cited in Lincoln nnd Guba, 19857 lends weight to this assertion
when she noted that positivism, by focusing on the testing of theeries 1o the pegloct of the
discovery af theorfes, confused the two aspects of seipntitie enquity,

Dusehl (1988) seams to suggest that seienee as & process of justifving knowledge contlnues te
doiminnle comtemporary seienee wdueation. [ is his view that precallope selonce edueation
cirriettia should equally address bow seiantille knowledge has come about, Duseh! {1988}
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Seicnee is often diseussed in contempaotary seience lilerature in terms of scietee vantent, seience
processes nnd the social context of scivnce {Ryan and Aikenhend, 1992), A content=oriented
view of science is identificd with a positivist approach {Nndeau and Desautels, 1984), a process
approach is identificd with vestiges af positivism, while a social context image is sesn ns

~ wansistent with contemporary views of science (Ryan and Aikenhead, 1992). These three
perspestives are included in the nptions w Hem 4.1 (Tuhile 2} Opt'on B represents a contents
oriented position; options C and F may be considered as rcpreSemiug a process approachs option
Ci relates to A social context image, while options 1 and ¥ se0 seietiue 05 & means 10 improving
the werld - a teelmological approach (Ryan and Aikenhead, 1992, This broad scheme was used
in the analysis of the responses and in their placement i voe of the four cotegaries which are
shown in Fig. 1.

RESPONDENTS
[T PUPILS ined?)
g [ STUDENT TEACHERD ety
R 0l Teachers w2y

Figure 1t Pupils’ und teachers' definitiony of selence

The peneral trend evident In Fig. 1 s thot the cantent aml progess pesspegtiven of seienee were
ot stronply Tavoured. The exceptioin i thin tend s that 36 per cent of the student feachers
selueted the mere contemporary view o seiemee an o haman adivity, 11 s interasting 1o note that
leess than 12 per cent of all (e samples s sivnge ws a means of improving the world, o saw
it i terms of the traditinal seiene subjects. Renponses to the trec fesponse optivn 1 suggrest
that eertain pupils and tenchers have a veey broad or poordy detined view of seieage, For
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CHAPTER 4
RESULTS AND DISCUSSION

This chapter cutiines and discusses the maln fndings of the stady in order to answer the
reserel questions which were formulated in Chopter L, The conclusions and their implications
for seleace education are vonsidered in the next ehapter,

The responses from the opinjfonnaire of pupils (1), student eachers (57} and teachers {T) about
the nature of scicnce are presenied in a serics of tnbles, Hach table displays an item in the
opinion. ¢ire Ineluding the various options. Adjacent to each option i the table is the percentage
of respondents holding that position. The perecntoge eateulation Is based on the total number of
Std 10 pupils (47), stdent teaghiory {(14) and teachets (203 wha compleied the opinioanaire, The
pereentages are rounded off (o tho nearest whols wunther. The opitionnalres are included in
Appendices 3 und 3,

This discussion of the tesuits was greatly influsnced by that of Ryan and Aikenhead {1%12). In
the diseussion, the most commen current vigws held by philosaphers of seience on cach ftem are
outlined frst. This Is followed by a dir ission of the generl trends of respondents® views. A
comparison of tho responses of the threo samples is made, '

4,1 DEFINING SCIENCE
Table 2¢ Respondents’ defiuitions of sclenco

W‘:'—t’%
Definlog sclence 1y dififenlt becavss scienve is complox and dogs nieay tiilngs.
But zelenee 15 malnlys
!l I\’l' =Lﬁn'
6 6 1 A, o sudy of tlelds sosh oy Dinlopy, chemidry ond phyrica.
A 21 A8 B o hady of knewdedge, sueh osoprneiplen, laws and thearied, whivh esplaim dw world
arAw! ty {matter, cnerpy and i)
4 n 8 ' vamying out experiments to solve probbems ol isterest abaut the workl araund
nt n 1% inventing ur desipndiae teimes {lor esample, aetidieind Tearty, sompiten, space veldeles),
1 7 i U, Uncimg sied wingt Enpwlvdge 1o mahe s world a better place 10 live in (o esample,
iy shsvads, sodving polbolnn prableme wnd inpraving apricadturer.
oM Foouway ol t}\]‘ll‘tll’l}! e unktnwn amd deeoveriog new tings abiut oue wotld amd
witiverse and Tow tioy winh,
I 8 G human ostivity oviended st wxphining s underinding e world.
47 L} 1. Nong ub theve clisdees I my Basiv viowpodnt which 3 e
A T - 03 T



not seem that these tenchers spent more time on the opinionnaire han the {irst group.
Neversheless, this latter administeative procedure enuld bave lnfluenced the validity and
relinbility of the tesults, ‘This I disenssed in the eritique of the study on page 72,

3.8 ANALYSIS AND PRESENTATI&N- OF DATA

‘The nature and size of the samplos, eoupled with the type of information generated by he
instrument, made o detailed statistical anwlysiy of the findings inoppropriste. As o deseriptive
stady, the representation of views of respondents using (requency tobley and graphs to

- stinmarize the data is considered more appropriate. Quuiations are used 1o vonvey respensey to
the free-tesponse questions,
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they completed the opinionuaire, The researcher was avatlable throughout the period to give
furtlier nssistance to puplls when necessary, No major diffieulties were oxpericnsud,

The {nstruction page was completed frst, and this was checked to see if all necessary datn were
supplied. There was no break between the Lo periods during which the opinionaaire was
adminfstered o the two classes, and pupils were contfined to their various clossrooms. It can
therefore be nssumed that there was no discussion about the instrument nmong the puplls prior to
It being nnswered.

37,2 Stndents tcachers' obintonna
The optnionnalre was administeved {o the student teachors I two growps on two days.

Six out af seven biology methodalogy students were present for the lectures on the day selected
for the ndministration of the opinionnaire and ther~fore padicipaied n the study. Tho students
had o prior kowledge about answetlng the opinionuane ang therefore their attendanee was not
infloenced by their knowledge of the regenseh. Tk, were accommodated in a lecture hali. The
purpose of the study was explained to them and their frank responses solicited. The researcher
was present throtighout the 20-minnte session and no discussion between students was allowed,
On completion of the opinionnnice, the group of student teachers were questioned {n ender
deterniine thelr general impressions of the opinfonnalre, aud aty problems they might have
experieneed,

This administrative procedure was also wsed Tor the physical seivnes metlwdology students.
Bight studonts were present at the leaturs to answar the opinionnaire,

373 Teachan' opinjonnalre

The insteament was administered to 20 teachers at 5§ schoels, Two main admimistrative
procedures were followed, Fiestly, ten of the tenchers completed the opinfonnaite {n the presence
of the researcher, This ineluded teachera of the Std 10 pupils, Secondly. in tvo sehools invelving
ton tenghets, the respondents were allowed o compleie the opinionnalre duting thir spore time,
Completed opinionnaires were callected alter two or three days. Foeh acher way made aware
of the need for personal and frank answers, Judping by the few free-responses provided, ¢ doos
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3.6 PILOT STUDY

A pilot study ~as conducted at o "model €* ligh school fn Johanuesburg, Thitty Std 9 pupils
and their physleal scionco teacher completed the oplnionnalre. It took the pupils about twenty
minutes to complete the opinfonnnire, Six pupils wete randomly selected for on intetviow alter
they had completed tho opinfonnalre, The aim of the interview was ta get feedback about the
difficulty, elority and pheasing of tis guestlons,

The interview with the pupils showed the lingunge Ievel was appropriate (all beitg Unplish first-
tonguage speakers), and puplls’ verbal explanations supported thelr eliolee of options in the
written instrument, The subjeet toacher condlrmed n an Interview that the langunge used was
approprinte for the pupiis, but hinted that the format of some of the questions was not elean,

An analysia of the responses showed that thtee questions wete not properly straetured and os o
result, pupils seleeted more than one option. These options were restruetared ond evclt question
was provided with o separate instruction requiring respondents tv ¢hoose only ane option, d

The restructured questions were then admindstered to six teachery. No significant problems were
detected in the formot or content of the apinjonnaire,

3,7 ADMINISTRATION OF THE INSTRUMENT _

The aplnioanaire wos administered to the pupils, student teachais, and teachers elose to the end
of the aeademic year,

471 Ruplls’ opinionngire

The tallowing provedurs was used to administer the opinionnaire to the pupils in the two Std 10
classey, Pupils completed the opinfonnaire In thelr classrovmy during the physieal sehve period
with their tepeher and the resenreher in attendanee, Loelv session bepan with the teseareler
intradueing hinwself and explaindog the purpese of e study, This was intended to allay any foars
and promrde motual trust and friendliness. No communication Between puplls was allowed while
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or more viewpoints, "The free-response option was intended to reduce the amount of guessing of
angwers {Alkenhead, 1988).

Al pupils, stadent teachers and feachers in the study completed the same opinfomnaire. (See
Appentix 2). The fivst page of the instrument stated the aims of the study and also encouraged
respondents to answer questions i a frank manser, It was made elear to respondents that eaclt
ftem began with o stem sentence which usually expressed an extreme view on the topic with
which thoy may or may not agree, Instructions were provided which detalled how the options to
the statements were orranged, and how the questions were to be answered, Pupils were also
required to filt fu the following personal details: date of birth, present stundavd, and the seienge
. subjects being taken, Tenchers and student teachers were required to provide details concerning
their foademie ang professional qualifications and tenching experience. This covering page is
included in Appendix 3.

3.5 FACE VALIDATION

The propositional kﬁowledge statements and instrumonts we+e submitted t a panel of four
 educators at the University of the Witwaterstand to eheek for face valldity. The panel inctuded
two specialists fn education theory, one physies edueation expert and sne oxpert in blology
education. Modifications suggested hy (he validators included reducing further the number of
options in some ltems, and interviewing pupils during he pilot phase to obtain feedback on their
reactions 1o .'tha instrument. Some of the fssues rised in the propositional knowledge statements
are subjects of ongoing debate among  entists and philosopliers. One of the education theory
experts on the panel wonld have pret red .l debe, 5 to be deseribed in the propositional
hnowvledpe statements However, it wos pot st it alm of thes resenrch to debate the opposing
philosopltienl viewpaints abnat e netare of scienee, Rather, the gmi way to expiore thy views
uf pupils, studeat teachers and feachers in this aren. To theilitate meanimatil disctssions of these
vicws, it wan necessary o state the must commesn arent views held by selentists and
philosaphiers of seienee. While twse views were uied in this study a3 @ basis Tor comparison
with the views of the respondunty, it is aeknowledgad hat many of these views ean be, mnd are,
hatly debisted witltin the seientitic cumumanity.
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or more viewpoints. The freewresponse option was intended (o reduce the amount of guessing of
answers (Alkenhend, 1988).

All pupils, student teachers and teachers in the study completed the same opinionnaire, (See
Appendix 2). The first page of the instrumwent stated the aims of the study and also eneouraged
respondents to answer questions in a frank manner. It was made clear to respatdents that each
ftom began with n -'em sontenes which usually expressed an extreme view on the topie with
which they may or may not agree, Instructions were provided which detalfed how the options to
the statemenls were artanged, ond how the questions were to be answered. Pupils were also
required to flll in the following pérsonnl details: date of birth, present standard, and the seience

~ subjects being taken. Teachers and student twachers were required to provide details conceming
their academic and professienal qualifications and ten.iing experience. This covering page iy
included In Appendix 3.

- 3.5 FACE VALIDATION

The propesitional kuowledge stolements and instroments wers submiltd to 4 panel of four
educators at the University of the Witwatersrand to ¢heek for fiee validity. The panef included
two speciatists in edueation theory, one physies eduvation expest aml une expert in binlogy
education. Modifieationy supgested by the validaters ineluded reducing (uether the number of
optiong in some items, and interviewing pupils diing the pilot phase to obtain feedbnek on their
repetions to the instrument, Some of the issues raised In the propositlonal knwwledge statements
are subjecty of ongoing debate among scientists and philosophers. One of the edueation theory
experts un the panel would hove prefermed suelt Jebiates to be deseribdd in the propusitional
knowledge statements, Thiwever, it wox not o stated aitn of this researeht w debate the opposiog
philvsephival viewpoints about the muure of seienve, Rather, the poal was to explore the views

~uf pupils, student teachers and wacliers i ihis arer To Geilitate meaninedinl diseussivns of these
vigwy, it Wi nesessary (o state the mest eommen gurrent views field by seientists and
philesophers of seicnee, Witile these views were used in this study a5 o busi for comparison
with the viewy ol the respondents, it i achiosvledeed it many of thee views e be, aid are,
Bty debiatod within the seivntiliv community,
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Holton (1978). Ziman (i980, 1984), Gauld (1982), and Fletning (1989}, These contemporary
viewpoints of philosophers of scienee were also Tavoured by selence cducators such as Abimbola
(1983), and Ryan and Alkenhead {1992) as representing modern views abaut the nature of
stienee, '

Five: key issues within the nature of seience were selected for (his study. These were deflning
sejence, knowledge gencrafion, nature of seieatifle knowledge, coneeptual inventions, and values
in seience. An understanding of these areas way considered necossary in order for pupils and
teachers to lave on adequate conception of the nature of science,

The following funetions were served by the propositional knowledge siatements: CGiven the vast
area of knowledge covered by piiilasnphy of seience, the propositional knowledge sintements
were used to delimit the scape and depth of knowledge to be explor-. and to seleet appropriate
ity from the VOSTS fnstrumient. Finally, they were tsed by the researcher fo oddress the
content validity of the instrument. '

348 Modifieution_of the VOSTS nstrument

The 114 VOSTS itema were exumined and individunl ftems which relnted to the five topics
mentioned above were seleeted, The selected items numbering 35 wers erltically exammed for
elarity of oxpression. FlnaHy, 13 quostions covering the selected! content aren, and which could
D¢ answered within about 25 minutes were chosen v eonstitute the instrument,

Some jwmy had severa) aptions with similar meonings, The number of options varied between 3
and 13, whichi is quite unusoal in lests used in South Afriean schools. An atlempt wag made to
modify the isstrument so that it conformed to the pattern of muyltiple ghoite Gu. tlony Gimilior 10
Suuth Afkiean puplls, The language used was “SautlwAfriconised® * - 'me items. Simllor
aptiony were deieted which reduved the number of aptions in each item to an average of about
six. Rather than including the response formats ™1 do not understand™ and *F don't know enough
pbout this subject to ke ¢ choiee®, the tollowing iive response option was provided: "None of
these elicives (its my basie viewpaint whiel is..". This optiun was to be used when respondents
(elt their views were pot espressed adequately in the item, or whon they wanted to combine two
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) Two statements were composed for each of the eight VOSTS topics with each statement
porteaying the opposite polnt of view, Bmplrical data on puplls® views about the statements
were gathered by making them write acgumentative paragraphs in response to the statements,
Over 2000 pupils from diverse backgrounds responded. About seventy of these written
argumeniative paragraphs were sampled to ensure a eich diversity of opinions,

b) The poragraphe were analyzed and grouped Into eatogorier o represent puptls' common
viewpointr, ‘the viewpolms were then rephrased using m pils® vernaculor, and cast into the
traditionnl multiple choice format without altering the original student parapheases, One of the
two Initiat statements became the stem sentence of the item,

o) The elarily of ench VOSTS statement was rovised with a bateh of 10 now pupils, These !
pupils were made fo write new parageaphs o the original (est statements and then seleet o .
"pupil positlon”, This wos then followed by an interview te detormine how well the wording '
of the multipte choico itom corresponded with the puplls viewpoints. It wns also o meang of
deterntining the reliability of pupils’ responses. :

¢) About 10 studenis per VOSTS item, worked through several VOSTS items verbally In the
prosonce of an ownluntor and researcher to check IF the pupils’ meaning corresponded with
that of tho researchers’. This techniquo ensured that the fest quoestions would evoke responses
propetiy related to pupils' understanding of the topie. It was alsa o nicans of improving tlie
volidity or trustwortliiness of the ftems (Matahall and Rossman, 1989).

¢) A total of $000 puplls were made to respond fo the VOSTS ftems. Pupil positions thnt
regedved lttle or no response wore eliminatad, thus trimming down the sumber of options In
each question tu about § to 11,

3.4.4 Prapositiona] lnowledse siatomonty

Befire the VOSTS instrument wos adopted tor this study, propositional knowledge statements
wers formulated by the researcher. These were written descriptions whish summarlzed
coitemporary viewpoints on key isaues about the noture of seienee, (See appentiix 1), The
viewpolnts selected were those of more recent philosophers of seience sueh as Kulin (19703



10 response to the problems related to existing instruments, Alkenhend and Ryan (1992)
developed the Views on Science-Teohnology-Society (VOSTS) instrument, Aikenhead (1988)
estimated the ambigulty lovel of an emplrically derived instrument’s response format to be
between 1520 per cent compared o other response formats such as Likert, 5080 per cent;
paragraph, 3550 per cent; and semisstructured interview, § per cent. Although rescarch suggest
that the semistructuted interview provides thie best way to prabe the viewpoims of the samples,
MeCarthy (1994) claims that the teehnique {s very time-consuming, As n result, the VOSTS
instiament was selected ax a compromise. The tremendous rigour involved in the development of
the VOSTS instrument (discussed in sectlon 3.4.3) was the main atvibute that influenced its
selection. Soune special features of the YOSTS instrument are explained in the followlng section
before deseribing how it was modified and used in (his study.

34.2 Specigl elaracteristies of VOSTS

The VOSTS items e based on seience-technology-socicty (STS) content appropriate for high
sehool stucdents aod on recont liternture concerning the eplstemologicnl, soainl, and teehnological
nspects of seience, The VOSTS instrumernt consizts of 114 multipie-choice itoms that fall under
gight broad topies, These broad lopies arer f) sefeiee nind technology, 1i) influence of society on
seicneMechnology, ifl) influence of seienceMechnoiopy on society. iv) influence of sehnul
selence on soclely, v) chorecteristicey of sciontists, vi) social constuction of scientifie knowledge,
vil) soeial construetion of technology, and viil} nature of scientific knowledge,

The dovelopers of VOSTS have clafmed it to bo -+ "new gencration fastrument™ with distinet
"psyshometric porspectives over eonventional instruments” (Alkenbend and Ryan, 19902, 479),
They note that whereas conventional instruments lafd emphasis on test scores obtained from
pupil vesponses, VOSTS presented pupils® ldeag, not numerieal scorgs, In addition, the distractors
It VOSTS multiple choieo items were empirically detamiined and not written from o
rosearchers® viewpoint, Ax noted by Aikenhead and Rynn (1992, 480, ..ty shift in emphasis
of' the responses hos implications when the fssue of the instmment's valldity is addressed®,

The details of how VOSTS items were developed ars summarized in order to expinin the
progeyses and wonceptual issues that were involved In the development phase.

343 The dovelopment of, VOSTS ey

Five thousand Coondian prpils of average ape of 17.3 years pacticiputed In the development of
the instrument, The following steps were taken in the fotnulation of each item (Aikenhend and
Ryan, 1992 '



Table 1: Pacticulars of teachers who completed the opinionnaire (n:=20)
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3.3.3 _ng!ell ors

Twenty teachers from [ive povernment schools in the greater Joharesbury aren were
conveniently sampled to complete the opinlonnaire. Attempts were made to include in the
saple tenchers with a wide range of teaching experience and gualifications. Detuils regarding
the particulars of the secondary sehool teachers are included in Table 1.

OF the 20 wachers, 18 had university academic degrecs. These comprised 10 B.Sc. degrees, 2
B.S¢. (tHons), 4 B.A. | B.Ed., and | B.Prim.Ed. Twelve had o postgraduate teaching diploma,
and 7 had an undergraduate teaching diploma from a teachers® training enllege. OF the seven
teachers who graduated with undergtaduate tesching diplomas, five had over the years obtained
o universily degree, Tho 18 degreed tenchers were also noted to have graduated fiom five
unlversities in the country, with 11 of them graduatiug from the University of the Witwatersrand.
T ey of their teaching experience, 14 of the tenchers had taught for five or more years, with
§ tenchers teaching for more than 20 years. The subjects tnught by the teachers included biology,
physical scicnce or mathematics and these were tought fron Std 6 to Std (0. Physical geleauce
seemed to be {he most common subject taught by these teachers. Fiva of the teachers had taught
all threo subjects in past years up o Std 10,

34 DESIGN OF THE INSTRUMENT

As this study aimed 10 establish what puplls and toschers know and beifeved about the nature of
seience, it was necessary for the most approprinte instrumient to be used.

34,1 Instrment svlection,

Severnl standardised instruments used o the past to investigate respondents’ understanding of
the noture of seience have hod "ambiguity problems” (Aikenbead ot al.. 1987). Rescarchers liad
erroncously assuried that respondents perecived awd interpreted sest stafements as they dicl, and
that lnngaage was wed in the some contest by both parties (Alkenhad and Ryan, 1962), A
mismateh ity the language used by the respondents amd tysenrchers often as high ns 80 per cem
wils dogimented by Aikenhead (1988)
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Three positions are embraced by the options in this itent

r) Scientifie knowledge changes {options A amd B3,

b} Setentific knowledge appeats to change (options ¢ and D).
¢) Scientific knowledge does nut ehange (uption B).

What do respondents beliove pbout the provisional nature of seientific knowledpe? tSee Fig, 4).
A Tnrge majority (74 per eent of pupilst 86 per vent of student teachers: and %} per vent of
tenchers) seleated thie position that acknowledges seientific knowlodge ehanges. Twenty-four per
vent of pupils, 7 per eent of student teashers amt 3 por cent of teachers lield the view that
sefentifie knowledge sppears t change. Only etie pupil and une teacher chose the position
asserting thot scientific knowledge does not change hecause it consints of ft, (Fig 4).

w. RESPONOCNTS
m‘ R3] pumLa (aeeny
! B SURCNT YTACHEAS et}

R reAcHERY (v

Fipure 4¢ Pupils® and teachers' views on how selentifle
knowledge charges

However, a considerativn of the specitic options seleated By the reapondents shedys further light
v Sheir undertimding o the chanping nature of woutitie hnewledpe, Optivn B i the
wsntemporary eomntietiving” view whivh accupty that seientifiv favts vian eliampe with time,
when mew cotwerienn are wied o interpret Jacks dErlerently. Thin Kot position wan Teld hy

I3 per vont wof pupiks, 22 per oot of dudert teachers, stid 35 per cent of oo,
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view of seientifie theories. ‘e dominant pusition of tcaehers” views however seem to have
shifted from o content/procesy vid. - an epistemologival view, ‘Lhiv is a favotrable shift. The
strong social image of science expressed by student teachers” views scems W he consistent with
the opistemolopical vigws most of thum expressed in this tem.

&6 VIEWS ON HOW SCIENTIFIC KNOWLEDGE CHANGES

Table 7: Reapondents® views on liow scientifie knowledge changes

- " " o —

Even when aclentific investigatlons. arg done covreetly, the knowledge that sclenfista
discaver from those hrvestigations may change In the fulure,

Yhat do you think?
Selentifie knowledpe climnges:

| I, T N AT

il 4 A Bovee mow scienitds degrovs e * gotion of disceverien of obd seientivts Soentists slo
{hiv by iy new tevhiigues o impeeed sdiuments, By nding aew faetoes averlooked
heliwd, ve deeening ortab in the arginal “eonect” nvespation.

o 48 U hevanse e old knewlodze iormteqeted 6 Sght of gew Jisceveried, Suientifie St en

changpe.
4 1 K £ Neionndly  knowledpe AUMCARS w change hovawse tie interpretativi ur the applicition of
the old taets can ehiongte. $ueratly done expeements yiold unclangeable dagts.
o4 ow B Svieatdle hnuw!cdfu AFPTARS tr anpre becatise new hanowledpe @ added on o old
: wmdedpes the old kuewledge duena't chimpe.
2 4 & I Seentilhe knowledpe dee not vhanse Beeduse i vonseds ol proven tucte.
T e of these vt Tt my ewpamt whivh B

Falsificationists and e *new’ philosephers both ackoowledie the wontative natute of seientitie

Fawledpe. For the maive fabilivitionists, chasees veeur swhen soientitie howhadpe s disproved
(lakatos, 19701 T Kubindag of “new” phileophend posttivn madntains that ol fets hange
angd bevome ditferent Tagts wlien new voneepiions are developed and liets are intetpreted

ditterently.
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The ontological position appears to be held Wy 47 per cont of pupila, 7 per cent of student
teachers and 15 per cent of teachers, The epistemologionl position was supported by 23 per cent
of pupils, 64 per cont of student teachers and 60 per eant of teachers. Positions between these
two extremes wera held by 23 per cent of pupils, 7 per cent of student teachers, and 20 per cont
of teachiers (Fig 3.

In support of the epistemological viewpoint, & student teachier noted: "Selentists invent theoriey
to the extent thet they put forward a theory based on evidence they have found®, This point of
view Is eonsistent with Solomon et al, {1992} as to. why scientists do experiments. Basieslly it is
t try out their explanations for why things happen. Such explanations in the form of hypotheses
or theories, arg constructed by tho seientists 1o explain observed facts,

What is the relatlonship between such theoriey and reality? In an open ended response, 4 student
teacher felt o "..theory is both dependent an mind and reality and thus depends on both".
Another student teacher, supporting tho realist camp, befiaves that "..seientists foliow a path of
‘diseavery’ and make a conclusion based an the evidence in front of them”, 1t iz necessary to
bring ont tho essential differences between the raalist and the instrumentalist views in order to
address the initinl question posed. Thig Is about how each group of sclentists views the
"conelugions based on thelr ovidence”. Are they considered the exact deseription of what iy
observed or an attempt ot creatively describing what they think Is vbserved? The raalist or the
ontolagieal position suggests that the evidenee ix oxaet (Hacking, 1283)

In the other open ended responses, the two positions svere deseribed sometimes in rather
ambiguous terme, One pupil stated ".seientists neither fnvent or discover thearies but merely put
into words the faets that ars peesent,” This response pinpoints the dilemma of pupils when faeed
with options whieh ars not famifine o them. To achieve o sclentifically literate eitizenry, such
distinetions must bo taught at schools so that piptla are able later on to make informed decisions
ghout sacial issues bayed on nature of scientifie theories,

In swmmnary, it seems thut whilst the largest eategory of pupils' responses (47 per cent) favoured
the ontological viow, those uf' student teaghers and teachers favoured the epistemological vigw,
{See Fig 3}, Whea tho dominant positiony selected in this item are compared with respondents®
choices on the definitions of seience, a rough correlation of the dominant views becomes obvious,
Pupils whe strongly favourad o content peespective of sclence seem to cqually support a - 2alist
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o imoginative ittsiphts which are then developed by conseious thoughe (Popper, 1972, cited in
Hudson, 1986,

Are selentifie thuorles Invemted or diseovered? This question delineates the two schouls of

thought within the philosophy of science concerning the stas of sefentific knowledge. The

ontological or realist view helieves that scientifie knowledge telly ne what is really out there, Or

ot i ancther way, there is a reality out there that eon e obsjeetively deseribed. The metaphor of

4 miner diseovering gold approprictely deseribey the ontulugical position of uneoveting reality

{Ryan and Afkenlead, 1992). This position iy alwy consistent with the positivist view {Ryan and

Aikenhiead, 1992). The uiher setoo] o thought, the epistemological position, maintaing that f
sotentific knowledge iy ereated w explain whint is wut there, The explanation is actually a fiction
to aceount for what exists. The metaphor med i thy invention or cregtion of o seulpture, and
this perspustive aprees with eurrently held views G'yan and Aikenbead, 1992 Huodson (1986)
Towever advoates o compromise view tor seliool scienee and this is outiined on poge 60, s

What do the respondents think about theeries? Throe pusitiony are embraced by the options in I
tiis item. (See lable 41 _ \
a} Options A, 13 ond € delinestes the antolagival position, !
by Options I aad ' 49 the epistemologieal position.

v} Oplion [ encompasses botht pravitions,
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Figure 3t Popils* and feachers” dean on how theories are
Formed
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ihiserveriex in svicnee would be @ waste of Hine if we owmed i scienee was mot opicol. Many
dhivenvories Bave been neidental and wiany Tuve wome ubool Gion o serien of investipotion building
~lopivally one upon e ather,

Finally, although sefentific work within a paradiginie perlod moy be conceived as progressing in
an urderly, step by step monner, seieatific work beiween suecessive paradigms cannot be '
vonsidered s such. Kuhin and Popper seeth (o agree that sefence does not progress by acerstion

between successive poradigmas (Watkins, 19701

& VIEWS ON THE INVENTION OR DISCOVERY OF TREORIES

Tablo 6: Respondents® views about theovies

For his atatement, aasume chat & gold miner "dizcovers” golly whilo an arlst
"nvents! w aeuiptere, Somy people think that sclentivis dlscover sclentifie
TIEORIES, (thers think (ha! zelentisis Invend thom,
What do you thiuk?
Seientists dlseover o heory: .
R X
m o7 X A. bevause on hlew was there il the time, Jusit needing w be ungovered.
13 0 m 15 Beconse it 1 baved on enperimentad ik,
4 0 U, b wetentiste invent e methads o lind e theorie:
¥4 7T W I3, Somy seicatists may stamble wiw o ieory hy chanve, thus diseovering [t 1500 oter
SCICTERTY WY invenl he theoty Tratn Lt ey afready Anaw.
Neientisti tnvent o feury:
M s P Deeguse o theory i o mbeiprelatny of expenmentdl et which seientists nve
diseeeerid, _
LT R 1 P, heeduue sovengogds (o} come v Gie mind » we credte then).
a 32 8 §i None o s chieey Jibs my basi viewpoin! which sy o

Thearies are propositions devised to explain sbservations, thets and liws, and to make
predictions {(Ryan and A'kenhead, 1992), Theovies pive a seise of under. nding to the faets and
laws they explain, T pive bedter comprebension, mudels op uther visoal represenitiong may e
wsed (Ryan e Aikenbend, 1992). A theory is paradipm boumd, and miay enjoy o high depree off
setentific contidenee as hang av no uther theary soperseden it ve s paradipmechunge seers, It
sl (o be thoupht hat theories were Togieally derived trom Kiws. Today theosies are attribuied
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The fargest category of respondents (33 per cont of pupils, 64 per cent of student teachers, and
85 per vent of tenchers), who selected option B, agreed with the view that seientifle discoveties
usuafly follow from a well-planned series of investigations although itmagination and trial and
error may play a role, Ryan and Aikenhead (1992) acknowledge the eonsistency of this option

with currently held views .

The #ext most popular choice was opedon € which stresses the accidental nature of most
discoveries, This option was sefested by 34 per cont of pupils and 21 per cont of student
letshiers, Interestingly, no tencher selected this option, Clenely, some discaveries have been
aeeidental; the ynintended product of the scientist’s research. Examples include the discovery of
xrays, radlonctivity and clecirons. Tho discovery of s~rays (Taylor 1941, sited in Kulm, {970a)
oecurred when the physicist, Roentgen, whilo investigating cnthode rays, noticed o strange
phenomanon, A barfum platine cyanide sereen at somo distance glowed when the disclarge was
In jsrogress. Rurther investigations led 1o the discovery of the xerays.

“The belief in accidestal discoverics does not seem to be limited to pupils in this study. Solomon
ot al. (1992) invest., "4-year-old British pupils’ responses 16 n question g to whether or not
scigntists know whae they expected to happen before thay did an experiment. Most of thelr
responses seem to indicato selentists were thoughtless about the end<products of their
investigations, The depiction of seientists in pupils* pietures'with bondoges on thelr faces was an
additional confirmation to Solemon et al. that pupils have serendipitous notions of seientifie
investigations and discovaries, However, thiis screndipizous view did not porsist alter pupils were
inus-ueted in a eourge that dealt with the role of lypotheses and theerios in past scientific
discoveries {Solomon et al,, 1992). Ryan and Aikeahead (1992), in o related study on 17-year-
ald Ataerienn pupils, had similar Tindings, They beliove pupils’ views of mast scientific
discoveries being nweeidental may have been pespetuatod by the media and popular writers of
history of sefence (Ryan and Aikenhead, 1992),

The researcher concedes that while there are many accidental discoverios in science (see
Roberts, 1989), there ave many more eoses of scientife discoverics oceuring as @ result of well
¢ rmulated research programmes (Ryon and Alkenhead, 1992) The free response of a student
te hgr puts the actidental view of scientifie discoveries into proper perspestive. She noted that



4
44 PROGRESS IN SCIENCE

Tnble 5 Respomdents' views about progess. in sclence

Progress In selonce accurs ts a result of a seelos of Investiguilons, eacli ono building on an
carlfer one; aud cach one lending logically to the uoxt one, wntli the diseevery 18 ninde.

What do you think?

posT T % _

9 oW A, All seleptille discoveries result oy o wellplanned series of investipations. Lxporiments
{lor example, the experiments tat fed to the mole! of the atom. or dieoveries nlout
cuncer) are ke laying bricks onto o wall,

53 nd BE 3. Usunlly seleatille discaveriex result from o Jogical serles of investigntions. Dutl sciehee i
uat completely logival. Diseovery somietimes cumes by o flash of invagination. ov by trial
iy error, .

K ¢ Most seientifle diseoveries are ageidentl, or ﬂu:,r are the unprediied product of the el
{ntentiun of the selentigl, Sothe discoveries resull from b serien of lnvestigationy budiding

logienlly one upon thie olien :

4 b0 1 Sulentiste do tot know what to uxraet swhen they do experiments, Therelore seigniitic
disuoverics do net aceur ny o reswlt of o logieal series of Investlpations.

0 4 % 5. None of these elioiges lity my basle viewpolat Wiliell I womomsro e
L w R,

Contemporary opinion is that seience processes which lead fo progress in selence do ot simply
Involve experimentation and the systematic aceuniulation of faets. Kubin (1970n) sces selentific
developiment o8 o suceesgion of pneadigm-bound perlods which are punctuated by nor.
guminlneve breaks, The "normal selence” practitioners engage in durlug the poradigmsbound
pethads do not produce major breokihronghs according to Kuhn, but are akin to puzzle solving,
New theories are however lhought of under situations when a phenomenen stubbornly refuses to
b explaingd by existing enes, Zaglh maojor sdvanes In seience alters previously establighed
patterns of refatfonship, "The deeisive stop fending to (he develapment of & theory Is aften by 1t
leap of imaginntion, intaition or a fash of Inspiration (Kuho, 19700). Hence, option B i3
currently sonsidered to ba the most aceeptable,

Wit nre the views of respondents on the progress in selence? (Seo Toble §) Although aptions
A ond B ogree with the promise that seientifie discoveries tosult from an ordedy set of
investipations, there ere other Jdifferences between them, Optios A uuggc&ts oll sclentific
diseaverion come {rom well planed investigations, while option B mnlntoins that some aspects
of seienee are Hlogival, with some diseoveries ¢oming thraugh Anshes of the imagination or by

trigl or error.
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As in the above quotation, other rospondents scem to express pringiptes similar to mathematienl
or logical proof, where premises and rules of inference are used to strengthen arguments to
prove a point (Kuhin, 19702). A content-oriented, positivist view of science, it i3 suggosted,
portiays seierce in this way, Contemporary scientific vicws on theory choice suggest it is the
values of the scientific community that are jmponant « valucs such ay aceuracy, simplicity,
fruitfulness. These velues which are generally shared by the scientific community provide the
bagis for decision making. Kubn (1970a) supports this view about the shared volues of the
scientific commuui‘ty influencing theary choice. ond believes this is achieved through persuasion,

The most popular anti-consensus view selected by the teachers i that o hng o3 a theory
explaing results and s useful, the opinions of other scientists are irrelevant, Clearfy, this view
does not acknowledge the important rols played by the scicatifie émumunity {n knowledge
gencration,

1t should also be noted that "redically new" (heories are nuever agecpted under an old paradigm.
A radically new theory only gains prominence when the vid paradigm Is unable to explain
impoctant observations, and this beppeny during the “erisls" portod (Kulw, 19700),

For somo teachers, selecting one anssver fo this fem way difficult ag they ugraed with two very
different aptions. This clearly shows they were unintormed on how decisions are made in
seience: As onw candidly wrote for option Gt "1 would aceept both of the shove C and I,
‘T student tenchers, in genoral, scem to have u clenser view of the rolo and establishment of a
theory than other respondents. A current amd acceptable  ‘ew was expressed o3 foilows:

Muny nevries have very Tiilie supporting evidenee amd ore sed Devausy many selentisy agese with (he
topie ond upparent witluabibey af the theary,

Although this attitude towards "supporting evidence® is gquestionable, the view Is generally
realistic, The evidence supporting the Big Bang theory and the theory of Continensal drilt, for
example, may not be vonsiderad convineing hy others vutside the research paradigm, Uowever,
singe seigntifle knsawledpe 15 not fixed but provisional, there iy the possibility of sugh theories
being wpdated or discarded in the light of new evidenve, Indeed, this is upe of the provesses that

muhes seientitic knowledpe dynamic.
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RESPONDENTE
[ pupiLs (reins
B sruoenT TEAGHENS thwtd)
[ reachEns mey

Rigure 3: Dupile' and  tenchiers’  views about selentifle
tinowledge generation

Clearly, the majority of respondents selected the consensus view. But a critical look af the
uptiong reveais that pupils and teachers were divided between options A and €. Option €, which
is in fine with current epistemology of setence, was selected by 43 per cont of puplls, 35 per
cent of tenchers, and G4 ger cont of student teachers, It is encovraging that the majority of the
student tencliors were aware of the importasiee of seientists eonvineing thers before seientific
knowledge i3 aueepted as reliable.

he slzeable pereontage of pupils and teachers who selegted option A, it appears. do not
understand fow consehsuy i reashed. v them, it entoils praviding conelusive evidenee to prove
a theory teue, This fs in line with we wentent=oriented view diseussed in seetion <41 in which
sience iy seen oy o tined body of faety which have been priven tane. Phis viewpoint of
conefusively proning a proposed theary (uption A was expressed strongly in the open responses
toption 3% Ax one student wacher noted:

onde i Ty v pEapEned it ieeds T 00 vongrusngly proved, & vodselisies teeds T by reselied and il avedy
o 10t it the present parkdignt and Be workable mebes o cousee ot e Redically new,
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4.3 KNOWLEDGE GENERATION IN SCIENCE

Table 4: Respondents® views abont knowledge generation

When a nev selentlfie thwory iy propased, sclendists must decide whether to accept It o nat
Sclentiats mnke this dechion by tonvensast tiat b, proposard af (he dbeary nust colvines 5
large majarkly of fellow selentisty w helleve the wew theory. Wik do yon think?
Kcientisis who propose o thoory must Geavinge olher selentist:
L AL
41 14 18 A, by showhigy Uem cooclystve evidence Uit previs the theery e,
oo on B, becpuic & theory Is usclul to selunee nbly whin pued helieve e theary.
43 6d 8 ¢ beenwio when o nursbier of seionfists digcuss o theory and e new ideds, soiepilsta are likely W rovise
or updute e U wry Tn short, by reacling o cunsonsus, selontists moke o theory more necwrale,
Seientists who peopea 3 theory o nof have o gorvingy stlier scigntistg:
B 0 [ bevinse the Rupperting evidenca speaky for tsch
1 B becans Individual seicutisis will deehle for themsclves whether to pse o Ueory of 5. |
4 & IS P, Brcause on Individua! seioatlst <on upphy b theory 0% Jung dy Oy theory explaing resuly oned Iy useiwl,
i fio mdiler what oihee selentisis belleve. _
0 22 1% ti. None of these ¢helers (e wiy hashe viewpolnt whish B8 oo v
0 M _ I o o AT

When iy o theery aceepted tu beeome part of the body of seientific knowledge? Ziman (1984)
poims out thot the observatlons, liypothersy, theotics, ote, of individual seientists do not
ponstilute seientifie knowledge, wut must first be reviewad by peers who constitute "self
appointed” experts in the fickd, Kuhn (19708) believes it i3 these experts working within the
same paradigm, who on examining the evidence, decide whether or not to upheld the theory,
Where there are rival theories, Kubn {1970b) contends that the superiosity of one theary over
another connot be proved In o debate. Tustend, eacl party to the debate trfes (o persuade the
other of the merits of thelr theory, The end fusult Is that one party Is won avee o the other side
or "eonveried” (Rulw, 1970h),

How da pupils and tenchers view setentific Rnowledge generation? (See Table 4, Piguge 2
cwitvery the upinions expressed Ly the respondents eombined ag gither pro-consensig or antis
consensus views, The prosconsensus view (options A and U) reeopnise the importanee off
consen:am within the seientific vommuonity in the peneration of knowledge, whereay the antis

consensts view foptions D, [ and 1) dos net,
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What are the respondents’ views on "the” scientifie method? (See Tablo 3), Options A to B
represents various forms of the "enquiry” or "experimental" mothod, QOption O portrays "the
sclentific method” as an attitude, while option 1 is the contemporary position on "the seientific
method", '
For a sizeable percentage of respondents (32 per cent of pupils, 43 per cent of student teachers
and 60 per cent of teachers), thoe scientific method is a scries of experimental steps (option E),
Pupils and tonchers but not student teachers aiso favoured somo dspects of exporimental
procedure (options 13, C acd D), In trying to explain why respondents select the experimental
steps as the scientific method, Galiagher (1991) belleves they secm to confuse scientific method
with the way one records and repoits seientifie experlments or structurcs scientlfic papors, It is
apparent that the contention by recent philosophiers and writers about the sclentific method has
not beon explicitly discussed In most classrooms and lecture halls, Gallagher notes thot even
when a testbookk earties a more r:utlghtenéd view of the netheds of science, most teachers
stressed the “steps of the seleniific method” as the major point when teaching K. The enliglitened
view that seionce has ne one entirely rational method needs to be discussed {n teacher ¢ nining
institutions, If pupils are to bo encoursged to de..- 1 and explore various modes of
experimentation,

Stndent tenchers were the only group to regard (lie selentific methed as an attitude that guides
scientists in thelr work, This point Is further explored in section 4,12, Ouly about one-fikh of
student teachers and a snialler proportion of puplly and teachors solected tha position which says
there s 1o otie correct slentific method,

Howover, In retrospect, it Is clear that there nre problems with the phensing of this guestion.
These problems are discussed in tho eritiquoe of the study on poge 71,
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example, one teacher neiedt "..a0 of the above could be scionce”, A Std 10 pupu expressed
clearly this lack of uttiform view of science when he noted "...seicnce 3 all around us, it s
inehided 1o all these answers, You can't pinpoint scienes tu one thing, evecything is taken into",
One could argue that many of the activities mentioned in the vatious options have a part in
sefence, Howover, the question says "But science is naanfin®,

4.2 SCIENTIFIC METHOD

Table 3: Respondents’ conceptions of "the sclentifie method®

When seloniisty invostigate, 1t Is sald hnt thay follow the sclontifie method The
selintific mellod Is:
SR W )
4 0 § A, he Inhortory rncedures ok tevhniques, which se oftien wrltien [n a selence book or
Jotmal by 4 sejentist,
Y 0 0 B. recovding your resulls earedully,
0 0 3 C. contralfing expetimental varinbles carelilly, leaving no reom for interpratation.
M o 15 ), testing aml relesting « proving sumething true or fulso in o valld svay.
3243 W E, the eptitiention of n problem, offering o hypothesis, and gonducilng, we experiment
prove it with a vonelusion,
270 I loghenl ond widely aecepted spproach 1o problin solving,
0 xn 0 . an ntimde thol guides seientists in thele work.
121 18 L g-‘gﬁil,%g‘ﬂng whnt seientisg actually cio, there is no  ch thing as “the selontifle
270 J. None of these clwiees Tity my boagte viewsolnt which B

In proctical terms, science Involves an organisation of people who have ldens and technigues for
tiscovering now knowledge (Ryan and Alkenhead, 1992), Given (ho diverse forms of sclentific
knowledge which exists and the equally numerous technlques for airjving at such knowledgs,
contemporary views indicate that there is no such thing os "the® seientifle method (Hodson,
1982). Sclentists use any method that is approprinte for obtnining reselts {nclwling imagination
and greativity (Chalmuers, 1983), There is, however, a solontific attitude which may be used by
selontisty to guide them in thelr work (Unuld, 1982).
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Figure 9: Puplls’ and feachers’ views about modely

Although only about 17 per cent of pupils hold contemporary views of seientific models, ant
impressive opinion was given by o pupil when he noted:.

they are physical foms of what the seientist believes e steucture will ook like alter many
experiments, lagleal thinkien and rationnlizing. They wre uselil ns o viswd nterpretation,

A teachier with » more ontological view wrole:

 Beleatific modelz simulate rentity and gre aitempts tr espliin reakity, The batter the model the closer
it resemiies renlity.

Kulw helieves there iy no way of knowing if we are getting eloser (o reality, 1o maintaing that
until we define (e opproach to truth us the result of what scientists go, we cantiot recognise
progees towand that poal. Hodven (1988) does not ttally agree with tids view, e seey some
thevries as tue deseriptions of the world and medels oy convenivnt devie 5 for manipulation wd
deseription.

The answers o this debute are not easily tand withoot appealing to some philosophien! debotey
about reality and trath, Stanfey and Brickhowa (1994) attempt w resolve the gontroversy an

whot by real ar true by acguing, that even if we assume o material reality existy independently
the observer, sur kiwwhedge of reality will always be mediated. incomplete, and distorted. Thus,
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played witlh. These were hold-in hand models of the inner constitution of nature. Th recent tines,
a mudel is regarded as something you can hold in your hend rather than your hands, or a

mixture of both (fackiog, 1983). Where there are thearies or phenomenn which are foo complex
to discern, madels are used as approximate representations of them - an Insirementadist position.

The debote among philosophers of science over the status of theoretival models Gust like
theories) hias been polarised into two extreme positions: the naive realist who considers stich
devives to be true reprasentations of reality, and the instrumentalist who regards them as fietions,
lagieal conmructions or infellectual instrumenty for reasoning about the world (Hodson, 1986).
Tlodson believes the two extremo positions bave serious limitations whet compared to the actual
practise and history of science, The eritteal roalist pasittan, according to Hodson, presents the
best account of theory from the poiot of view of the leamer, It tokes u realist view concerning
theoties which they helieve ate true, and takes un fnstrumentalist view of others they find 0s
useful but not teue. [Hodson (1986) hns further wrged that the role and status of theories and
ntodels be defined quite early In the scienee elassroom in onfer tu forestall exeessive
instrumentalism and naive realism views developing in the classreom,

Three aositions are embraced by the options in this ftem:

0) Sciontiflc models are copies of reality (options A, B a

b) Seieotific models come elose 1o being copies of reality (option 13),
¢} Heientifie models are not coples of reality (options I3 and Tl

What du respondents see models o b (Sue g, 9), Between 56 and 60 per cent of pupils and
teachers vegard medoly ns eluse (e copies of reality. Twenty-nine per cent of student teachers

also chose this option. Sixtyfour per cent of student tecehers do not regard models ay coples of
rendity, “This puts the student teachers as the lnrgest group who Rvotred tre contemporary view,

Thirty per cent of pupils appear tu hokd o perely alist perspective in which modely are seen as
Tre gupivs of reality toptions A B and C), Student teachers and teochers de not seent to be

committed 1o (his perspectite,
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impurities dissolved in the gloss, Ziman (1978, 75) summanising the main points of the argument
notes:

Bt vur main point 14 40 notice the uncertainties ond erars that enn aveompany pood experimental
technique by highly competent research workers, and the wecessily of isdependent repiieation and
verification of the results of observation if we are fo acquire raliahle mpitien] knowledge concerming the
extermal world.

This view of the pupils nnd teachers that competent seientists gan ul:s'em and each similar
coticlusions even whan they belfevo in different theorles underseores an ontologleal view of a
renjity bei_n_g out there which can be observed in an unbiased way,

It {s worth noting that between 5 per cent and 13 por cent of the respondents Bollove that

observations are exact (Table 10). This position seams to be a positivist view tenned “excessive
ratfonalism® (Nadean and Desauteis, 1984),

4110 SCIENTIFTIC MODELS

Table 11: Respondents' conceptiony of selentific models

T i A ik £ 5l v e
T Th Seiondite models ARE cojien of reality:
2 0 0 A becouse seiratists say they g true, vo they must be true,
n o » B heenuse nigh spientitls cvidened has proven them e
17 7 a o Eﬁﬁ%‘{sﬁ. ihey are true t0 life. Thetr purpese is (0 show s readity or teach us sumething
no» 13 Svientitle models come elose 10 being copies af reality, becuwse tey are based on
sclentile obseevations and resensel,
Seientifle mouels are NOT wopics of reality:
i7 @i 18 B, rather ey are simply helpfud for leaming and ¢xplaintng, despite their limitations,
[ S 1! T, wnil tiereloro they have no use in seienes,
a0 3 (. Noae of heso clioices tity my basic viewpoing whish 13 ..

The word ‘model’ hag taken difforent mc:mings in the sciences. Aecording to Flncking (1983), in
the early days models of molecules were like senle models of cars and aiteraft that children
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Figure 8 Puplls' and tenchers views about scientlfc
observntions

While option € i3 considercd to be the most current view, sound arguments can be made for
optlon B. The responses of student tenchers are particulorty fuvourable. Eighty-six per cont of
these fiturs teachers were awnre that observations are theory«dependent.

The general wend of pupils' answers [s similar to that of teachers (Fig 8). Fifty per vent of
teachers and 41 per cent of pupils regard obscrvations as theory-dopendent. However, the
reasons cited by these twe groups lor this view are quite different {Table 103, More teachers
selected the neeepted repson that observation is influcneed by what the observer already knows.

Another similarity iy (hat 42 per sent of pupils and 48 per cent of tenchors hinld the view that the
ohservationy of seientists who believe in difTerent theories Will be very similar, This view i
quite mistaken as historical aceounty do nol seem to support &, An example i that of snomalous
water deseribed in Ziman (1978, 74) This water wis eondensed from the vopour In fine gloss
caplllories. Tts strange properties. high viscosisy, and strange behnvione on melting leit competent
welentisty divided sver 315 real nature, Some sugested 1t wos a new phase of wate, while others
thawght it was a polymer of ordinary water » polywater, Flowsver. after many observations aid
poblivationy on the subjet, it became elear that the anomalous propertivs were simply due to



57

4.9 SCIENTIFIC OBSERVATIONS

Tabie 10: Respondents® views ubout sclentifle sbscrvations

Selentific obiseevations of the saine thing mnde by twa eompeient selantists wil) offen be
diffvrent if the sclentialy bnllm l difitrest thee " -
What do you think?

L - B A, Yex, because scientisty will experimen in diflerent ways and will notice different dungs.
17 4 1 B Yui, begouse sefentists wild think dilferently any this will after their observations,
128 35 € Yes, beeouse what o seientist aleady khows will oleet s-hot he oliserves.

43 1 48 D. Sglentille obscrvalions will not diller very much aven thouph sclentista believe diffarent
{hearies, I the scientists are indeed compatent their ahsereations will e similr.

Observation, a8 o primary source of datn, hos always been past of natural selence, Scicntlfie
observations are made using the senses and perhaps instruments as alds. The eunent view of
science malntaing that what scientists observe s influenced by (heir pass experiencs, existing
knowledge nnd expectations (Chalmers, 1983). Furthermore, abservations do not provide
aulomatic aveess to seeure fuctual informatien, but must be interpreted in the lght of (o
sheoretical bellels of the ndividurl (Hodson, 1986), Observations are therefore subjcetive,
fallible and theoryeader. When confronting the same phenomenon, Hodson (1986} notes that
competing theories may give rise to not-identical observations. It fhet, lacking (1983) belioves
observation s o skill, with some people better ot it than oibers, but the skill con be improved by
training and practise,

The views in this item can be grouged in thive ways:

1) Observations nade by different sciontists will elten be dilYoront beenuse observations are
theory-depondent (options A, B and )

b Observations muds by dilerent seiemtists will not differ very much bevause observations are
et (heery-dependent (option 13

¢) Observations niade by different seientists will be the same boavse ey are ot theorys
dependant foptions B and 1),

y 0 3 1}, Nu. becguse shservaliuns nre ug exact ux possible. This iv how seience ling been ahle o
advange,
4 1 0 1. No, obyervations ore exastly what we sew and nothing more; 1hey e fiety.
-4 0 0 (i, Nuone of Uwese choives Gty my Dasie viewpoint which 5 oo
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If the hypollesiy 73 correct It can be repented ou other kinds of saumslus und then hecorie o théary. Unly
Beeume it lww wier Turvihor experimentation e make a law which will cover o general stalenent, cp, Any
wbjcel thrown up wil Ll '

‘The distinetlon between hypothesis and theory is often unelear in the litewoture. Chalmers® (1983)
falsificationist account sees theoties as specuiative aml tettative conjectures or pesses freely
created by the human intellect, Such a definition is more appropriate for “hypothesis®, Popper
(1963) is quite clear on what hypotheses avo « cojectures. He argties that & formi of hypothesis
precodes every form of planned scientilie investigation, and he takes puins te distinguish
hypotheses from theories, Hypotheses ean with supporting evidence become theortes, If further

supporting ovidence Is found for a theory, the seme theory will enjay greater articulation and
confidenco front the scleatific community, but 1hat docs not moke it o Jaw (Rynn and Alkentiend,
1992),

The pdssihlc influence of sveryday meonings of these teems s o faetor that could have
contributed to the misconception. Audesirk and Audesirk (1993, 12) support this view when they
note that o "..seientific teory i similar to what we would enf & *law" or "t in common
Foglish usage". The law of gravity, they noted in common English usage, is equiﬁnleut ta the
theory of gravitational attraction In piysies. In additton, the misconceptions nbout hypotheses,
theories and laws demonstrated by the respondents may have been the result of poor high school
textbook writing or poorly tanght sciunce courses. Thiy assertion is moat probable when it is
realised that certain clementary science textbooks portray this hierarehienl relationship between
the concepts, Ayerst et al. {1989, 6) for example nofe:

Evenundly xelentlss will publish o hypolbesls that will be so soceessibl ut predweing what will bippen thit i
becomeys koown tw o Wheory, 10 U theory is shown o be nlways correet it may even heeome v law,
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Options A and B, while maintaining that theories can’t bocome laws, differ from each other in
the following porspective: Option A sces Jaws ag 100 per cont corain, and theories less than 100
per cont cettain, Option B, which agroes with current vicws, secs laws as mainly descriptions
and theories a8 explanntions.

RESPONDENTS
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so| T STUDENT TEACHERS (o=t
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Flgure 7: Puplls' and teachers’ fdeas about theorics,
hypotieses and laws

Options C and D are quite similar, Both agree with the viewpolnt that with repeated tosting,
hypotheses con develop into Gicores and finally laws, but differ on how the stages are achieved,
Option ¢ supports the testing of an liypothesls te prove it correct (similar to the falsifientionist
position), while option D appeals to supporting evidence,

Tire results, s shown in Fig, 7, indicate that an vverwhelming majority of respondents believe
there to be an icrarchieal wlatipnsitip between hypotheses, theerfes and fnws, They appear to
believe thot hypotheses mature to hecome theoriey and theories may aventually become laws,
Oprion ¢, which stresses that it is the "omeunt of prool™ sustained by an hypothesis and theory
which allows it to become a law, was the choige of 47 per cent of the pupils and 35 per gent of
teashers, This choioe provides ndditlonal evidence that many pupils and teschers subseribe to the
viev. thoe things can be proved conelimively it seieniee, Tt is disturbing that the student teachuers,
despite having recently completed n short eourse in the philosaphy of seietee. hold incorreet
views regaeding hypotheses, theories und laws, An example of one such viow from a stadent

teachor is uy tollows:
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it, they are very tentative expianations or descriptions that guide Investigations. Laws, on the
ather hand, are general statements that enjoy  high degres of scientific confidence, Finally,
theories ars propositions which are devised to expluin observationg, facts and Jaws, and to make
predictions, Theories may also enjoy a high degree of confidence as laws do, but a theory cannot
mature and become a law {Ryan and Aikenliead, 1992). Rather, it explains the law {Campbell,
1953). Laws and ﬂxeories are therefore two different forms of statements, and both are -
distinguished from hypotheses by virtue of the degree to which they have been accepted bv the
selentific community (Ryan and Aikenhead, 1992). Figure 6 illusmates the relationships between
these concepts, While these relationships are supported in the eurrent Hterature, they are still

hotly debated.,

What are respondents’ views about hypotheses, theories and laws. This ftem explored firstly, tha
nssumption that theories and laws ore different types of ideas (options A and B); and seeondiy,
the hierarchical relationship in which hypotheses bocome theories wiich then become laws

{options C, D and E)
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Flgure 65 A concept mup showing relationsilps botween key sclentilie ideas
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interesting 10 noto that this particular student teacher is a physies and chemistry gradunte. One
wonders 1f the statement s a reflection of his observation about theories at the university level.

Another student teacher noted "..although a theory should be stated as siniply as possiblie one
must avoid over simplification which could lead to miseonceptions®. Even (hough the concern
raiyetl gver the over simplilication of theories is valld, it iz clear the respondent {s not fully

_Informed of the oriteria used iy theory selection, Ay Lederman and Zeidler (1987) noted,
accuraey nnd slmplicity of explanations a5 opposed to eomplexity are of paramount importance
when clicosing a theory, It is the researchers' opinion that when the erfterion of necutacy of a
theory Is satisfied, the "fear of over simplification” equally gets reddressed, For the sceuracy of
n theory would forestall its over simplification that would lead to miscongeptions.

48 VIEWS ON HOW SCIENTIFIC IDEAS DEVELOP

Tuble 9: Respondents! views aboui seientific idens,

: Selentife kuay dovelup from hypolheses 1w ticorios, wnl finnlly, i they nre good encugh,

to Being selentifie laws,
What do you Uiluk?

15 715 A Theotles can’t bovome -2 besuuge they nre differeat f3pes af kleas. Theordey are bused
on selentilic ideas which ore less than 100%% certain, and so theories cun't be proven e,
Laws, however are bised on ficis only and arg 100% sare,

¥ B. ‘Theoriey vnn't become Jaws begausg they ore different Wbex of ideas, Lows deseribe
things m peneral. Theores expluin tese laws, However, witl _au[npumng evidenee,
lypotheses niay beeame [heories {explanivng) ar laws (deseriptions).

Hypotieses ean tead to theorles which can lend 1o lawar _ _

47 15 3 U hevause an biypothesis 14 tested Ty experiments. 1 it dqnwes vorel, it hegomes u Gesry.
Aflor u theory Bay been provett me nany limes by dilferent pesple ood hog beep nround
for u lopg timu, & Becomes u L. _

17 &0 13 becawse an hypolliesis v lested by e\peéimums. IF there is suppuorting, evidenee, it's
Ureary, Adler i heary has been wested many tintes wivd scems b by Socminily eoreet, #%
gaod enauglt o become it lkaw,

4 T B because it s o logical way fr scientitfe ideas o develop.

27 0 ¥ None ol these ehaives i my basiv vivwpaint whigh s ...

Lo g T T e T g D L P e “IJ

The meanings of, and relationships between, the congupts o’ ety theory, lnw and hypothiesis are

very Bnportant in seienee, Most seientisty engage heiv investipations with some form of
preconceptions or hypothveses (Popper, 1980}, These bypotheses are the ideas or edveated
puesses of seientints about problems or issies i seienee, Or os Ryan and Aikenheud (1992 put
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Fiyure 5 Paplls® and feachors® idens al:ont the strueture of good
thoories '

The most favoured oplniun ia that theories can either be simple or complex. (See Fig, §). This

~ position was selected by 75 par eont of pupils, 72 per cent of student teachiers and 80 per cent of
teachers, This Ia [n contrast to the eurrently ncceptable position which is more inclined fowards
the simplicity of theorics. This option wag selected by ¢ per cont of puplls, 7 per cent of student

teachers and 20 per cent of teachers. One student teacher, supporting the simiplicity of theorles
viewpoint in the open response (optlon F), stated that theories should be simple but must *...not
rllow for mislntorpretations = or enormous number of exceptions®. This proposition iy justified
wlhien it is noted that Rubba’s Mode! of Selentlfic Knowledge prefers simplicity of theories
{althongh nat forbidding coniplex ones) (Rubba and Andersen, (1978) The criterion for choosing
1 theory, according to Rubbn nd Andersen, is that it would be able to explain the greatest
wunber off nlascrvﬁtluns with {he minimum number of concepts,

it Is surprising and encouraging 1o note that ouly 12 per cent of pupils, 7 per cent of siudent
teachers and no teachers regard theories os covaplex, What are the visws of some respondents
who see theories in seienee os conplex? Ono pupil belioves ™., seienee is simple, but the theorics
(afthoogh stated simply) are netuaily complex”. This certainly raises congern §f pupils begin to
see the form ol theories as complex. A student teacher who doubted the simplivity of all theorles
wrate “.some theories ave simple, others are more ditfieult”. Tle certainly has a point. It is



4,7 THE COMPLEXITY OF THEORIES

Table 8: Respondents’ opinions nbout the strueture of good theories

51

P8 T%
9 7 20
M 57 50

48 15 30

Gaod selentiic thearles expluin observations well. But good theories are niso simple
rather than complex.

What do you think?

A. Good theories are simple. The best longuage 1o nse is simple, showt, direct language.

3. 1t depends on how deeply you want to get inlo the explanation. A goad theory son
explain somelhing clther fa a simple woy or in a complex way.

€. Good thearies can he camplex, bul they must be translated into sfmplo [angunge it
they wre poing w0 be vsed.

n. }ﬂ\ﬁdgg ore usually complex. Sonte things cannot be simplified iF & ot of details nre
nvalvad, .

E. Most good theorley ore complex. This is beenuse sclence is comples and difficult to
indetsiand.

1. None of these choices fits my bosic viewpoint which I8 s

Scientific knowledge is a product of human imngination and expresses the creativity of scientists,
According to Rubba and Andersen (1978), althongh scientific knowledge tends towdrds
simplicity, it can at times be complex, It is also comprehensive instend of being specific with

effort being made to develop # minimum number of coneepts to explain the greatest number of

observations, Where there are two theories that egually cvolain an observation, the eurrent

proctlee of scientists is to choose the simpler of the two (Rubba and A, . .1, 1978), As

Lederman and Zeidler (1987) noted in support, selentific knowledge attempts to achicve

accuracy and simplicity of explanation as opposed to complexity.

What do respondeats think about the structure of theories? Theee positions are embraced by the

aptions in this item:

) Theories are simple {option A

b} Theories are complex {options [ and E),

e) Theories can be cither simple or o mplex (options B and ¢,
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Option A is a falsificationist position, In which science is seen to progress by disproving the
solentific 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 lurge perventage of student tenchers
selected the falsificationist positlon, some were aware of the difficulties inherent in the
falsifientionist process as discussed by Lakatos {1970). For example, a student teacher wrote, "I
would combino A and B and include the fact that theores might not be disproved but rather

| modified in the light of new rescarch”,

Options € and D maintaln scientific knowledge may appear to change for a variety of reosons:
Option C suggests changes in interprotation 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).
Pogitlon 1Y is an outdated view which sees knowledge nccunmlation as the essence of the

- selentific process, while option C runs counter 1o the view that observation ix theory-laden (Ryan
~ and Aikenhead, 1992), Both positions seem t have received little support from twachers and
student tenchers. However, about n quarter of the puplls seem to share the view that although
scientific knowledge does not ¢hange, it may appear to change due to new knowledge being
added to it or to different Interprétation. It {s disturbing that so many pupils believe that
knowledge from scientific investigations does not change with time,

An adequate coneeption of the tentative nature of scientific knowledge has been regarded by
somae rescarchers as the "primary ottribute of sclentific knowledge" (Lederman and O’Maliey,
1990), and 2lzo as an important goal of science education (Cotham and Smith, 1981), Cleacly,
while the vast mafority of respondents held neceptable views about scientific knowledge being
provisional, these results seem to suggest that only the minority have ideas corresponding to
current views about how scientific knowledge changes,
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5.1.3 Opinisanaire administration

As explained on page 34, two procedures were used to administer the opimiennairo. In rettospeet,
the procedore should have been more rigorous. All teuchers should have conpleted the
opinionnnire in the preserce of the researcher, thus ensuring unifnfmily in the administention
procedure. Whilst it Is strongly belicved thot there was no collusion in the answering of the
opinionnaire, this eatnot be guaranteed. s o result, the validity of the results may have been
compromised,

52 SUMMA 1Y OF THE MAIN FINDINGSN

Pive key mens within the nature of selency were explored in this research, These were: defining
seietror, knowledge generation, asumptions underlying seientiflc knowludge. conceptual
inveativng, and viiues in the practive of sclenee.

In addition to a summary of the migin views of respondenty on items in these five areas, an
attempt will be made 1o evaluate the adequacy of such views when compared to those exprossed
by supporters of the "new® philosaphy of seienve, The eriterdn for mcasiring adequacy prosents
somo inhierent problems, Varlous etiterin have been used in measuring respondents” views of the
nature of seience, Cotliam and Smith (1981 used the tentative nnture of siencs ay the basiy for
navessing adequacy. Ryan ond Alkenhead (1993) determined adequacy of conceplions in terms of
how respondents fared on sach item. Similarly, in this study the adequacy of respondents® views
is determined in termy of how respondents fared in each of the five kev nreas. Views are judped
as adequote it contempurary perpeetivey e seleeted by o large majurity of vach somple.

5.2.1 Pefinliions_of selonce

It is evident thit respondents do not have o well defined meming of seicnee. The contents
wriented and progess approgehes were seleeted by mare thian twasthings of pupils and teachers,
Phis puts thedr viewpuings in e with positivistic thinking, wa o sees seienee a5 @ budy of fagts.
Abwut onwethird of student wachiors seem to have occeptable perceptivng of what seichee st a
sowially construeted human setivity oriented wowards understanding and explaining the wortd,
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them was subtle, [t was felt that in such vases, the options shauld have combined and reworded
to give respondents a smalier range of optivns which were elearly differont.

The iestrument, 5y noted by Aikephead, Ryan and L. ~autels {1989), wag based on the empirieal
data of students, rather than on the phifosopbical stences of ncienvo educntors. Thus, althvugh a
wide snmple of student views were obtained, the contempurary perspestives were olen missing
from the options. For example, the deflnitions af seience from o multicultural viewpoint and an
optlon linking the three aspects of seienee were nat included in itern 4.1, In retrospect it is
befieved that the eurrent views about the nature of sciene should luve been included in the
_cpiiuma ol cach item.

Two ollrer {ysues which relate 4 the content of the items were also fund o be problematie. The
first problem s thar of having o stem sentence with.o viewpoint with which respondenta ould
strongly agree o vigerously disagree. Although respondents were instrugted thot they might |
agree or disagree with the stated views in the stemt semtence, it is nawral for respondents W be
biased by a stem sentenge which may be eorrect or invorrect, A rensanable afternative woukl
have Leen 10 rewnrd all the stem sentonces 3o that they were neutral. A specific example of this
problem I8 found in item 4.2, the stem sentenee of which alfirms there is one seientifle method
and requests respondents 10 identify the seientilic method from the eptions, Although selentifie
fiterature indleates there Is no such thing os "the® seientific method, the nuture of the stem
statement i3 quite misleoding and iy lkely to bins or confuse sospondents inte believing there is
ane seientifie wethud « "the" sefentifie method.

The rescorcher beligves that in relation to the above problems. o rewarding of the items would
have improved the guality aml refinbility of (e ostrument, n addition. these problems eould
have been mitdressed by piloting (he instrument a fow siare times with ditferent sampley, and
intervigwing selected respondunts in mare depthe bitbee the ol administration of the
instrument. Teitmdly the researcher was swaiyed by the remendous tne ami rigour put into the
development of e instrument (Adkenhead and Rvan, 19933, amd the need to maintain the
validity ot the insteumvent, Tn eeteaspeer, it niight huve been appropriate not 1w modify the
existing inteament but rather 1o desipn 2 oew instrument lomsely linked to VOSTS hut 1ailored
to thie spevifle needs of the participamy in this reseurch,
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CHAPTER §
CONCLUSION

This concluding ehapter ineludes a critique of the study, and a summary und discussion of the
major findings, Finatly, the implications of the study and recommendations for seicnce education
in Soutly Aftica are vousidered.

51 CRITIQUE OF THE STUDY

51,1 Resgareh dealgn

The research design adopted in this study seems to be the most approprinte glven the time
eonstraints within which the rescarclh was to e cumpleted, The study attempted to explore the
vigws of o small sample of pupils and teacliers on the subject. 1t is belisved that o lorge
randomly seleeted sample was inapproprinte for such an initial study. However, the nature of the
snple does limit the penernlisability of the results, 1t is hoped that the data pravided will allow
the reader to tleterming the transforsbility of the informativa (Lineoln and Guba, 1988),

5:1.2 Josteysuent

The administratinn of the instrument aned the analysis of the data revealed several problems with
the steiature and content of the instrement, These problenes veeurred despite the tremendous
¢flirt put into i rigerous develapment of the instriement by Aikenhead and Ryaa (1992) amd
the subsequent medilleation by the researcher.,

The problems that were nssovinted with the strueture of the opiniannaire bad o do mainly with
the stem stotements and the options provided. The structure of e ity was somplex and may
have confused or intimidated the espendents, For examply, item 4.3 hus a stem statement plus
thres options tolkwwesd by anothier statenent wed Fou maore vptions, Closddy related to this
proble @ that certain et hod oo many optisns or options which were swmutines tow
sitilar, T example, aptions C and B in item 38 were so similar that the distinetion between
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a xeientist will think o Wix seienille manner no nuiter where e i, ond despife the politiva) situdion ond

enviranment,

The appresintion by the majority of pupils, student teachery and teachers that scientisty are
influeneed by politics is & favourable recognition of scientists as mumbers of the community, and
whose activity can B¢ influenced hy the social and politicnl miliou.
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Options A to D clearly ropresent seeeptable views of how politics affect seientists, A greater
pereen e of student teachers and teachiars than rapils scem to be aware of how polities affect
sefontisty in South Afvien (Fig 11), Certa oy, they were mueh more aware of liow gavernicit
funding determined and directed research. 4 one tencher noted: ... if u seientist is employed by
u governmental department, funding directs hisfher work".

On the political Jevel, respondents were aware that povernment policies could affect the values
of the scientist and cause negotive regetions. A . wdent teacher noted,

repdttive political aclivity can cmse o "hrsin diain® of good sientisy, cotsequently obbing the seientitle
volumunity af sipaificant contributom to seientific development.

A pupil noted the politically sensitive nature of vertain seicntists work and felt that goverament
vensership eould restrain telr freedom to disseminate information freely. He suid thot

seientisiy nre aliveted by politics, perhiape hocowne politive tagy o muy fiow olfow corain fes out dog s
pofitienl implieations.

The appesing viewpaint that scientisty nee not affected by Souh African pelities (options I and
I} elielted responses finm pupils and teachers but not from student teachers. A small percentage
of pupils and teachers {9 per cent and ) per cent respectively) felt the nature of sclentists® work
pievented thum from toking to polities ond therefore becoming afleeted. This view poxstbly
supports the disearded sterentyped image of the selentivt who v seen oy a2 "workaholie" tied to :
the Intoratory. Optivn ¥, selveted by 19 per cent of pupify, is equally u mistoken imape of the

- seiontist witeh world Bave heen appropriste for a different period in history (Gould, 19823,

Gienerally, the student teachiors and teavhers seem w hove o befter understiicing of thie influenee
uf poditiex ot syientists than the pupils, This i net surprising sinee ay adults they probably have
w better appreciation of the historical situation in Soath Africo and its elteets o the soeial and
politiea) lifie. A minority of pupilbs foel seientivis are not affeeted by paditice. As one pupil

vironsly poted,



Fig, 11 conveys the answers selected by the respondsnts eategorized fito these (w0 positions,
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Clearly, the mujority of »espondents sided with the view that polities affeets seient_ists_(optinus A

1o 12) whieh flty the contemporary views of selunce.

- RESPANDENTS
1] pupiLs i)
106 I STUDLNTTIAGHERS fetdy
B B veAcHcRS ety
®

% RESPORSES
5 B

smhmmlmmwmm
Scieniints are affevtad by pollios

Figure 113 Puplls’ and teachers® views on how politles affects
gelentlay

However, different reasony were seleeted for thint viewpoink A Taily Inege pereentage of
respondents {36 per cent of pupils: 68 per cent of student teachers and 60 per cont of tenchers)
selected option B, which snw the intleence oveurting through both government fundiag and its
reséarch polisy. This viewpeint iy supported by Reiss (1993). He believes that in o soeiety with
finuited finonein! resotivees, the chioive of what to work on is not determined selely by scientific
sriteria, But to o large entent By the policies ol the wovemment of the day and the prioritles of
funding bodies.

tptivn A, which vontends that the influenee is exerted through poverament Nanding, was the
choies of between 7 per cons and 15 por cent of pupily and student tepehiers. Options ¢ and D
foews on the human aspects of seientists, their links with society and thetr responsibility toward
sogiety, These 1w positions were tavenred by @ total of 13 per vent of pupily, 38 per cent off
sticont teaehers, and 33 per cent of teachurs,
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methods were employed, scientisty were committed to principles that ensured that falsehood was
not substitated for truth. Some of those principles constituted the seientific aititude (Gavld,
1982).

4.13: POLITICS AND SCIENCE

Table 14: Respondenis' views on the effects of politics ou scientisty

— i i ST A A T———{
Toliles b Sauth Afrfea aftects South Alrlcan acfentists, fecause ackontsiy wre very much & part of
e sacioty (HhAt Is, sclentiaty are not iolated frowm socidiy)
What do you think?
BsE_Tn Neientisty AR affecied hy Soull Advcan polillcs:
15 7 0 A Duenwse junding for scionce swines mainly fum e povernment which sonteals se way the money ks
Sjehl, .'iuicntima s::mnltmns Im‘\m [ lubhﬁv Iot fiteds, & d d
665 M B Dounuse poverenls ot vnly pive muney for rescarch, dioy s et poly repanding tew
d@:thﬁiﬂ%ﬁuﬂ. This policy dlrsi':.ﬂuy achctiy-nw ype orpm}uc{s sclentli v'ﬁﬁ wﬁﬁ unl?
¥ 14 2% . beennso selentlsts ar part of suciety and nee aflseted ke everyane else.
& id 0 1} bhecnuse sclentlstg tey t help anclety tnd diuy they aso closely tied 10 society.
Nclentists aro NOT aflested by Soulh African politles.
i in T beenuse the antuee of A seiendlot's wark prevonts the sejentist frot liegaming nvalved pﬁiillcnlly.
Mo T breouss sciontists ars fsalsted Sonk soctety, their wotk rescives ao public media atlention enless tiey
. mpke spectislar Usnvery
a4 4. Nuno o the chaives s my banly viewpoinl whish 15 e

Chorpeterizntfons of seivntists fn the past have often provided stereotyped Images of them s
heing Jeeply involved in thelr worh, awl with no other social conesrmy (CGuuld, 1982),
Contemporary views ot seience achrowledge its humon dimenxions and see seieatists ay people
whe are equally affeored byt socil and politleat it around them (Schibeel, 1986),

rogs polities alleet Kouth African sehentisis? Two opposing viewpoints were embraced by the
uptions:

W) Sciantists are aflected by polities (options A 1o 1),
b} Seientists tre not alfieted by polities (options 1 and ¥)
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in Ryan and Aikenliead, 1992) reported that most ¢redible scientists operated with values
assaeinied with private scienee, while "medioete seientists” rather exhibit the scientific attitude,

is the seientific. aititude needed for doing the best sclence? What are the views of pupils, studont
teacliers and teachers? Theee perspectives were consdered in this item: '

a) The bost seientists display certain characleristics (optiems A, B and ().
b) The best selentists do not necessarlly display these chareteristics (options D and E),
¢} The best seientists do not display these characteristies (option 1),

Research evidenco seems to support many of the options that are in Table 13, The best seientist.
do displny these characteristics in publis seiense, {option A and € bi the view cx;:réssed in
option B may be seen as natve. The abundanee of such characteristiss do net make you & better
selentist, The views In the ollier options, while geuerally accepmhle.' can be deboted,

The genotal indication among the three sampies is it affiming the necessity of selentific attitude
for dolng "best scienee”. A lurpe percentage of student wachers and teachers seem to beliove that
additional personal traits nre necessary to become good seientist {option €. The student tenchors
hi this item seem to porteay consistent views about the scientifie altitude ns they oxpressed for
(he seientific melhiod,

The display of the sciontifle attitude is considered to make selentific knowlede objective
(Ziman, 1978). Popper (1980) considers seientiile knowladge objective if it ean bo lested ngainst
accepted ohservations and be understood by anybody, By selecting upliu'n ¢\ 1 magjority of
tespoandents seeim to hint at the notion of vhjeetivity in seientifie behaviour, Current views about
sefentifle knowledge sugpest it is socially constructed and thetelore relies on the "subjective
tunches” ol individual seientlsts in theie closets fo provide e noeded Isi‘cﬁkth;nugli. However,
cinsisteney only makes the ehservations ohjeetive but not valid (Ziman, 1%78)

The option that the best seientists do not display these characteristios or that they ore not
important R doing goosd selence was selected by o small percentage of pupils and teachers and
g student teavhers, Nefentists peneindly do displey these chorosteristivs expecially in public
seivres (Ryun and Adkenbead, 1992 The preat strides of seivnee auross history eame beenusy
sejuntists sutght slter knowledpe oljectively. As Goald (19823 observed, althongh various
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Table 13: Respondents® views on humax qualities necéssnry for doiug scicnee

Tie bast sciontists are nlwafs very optu-minded; foglenl and unblased i thelr work.
These personal ehtracteristics are needed for doing the best selence.
_ What do you think?
B W L
13 0 A, The hest helentists daplay hese charagieristies othetwise seience will sufler,
8§ 0 0 B, The test seientists dixplay these charagleristivs hecause the mory of these vhuractoristics
~ you Dave, the belter you'll Jo at sienge.
W 51 45 €' These choracteristivs ar2 nof coouph. The best seientisis alsa need other persamal toits
stich as imaginnlion, inkllipenee and hostesty.
The hest seientisis do NO'T necessarily displuy hese personnl eharteleristios:
13 710 ). heeause the best seientisls sopetimes begomo so dcc&ily invatved, interesidit or srained in
: their Lield, that Wiy con be closo-minded, bused, and ooy olwaye lopleal in theie work.
T 20 a4 I heususe it depeads on the individenl scientist. Somie pood seientisls are alwiys opens
moadedls logicak efe. in thair work; while ather good seienlists can become elose-minded,
bitseel, i, i thetr work, _
I o 5 Fo The hest scientists gu NOT display these pessanal eliaracleristies any e ot the
pverpe seientist, Flese charaeteristios are NOT necessury for doing good selene,
27 0 ¢h None of these chotess s my Basie viewpoint whith oo

In the construction of scientifie knowledge, values piny an essential rofe (Longino, 1983),
Longino distinguishes between two of el values, Firstly, the "constitutive values" which are
selence discipline centred, nnd include being open-minded, logicnl mdl unblased, These values
have also been lobelled ag the seientific attitude (Gauld, 1982; Sheigley, Koballa and Simpson,
1988}, Secondly, "comextual values" are thought of as external to the diseipline of science, and
include ethieal, ideolopisal, and cultural valugs (Lomgine, 1983). Blier (1988, eited in Ryan nvd
Afkenbend, 1992) supports Longine and hes included pender as an additional contextual value,

In the praetise of seienee, Holton (1978, clted in Ryan and Aikenhead, 1992} notes that two
sontrnsting torms o behaviour pattems are exhibited by selentisfs, ln public science, whiclt is
the seienve that i communicated © the public through textbooks, jourmals and conference
proceedings, the seientifle attitude or constitutive values are predominantly demonstrated. n
vontrost, privaie seionwe i whot ogeurs in lnboratories and is diseussed i conversatinns,
netelooks mn personal letters (Mitrefll 1974, eited in Ryan and Aikenhend, 1992), Most often it
i wssociated with subjectivity, slosed mindedness and bins, Eaeh aspest of sstenee (public or
private) way therefore invelve vales contradictory to the seientifie attitude. Mitroff (1974, elted
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The instrumentalist position was embraced by the vast majority of respondents, This seems to
suggest respondents that have a better understostis:: of the man-made nature of scientific
classification than of madels, A possible explanatios for this is that the standard textbook (Horn,
Brink and Jones, 1986) in use in many schools traces the historical development of the periodic
tabie, As a result of this, respondents were possibiy aware of the various scheiies proposed until
the nccopaance of the ideas of Mendelegv (1834-1907).

Anolher contributory factor may be the inclusion of the prineiples of classification in the General
Seienco svilabus at the Sid 5 level (McCarthy, 1994), Although the importance, history, and
nature of varfous elassification systems are not addressed at a higher level (MeCarthy, 1994), it
might be thot this early exposure is sufficient to develop sound understandings of the man-made
nature of the classification systems. Equally important as an ndditional fictor, Is the overyday
exposure to the use and/or design of simple classifications systems (e.g, for stamips and groceries
in supermorkets). '

The impreciseness of sclentific schemes, an impression possibly obtained from the clnssroont,
was articulated by o pupil who wrote “...We don't know the way nature really is and therefore
we can only classify the characteristics".

120 RESPONDENTS
[3§ PUPILS (nwa7)
had y .mnmmcuﬁnsm-w
® ’ ] reachens tnao)
g o
® A
aﬂf
mamuum [T human invanuonl

Ctmulmm tiatoh reallly

Figure 10¢ Pupils' and teachers* views nhout classilication schemes
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The instrumentalist position was cmbraced by the vast majoricy of respondents, This scems to
suggest tespondents thot have o better understanding of the man-meade nature of scientific
einssification than of models, A possible explanation for this is that the standard textbook (Horm,
Brink and Jones, 1986) in use in many schools traces the historien! development of the periodic
toble. As a result of this, respondents were possibly aware of the various schemes proposed untl
the seceptance of (e idens of Mendeleev (1834-1907),

Another contributory factor may be the inclusion of the principles of elassification in the General
Science syllabus at the Std § level (MeCarthy, 1994). Although the importoniee, history, and
nature of various classificntion systoms are not addrossed ot o highier lavel (MeCarthy, 1994), it
might be that this carly exposure is sufficient fo develop sound understandings of tho man-made
nature of the classification systems, Equally important as an additionnl factor, is the everyday
exposure to the use and/or design of simple cinssifications systems (g, for stamps and groceries
in supermarkets),

Tho impreciseness of scientifiec sehomes, an impression possibly obtained from the classroom,
was aniculated by a pupi! who wrote "...We don't know the way nnture really is and therefors
wo cant only classify the choracteristics",

120 RESPONDENTS
R PUPILS tn=sa7)
100- IE} STUDENT TRAGHERS (e 1)
0 [0 TrAGHERS ez}
g .
¥ A
) e
: L

' CIaneHications are human kveatons
Closaiflaatinng ratch raality

Flgure 10; Puplls® and teachers® views about classitleation sclientes



62

It is always the mediated view of reality that constitutes scientific knowledge, On the basis of
their argument, riodels of Deoxyrlbonuelele acid {DNA), the atom, ete, should nl! be seen as
“mediated view of reality and therefore ns invented.

4.11 CLASSIFICATION SCHEMES

Table 12: Respondents® views on classification schemes

When sclontisty classlly sofmething (for example, a plagt according to its spevies, su

- olgment necording to the porivdic table, encegy according to Ha gourca, or w star
fiseording to its stze), sciontisty ave clnssifying nature according to Hre way waiire really
ivs any other way would simply be wrong,

What de you think?

N E_ST Téo
§ 0 0 A, Clossiflentions mnteh the way nature really is, since seientlsts have proven them over
miny years of work.

i3 710 B. Classifications mutch the way noture really s, since selentlsts use abservable
charneteristics whar they clossify,

62 79 W C. Thers arn many ways 0 classify nature, but npreelng on one universe] sysiem allows
scientisty to uv’c’n[d %yonmslon m&{helr work. frecing ¥

17 14 20 D. There could be other correct whys to classify noturo, becausy seienes is liable to change
and new discoveries may lepd 10 difforent clasaiflentions,

2.0 ¢ B. Nono of theso choleas fifs my begle viewpolnt which IS
. _ . - !

The current view among scientists is that which supports the epistemological nature of
clussification schemes (Ryan and Aikenhead, 1992), This view recognises the man-made and
provisional nature of seientific schemos, and ncknowledges the role of community sanctions
which encourage ono form of the schome {Ziman, 1984). Option C, therefore represents the
current view of most scientists on clogsification schemes (Ryan and Aikenhead, 1992). However,
option I} is niso consldered nccoptable,

What are respondents’ views about clussiffeation? (See Table 12). Two perspestives arg
congidered in this item)

#) Clagsification schemes match renlity (the ontologieal position) (options A and B),
b) Classification schomes aro human fuventions (opistemological perspective) (options € and D),
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Whan sclontists invostigate, it is sald that they follow the sclentific method.
Thae aclentific method is:

{Please read A to J, and then choose ONE.)

the laboratory procedures or technitues, which are often wrilten In a stlence baok
or journal by a scientlst,

recording your reaults carefully.
controling exparimentel variablas carafully, leaving no room for intarpretation.
tasting and retesting - proving something true or false In a valid way.

the identification of & prablem, offaring a hypothesis, and conducting an sxpadment

~ to prave It with a cancluslen,

@ loglcal and widsly accaptad approach to pruhlem solving.

an attitude that guldes sclantists in their work.

Gonala:iaﬁng what scientists actually do, there 18 no such thing as "ths sclentific
method",

None of thase sholges flis my hasic viewpoint which is
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When & naw sclantific theory Is pronosad, sclantlsts must declde whether to
aceopt It or not. Sclentistsa make thls decislon by consensus; that ls,
proposats of the theory must convines a large majority of fellow scientisis to
béllava the new theory,

What do you think? (Pleass raad from A ta G, and then choose ONE.)

Scientists who propose a theory must canvince other scientists:

A,
B.
c.

by showing them conslusive evidance that proves the theory true,
bacause a theoty la useful {0 science only wheh most balisve the theory,
becauss when 9 number of scientists discuas a theory and its now [deas, sclantists

are likely to revise of update the theory. Inshort, by reaching a consensus, scientists
maka the theory mora accurats.

Scientists who propose a theory do not have to convinge other gelentists:

D.
g

becauss the suppotting evidence speaks for itseif.

bsuauss individual golentists will declde for themselves whather to use a theaty or
notl

because an individual scientist can ﬁlpply a {eory as long ag the theary explaing
resuits and is useful, no matter what ather seientiste believe.

Nona of these choices fits my basie viewpaint which is
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Daflning sclence s difficut because scierice Is complex and doss many
things. But sclence [s mainiy:

a sfudy of fislds such as bislogy, chemistry and physics.

a body of knowledge, such as ptingiples, laws and thaaries, which axplains the warld
around us (matter, energy and life).

- sarrying aut axperiments to solva probiams of interest abt .t the world around us.

Inverting or designing things {for example, artdigial hears, computers, apace
vehicles). '

finding and using knowledga to make this world o better place to live In (for
axample, suring disaases, sclving nollution problems and improving agricutture,

a way of uxploring the unknown and dissuvering naw things about our world and
univargs and how thay wark.

a human activity orientad towards explaining and understanding the world.

None of thase choices fits my basic viewpoint which Is
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APPENDIX 2

PUPILS' OPINIONNAIRE

VIEWS ABOUT THE NATURE OF SCIENCE.

Thank yau'(ai- partisipating l'n this survey. Respareh has shewn thot teachors have
various views about seignce,

The aim of this quastionnaire is oxplare your boliots ond views abeut scionco. For
this reason it would be greatly appreciated if you would onswer the quostions in g
frank manner.

Thare gra no right or wiong answers and you may 'smoin anonymous.

INBTRUGT IONS

*

Buch multiple-choice gquestion hegins with a statament about & sclence tuple 'Mnst of |
thass alptements axpress an extromo vitw on the topis. You may either agnw
;:rang'y with this view, disapres vigorously, or your ownh position may ba In bnlvmn

8 tWh

Next, thera {s a list of choicas on the ssus. Choose QNE of thage nositions, BUT
ONLY ONE » the ons that comes glogest 1o your peraonal view or balief,

va nunttun onds with this chofes: "Nona of (hasa chaices it my basic viewpoint

which 18..." Thia cholca should anly by usad whoen nona of tha othar choices comses
clgea ¢ your own bellef, If you select tis option, you MUST. write your viewpeint 1
the spacs provided. _

Answar avsty queauan by drawing a ougle sround the lattar of your r.hntua ag.
Question 1. A _

PERSONAL DETAILS.

Date of birth: Stondard o Sox

Which of these subjosts do you take ot prasent? Plaeo a tick (V) in the
nporopriote baxes.
[ ] Physieal Seioneo [ 1 Goegraphy.

[ 1 Mathematics. [ ] Bialegy.
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b)
)

d)
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Consaptual_inventiane,

Obsavations ars made using the senses. What an ohsarver 'saas’ depands In patt on what
is really thers and in part on the ohserver's past experionce, knowledga and expectationa,
Ohuervations are theory-dependent and therefore subjective.

Fnots ara singular obsarvations which ars also theory-tdapandant.

Hypothesas are the idess, or educated guesses of sclentists about problems or issues in -
sciance. Hypotheses glso constituio vary tentativa explarations ar descriptions that gulde
invaatigations,

Laws are gsneral statements {generalisafions) that enjoy a high degres of goientific
canﬂclancat} Thay dascribe relationships batween evenis of which univarsal agresment can
be obiainod,

Thisories ary propositions which are devisad to exphin abaervations, faste and laws, and
to maks pradiclions. Theorlas give a sanse of undarstanding to the facts and laws they
oxplain (ysing models or othar visual rapresentations it the explanations). A thaory I3
paredigm-beund, and may anjoy o high degres of sciantifle confidence s idng aa no othar
{hsury suparsades It urno paradigm-change cccurs. 1t used to ba thought thet theorlss wera
logically derived from laws. Today theories ars atirlbuted to Imaginative insights which are
than davelop 4 by conscious thought.

Relationshigs between the conceptual Inventions,

Statemants of facts cbserved undar differant conditions but yisiding similar raats may ba
callad @ ganeicieation (aw).

A hypotheais usuelly guides & scientilic Investigation. A thaary cannet mature and basama
at lew; rether, it explains the law. Therefora laws ond theorles are two differ & forms of
atatements,

Valusy I sclenge,

While [deally seianiists should ba objoctive, open mindad, seoplical and willing te suspend
Judgemant if thora I insufliclant svidence, In roality they may bs subjective, dogmatic,
cradulous, oo, Sciantists may also ba influenced by eihisal, idaclogies! and cultural valuas
which are extarnal to tho diseipling of sclance.

Differances in Gulture among scientists con lead te dilfarences In the production of soisntife
knowledgs,
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APPENDIX 1

TME

s IENTS_REPRESENTING CONTEMMORARY
3 OUT_THE NATURE_OF SCIENCE

The areos of the nature of selence that will be explored aee! the meaning of seience, thie generation
and nature of selentific knowledge, conceptual inventivns (lheories, laws, cte.), and values in
selence.

L What is sciones,

There s no ¢lear-cut, universally accepted definition of "scienve”, A contemiporary. all
encompassing view regards sgienee oy involving the bady of seientifle knowledge, seience
processes, and the soclal context of seience.

2 Knowlodge gencrating,

There I3 o such thing ay "the selontific method”, Seientists use any method that might get
favouralle results including the method of imagination ol creativity,

Seience processes which lead to progress in seience do not simply involve experimentation
and the systematic accumulation of fiets, Bach major advance In science alters previously
evtablished patterns of relationships. The decisive step leading to the development of &
theory is oftent by a leap of imaginntion, intuition or a fash of ingpiration

the obsarvotions, hypotheses, ete. of Individual sclentists do net conslitute scientific
kihowledpe. Sudh ideas first hava Lo bu reviewnd by peecrs who constitute ‘seif appeinted
oxparts' in the flald, By means of criticism and furthar empirical researeh, these experls are
able 1o resch conclusions on the “trith" or atherwise of tha concoptual invention, or the
adequagy of such exporimentol progedure. [t 18 this knowledgo ootablished by consansus
amang exparts in tho fiald that constitutas sclentific knowledge. Scientific knowledge is
therofore socially constructad.

3. Nature_af seinntifis knewladgn,
Soiantific knawledgo hag the fellowing choraglaristies. It ia:

)] ameral - it eonneot bo judgod o8 goad or bod althgugh tho applieation of acionlifie knewlodga
ean bo judgod as such.

1)} crootivo - it is g product of tho human intolioct and embodies tho aerodtive oosonco of the
naiontfie ingury precaas.

el :erétutivc - egiontfic knawladgt ean change with tmo In ight of naw imorprototions of
indings.

d) parsimonious « it altomple to sehiovo oimpliaty 6F axpianation rather than comploxsity.

Q) tentabler - it in capablo of boing 1ostod against robablo ensorvations.

f) unifiod - tho various eeioncos centnbuto 0 o singlo erganizod bady ef knawicdgo.

Scionlitic sonatructs such s medels and closaificotion sehemos, are not duplicotiens af
rodiity but rathor inatruments to ossist in the undorstanding of Ho world,
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The pupils and teachers in this stody generally seem to share similar views about the nature of
selence. This {s perliaps not surprising as Herron (1977) points out that ideus about the nature of
seience are implicitly convoyed to pupils via the tenchers® classroom behaviour. The views of the
student teachers, an the other hand, are generally more in lne with carrently accepted views
about the nature of science. This is probably because they have recently eompleted a short
cobrge in the philosophy of selence, However, despite this course, manty students do not seem to
_have fally grasped or aceepted all the current views, One possible reason is perhaps the short
duration of their philosophy of science course,

IF pupils ore to be sciontificafly literate, authentic conceptions of the nature of science must be
convayed to them (Ledermar, 199%), The currfeuium is one of the avenues through which this
can o done, The conceptions of pupils and teashiers suggests the need for a re-axumination ond
possible updating of curriculn of beth sclenca teachers and pupils.

Another possible solution would be to introduse the nature of seience into physical science amd
biological science curricula, not caly as o dofined section, but also as a theme which permaates
the entiro curricklum and impacts on all the content and the way seience is taught in the
classroom, For example, in order address the outdated view thot there is one correct seientific
muthod ("the" scientific mothod), pupils should be exposed to a variety of inquiry sethods and
b nilowed to design their own experiments. It is the rescarcher's boliel' that this conld enhance
thelr imagination nnd creativity, ond develop more ageurate eonceptions of seiensitle methods,

While it is acknowiedged dint cortain solutions have been genemted by this research, it Is elear
that fwther research in this aren is neaded. Thils study has foeused on schoals in the greater
Jobanneshurg aren. An extension of the study Into other regions and population grouns will help
wrovido o general view of pupiis' and teachers’ conceptions of the nature of seience,
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1) In their cholce of definitions of sclence, both groups were divided over the eontent and
process upproach and ignored the socinl aspeet of sclence, _

b} Puplis in both groups seem to better appreciate classification schemes a3 human {nventions
than they did sclentific models, '

)} A majotity of pupils (64 por cant of Conadion pupils; and 68 of per cent South Afriean
pupsils) exprossed a simple hicrarchical relationship between hypotheses, theorles and laws,

4} Only o smail pereentage of puplls (2 per cent of Canadian pupils; and 11 per cent of South
Aflenn pupils) chose the option which stated theve is really no sucly thing g "the" scientifie
method,

o) ‘The domiuant views of both groups of pupily differed on the status of seientifie theories, The
largest percentage of South Altcon puplis (47 per cent) ngreed with the ontological
perspective, while 40 per cent of Canadian pupils selected pasitiaus in botween the
ontolegival nad ¢ 1stemologlent viewpoints,

It 18 interesting to note that Brankharst (1987, eited in Ryan and Aikenhead, 1992), in a
prellminory study vsing VOSTS, reporte * that Ameriean and Canading studonts responded
slmilarly to the items, The poplis In this study connot be sald to bo representative of all pupils in
Routh Aftlen and therefore no general elnims enn be made,

84 CONCLUSIONS AND IMPLICATIONS

Although the results from this study are not generulizable to the whole population, they do give
an (ndieation of the views cettain puplls and tepshors have abeut the nature of seignee, The
rosponses {rom teachers and pupils on some of the items suggest that they are not abrenst with
the chonging phitesephies on the nature of seienes. Their views tend to be underpinned by
anitdated philosephies of seieneo. One sugh disetadited philosophy whicl still seems to hava
much inflnenge is positivism, in which scientific knowlodge means praven knowledge « proven
clther by the power of the intelivet or by the ¢vidence of the senses (F.okatow, 1970} Hven
though philosopliers of selence such as Popper and Kuhn have guestioned the proving power of
the intellect or (he senses, it appears thot these arguments penerally have not reached the
elassrobms wnd leetire hally, 17 seientifie lierey iv to be nehivved by the entfre population, it i
the resvarcher’s bulfel that hipher pereentapes of respondents than those shewn i iy study
shnthl have seentate cungeptins ol (e orure ol seienee,
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524 Coneepinal inventions

d ¢lnssifieation_scliem sefence, ‘The view of 50-60 per cent of puplls and teachers
-(but not of student teachers) is that models come close to realily « a vestiginl ontological
nerspective, [oweven, a differcut stance was noticed in their ¢onsideration of classification
schemes, Here, botween §0-90 per cont of all samples see clossiffeation schemos as human
inventions - an [nstrumentalist view, Pupils mid teachery seem to be more familiar with
elassification schemos than models. Uowever, it should be noted that a large percentage of
student teachers (60 per pent) hod accurate views sbout both models ond clossifieation schemes,
In other words, the student teachers seem 1o have o well defined view of the role and status of o
such conceptual invettions,

Cungidering the twa jtems obove, student teachers clearly oxhibited clearcr conceptions of
coneeptual fventions than teachers and pupils, To foster buetter conceptions, the eliollenge to
curriculum developers is to encournge the use and understanding of seientific models, ' i

ities on_seientists, There dre no simple mswers to the
values that promote good scierree, It {s encoumging 1o note thot most regpondents displayed
views that are supported by eantemporary research,

Various reasons were selected suggesting how polities affects seientists, IL seems however, that
wtudent tepchiers and foachers knd o clearer view of how seientists are nifosted than pupils, This
perspeetive is sianificant for o country that weit throush o long peried of international {solation
diie to ity politics, Seme pupily ) naive views about seientisty being isolated from society and
therefure not pifeeted by pulities,

To gonglude this summary, it is worthwhile to compare the main tindings with those of Ryan
and Adkenhead (1992) who conducted a similue study with 1 7oyearold 7 ‘anadian pupils, The
poitions seleeted by pupils in both studies show remarkoble similarity. A briel comparison is
nuidde of the responses of pupils to some itets which were commuen to Bth studies:
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About 40 per cent of pupils and 50 per cant of teachers expressed acceptable and current
perspectives about the natwee of scientific observations, Mare than 85 par cent of studant
teachers seem to have the view that scientific observations are theory-laden,

The classroom implications of the blased noture of ab,ervations are significant. They demand
that pupils be guided in order 10 make the necessary lnquiry in the seience laboratory or field,
For example, biology teachers should not expect pupils to see what they as teachers see when
looking down a microseope or at a micrograph. For pupilg to recognise ¢ertein structures, they
must a first bo led to consider and coneeptualise, even roughly, what to expect, With similar
expectations, puplls are more likely to make similar observations,

Chargeteristies of knowledge produced. Although the vast mojority of respondents held

noeeptable views about sclentific knowledpe being provisional, only o minority understood why
knowledge changes, About a quatter of the puplls scem to think that expeﬁménts yield facts
which may not change, or that facts in svience are Immutable. If science s seen as a body of
facts (the content view of seience), It is hypothesized that proponents will not readily submit that
seientific knowtledgo chinngns. In this respect. pupils views on the definitions of sclence seem to
corrgspond to thefr views on hiow seientific knowledge changes, The views of student teachers
and teachers do not correlate us woll on this issue, '

[ summary, penerally respondents' understanding of tie assumptlons underlining seleptific
knowledge were not sound. The role of theory in observations wag only appreiated by about
haif the pupils and teachers. Most of them sow theories as either simple or complex but not as
nitviys tending towards simplicity. Respondents were alse sonfused about the menning of, and
the refationship between, hypotheses, theories, ond laws. A hierarchical relationship was implied.

It is essentin! that the assumptions that wwidergird the discipline be made common knowledge to
leaeners, Thic is necussary if & realistic image of seience is to be formed. For example, the
hierarchicn! image of hypotheses, theories and faws would suggest nn Immutable image of
scientific knowiedge to pupils. It is argued that should some seientiflc laws shange in fiture, (his
would shutter thelr false dreams about the relinbility of science and might lead to their
questioning the value of science.
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great discoverles liave been aceidental, science for the most part cannot be considered as
haphozard.

These restlis generally indicate that respondents do not have a clear and aceeptable view about

how knowledge is gencrated in science, About two-thieds of pupils and teachers were unaware of

the current debates on seientific method and how consensus is reached. The views of student
teachers and pupils on how sclentific discoveries occur were also inndequate.

523 io durlining scientifie knowledge,

Naiuge of setentifie jdeas. Although respondents were not asked to deflne theories, an
understanding of the natute of theories was required. The majority of respondents bellove that
hypotheses with supporting ovidenee can matute Into theorles, and theories into Jaws, The
support for n hierarchien! relatiotship between hypotheses, theories and laws was more than 65
per cont among all three samples, Horner and Rubba (1979) called this view, which is also
prevalent among Ameriean samples, the "lews-aresmaturgstheories fable®, The influence of
everyday language and seience textbooks were cited by the researcher as contributing to such
etraneous ideas,

The paturg of theories, The general viewpoint mmong over 80 pér cont of all three saniples {s
that theorles can be either simplo or complex, The fact that the majority of respondents never
saw theoriey s the simplest possible explatation of abservet”  and phencmenn may help
explain the aversive attitudes of pupils towards suienee (Hh 1) It Is feasible that if
theories were perseived ag simple, pupils would have favouralie nititudes townrd them. Wioen
thearies are seen as complex, less fvourable attitudes are display+d townds them. The need of
sefence edueators 1o emphosize the simplicity of thearfed Iy therefore important,

Nature of seiwntifle obrervations, Pupils and teachers seem to be evenly divided in oplnion over
the notore of seientific observation. (ver 45 per cert of pupits and achers believed

observations are not theory-dependent, This view sopports the realist view that seientists diseover

teafity, and the logical positivist view that seience teveals absolute truth which 15 independent of
the investipator's Davkground amd beliefs (Aikenbead, 1987,
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§2.2 Knowledpe generation,

Conscysus-making in sciesee, When scieutific theories are invented, they do not constitute
scientific knowledge until thelr validity Is supporied by peers who are oxperts in the fleld,
Although over 70 per cent of pupils, student teachers, and teachers believed in the consensus
view, the notion of providing "econclusive evidence to prave a theory true" featured prominently
in the seiected options of both pupils and teachers. This view does not take into account the
revisions, upduting and final agreement that goes into consensus-making, 1F the literal meaning
of the ward "prove” is taken for granted, most pupils' andd teachers' views would be classed ns |
falgificationist. However, the researcher did not establish what pupils meant by the phrase *to
prove a theory true”, As Lederman and O*Malloy (1990) observed, it is possible for a mismatch
10 exist beiween the language of the researcher and the respondenis, Thus, the respondenis®
notion of proving n theory true may be found to be consistent with carrent notlons of providing
supporting evidence, as was esiablished by Lederman and O'Malley (1990). '

The falsificationist view expressed by respondents, aithough not considered in selenca literature
a8 current, is nevertheless not nnive or archale,

Scisntific method, For a sizeable percentngé of respondents (80 per cent of pupils, 43 per cent of
student teschers and 60 por cent of toachars), the scientiflc mothod 15 a stries of experimenial
steps. Only o very small percentage of respondents selected the acesptable position that there ig
0o such thing as "the" scientific method,

Ay discussed in the eritique on page 71, the format for this statement may have influenced the
responses. Bot it scemy apparent that respondents have not been exposed to the debate over
seientilic method,

Progresy In seienee, The most favoured opinion is that selentific discoveries result from o logical
series of investigations, Fowever, over 50 per cent of pupils and teachers nuted that seiouce was
ot tlways logieal: some discoverios come through trial and error op by o Bash of imagination,

Although 34 per cent of puplls, 21 per cent of student teachurs, and no teachers felt that most
seientiffe diseoveries were acvidentaly this opinien s nut supported by research, Although some
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AYPENDIX 3

COVER PAGE OF TEACHERS' AND STUDENT TEACHERS' OPINIONNAIRE

VIEWS ABOUT THE NATURE OF SCIENCE.

Thank you fof partisipating in this survey. Reacarch has shown that teachars have variouy

views about ciance, -

g The aim of this questionnaiva ig axplors your boliefs ond viows about scisnce. For this '

rensan it would be grootly opprociated if you would nnowor the queations in @ frank manner.

A

| There ara no right or wreng anawers and you moy romdin anohymous,
J nsrRuomone S
¥ Goch muitiple-chaice queation bagina with % stetamsit sbout @ sciance tonic. Most of thesa
- statements exprans an sxirame view on the topic. You may sithar agres strongly with this
view, disagree vigorously, or your own position may be in betwean tha twe.

£ Noxt, there Ia w list of choicas an the Issue. hicoss Q,_E of thens positions, . BUT GNLY
} ONE - the ohe that comes g]g;,m o your parsanal view or haijef.

1 Ewy question ends with this cholcs: "None of thess choices fit my basic viewpoint which
| Ia... This cholce ghould only ba used whan nans of the olhar cholces cumes closy to your

own heliaf. If you salact this oplion, you MUST weile your viswpoint In the space provided.
Anlwnr mrsr qunttmn by drawing & clrctu araund the Iatlcr of your chuice. 9.4, Queaﬂuu 1.

§ PERSONAL DETAILS,

1. Academic qualification {Include name of ingtitution + dote).
0.0, B.Sc.(Wits) 1685,

| B Professional qualification (inglude name of institution + data).

e.0. HDE {Natal) 10889,

Piease complote the faliowing toblo to indicate your {oaghing oxperience in biology,

4 physicnl sclanes, genoral deloncn and mothomatics.

Subjact Standard Numbar of yoars

j 0. hiology § 0
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04

Polltics In South Afrlca affacts South Afrlcan sclentists, because sclentists aro
very much a part of the aoclety (that Is, scientists are not Isolated from

soclety), _
What do you think? (Please read from A to 5, and then chovse ONE,)

Sclentists ARE affected by South African politics:

Ai

E.

becauss funding for saience somes mainly from the government which controls the
way the money Is spent. Sclzntists sormetimes have to lobby for funds.

because governments not only give money for research, they also set policy
regarding new developments. This policy dirsctly affects the type of projects
aclentists will work on.

because sclentists are part of soclety and are affected lika averyane eise.

hacause scientists try to hélp socloty and thus they are closely tied to soclety.

. Sclentista are NOT affected by South African politics:

hecause the nature of a scientist's work prevents the scientist from bacoming

- involved polltically.

bacaues sclentists are isolated from soclaty; their work receives no public media
attention unless they make spectacular dlscovery.

None of thass choices flls my basic viewpaint which is
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a2

The kest sclentlsts are always very open-nilndad, jogleal and unblasged in thalr
work, Thasa personal charactoristics are nesded for doing the best sciance.

What do you think? (Plaase read from A to G, and then choose ONE.)
The best scientists display thesa characteristics stherwiae science will suffer.

The best scientiste display these charasteristiocs because ths more of these
characteristics you have, the batter you'll do at science.

Thase characteristics are not enough. The best scientists also nead other personial
traits such as imagination, intelligence and honesty.

Tha bast scientlsts ¢ - NOT nace'ssaril_y display these personal characteristics:

D.

because the past aclantists sometimes becoma so dseply involved, Interasied or
trained in their fisld, that thoy can be close-mindad, blased, and not aiways logleal
It thelr work.

hecausa it depends on the indivitual sciontist. Some good sclentisfs ara always
opan-minded, iogical, ste. in thair work; whils other good scientists can bacome
closamindead, blasad, ote. In their work.

The bast sclantista do NOT display these personal chatacteristics any more than the
averags sclentiat, Thesa characioristics ara NOT nacessary for doing good sciance.

None of thage choices fits my basic viewpeint whigh 5




1.

92

Whoit sclantists classlfy somathlng (for example, a plant aceording to lis
specles, an eleraént according to the periodic table, energy according to its
source, or a star according to It¢ size), sclentists are classifylng nature
according to the way nature really Is; any other way would simply be wrong.

What do you think? (Please read from A to E, and then choose ONE.)

Classifications match the way nature really Is, since sclentists have proven them
ovar many vears of work,

Classifications match the way nature realfly is, since sclentlste use observable
charactsristics when they classify,

Thera are many ways to claasify nature, but agreeing on one universal system
allows sclentists to avold canfusion In thelr work.

Thera could be other carrect ways to classify nature. because scierce fu liabla to
chiange and new discoverles may lead to different classifications.

None of thege cholces fits my basle viewpoint which s
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10.  Many sclentiflc models used In research faboratories (such as the model of the
wave, the neuron, DNA, or the atom) are coples of reallty.

What do you think? (Please read from A to G, and then choase ONE.)
* Bceientific modals ARE caples of raality:

A. because scientists say they are true, so they must be trug.

8. hagause much sclentific evidence has proven them true.

'G. because they are true to life, Their purpase Is to show us reaiity or teach us
something about it,

o, Sclantifis models come cloge to being coples of s ity, bacause thay ars bazed on
scigntific obsetvations and ressarch,

Sclentific models are NOT coples of reality:
= rathar thay are simply helpful for learning and explaining, despite their fimitations.

F. and therefore they have no use in science,

G, None of thase cholces fiia my baale viewp sint which is
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Sclentific observations of the same thing made by two competent sclentists
wiil often be diffarent if the sclentlsts belleve in different theorins,

What do you think? (Please raad rrom A to G, and then choose ONE,)

Yas, botause sclentiste will experiment In different ways and will notice differant
things.

Yes, bacause suentists will think differently and this will alter thelr observations.
Yes, because what a sclentist already knows will affact what he ohserves.
Sclentifis observations will not differ very much even though sclentists beliava

diffeirent theories. if the scigntists are Indesd competent theilr obasrvatlons will be
similar,

No, because ebservations are ns axact as possible. This I8 how sclence has bean
able to advancs.

No, obssrvations ars exactly what we see and nothing more; they ars facts.

None of these cholces fits my Jasic viewpoint which Is
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Sclentiflc ideas develop from hypothesis to theorias. and finally, if thay are
good enough, to being sclentific tawa.

What do you think? (Please read fram A to F, and then choose ONE.)

Theoriea.cén't macomne laws bacause they are different tupes of ideas. Theorles are
bage’. on rqiantific idear which are less than 100% riain, and so theories can't
be prova 1 trua, Laws, however are based on faots ¢ .y and are 100% sure,

Theorles can't hecoma laws because they are different types of ldeas, Laws
describe things In general. Thocties explain these laws. Howaver, with supporting
evidence, hypatheses may become theorles {explanations) or laws (descriptions).

Hypothases ceh lead to theories which can lead to laws:

C.

bacause an hypothests s tested by experiments. If it proves correct, it becomes a
theory. After a thaary hias een proven true many times by differant peopls and has
bean around for a fong tima, [t becomes a faw.

hezausa an hypothesls Is tesied by experimants. If thera 13 supperting avidancs, It's
a theory, After a theory haa been tagted many times and seems {o be essentlally
corract, it's good enough to become a law.

hoegause 1t is a logleal way for sclentifio ideas to devalap.

None of these cholces fits my basic viewpoint which is
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Bven when scientlfic Invaestigations are done correctly, the knowledge that
sclontlsts digcover from those Investigations may change In the future.

What do you think? (Plesse read from A te F, and then chaose ONE,)

Sclentiflc knowledpe changes:

A,

because new scientists disprove the theories or discoveries of old scientists,
Sclentlats do ihis by using new technigues or improved instrumants, by finding new
factors ovarlooked before, or detecting errors in the original "correct” investigation,

hecause the old knowledge Is reinterpreted in light of new discoveries. Sclentlfic
facts can change,

Sclentific knowledge APPEARS lo change because the Interpratation or the
application of the old facts can change. Correclly done experiments yleid
unchangeable facts.

Sclentific knowledge APPEARS to changs because new knowledgs is add i on to
old knewledge; the old knowladge doasn't changa.

Sclentlfic knawlndge does not change hacause it consists of proven facts.

Nonhe of these cholees fits my viawpoini' which s
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8, For this statement, assu'me Jat a gold miner "discovars" gold, while an artlst
“Invente" a sculpture. Some people think that scientlsts discover sclentific
THEORIES. Others think that aclentists invent them,

What do you think? (Please rsad from A to G, and then choose ONE.)

Scientists discover a thaory:
A hecause an idea was there all the time, just needing to be uncovered,
B. becatiss it is based on experimantaf facts,

c. but sclentists invent the mathods to fing the theorles.

D, Soma stlentiats may stumble onto & theary by chatice, thus discovaring R, But other
sclentists may invent the theoty from facts they airandy kriow.

Scientists nvent a theory:

B hecause & theory Is an interpretation of experimental facts which sclentists have
dlacoverad,

P, bacauge Invantions {thaories) come from the mind « we create them,

G,  None of these choicas fits my basle viewpoint which Is




Progrens In sclence occurs as a result of a sarles of investigations, sach one
bullding on an earller one, and each one Ieadlng loglcally to the next one, untll
the discovaery is made, _

What do you think? (Please read from A to E, and then choose ONE.)

All scientific discoveries resul( from a well-planned series of invastigations.
Experiments (for example, the expeariments that led to the model of the atom, or
discoverias about cancer) ara like laying bricks onto a wall.

Usually sclentific discoverias result from a loglcal serles of investigations, But
soience s not completely logical. Discovery sometimes tumes by a flash of
imagination, or by trial and error,

Most scientiiic discoveries are accidental, or they are the unpredicted product of the
actual intention of fihe gclentist. Some discovaries result from & seres of
Investigationa building logloally one upon tha ofher.

Sclentlsts do not know what o expect when they do experimants. Therefore and
solentific discoveries do not oceur as a rasult of a logical serles of investigations.

None of these choices fits my basie viewpoint which s
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