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ABSTRACT

s e s W b . Sy

The purpose of this study waa to determina zome of the
altaraative concepliona hald by preservice slesantary
teachara with respect to the particle model of mstter,
Th# sanple azelactad for the study wesa composed of
populztions of atudesnt ‘teachers completing science
methodology courazes at the Johannesburg <ollege of
Eduecation (JCE). Studenta’ knewladge and understanding
af the model ware ascertained by & iD-item tast
instrument &= wall aza by individual 4ueations
adninistered during hal*~vearly testa, In addition,
students were required to prepars non-verbal
diagrammatic oexplanations for a number of phenonena in
terma of particle behaviour.

The study vis conducted cver Ltwo years (1989 and 193Q)
and i{x veported in +two phases. The <firat phaze
involved a aurvey tast on 130 studentisz, a caas study on
& amsller numbar of asitvdents and & limited croas age
study on an opportunity sample of schoal pupilas. The
x#ca3c! phase, conducted the following year, included
both ;re- sand post-tesats on 41 different atudenta za
wall as in-depih atudiasa <¢n the conceptual change
undergene by these same 41 students. '

The findingas of this study corroborate the reaulis of
racent resesrch conducted iIin other cowniriex, both in
terne of the inadequate sciaeance "backgroundas of
alasentary - teschers and of alternative conceptions of
the particle model. Implications for Leacher #ducation
using & constructivist perspective rre discussed.
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PREFACE

et P B . W

From my experience with student teachers ia methodology
courgss at tha Johanneszburg College of Education (JCE),
it haa bacoma clsar that many of them are spprehsnaive

towards  Bcisnce and are unwilling to teach it. : Theae -

obaarvations are =aRupported by . recent raeports in the
litersture. Acvordingly, this study was conducted in
aorder 4to ldantify zome of the difficulties experienced
by atudent teachesra cowpleting sEcience methodology
coursas st JCE. '

I am grateful to thie Johannasburg Cellege of Education
For affording me the opportunity to conduct thiz work
on canpus. T an alao very thankful %o my colleaguas in
the Science Daepartment st JCE for allowing me to teast
atudents in +their classea from time to time, and for
useful and c¢enetructive digcusaions., To the atudenis
themnsalvea, whe spent tine and took trouble to draw all
thore particlea, I owe my appresciation.

Endleas = thankas, too, te my long-suffering family whome
maewberas © have  been neglected for too long. In
particulai I am very grsteful te my parents for their
support, Lo my huaband for his help with computers znd
copputer programuea and to my son for reading the
renort, avggesting inprovementa and offering
sncouragenant =11 the way,

Thanka +t¢ Dr. Sue Kidaon of the Usniversity of Cape Town
for help during the early atagea of the work. Staff of

the Univeraity of the Hitwaherawvand have heen of great -

aasiatance as well. In peed: 'y I wiah to thank Mr.
Peter Fridijhon of the Dees, . .t of Statiastics far
chearful advice, help any - port vhen it was moat
needed, I owe & deht of ;. /tude to Professor John
Bradlay of +the Schoal  of ence Eduycation at the
iniveraity. He has reud %+ .cal deafta of the report,

aach with the saxe care and atiention to detail, and
has glvan u~=tintingly of hisa time to dizcuss theae
with wma. Hie idnaightful comments have heightened my
sppreciation of several asspects of Chemiatry and of
Secimnce BEducation aa a whole. ,
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QQNEEEES OF THE PARTICLE MODEL AMONG PRESERVI?E
ELERENTARY SCIENCE IEACHERS

INTRODUCTION AND RATIONALE,

e S e i ol S g e e e

3ACKGROUND AND SIGNIFICANCE OF STUDY

— g - — -

It is commonly &ccepied, both in South Afriza and in
sther pountriea, that primary school teachers are not
wall equlppad te tesach slementesry acience, hava
negative attitudes +to sgecience and the teaching of
science, and have poor =alf concept with respect to
their knowledge and £bility in most acientific
-fisidse. In 1969, Bloaser and Howe commented that
deapitéd this pituwation, ” . . . science educators have
tended to concentrate more of their regearch efforis
on the preparation of taeschers for the secondary
achools - " : ' '
{ng 50).

I+ would appaar, howaever, that during the intervening
yeara more ztiention has been pald ts the education of
elamantary taschara, Lawson at al (1988} point oud
that consziderable work has been donse in this field,
poszibly becavae of the largar populatio \n of
prararvice primary gzchool teachers. - It is > \glso
recognizad +that " Studies continue to be facuasuﬁ on
'zachers attitudes . . . ® (pg2%9€), with far 1\@5
attantion baing ‘paid to contwnt knowledga,; -
undaratanding of Rolence ks process, and application =
of thesme in the teaching aituation.

In. South Africa, the Jehannashurg Collmga of Edvecation
(JCE} 4a responsible for the preparation of many
prospective primary sclence teachers. Further, it iz
the only rollege to date where atudents astudiying for a
degree in primary education are taught on campus. For
these 1reazons, valuable regsarch opportunities exisi
at JCE in +the field of slementary taacher aducaticn,
with partisular reference to primary sclence.

This atudy investigates the conceplions of the
particle model held hy both groups of presevvige
primery teschars: i.e. those studying fer diplomszs =mnd
for degrees. These twe groups form two major
‘Bubgamples of the study.

The majority of presevvice slementary science teachers
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at JCE are non-scientiats which meang that a vary

amall percentage atudy Physical Secisrce at college.
while -ahout 25% of them complate some cclilege Biology
coUraEs. 1: @ir szecondery education in the sciencea
hasz folloﬁmd « @imilar sattern. For these rassons,
the wme’hodas courses attanded by the studentz are oftsn
the ohxy ‘occasiong whera they core into contact with
mRelenca, in prriiculay with Phyaical Science.
Responsgibility Ltherefore reats ~with mathodology
lacturers  to ensure that thaese =students have gome
degres of competance in bhoth physical and bialmgicnl

aapncﬁs af primary acienca teaﬁning. : . '

It  way be Argund that +thias competnnce could be
established in térma of the studsnt -teacher being
taught = the specific osonteni of +the qplirs prissey”
soclince syllsbus, %together with appropriate teaching .
st rtegiea linkad +o this content. In thia wav, the
atudent would bhecome convezrgant with those sspects of
physical ~ and biological scispce salected  for the
gyllephus of standards two to five.

However, thia  notion iz yedected Lo two main
rELANONRK. Firat, for aimple logiatic vesasona, there iz
not the {Llme ta achieve this in the methods vourseas.
.The course runs at two or thres furty minute periods
per waek during the acadsmic yesr which ig &ffacbivaly
tventy Ffour teaching weeks. Sedéndly, and of graa¥ ..
jmportance, the addcational value of taesching to
apacific content demande 18 severely guastionad. I¢
may not for Jnstsnce, equip the sgtudert with the
2kille to adant to changing circumstances.

For these reasons, tha methodology coursiax st JCE are
run in  such & way that studentr galn experlence in a
numbay of akills and tesching mathods, It i2 hoped
that the students becoma fanmiliar with asapacts of
#clentiflc knowledge, but alao, that they develop some
understanding of the nore  important underlying
concepts.

For +the purpecses of this resaarﬁh, it ﬁns-dteidndlta
focua on the concepta aax=ociaztéed with the particle
nodel of matter.

The narticle model (particulate theory, kinetic
. molecular  theory! was selected for the following
YRAFOARK. '
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1. The mwmodel, as an explanation of basic phvsical
&nd chewical phenonena, ia esaential te an
undavstanding, rather than a description of the
natural world.

2. Thera are several areas in the primary science
curriculum to which the model iz applicable, These
include the three states of natter (with specific
refearvence to water), some properties of gaswva and Lhe
offects of heating on &« variety of substancea. It is
conteanded that a gragp of the particle theory would
enable wrosvective teschera to understand much of the
physical science ayllabus contant at the primary
ievel, and poasgikly even sore, should the +ead arise.

On this peoint, one can only relterate the words of

Kruger sand Summers {([989) as follows * It can be

arguad that an understanding of the bhehaviour of

materials in molecular tevms 1 not necassary for

primary taachers since v .y will not be requived to
teach +these ideas %o the . hildren in their care.,
However, the term ‘molecule’ I8 widely used and is
vary likely to be encount red ip orimary school

children =o it cannol be ignored by * :achers.” Later

theay go on to say P . . . it im di.Cicunlt to nee how
children can be laed along an experiential path leading

to undarstanding of changeas in materiala and the

arzociated role of energy unleas the lexcher guiding

them has some daeeper underatanding of the procsusas

invelved. Moraover, how elgé can a teachsr achleve

thiz wmore proafound understanding of the bshaviour of

materials other than in Lerms of & moleoulsar model®”
{(pp 25 -~ 26}

From the nathodological point of view, the particie
model is & useful vaehicle for exposing atuvdent
teachera to a particular educstional astrstegy. This
is the identification, hafore instruetion, wf
nisconceptions among the ‘Learnera. One hopes “hat
these siundenta would be sncouraged to atlempt similar
work with their pupila in futura years,

3. Finally, % review of tha literature has
revealad & substantiazl amouvnt of work in thix area
caonducted in other czuntries. IL seewms appropriate
Lthat this work is reprated (and possibly medified) in
Scuth Africa. In this wvay, hopefully the present
study co.ld contribute to the earlier findings and -
relevant comparisonz could be made.
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Far the atudents whoe sare the subjects of this study,
explanations of phenomena invelving the particle wodnl
do not usually form pard of their crgnitive framework,
even though they have ctudied Fnysical Sclance at
ieast to standard seven. IL is suggested that they
could wxperience similar problems to those of xcheool
pupils, In othar vords,they cculd well have developed
Rlternsative exslanations for various naterial
properties and changes eithor in non-particulate Lerms
or in terss of particles.

It isg the ohligatinn of teschers Lo recogniass and
correct naivre concentiona whare necessary, and not,
through ignorance to perpetuate them. Fallowing
Holliday et al (198%) one iz persuvaded that " . ., .
Lthe inveatigation of mi=mconceptlons that preservice
teachers, and their pupila; hold appeara to be sn area
that deaervezs nore woprk. * It ia hoped, tharefore
that this resesarch will begin to fill & nesd in the
fiald and stimolate furthe» study. .

This resesarch, then, is concernad with an sspect of
aclance  teaching in genersl, ~Ultimately, i1t is
concerned with how hetter to tasach aclance at the
elementary level ac that cchecent concaptualisation
and meaningful learning will ouweur gt tLhis and at
subrequent atages. The rezsponaibility for thia
teaching of aelementsry sclence rasts with primsry
achoatl teschera and it ia ampectas of their
proefessional education that are heing evaiustad.

It is almxo hoped that astudent +teachera will be
encouraged to understand scre of scisnce 23 & human
conatruct and ‘thereby to develzp & more poxitive
attrtude to acience and sciance teaching. This ia
egsential not onily to a temcher of gcisnce but alse to
an  wducated peraon living in an industriglised couniry
in the late twentieth century. For these reasons it
iz argued that an aim of teachar educators should ke
to  engure  that the literazy of their graduatea
includes somne degrea of scientific literacy.

PURPCSE OF THE SIUDY

The purpoae of the study was to determine the extant
of knowledge and underatanding of the particle model
among ssveral groupa ~f student Lteachera. Turther, an
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attempt waa made Lo determine how thaey would tesch
aspects of thy priasry science syllabus which apuld
snploy particle explanationa.

Z&E STUDY
Statement of the Problewm

Froblaa One !

What do the studenta kpow and »nderatsnd, sbout tha
rarticulate theory? (Datarmined nainly by
questionnaire) :

Subproblem i.1 :

What ia  the sxtant of theilr  knowledge and
understanding bafore entering the melhodclogy course?
What common aslternative conceptions do the studunis
appear to hald?

Subproblem 1.2 _ _ :
What ia the difference in this ncwleage betwean ithe
two anhsamples? :

Subkproblss 1.3 i

Can a8 tvand towsrds improved underatanding be < served
after thr methodology course? In the abngncc of
random  selwetlon and  econtrol grouvgs, no statistical
analyses way ba atteampted, bhut it would be of interest
to exanine SCOres before . and aftar
inztructionsintearvention, particulariy as aome of the
tast guestionas are used ax detsiled studiea dusing the
COUrse,

Subprobhlem !.4
Isa +there any difference in the achieveusnt beiween the
two suhsamplea?

Problen Two

How aecurately would Lhese atuaents explaia a aunbes
of natural phenamena using - the partizle aodel?
(Detarmined mainly by individusl case studic-s)

Subproblem 2.1

How =mccurate are tha teaching aids smade by atudents to
#xplain the structurs and behaviour of matiter using
thae particla model?
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Subproklen 2.2 ' -

Ars the astudanta congistent in their application of
the model across different teaching teskas® i.e. do
they. conaistently provide simllar sccurate (or
inscaurate’ explanations for the banefit of pupila?

Subprables 2,3

Are astudenta able +to apply their Kknowladga of the
particle model to a new or unknown gituation?
{(Determined mainly by unsesan gueationa during open
back texta).

FProhlsn Three

How do  achool puplle {sand student  teachera!
conceptuslizge  selected mapects of +the wodel &t
different ages? (Datarmined mainly by a single
quastion sdministered to an availabllity aample of
sachool pupils.’

\Piohlnn Four

" Toe what extent are the findings of the preasent study
. wompsrabla to theme of previous ressarchera in other
countries? - {Detarmined by ccmparison of raesulis from
selected  iltemx with appropriate reaults obtained in
other work.) ’

Hypothesas

1. Fregervice atudent teachers generally hold mizad
conceptiona about the particle model of matter. After
inatrustion during » methadology courss, alternative
conceptiona are not generally abandoned in f;ﬂqur of
aclentific sxplanations,

2.  The misconcepticona held by the student teachera
are veflected in the temching materials they produca.

3. - Thare ia little differvence in the conceptiona of
the pyparticle modal held by school wpupils acrouz a
numher of atandards.

4. The finaing; of the present atudy will be

comparable to those of previous inveatigationa,
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The preasent study is more descriptive than
axparimental, ms It sewks to establish what studentia
know, and how they would use their knowledge in a
te#aching situstion. Thare ia Ltherefore no intention
to demonztrate the wvalldity of any claim as to the
officacy of as intervention or teaching strategy by
atatiatica: means.

ASSUMPTIONS “ND DEFINITIONS OF TERMS

Tha ‘tarm Particle Hodel as 1t is used in this report

ir *skos Lo mesn the basic premias that matter is
Q. - »f particles - atoma and moleculez. The word
- thmn, does nabt rafer Lo visible particles,
I. vaing of sugar, for lagtance; nor does it
res v, npnio paRrticles, :

It 4 e - granted in thia study that the

proagpitLive . wvrgaber ahould know and understand more
about the o:Yowanu concepts than the pupila. For thia
reazon, cevbain suestiona and taskas are morw sesrching
than those which would bhe given to primsery schodl
pupila. It is alsc asssumad that the ‘teaching
naterials  and diagrama prepared by the studant
teachers reflesct thelr own undevatanding of the model.
although they wmay have simplified certaln sxpects for
the benefit of pupilx.

Savean of +tha ten test quastionzs are similar ox
jdentical to thoas veed in previcus ressarch in oihar
countriaa, [Novick and Nusabaum (1981}, Glasaon and
Teatss (1988)13. Theane items were designed by the
regearchare mentioned +to test ba 'lic uvaderstanding of
aRapecte of the particle model, and have hesn subjected
o reliabllity and validity testm. 1t iz azsumed that
the minor nodifications undartaken on some of these
quastions do not affect the validity to any extent.

LIMITATIONS OF THE STUDY

It ia acknowledged +that in the absence of random
aelaction snd  contrel groups, few clainse to
statigtical aignificanca can be made. Nonetheless,
degpite factoras like maturation, ons would reamonably
AYgue that tha iIntearvention, represented by the
methodology courme, playa g significant role in any
concaptual =ahifi which may accur. However, the aim of
the study is not to aevaluate a apecific teaching
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strategy, but rather to invastigate what concaeptions
are haeld about the particle model and if and how theae
change over tina, Further probing provideas one with
greater insight into how the atudenta are thinking,
and helps sne deavelop technigques to assist students in
overcoming inaccurate concapts. In time, further
atudies could be undertaken to make comparative
avaluationa of insxtructional procedures.

The student groups in thia atudy are =small and
confinéd +to a particular college of wducation in one
eity. For thase remaong, no claim to genervalissbility
can be nmade either. It is not posaible Lo make any
inferencesa cor=srning student teacheras elsevhere, or
ahout primar lachara ia genaral., Further atudies in
these sreas wuould be needed to throw light on thesae
issuwa. It ia nevertheless suggwsted that the atudy
haz wvalua, and that the findings should alart teschera
and iteachar educatorss to possible pitfalla encountered
by the leaarner with reapec’ Lo molecular modelsx.

1.6 PROCEDURES
Prohlen Onw

This problem with itx attendsnt subproblems ia
concarnad with the knowledge and comprehension of the
students {n the selected conceptusl areass bafors and
aftar the nethodz courcza. In order to determine
thesa, both aeta of students in esch atudy complated
the azame Iinatrument (i.e. eithar the aurvey tast
during the initlial study or the pra—~ and poat-~tesia
during the follow-up sgtudy). The aurvey teat and Lhe
prea-taat took place bafore the stert of Lthe science
netheds courze and +the post-teat at the end of the
cauvvaa, about twelve weaka later during the follow-up
atudy. The initisal study, tharefors, did not include
& post-test.

Ansvers te each  queation in the instrument were
racorded and anzl ysed, Thege ware axamined Lo
determine simllarities and differonces hetween atudent
groups and to galn an idea of any poxsible trends.

Test quomtionzs were selacted in such a way ax to teat
bagsic content knowledge asx well & applicstion and
conceptualiaatiaon. Regultas  ohtained during the
initisl a&atudy vwera uaed Lo refine the questionnairae
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snd to wminimise the possibility of mislaeading the
subjretr. A sgecond queastionnaire was thusz preparad
faor the follaw-up atudy. The reliahilitiaes of the
test instrumentz used in this resesarch were sstimsted
by aplit-half daterminations, Total correctad
{Spearman-Brown} test reliabilities for ihe waricus
subganples ranged from 0.82 tec 0.93,

Nevertheleasgs it i& necessary to be awvars of hossiblc
intearventiona other Lhan the methods couras,

Probhleam Two.

Thisz problem iz concerned with the atudentsg’ ahilitiaeg
to teach accurstely i.e. that the subject matter being
taught is not at variance with Rcoepted scientific
principlas. It in scknowledged that this ia x
particularly difficult akill to evalustae, but it ia
alzo arguad that zome attampt =hould ba nmade to
determine an sspact of taeaching ability a8 an
axtaengion of a student’s own knewladge (or not, as the
case way he ). In this port eof the study, all
studentzr were required to prepare. a number of tesching
aida to be used when tesching specific content areas
which are underpinned hy the particle modsl. As thia
typse of work 1z difficult to asaes quantitativaly,
partinent sapects of the model were identified, and
students’ drawings examinad to detarmine in what ways
thase were reprasentad. Again it was posaible to
adapt wmwatarizl from some of the work already conducted
ig the fileld. '

Protleta Thres

Stu. snts  wore required to sdminisber 2 single multiple
chai @ queation to thelr clazaeas while on achosl
axperiance. The anxwers obhuained from +the pupils
{(atanvards twoe to ten) were enalysed and recorded. In
thia way, & limited cvoss sge study was conauctaed.

Problem Four
Where @pplicabln, anawers ohtained from these aubjects

warg compared with those of pupilas and astudenta
obtained during other inveatigations «lasvhere,
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REVIEW OF SELECIED LITRRAIURE

The present work drawe on and bringa together rasearch
from a numbar of areas in ascience education. Theaws
include elanentary teachar education with somw

arphasia on att;&ggga, gnguigx akilisg =znd gaggggg
knowledge and gonecsptual undavstanding.
theoretical underpinning of thae work is informed by
the gonstyuctiviast appregeh and refera to the growing
body of litarature which investigates childran’s
untutored viewa of natural phenomena, or altsrnative
concaptions. The concept central to this study ia
that of the pariigulste nature of matisr. Although
these fields do overlap from *time to time in the
literature, they will be dealt with and reviawed
separataly for clarvity.

ELEMENTARY TEACGHER ERUCATION

feacher Aktitudas ' -
Although  the preagant study is not centred on

sttitudea, reasarch into this area is mentioned anx it
provides valuable Insights into the problens faxced by
alemantary teschers. Az Blosasr and Howe (1969) have
commentad, the focua of resesavrch on teacher education
hsaa been for a long time mainly on secondary schoel
ecducators. However, in recant years, thers has haeen
an  inoreage In intareat Lowards elementary or primary
schoel sciance tasching snd teacher training., Science
in the primary sachool appears to be & neglacted area
in severs. ways, &6 much so that Abgll has recently
(19%0) argued for the nrovision of =specialist science
teschars at this level. Inplenentation of this
puggeation may well he foasible in other countries,
but 4in South Africs, for the next several ysars, at
loggt, there are very few primary teachers who nould
be described sa sclence smpecialists.

It  wonld appear from the literature that acience
raceives & amall time allocation in primsry achoela
[ Westerback (1982), R.efenich and Kelaey (198%),1 ia
underfunded, and that for whatever reazona, slemantary
school tamcheras are reluctant to temch it. {(Victor
1861). Barrow (1987) conducting research in New
England reports that pressrvice teacher aducation
prograszmes leave somethling to be desired. Similarly,
Morey (1980 has found that the atatus of science
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educstion in Illinoias elementary schools ia perceived
to be low. Although thase studies verw conducted in
discrets areas of the United Statas, it isx possible
that the situation is fairly widesprasd. If so, then
one mnust acknowledge the exisztence of & problam st twe
lavels; the institutionsl and the peraoral.

Despite +this, according to Vager (1980), there are
many primary sciance teacheras vwhose efforta arse
comueandable. Dykatera (1987} takez tha argument
further and nakea the controverasial suggestion thet
glamantary science teaching i1a more difficult and
damanding than sacondary scienca  teaching -
notwithstanding the conceptual demanda of the latter,

Reluctance to tmrach sclence ia well documenied, and
has been the sublect of much research nf late. This
is not to =suggest that no other aspect of elemantary
scianee haa hean investigated. In Morrisey's (1981)
analysig of atudies on primary sciance teacher
adueation, factorse such az  Pragtice Tesching,
Humanistic Approsch, Audie ~ TZTuborial Learning,
Inductive 4&nd Deductive Approaches are mantioned,
among others., Howaver, as Lawacn at al (1986) put it,
aven as recanily asz 1984 did " . . . &tudies contipue
to be fooussed on teachers’ attliudes . . . " {page
296)

Thia major focus ia szeen in the variely of instruments
devised and developed to determina the attitudes of
alensntary teschers towarda soience and sciencs
teaching. (Butzow and Davis 1975, Weaterbhack 1982,
Stofanich and Kelaey 1989), Instruments of thix
nature are not unproblamatic, as Krynowsky (i288)
pointa out, and who suggests that the literature on
attitudes ix, &t this stage, chaoctic, One of the
resacns proposed for +this state 1z that inaufficient
attantion haz, to date, bheen paid to theoretical
concerns. '

Wegtarback's (1982) work on atiitudes and anxiety
towards  teaching aclence  suggesta that positive
changea ¥ RN fasasible, given the appropriate
conditions, She reports that a&fter a2 sensater of &
procass -~ aorlented aclence coursge, the anxiety level
of students was ducreazed, with a correaponding
increass in poaitive attitudes. Ginns and Foster
(1983) report similar findings, az do Lawrence and
Colen (.985).
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It is interesting to note thai these and other
rasearchers identify +the methodelogy courae am an
important mediating factor in this ragard, Attention
has alsc been paid to the type of inatruction received
by students, and Stefanich and Kelsey (1989}, for
examplea auggest that science courses for pre- and
in-garvice teachera nesd to bha very asupportive in
order that pesitive attitudes may he sncouraged. In
other worda, it would be helpful 1f they were to
undargo courses apeciplly deszigned for thes.

Bafore such courses ban be designad, howsver, one must
he avare of +the atudents’ needs. If it ia acceptad
that an aspect of thia need hingea on acience contaent
knowledge, +then what ias being aald is siwmpiy another
way of putiting Ausubel’s oft =~ guoted maxinm about
firat determining what a learner Unows, &and then
teaching accordingly. (Ausuhel 19562). The intention
of the presant work is praciasely to detevmine what the
loarner - temcher knowa, and to monitor any conceptual
~ahift which may occue during inatruction.

There ia » need for more work of this nature, for, st
this wstage, vasulia from a number of atudies are quite
sguivocal, (Holliday et al 1985}, Under cevrtain
aiveungtancas, there 1a some improvement of attitude
towsrd scliance and acience tesching after atudanta
have undergone & science methodology couras, whilae
unday others, there ig at best no change. Clenrly,
there axiast zaveral variables which influence stiitudae
formation and change.

Of particulsr note here iz +the ethnographle atudy
conducted hy Duschl (1983) on &n slementary acience
nethodolegy course at a College of Education in the
United States. He praposes that studenta’ percsption
of sciance as praduct 1z at odds with the inatructor’s

objective of teaching acliance aa procesge, and that an
antagoniatic dilemma ia =xet up in the minds of the
students. The students in the wordse of the
raszaarcher, " . . . demonstrate a need Lo make up &

lack of acisnce content knowledge . . . misaing the
obhjeetive of the clasx - how to zonduct an
inquiry/discovery lesson.™

The work of Duschl ralsesn several pointz; two of which
havae been mentlone#d x8 pertinsnt to the prezxent
study, Theze are content knowle.i)ge and inquiry
Laaching.
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Inquiry Teaching .
Inquiry teaching is aun iasue which received a great
deal of attentica from the late 1960’as up to a faw

yerrs Ago. {Harlen 19738). Many of the curriculum
projecta deasigned for primary sclence have discovery
&8 & mnajor Tocus. Such prograswes would include
Elanentary Science Study (ESS), Schools’ Couneil
Integrated Science - (SCIS), . Science & Process
Approach {(SAFA)} and othars. It would appesr,

howsver, +that in zome countries at leaat, whilat not
Jettisoning diacovery learning, the intention ia to
pay mnore attenticn Lo subiect matter in fortheoming
yaara. (Kruger and Summerse 198%9),

Although its imgortance is not to be mninimised,
inquiry teaching is not a major focus of this atudy.
Tha «ontention here is that before anything can be
taught, it mugh ha comprehended fully by the
teacher. In fact, Butzow and Davia (1975) suggest
that +the ahility to uske waterials, auch as those
producad = for the curriculum projscts previously
mantioned (i.=. BSCIS and aihera}, depends on the
tescherg’ having & hbalance betwesn sciay e contant,
aclonce wkills and the ability to use quen. oning and
inguiry akills to the benefit of the pupilas,

Content Knowledge --

Contant knowledge har been identifled as & concarn of
neny slementary sclience Laachers (Zaitlier 1984, Barrow
1587). It was raised B a najor igsauve during & sariaes
of workahaps in Barbados in 1987 {Harlen 1987},
Indmaed, in mueh of the litersture on primary acience
teaching, the izmave of inadequate =science content
knowledge of tha <teachsr ia often implied. Obarlin
and Sanders (1973, in a study which compared the
conteant knowledge of two diffecant groups of students,
found that " . . . some zcored lower than end of year
ninth grade puplla on a atandardisad general scisnce
content test.” (Pp 323-334.)

Howsver, more dowse not neceassrily wmean better, asx

Shrigiey (1974 pointas out. In a atudy, demling with
thisd  yasr preservice elementary  teachers, the
researcher found a low poritive corrslation hetwean

aclence knowledge and sciaence attitude. Clearly,
other factors will aiso play a role in tha formation
of sttitudes, and, indead, to ones teaching

performance =23 a whole, Nevertheless, the izsue of
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content knowledge cannot be avoided.

Parzonal and paychological attributaz, too, have heen
investigated in relation to =science teaching. For
ingtance, Garnett and Tobin (1884) found that many
prexervice sleaxentary teachsrs do not saploy formal
ressoning patterns, several of which are crucial to
activity Bazed =acience inatruction. In lateyr years,
locus of control hasg been investigsted as a variable
in the  &mhility of preservice teachers hoth to
understand the nsature of soeience and to develop
positive attitudes +to ascience and sclence toaching.
FScharmann (1988} and Haury (1989)1. If the lack of
undergtanding seliance AR = construct is 8
charazteristic of primary science teachers, Lthen
surely inadequate contant knowladge would serve to.
exsacarhate the situation,

Dobey and Schafer (18984) atteanpted to datermine the
relationship bhetween knowledge aud inquiry tesxching,
vaing a specific tapie, namely pendulum oscillation,
They found that a group of tsachera with what they
deacribed ag "internadiate knowledge™ were more
inclined to use ithe inguiry approach than aither the
* no knowledge " or "knowledge” groups. Thay asuggest
that methodology instructors should ain for the
acguisglition of at lesat intermediate knowliedge in
their students. '

Resvonding +to %the reaulis of previous research which
have bhesan equivocal, Dobey and Schafer (1934) tazke
imaue with +the notion +thet "  ignoratee produces
rraedom”, but alsc contend that "knowlsdge is not
enough” (psge 49). They resaon that " Tesachers
nast usa their knowledge to gain ingight inte the
atructure and contant of childran’s scientiflic
thinking . . . ", It hazs besn srgued in the presant
paper that teachers will be able to fulfill thix ain
nore readily whan they have confronted their own
poxaible mwmlaconceptionz, considered how these mroase
and in what ways they may ba at odds with accepted
sclentific thecries.

Caution nust of course be axercised vhen interprating
thase reagults ar attenpting to apply the
findings/racopamandations to other aituationa, but the
commnanta of Dobey and Shafer sxre thought - provoking.
At  the very least, it seemm reszonmble to auggeat that
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a certain level of undarstanding iz a prercquiaita'fnr
the teacher to have the confidence to conduct aclance
ieesons with & degree of compstence.

Varinug other aspecta of priwary science teznhing have
recaived attention from researchera over the years.
Stavar and Bay (1987) peoint out that texisooks uvawd in
alementary asciance clagses are waually not conducive
te disecovery lsarning. A confident and effective
tescher, of course is not tied to the texthook -~ but
we wmay &sk wvhat makes an effective teachar? Yager
{1988) iIn an &attempt to shed light on thiz mattex
conductaed research to identify the factors whieh
separate moxt ‘wiffective from least effectiva aclence
teachera, It appearag from their work that there la no

single feabure, but rather clusters of perscnal and:
intellectual traits which  contribute to teacnen

conpatence.

Given the atated concern  about the bpokground
knowledge of elementary science teachars, 'it is a
little surpriaing that more work has not hewsii done in
hisz wvital area. Kruger and Summers (13388} davelop a
rationale for resesrch into primary achool tsachers'
underatanding of sciance concepts, in which they
describe the new Natiorel Curriculum  in British
schools ag ons which. " . . . atreszes the importance
of content." (Pags 2593, The aituation ia South
Africa 18 gt lesagt as great a problsm sa it is
anyvwheres @lse - in the world, Wizh {he present
ghortage of science educators at all levelia, it is
inperative that ateps are tak.n to assist the primary
s#cience btaacher. : ' ;

Racent studies in the Jield of primery teacher
knowledge include that of Lawrance (1989), 333
elanentary echool ~ tescherk in Arlzonc completed a 31
- itam multiple choice teast on aselected physical
science concepia, Rezults indicated that while somy

concapta ware understocd by the teachers, there ware

gsevearal ideas held which are at odds with scceptad

scientific theories. In other words, thase priwmary
science teachers appeared to have miggonceptions of‘a.

nunkuer of physical science conccpts, (The issue of
"mizcongeptions” will be returned %o at & later
stage, ) .

Work hy Krugsr and Summers (1288, 1989) provides
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further aupport for the belief that elementary schoul
teachers do not have sdequate hackgrounds in physical
sclence. Using the jnterview - aboul ~ instances and
ipterview ~ abgut - avents technigues (Oaborna and
Gilbert 19803, they sought Lo proke the extent of
priwmary science teachers’ underatanding of selacted

physical science concepis (force and gravitiy, energy,

changes in materiaxlsg.) The idesas of wany of the
teachers showed features of children's viewa of
aimilar phenomena. Oneca  again, the asxistance of

misgongeptions was demonstruted.

Ona conreptual area in particulsar, namely changea in
matarials hax relevance +to the prexent work on the
particulate natvre of natier. In fact one or two of
the “inatancea” used by Kruger and Sunmera (198%9), aa
a foecua for the guestiona are {co-incidentally} very
ainilar ta questiona poxzed in this study., Detailas of
thease ltems will he elaboratad later in Lthis
dizcuxaion. :

IHE COMSTRUCTIVIST PERSEECTIVE

Based on the insighta provided by learning thecrists
like Plaget, Brunar, Auxubel and Kslly, conatructivism
views the lesrner aa an active meaning maker. Human

beings, then, construct their own parsonal
represantations of raality. All of e, in
idicayncratic wiaya, attampt to make zanse of tha world
around us, This notion dis orucial to science

sducatora, am acience is not only “akout” natural
phenogena, it is =xlss "about” human sfforix to order
and understand Lthe phensuena.

Children, in conatant interaction with their
envirvonment, Ave experinanting, interpreting,
nodifying and trying to wake mense of the world around
thew. Thefr wviswa pertaining +to the natural world
will cenpriae tha thild's view of sacience, or
"ehildran’s &ecience”. Gilbert et al (19282) have

digscussed +this polnt, considering the implicationa of
"children’s =xscience” for teaching. As aducatera, vwe
nead to Kknow what "children's ascilerce” im, and how it
snanifests {txelf.

Kerently, there haz been & shift in emphasis from wh t
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te put into the learner’s head, to what may already be

thaere. Explangtions which ars not congruant with the
accepted selientific view have haen tearne-
*misconceptiona™, "alternative cenceptiona™,

"alternative Lframaworks”, among others. (The ixaus of
terminology will he returaned to further on in this
discussion.) :

Children’s sexplanations of a number of rhencwena have
heen ilnvestigated, auch as the hurin ody (Mintzes
1984): anargy {Solomoan {9833 natural seleckion
{Brumby, 19845 the particie model (Nowvick and
Nusahaum 1981), Thia type of work as provided
convineln : suppert for the conatrueti.:st viaw, It
has alao enabled adusationists to idantify 2 number of
sxplanatory modes fraguently iIn uaxe. Theae include
agocentrian, animiss, anthropomorphism -~ ithe latter
wainly in blology.

Research haaz alzo ahown +ithat thear "naive ideas™ of
pupiis f(and others) are particularly resistant o
axtinction {Giivert et al 1983; Arvnaudias and Mintzes
1985, Engel , Clough et al 1987}, Posner et al {(1582)
have argued that bhefore there can be a conceptual
change, aome gort of cogaltive conflict muxt exiat in
the mind of the lesarner in such & way that a/he iz
conmitted to the reduction of this cenflict. A number
of educators, including those working in the aram of
the particlae nocdel (Nussbaum and Novigk 1982} have
auggested a varisty of atrategies which wmay help
puplis/atudents to confront their preconceptiona in x
criticsl way. Part of the work undertaken during thia
atudy involves Lhe uxe of severasl of these stratagiesx.

To return to the smatier of terainology when discuaaing
explanations for phencmena with are not congrueni with
accepted sclentific heliefa, Bolh Abimbola (1988) and
Hille (198%) have evaluated a number of the terma
previoualy mentioned. It is not the purposs of this
paper to santer a dehate on this mstter, sxcept {o make
the point that when refarring to these idaasx, ne
implication of thelr "inferiority" i{a intended. In
thia aiudy, tha term altarnative conception is used
whan refarence i1z wmade Lo a aingle ides; while
alternative framswork referas to a group of related
ideas, or intarlinked concapta, The word
nisconception is used when referring to & concept
praviously describhed as such in the literature.
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THE PARTICLE MQDEL

Thia is acknowl edged ag an area of csonceptual
difficulty, and haa received attention hy a number of
workers particularly ovear the pasxt 18 yearz. This
discussion will refer to Aspscts of the model commonly
misunderastood, Ressarch into pupils’ studenta’, and
Lsachera’concepts about Lthe moasl and Stiratezies to
gagourage gongeptual change.

Aspacta of the Model commonly Misunderstood.

Doran (1972) conducted a study to determine some of
the misconceptiona held by alanentary school children
with reapect +to the particle model.  The tegst itens,
of the alternats response, pictorial type presented
via wmotion picture £film were used to identify possibie
misconceptions relamting to the particle theovry, Theaa
include: .

Mattar is continuous

There isx no spacing between +the partlclea of
matior

Hatural phenonena can be axplained by = change in
particle azize.

Natural phenomena ocan be explained by & change in
the numher of pariiclea (within a container)

The particles of matter do not move

tpg 128}

Much evaluation in science (and other curriculum
Eyaanl iz cancarned with haw much his been

accomplishaed. Daren argues that teachers should also
he " .+ » concerned with what atudents might not
have attained and why not,” and that diagnoestie
evaluation of <Lhia naturse " . .+ . could he an
integral part of acience inxtruction® {Page 136).

Accordingly, the present atudy did include procedurex
aimilar to those used by Doran (1972) in a science
nethodology ¢oursae.

The audio «~ tulorial approach, as a method of acience
inatruction was uasd by Hibbard and Novak (197%) in
slanentary &chool clazses. Interviaws as wall aa
paper and peieil teats vere uzed to detarmine Lo what
axtent puplila used the psrticle model Lo explain
various ophenomenk, like the origin of smelils and the
differsncexs betwean smolida, liquids snd & gas (air).
They found, inter alia, that although instructed
children use a particls sodel more effactively than
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uninstructed, aome Instructed pupils gtill do neaib
fully underatsnd the relevance of the modal in
avervday situations.

Locally, too, work has been conducted on the particle

model. in 1987, writing for the Science Education
Prcjaect (SEPR) , Bradley snd Moodie alse identify
sgveral possible nixconcaption aress in thia

framework. Thnan AYET -

Molgzules have macroscopic prapnrtiaa

Matier la conlinuvous

Intermolecular forces  wemken with incresaing
temperature

Moleculsx can bae splii

Moleculasx are passzive (i.e. have no inheraent
mation}

Haat iz a aubatance

(Pg. 19 ££)

Several of these concepisx ave ximilar to +those
identified by Doran (1972} in the United States; ax
listed on the pravioua page., It seema fair to suggest
that nmany niaconceptions held by different pupils in
different countriss will have wnmuch in cemmon. The
pragant atudy aims to compmre the findings of previous
work conducted elsevhere with the rasults obtainaed
hore.

Ressarch on how pynilsg underatsnd the particle nodel
has bhesn conducted for tha lzat 18 yasars, or longer,

as previously mentioned. Howaver, 4the concepiions
that prospective teachersa nay held have not receivaed
[TET) research attention to date. It ia hoped,

thevafore, that this work filla & gapg in thia regsard.

Pupila’ Concepts of the Particls Model
Novick and Nuaahaum (1978) conducted an interview
study with Junior hign =achpel pupila in Israel to
stermnine the axtant to which the wmodel wax
internalized after instevetion., Tha study was liaited
to the structure and behaviocur of matter in the
gasecus phazse, the following five aspects of ths model
coming under acerutiny:

A zax ia conposed of invisible particles
Gax particles are evanly acattered in any snclosed
space :
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There iz “empty spaca” between the gas particles
Gea paelicles sre in intrinsic motion - thay are
naot puahed axternally
When two different substances interact to form &
third subatance, this veaction ia pictured as the
"Jolning togethar™ of different kinds of particlea.
{pg. 274)

Several of the findings of +this early vork are
relevant Lo the present study. Most of the pupila
interviewead (60X) ccraistently used a particle model
to explain various phenomana invalving EhRes.
Howasvay, other agpacts of *he model, ~ those
piartaining to particla behavicur undar different
conditions ~ are not internalised to the mame extent,

Akprota of the model lesst asaimilated by the pupllsz
veyre those wnost in dissonance with their sensory
parception of matter. These aspecta are smply space,
intrineic mokion and jnteraciion Dbetvwesn partic.es.
The authors conclude that in many inatances, where
insufficlent asttentlion ia given to differveni aspecta
of the asodel in ‘teaching programmes, the result has
heen  that pupile assinilate & distorted particle
model, They TFurther muggeat that the procedures and
findiagse of thelir study be utilised in teasacher
trajining progrimmes. The pregent study should wmake a
atart in this direction.

Later, the same svithors (Novick and Nusshaum 1981},
cona . oled a coroas age acudy on puplls’ understanding
of «he parciculate natyre of matiter. A pencil and
paper  Tegt About Bacticles in & Gasg (IAR) was
developed and adminisatered to 576 pupila/atudents from
alexentary achool +o univerxity level. Thia was an
extension of titheir previcuas work and aspects of iths
model investigated included

Uniform distribution in & closed aystem

Conatant aotion

Heating and cooling csuse change in particle
metion _

Liyuelaction is wviewsd as a change in particle
denr ity .

There ia ampty aspace between the parvticlea in 2
aas

(pg. 188)
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Again, =zeveral of the findings are of diract relevance
te the prasent study. For instance, a upiforna
digtribution pilcture of gas particles is not retainad
vhen the system iz subjected to a change in

tenperature. There is some reluctance to think of
intringie particle mobtion and of eampty space sven
among uwalveraity studenta, Movraover,;  gome of the

subjecta, although accepting a particle nodel for
gaasx, draw continuous pictures for liguids. All of
thesa findings would suggest that an incomplets
particle model i held by many pupila.

Novigk and Nussbaum reason ithat P, ..+ cognitive
difficuliias raised hy certsin aspects are real and

are not overcome hy many older subjects.” (Page
1843, In similar vein, Poaner (&t al) (31382} point
out that " ., + . few studentas find their currant

percaptions weakened by asnomalies . . . ™ (pgd2i},
and that the creation of cgognitive gsonfijct in the
mind of the learner iz & difficult tamk even for
akiliful teachers. This point is particularly
pertinent to the sducation of slapentary tezchers
vhose exposurs Lo phyalcal science explanations and
modals may not have extended heyond Junior high
school.,

The level of understanding of some szspectz of the
particle model among Junior high achoel pupils in
England has bean investigatsd by Brook et al (1984),
A sample of 300 pupils aged 15 yasrs, vas teated
nainly by paper and pencll guestionnairas. Their
findings auppert the conclumions of other resacarchers
that  the model ix imparfactly underatocd. The
investigatora report that alihough particulate ideas
ara wusd by over 50X of the pupilsx, there is atrong
evidence to zxuggest that not all elements of the madel
are fully comprehendecd. Similar findinga with regard
te the concepts of the model smong secondary scheol
pupils and undergradustes in Johanneshurg are reported
hy Bradley {(19B8).

Dow et al (1982) have investigated children’a
particulate idesma when deseribing the three xtates of
matter, Nearly 1000 Scottizh 12 to 13 year olda wers
agked to draw diagrams cdeplcting the characterixticx
of particles in typical sgolida, ligquids and gases.
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Although most of the studentis’ drawings showed
particlea in the three states, there were meveral
anomalies.

No movement in the solid sitate wasg indicated (33%}

Moleculsar diameter decreases from solid to liquid
te gas (50%) _

Mean aeparation of particles cversstimataed in the
liquid phass and undarvestimated in the gasecum phasze.
Thia last wax g feature »f ithe wmajority of tha
drawings {(no figures glvenl.

{Pg. 148}

In gevearal studieg of this nature, a2 repovtad by
Driver (1988), there iz, in sddition, a strong
tendeancy to tranafer bulk propertiea of matter to the
micro lavel. Pupils talk of particlea "melting”,
"expanding” or "gattiag hot”. Regulis of a atudy
candusted by Osborne and Coxgrova (1283) alzo auggest
that  although many older pupils use the tsrwma
"moleculs® or "particle” in explsnaticna, they oftan
do s0 in confuasd and contradictory ways,

An inquivy inte students’ perceptions of xtate change,
gimilar to the work conducted by Dow &t al (1982) was
conducted during the courae of the presesnt
investigation. {(Senw Appendix 6). The findings of the
axercige will ba mentioned when the resultz are
discunaxed,

Following from the work of Novick and Nuzebaum {(1981),
Stavy (1988) inveatigetegd pupils’ underatandicg of the
term gaa", It was 1iound that, in responze to
questionas about geses, reference to the particle model
ia mada by pupila in tho older age groups only, i.s.
gbhout 1 - 2  yeara aftser Lthe nadel has bheen taught,
Betore then, pupils use nvaryday, commonssnae meanings
af the word.

stavy (1988) polats out that pupils’ knowledie and
understanding of the wsodel i1& Fragmentary, and that
pupils use ths model differently across diffarent
cantexts. Although, axfter instruction, many pupils
use particle ideas to describe the siructure of gasas,
fower use the model in terms of liquids and molids,
and aven fewsr when discussing evaporation. She
advises that pupils should se given the opportunity to
canfrant the notions of iddentity of substancae,



psge Ltwenty three

idantity of particles and conaervatiasn of number of
particles.

The sgame author (Stavy 1890) investigated children’s
conceptions of change of state from liguid and solid
ta  gRs. Although much of her work involved
cangervation of matter, ceritain of her findings
provide further aeavidence for the caontention that the
particle model i nob completely internalised by moat
laarnara. For instance, asoms of the children she
interviewad claim that " .« « doanse particles sre
hesvier than rarae particles”. (Page 2859), Clearly,
the pupila ars ascribing bulk proparties of matter to
the units of matiter. As Stavy intisastesz, the particle
theai*y has not hecome useful for tha majority of these
pupi's hecause in becoming adapiaed to their owa prior
conceptions, it has lost much of Iix explanatosry
puUrpoRe.

It ia not aufficisnt mevely o identify the problena
ancountered hy pupila {(mnd others). Cn a more
practical level, there is & need for research which
investigates waya of overcoming <these difficulties.
Ae previcusly mentioned, the cosstructivist approach
to learning providea the taacher with valuahlae
insightr inte how pupils {(and otherg) perceive the
world and in what wvays sttempis are made to explaln
natursl phenomena, '

Tesching Stratezies Lo fosber Concestusl Chapge
Having pingointed +the aspesctas of the particle model

likely %o he wmiavndsrztood, Bradley and Mocdie (1987}
nake asveral auggesticons for demonstrations and
laboratory hased activitiea so that teachers can
sarint pupils in overconing thelr preconceptions,.
Teachers are in a better poaition to do thia if they
gre clear in their owa minds what the model dcoes and
does not entail. The present study xesks, therefores,
to datermine at the preservice atage whai conceptual
problens are faced by petential aciaence teachers.

Svarts (1989), has also pointed out that the way the
particlie model 1z taught often lerds to sarroneocus
ideas.  He rewminds ona that asitomicity 1s not an
obvioux concept, and that extremnse cars muat be taken
when nmodela of +this nature sare pressntad to aciance
clagses. Indaed, aa Nuazsbaum and Novick (1981}
"suggest, it la prefarable not teo pressnt such models
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to pupile, but to structure the learning activitiea in
& differant way as described helow,

According te¢ Ausubel {1962), for meaningful learning
to eceur, the learner must bhe an activa agent in the
construction of knowledge., Widick (1969) has made ihe
point that since eleamentary school children do come
across the terms "atom' and "moleculs’, they should he
given the opportunity te hecoms fanmiliar with the
particle model. He suggeata a number of ways wherehy
axpants of the model ¢ould he introduced; sven at
2rimary lavel. .

Nusabaum and Novick (1981) wnake the point that in the
courss of instruction, diagrams and standard texts ave
frequently pressnted +to pupils, with iitile more than
accaptance being required of then. It {2 poasibhle
that sclentific modelas are bhetter internalised 1f the
learner plays sn activa role in “inventing” &xuch
modelas. Theas sulhoras zuggest & mathod of improving
instruction and report a case study where pupils of 12
~13 years wers given the opportunity to creatae s
particle explanation, ' '

Fupila were prasented with an "instance"” — that of a
fieak of xir, aome of which waa rencved by an

avacuating punp. Pupila were then regquired 4 aketch
diagrams of +the air in tha flaask before and after
evacuation. - Both continuous and discontinuocus models

ware offeread by the pupils and pros snd cons of the
various explanationz wvere debated. A new xitustion
(compresslbility of air in a asyringe) waa later
introduced +to challenge existing ideas and to
fFacilitate accommodation.

Nussbsun  and Novink record bLhe success of thia
approach as puplla, when confronted with the phenonena
described, Ffwlt tha nesed for a thesreticsl model which
included the notions both of diserete particlex and of
anpty ApACe. Of eqgual importance is ths raported
enthusiasm generated amang puplils, and the
understanding of the value of acientific modals in
a¥plaining natural phenomsna. The particle modal thes
becomex a itool, and not something Lo ke learned for
exaninations. This +Ltype o©of exarcisze could also go
part of the way in helping people underatand tha
nature of xciance a&s a human conatrust,
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Sinllar types of daebating exercigesz in aress not
concerned with the particle model are reported by
Mintzer (1984) and Eaton et al {15983). :

Whaeeler and Hill {1990}, remind ua that science
conatrusia s represented by diagrama and sodela are

confusing fTor pupils. Cartain taxthook diagvame on
change of atate and solution formation may fall ianto
this category. They ge on to sguggest that " An

axcellant starting poeint . . . isa asisply to give
atudente the opportunitiy to creste thalir own diagrams.
* {pg. 63}. Ag the creation of axplanatory disgrans
itz apn integral ypart of teaching mathodology, this
opportunity was providad to the atudent teachers on
saversl occasione during the course of the present
work. Theaa non-verbal explanatlons oreated by
individual atudents are dizcuszed further on,

Nussbaum and Novick {1883} ~ in Nusabaum (1985} -
conducted case atudies on individual pupils in an
attempt o monitor conceptusl change during the course
of & teaching wnit (10 lessons} on Lthe particle

nodal. The unit focussaed on the geaedus phase and
lesaone Iincluded the "avacuation »f alir from the
flaak"” and %tha T"compression of air in the syringe”

aituationg ( Nussbaum and Naovick 1981, a8 raportad in
the present study on page 24 }; sz well az gasecus
diffustion and odours, expansion of air in a clozed
aystem and others.

The ressarcherg, in referance to their findings, slac
suggest (s does Stavy 1990) that because pupils are
unwillirg to jeittigon thalyr prior conceptiona, they
ssxinmilate new information onta the exinting
framework, thareby zonstruecting & nmnixed concaptlon.
This wcertainly appears to be 8¢ in geveral of Lhe
casaa reported by Nusabaunm. When the work of their
pupiles is examined, it is clear that wany of the
childran eciing to some preaconceptiong, while altering
cthers. The .caze atudiexs of the present work
repregant gimilar attenpts to moniter conceptual
change ameng groups of student teschers.

It is to student tezchers and their conceptions of Ltha
atructure of matter that thi discugsion now turns.
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Conoaeptions of the Particle Model among Teachers

Although Nuzabaum (1979) reports work conducted on the
diagnosis of studeni tesachars’ concaptiong of aapactis
cf +he particle model, there haz been little research
inte the conceptionas of the particle model among
slesentary  tascher +Ltrainces. Glassacn and Teates
(1987}, vreport & riudy whereby the aslieraative science
conceptiona of pre- and in-gervice  slementary
teachers, novice acience studentz and secondary

acience wathedology atudents were &xamined.

The suthurs developed &n instrument to mesaure thess
Alternative conceaptions, comparing the developmant of
physical acience conxtructa of the different groups.
The atudy did not focua entiraly on the particle
model,  although several pf +the multiple choice
questionz did pertaian to this concept. It iz clesr
from the results presanted, that problems with the
model were expevienced by all the groups; the
achievenment of slanentary teachers being cause for
eongern.

In the work by Kruger and Susmers (1589}, mentioned
pravioualy, in-~depih interviews were sconducted with
primary achool taachera. Varicus chargeas in
materiala, pictured on oards, ware used to introduce
an inatsnce of the particnlar concept under
investigation. Theae included steam on & cold window
pane, & glass of lce ouhes and sugar dizasolving in
warm water, smong others, Thezse mentioned gre similar
to invastigations nof the present study.

The inadequete sclence backgrounds of many of the
tenchara is wall ilivestrated, With particular
reference to the partizle wmnodel, Kruger and Summers
found that few of the teathera lncorporated the nation
of molesculas in their explanationx, wmany appesaring to
hold continuous views of matier. Certain of them held
views of water vepour &z particles separatsed by rir or
of Tiquid water plus air. Some .ew condensation aa
the reault of chemical change, or of . individuasl
particlea becoming heavier or dunmesr. Difficulty was
also  experienced with the task involving the formation
af a augsar solution. Several teschera saw this
solution formatlon as an increase in the number of
charical bhonds or as & decrease in the aize of sugar
partiolea.
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Clearly, urzent congiderztion mugt bhe given to the
many pre-service and in-service elamantary teachecs
who do not yet posmexs bhazic underastanding of natural
phencnena which are discusszed at primary level., One
of the firat stepa in thia direction ia to jdentify
whare +the geps in  their cognitive siructures axiat.
As  Oahorne and Coagraove (1983) put it, wa need
* . . . %o actively sesarch for pupila’ views and to
attempt to deaign teaching which builds on, rather
than ignoves; much viewa.” {(Pg 837).

The same 18 no leas true for the views of student
teachers, which the pressant astudy sseks to
lavestigata.
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3. THE INITIAL STUDY

e s e e

This study, undertaken during 1989, was initiated for
& numb . r of ressona. Chiefly, it was faelt that s
study of this nuture would enable one to deiermine the
level aof underatanding lor otherwiase) of the concept
among groups of atudent teachera and would also zerve
to +taest the instrument - so that improvementa could be
mede 1f necessary. Az it happened, the study proved
to bae of valus in both these aveas and alac emphasised
certain aapacts which were of particular intersat and
could be inveatigated during & further study.

3.2 METHODS

SAMPLE o
The =ample consiated of two major subasmplex, divided
sa follows.

The firat subsanple consisted of 63 Lhird year student
teachara completing & diploma in sgenlor primary
education {(H.Dip.Ed.}. 0f thase, only 22 ware
currently ragistered for the Bilceclogy course at third
year collwge level; the remainder having =xelected
othas major couraes »f study liks Engligh, Afrikasns,
Zulu , History, Geogrrphy. None of these students
study Physical Scisnce at the Johanneaburg College of
"Eduycetion (JCE)Y as it ia not offered s8 part of their

curricvlum.  The Bisology majors are the ztudents who
particinated in the caze =studiea later during the
yaar, - Fupriher, of thase 63, 15 had stucied Phyaical

Scisnce to atandard 10 and 30 had studied Rioclogy o
atandard 10; the remainder had dropped themse sci 21
subjJects in standards 7 or 8,

The second aubsample consizted of 68 fourth yenr
Atudenta in Lhe fingl yesr of & Bauchelor of Primary
Educatior degrea (B.Prim.Ed.). 28 of theses studenta
had alacted to complete the acience methodelogy
courde, whila Lthe remaind-r were moreé or lass equally
~dividad Lotwesn Histeory and Geography methodologias,
Of the 28 4in +ihe scisnce methods course, half ware
Biclogy majors. Phygical bdelence has recantly bean
included =& an optien in the B.Prin.F . curricelus,
snd itwo students in the study were ¢ompleting this
courze, _
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At thiz point, it becones necezaary to clarify some of
the rmajor similarities and differences betvwesen the
COUrses followed by  the gtudnte nf the +tva
subsampl es. Tre diploma atudeats =are ohliged to
¢ splete the sclence methodology course, which takea
place over twa gesmeatersz, one Tor the Physical Sciencs
compon- -t and ~ne for the Biology componsnt. Each
component laste one aemester (of approximately 12
weekz) and Lthere zxre two lecture paricda per wesk.

The =aecond suhaample, the fourth year dagree sztudenta,
are allowved to galect thuelr wmathedology courss.
Because the numbers are sgaller than those of the
fivat subsgample, the course is taught over the two
nenestars hy ona parson. Thers ars thres lecture
perioda pe. week, =20 the <ourse iz sapewhat more
intensive +than tha diploma course. In additlon, the
Physical =science and Biology componants are taught
concurrently rather than conzecutively.

Far convenlience, the firatl subsssple will ba veferred
to && Group A aAnd the sacond am Group B.

Ssveral aspects of primnary sclence (bhoth content and
teaching atrazegisal zre of neceasity ceslt wiih
during +the =zexester courasa. (Ses course outline
balaowi. For the purpose of clarity, however, anly
those ssxpects of the course pertaining to the particle
xodel are explained or represanted in any devail. It
muat ba euphasised that thisa is not to imply that
during the ccurse, the othar aapecta were underplayed
in ABY  wWay. Thus, for exsmples, handouts were
fregquently provided, and students were often given
work to preapare at homs, Dbut only those of dirvect
conRegquence to the prezent study are mentionaed.

GROUP A -~ THIRD YEAP DIELOMA STUDENTS

WORKSHOP CONTENT STUDENT ACTIVITY
i. {teneral Organisation
2. Teat
3. Safety
4, Simulations
g, teide snd Brass
6. Hater - 3 atates
7. Sa1lf Study Leason Preparation.
8, Usas of Watsr

9. Hicrotesching
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GRQUP A - THIRD YEAR DIPLOMA STUDENTS
{Course ocutline continued)

WORKSHOP CONTENT STUDENT ACTIVITY
10. Water az Solvent :
11, do Plan invesiigation
12. Propertiea of Air
13. Comhuation .
14 Adr and Flight
15 Hot Air
Ballcons Disgrampatic Explanaticn
16 Feadhack Rezaived handout
i7 Atoma and Molecules Vigwad vidasca
Chemloal Changse Complated w/shest
18 Praparation for Schoal Experience
19 Resubmiaxion of "Hot Alr* diagrans
20 Science Fair
21 Static Blectiricity
22 Methode of Tabulating
23 Invertigationa/Instructions
24 Effecta of
Heating Prepare inatructions
25 Conduction/Convection/Radiation
26 Final Taat (Opan Book) \

The courae ia allocated 2 aingle periods per wask.
The outline therefoars raferz to the vork conductaed
aver 13 weeka.

The methodology course undertaksn by the B.Priwx.Ed,
atudents included Biology and tock plmce ovear 26
woeks, (r8 workshopal. Maeny detailas asre thus
irrelevent tco the present discuasion, and will net be
Sutlined here. It ghould be noted, howaver, that the
survey text took place during the firat veek, Leat one
guring the  tanth wesk and test two duriang the
twentieth week of the prograsme.

TESTING PROCEDURES

Subjecvts’ knowledge and understanding of the particle
modal ware {nvestigatsd in a number of differsnt ways}
axch of which related to an sxpect of the problem
under reviaew. A 10«itamn questionnalire vas
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administered +o bath subsamples hHefore the wmethodology
courses heagan. During the year some studants preducad
teaching materisla which required an underatanding of
the model; some wrots “open book"” tasta which included
a single multiple chelce gquestion ralated to the
nadel.

A limited sross -~ age atudy of achoesl pupila’
understanding of the model was &lso cenducted during
the course of the ysar. This vas made possible since
while the initial atudy was in progreas, the studenta
were requived to vigsit local schocla ax part of their
“"teanching experience” requirementax. A nusber of thesxe
studeat teachervs were able to adninister a question on
the particle wmodel to the availaihle mchool pupils in
their care. In Lhia way, a susll croga - age study on
pu {ls’ conceptions of the particle nmodel was
conducted.

1.The Quastionnaire

The pariicle modal per as ia not in the primary
Kool sclence syllabus, but as argued previcusly, an
undavstanding of the model is nesded Lo explsin a
nusber of phenomena which are studied at sleasentary
level, This instrunent {(See Appeandiz One), waa
dealgnad Lo teat kasic understanding of saeveral
aspecta of ithe nodal, pariicularly thoae which have
direct applicability %o the primsry achool sclence
curriculum, ~ For thizx reason it wams descided not tao
include guestions pertaining to salida which are not
atudied in the primary schoel phase.

The aspects of the particle model with which thia
study ila concerned are ar followa:

Perticles in & gar are uniformiy diatributsd in a
closud systenm.

There are sSpacas hetwesn the particles of ligquida
and gaxes

In & closad aystem, the nunber as wall as the sixas
of particles remains conatant

Whern a gas is compressed, the particles move
closer together,

Liquefaction {s viewed as s change in particle
density :
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Heatling & sustewm o©&n causs - hangea in the
digtribution »f particlsa.

Expangio of liquids and gases {caused by heating)
does not alter the size of particles.

1t waa decided that the instrument should have a mix
of multiple cholce and open raaponse Lyps guestions in
order to compare some of the raaponses ic aimilar
gquestions. (See Appendix 1.}

Each gqueation haaz direct velevance to the primary
schoal sclance curriculunm, and wany of the
invaatigations depicted are standard exarcissa to be
performed by the pupila. The atudy, than, was not
only aimed &% identifying specific alternative
conceptions, but waa alzxo an integrsl part of a
sathodology course, It iz hoped that future teachers
of priwmary sclenca will benefit from pnrticipnting in
auch an sxercliae, .

Question Ona

The invastigation is zppropriate tc the primary achool
covre ayllabue where the Effscis of Heat/ Expansion and
Contraction would he astudied. An  acceptable
explanation {(as oppoaed to a mere description’ would
involve an increase Iin the kinetic aenergy of the

noleculea, increxasa in movemsent and conssguent
increase in volume due to incresre in apsce batween
molecules. A further function of thia open ~ ended

yucktion was to determine whether or not the student’s
mesztal fraasswork would lxad hiwm/her to & particls
wxplanation. The guestion ia s modification of one
developed by Glaason et al {(1988).

Queation Two

Thia question yprohex the use of the particle wodel in
Ltarns of even distribution of particles under
different conditions. “There in 6o apecific
inveéstigation pertinent 4o the primary school sclsnce
curriculum, but it iz useful in testing the gtyudents’
underatuanding of +Lthe concept, Queations aiwilar to
this hseve haen uvaed by resssrchera such as Novick and
Nusabaum, (1831} Glasscn et al (1928} and others.

Queation Three

Thia quextlon ix alae appropriate te the prisary
science ayllabus - with particular reference te
Effects of Hesting {(Expanaion and Contraction »f

TP e Phetes]
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Gases) . Az with +the first 4question, +the disgranm
deplictas & componly used invesiigstion. A full
explanation of the phenomanon would require at lesst
some uvse of the ooncept of particles - and the
question provides the opportunity far the aubject to
demonstrate the lavel of hig/her comprohension.

Quaation Four :

As mentioned previocualy, thix guestion dasals with
expansion of gusax; as doex number three, The
investigstion in anecifically snantioned in the
kyllabus and is t{therefore moat sppropriate to the
primary sSchool teacher ln training. Here, the subject
is vcequired to provide s non — verbal explanation or
rapreasentation apecifically in teras of tha behaviour
of parviicles. Anpacta of tne nodel reguirved would
include nuwber, size and distribution of particlex
hefors and axfter heating. Az this queation has heen
used by Novick and Nuaabsum (1981), and by Glszson at
al (1288} in multiple choice format it waas felt that
intereating pointa of comparison could bhe noted,

Question Five

Thia quastion ia of intersat as it provides oue of
nany examples of how the hiologicesl sciencea rely on
the physical scisncex for =adequate aexplanationa of
varioua phasonana, It wag choaen nat anly because
the sexplaration has relavance to the psrticls modsl,
-but alse hecavae {(as the preashle Lo the guestion
states), the spparatus ia fraquently used in achools
ax a <damonmtration. It {2 almomt as frequently uaed
incorreactly, by +the demonatrator blowing inte the
Zlass tuklng, and alncat never is the natlon of
pressure and voluma used in the explanation. Thus,
altheugh the denonstration is not part of the gclenge
ayllabus, it would be usad with pup:ls in Health
clarees, in standard thraee.

Tha movements of the thoracic cavity and consequent
filling and emptying of the lungs sigply {lluatrate
Borle’'s Law. At & meeting of primary scisnce teachera
during 1988, +the thea inspector for this currviculum
“avesm, Dr. J. Papaniuvs, uned the nodel to explain to
participanta the relationship batvesn pressurs &nd
v.o.une And communted that he was aware of a lack of
tis'erstanding «mang many taschers, Thia lack of
underatanding i& not altogether surprising, given the
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limited Physical Science background of the prinary
schoal sclence tescher. It waa therefors felt Lthat
thisg question provided many polints of interext for the
identification of migconceptions,

Question Sin

This question, too, iz concerned with the hehavicur of
gax pariticles under different -, lons. In thig
ingtance, one ia not discusklinz ne . »cta of heating
{ss in gquestiona three and fou:!, but the effe.t of an
incresaze in amliitude. Hara, the sublect ia required
to select the wmoat asppropriate verbal explanatie»n in
terma of Lthe particle nodel.

Queation Seven
Water, &8 a topic iz studied in primary schoola from
atandarda two to four and the water cycle iz mentioned
i atandard +three, although an understanding of the
proceszes of melting and fraeezing, evaporation and
condansation, would clearly be of value during the
santive prisary sclence course, During previoua
sxperisnce in teaching preaervice taachers, it was
notad that many pecple use the word "asondensation™
quilte glihly without Ffully understanding what the word
inmpiias, It {x of interest to ncte that in thia
inatance one ia focuszing on watar vapour heconming
water in {ts ligquid form ~ & more axtreme case of the
effect of hesating (or cooling) on gasex sa diacuased
under queastions three and four. This gueation,
adapted from a2 number of xources, is deaignad to proba
the level of undearstanding of particle bebhaviour when
tanperature ia de resaed, A similar gquestion, in
sultiple choice Tformat was used hy Glamson et al
(1988).

Queation Eight

One of the obJeciives in the priwmary achool core
syllabua (s atated that through investigation, pupiis
will know that warm air rises. Indead, this ix &
shenomanon that moat people will get to know, if not
through inveatigation then simply through interaction
with thelr environment, It is argued that science
teacheara nead o be awere of the underlying reasona;
and the particla wnodel provides useful explanatory
powver, Fnrther, the explanation rellaes on the notion
of pariicle density. Density {teelf heing a poorly
underntood concept (Hewson (1986)1, the question has
poetential for the ldentification snd renedistion of a
nunber of misconceptions, '
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Queztion Nina _

Primary &chcool »upils are a2lzo raquired t» ke awsre of
the compresxibility of air and the uses : compressed
#ir in everyday lifa. The question investigataes
whether the student will select & particle or
continuocus model for uze during explanation, and
whethar Lhe scientifically scceptable view of particle
behaviour will bhe chozgen. Nussbhaum (19885) raporis a
s#imilar exercise which enabled 12 year old pupils to
"invent” the particle model. Daran (1972) uses
"before” and "after” disgrams {llusirsting compression
to help evupila underatand thia aspect of the nodel.

Queation Ten

Selution formatlion 1a dealt with under the genersl
topie of Hater, in standard four. Many of the
substances around &and within us are solutiona and it
is important for primavry teachers and their pupila to
understand vhat is involved in forming & solution.

A mimilar c¢ueation, using Lthe “interview -~ shout ~
ingtancea” Lechuigque, was poaed by Kruger and Summers
(1984%), In thelr case, a diagram dapicting sugar
being addaed to warm water and tha mixture ativred was
prasented to theilr sample of primary teasachars. Thae
teachera were then saked several questiona ahout the
formation of the molution,

The guestion uzed ir the present atudy (s fairly opan
- ended, and invites the subhject Lo reprssent in an
appropriate way, the bshavicur of augar and water
during solution formation. Particlea are not
specifically mentioned, 8o thisz question again allowas
one to gauge whather the student tescher chooses te
use a particle ~ haged explination. Hesults from tha
research conducted by Driver (198E) with teenage
childran, weould Indicate that the whole concept of
solution formatiooe is not well understood.

The raliability of this instrument was eatimated Ly &
split-half determination. Tatal corrected
(Spearman-~Brown} taat vreliabilities for the two
subramslas ware:

Group A = 0,93, Group B = 0,87,

2. Caga Studies

As a reault of the responses provided by the studenta

ta queation eight, it waxzx decicded that Ffurther
investigation would be uf interest. During a
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worksheop which forms part of the methodology course,
the foliowing exercise was carried out with Group A
atudents. They conatructed two ldentical paper bags
and asuspended them from eithar end of R metre stick,
moving them until equilibrium was reachad. A lit
candle waa than placed beneath one of the packets
which aevsntually rose. Studenta readily idantified
the principle in quastion; namely that hoet air riges.

The students were then asked to go away and prepare »
diagrammatic explanation of the phencomenon in tarms of
the hahaviour of particles.

Thexse disgrans were axaminad and commenta and
questions addressed (in writing) te individual
studentx. On return of the papers, « general
discussion was held about particle behaviour, two
video filmm on Atome and Molecules and Chemicsl Change

ware ashown, and the studeanta were invited to rexubmit
thelir explanationg - th appropriate improvementa,

3. Isab Quastions

During the course of the year, students write one or
twa "opan hoock” teats. These provided a further
opportuaity to investigate the student'a ability to
use the particle modsl in & tew asituation. '

Question One

This ¢guestion (Ses Appendix 2} ias identical to ona
vaad by Nussbaum in a cross-age study in the USA in
1982, (See Nuxabaum 1985),

Quaeatinsn Two

Students were azked to draw a diagram representing the
change of astate of water from =solid to liquid or
liquid to gas which illustrated the bahaviour of the
particles. In +he study conducted by Hibhard and
Novak {1975}, puplils wvere ashed to drav diagrams
reprasenting the threw statea of npatter azx seen
through a VERY powerful magnifying glass. (pg B63).

Cuestion unad wWas conducted wiith both groupa and
question two with Group B only.

4. A Pupil Survey

Buring the course of the ywar, the students went to
. the schonls for their annual "school experience”,
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*

whare they would have access to a variely of achool
pupilis of different agea. As it is standard practice
te get rolavant sskignments during such times, it waa
falt that +the students would benetfit from furthev
consideration of the model, but in a different context
and morecver In & &echool situstion in the role of
taacher.

The student tezchers were provided with a nusmber of
questions, one of which pertained +o the particle
model. {See Appencix 3.} Az can bhe sean, it is &
multiple choice wariation on quegtion four of the
ingtvument, =and thevefors =similsr +to the questions
used by Glssson et sl (1988} and by Novick and
Nuszsbaun (1581}, The diagrama for the alteraatives
renresent various distributions of particles in flask
and halloon safter hasting. As such, the situstion in
question refers Lo the aexpansion and contraction of
gasez deaslt with in standard three, thua one may
fairly ressonably canclude that most pupils (with the
axcaption of standard itwoa) would have sncountered u
#imilar set -~ up during the course of their aclence
education. :

Several changez were wade =0 that this gquastion was
not gquite identical +to thosa produced in the studies
pravigusly mentioned. Fivst, thia quaztilon provided &
"Befare Hasting” picture soc that sdequate comparisons
could ha nade by the pupilx. Second, the particles
ware drawn a2 1rings or open circles mo that a change
in pariticle aise could #xaazily bhe raprsesnted.

Students were :reguired to aak thelr pupils thias
mattiple choice question and anslyese the reasponsas,
The <correct answer was provided, and students wers
furthar expwctad +to discusa {in writing) hovw best tao
teach the concept to thelr claxa. They ware
inatructed not to teach thig particular content araa
in order to avoid disruption of the achool programme.

Although the pupils were ascattered over different
s#chools, 1t is not suggested that Lthiasa representa =a
random sample ofF achool pupils; clearly it v .28 not,
The groups may not be comparable ks some sachoala are
over « représsnted, =snd others under -~ raprasentad.
The majority of the =xchoolas in gquestion were TED
schoola, mainly on the Witwaterarsand, catering to the
reads of the "white” population group.  Neverithsless,
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quite & large xample was collected (about 800 pupils),
sngd it wvam falt that the raesults would he of intereat
and waould indicate whether thera was 3cop¢ for further
gtudy.

EVALUATION OF STUDENT RESPONSES

1, Questionnaire

1.1 Multiple Chelice Quastionas

The digtribution of responzez to each guestion was
caleulated =22 & percentege in aach casa as set out

with +the reasults. Cne mark waaz  awsrdad for each
correctly as'asstod anawver, &8 shown on the markiag
sanorandum, “See Appendix 4},

1.2 For +the open ended questiona, each wes handled

diffarvently, actording - to tha responsesz by the
students and also in terms of tha concepis involved
and the aspects of +the particle model under review.
See sarking memorandum in Appendix 4 . The percentage
distribution of responacs to each guastion was
calculated and will he distussed In the following
saction. Rech =miudent's individual scora out of a
total of 25 was recorvded for analysis and will alzo be
refarrad to further on,

2, Case Studies | -

These were exanined individually for correct use of
the model. PBafore and After intervention diasrnma
vers exanined for gigna of improvement.

3. Tesi Queation -

The diatribution of answera selectad by studenta waa
anslysed as for the multiple choice queations of the
instrument.

4, Pupil Survey

The diastribution of pupilx’ reaponses was analysed
atandeard hy atanderd - also an for the nmultiple chcice
quaations.
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RESULTS AND COMMENTS

—

i+l The Quastionnsire

Queation One

lx. It wae noted what was stated by the suhject.
(Very little wvariation in answera as noast of the
studentx (95%) were aware that the water level would
rige)l

ib. Responaas aeensd to fall Lanto five major
crtegories, namely
I, Full explanation incorporating the nations of

heat, hkinetic snergy, increased malacular movewment and
conzeguent ilacreasme in voalume due te increasaed inter -
molacunlar space,

i1, Partial explanaticn which mentionud
"particles™ or ‘“"moleculea” and incorporating some cf
the above concepts correctly used. Theze anawvers were
rather more superficial 4than the pretiocus catsgory.
{The relatively anall aample a&ize (id not allow
further suhdivigion) e

TII. An  explanation which mantionéﬁ an increass
in particle aise aar the factor respocible for an
incrazae in volume.

Iv. An  aexplanation {little mavre than a
dageription) which did not incorporats the particle
model. T

V.  An axplanstion which involved the loas of
water due Lo savaporation. -

vI. Other attamptg which were impoasihle Lo
categoriae, as well ax no anawers and "I don’t knows™,

fha diatribution of these responses iz set out in Fig.

From the data, one can aee that most students were
avare that water expanda when heasted, and that the
laval of water in the capiliary tube world rise. They
were awvare of the phenomenon, but very few were able
to provide & geientificrlly acceptable axplanation for
the phenomanon. Some appae. ently had an idea that it
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has something to do with "eneryy” aad others may wall
have been awars that water molecules have & roles to
play; but it would appezr that generally, the level of
comprahansion was auperficial,

% Diwivibudlon

Figure 1. {(Question One ~ Iinitial Stady) .

Pavcantage Dis-ribution of Student Responses.
L €¢I} Full explanation; (II) partial sxplanstion;
{I11} incresmse In particle size; {IV: non -~ particle
axplanatlion; (V) eviperation; (VI) ethar.] '

Quaation Twe .

Thiz multiple cholce quastisn ajipeura to have given
the majority of the atudaniz no prablem, sud over 807
of the sample aelected the acceptable answar. (See
Fig., 2J, Similac results are reported by Glaxson ab
&1 (1988} and by Novick and Nussbaum t1981), Howevar,
it would be premsture to asgume a . high lavel of
underatanding on the strength of these deta. R
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Figuvre 2. (Queztion Two - Initial Study)

Perceantage Distribution of Student Responaex.
f {A) particlea at aides of flaask; (B) particlea at
aack of flask; (C) particles st bottom of flask:; (D)
particles evenly distributed ¥~

Question Three
Each agpect of tha gqueation was analysed zepzarately.

da. The respongsaes fell into & nusbur Af categoriex as
ghown by Table 1. Aa is clear from the table, this
peart of the guestion waa 2. iwared correctly by most of
the partlcipanta (between 60% and 70X of the total),
Howaver, it nuat he atated that these sre not
ovarwhalning majorilies. The other reaponzes are
indicative of liwited understanding.
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TABLE 1.

Parcentage Reaponses of Students to the Question
*What sre the Bubhlea Composed of?"
{Question 3a ~ Initial Study)

Reaponse Group A Group B
no® 63 n = &8
Adr ' &0 . 63
Oxygen i8 22
Carbon Dioxide 5 s
Oxygen and Hydrogen 0 _ 1,8
Gas i,5 0
¥ator 5,5 Ly}
Mixture of gases 5,5 0
Dan't know 3,5 1,5

3b It was roted that moat of the studests respondad
that the bubblea coms from "the flask” &r "the sir in
the Flaak.™

3¢. A number of coancepts used by the students in their
explanationsa waa identified; wach reaponse was then
scrutinised Ffor the presence of these ideax., (See
Table 2 )

< TABLE 2

Parcantage Summary of Concepis used by Studenta
(Qieation e - Inltial Study)

. Concepnt Group A Group B
. n = 83 n = &8
Hent 58 72
Kinatlec energy & 7
Movement 30 30
alacules 23 ' 46
Expanaion 42 54
Spaces -1 10
Pressure 6 10
Air 60 26
Othar 16 i8

{Bacause lcnch response wag acanned” for the points
previcusiy mentioraed, totala are more than 100%),
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From the data, it would sppesar that most of the
students ware awvare that heat 1la linked to the
axpansion of the xir. That wmatier expands when heatad
faorms part of their everday, cosmmonaenxe viaw of the
world, but once again, it needs to be wmentioned that
this iu 8 very asupsrficisl understanding of tihe

processesa involved. The connection between heat and
anergy ix wmantioned in lesx than ten percent of the
cages. Once again, this ia an example of "knowing

that” without really "knowing why or how”,

As far a8 particles are concesrned, thess ware
menticned in less than forty percent of Lthe csasaes; and
the intermolecular (or inter particlel mpace formed
part af the axplanation in lesas than ten percent of
the situstions invastigsied. These reasulis would
auggeat, that although these students have at szone
stage pasned standard six, wheare the particle model is
taught, wast of itnem did not uase it to help them
conceptualise r~rdinary, everyday changea in the world
arcund thew. The particle model haa not hecome a
tool, or part of the conceptual framework, but is
scomathing elae Lo be meworised,

Question Four

Quustione dealing with the expanzion of gazea ducsing
heating, have bhesn posed in variocus forms throughout
this work. In this inatance, it was pressnted aa
raguiring a fres reaponse although participanta were
ingtructed t& use a pictoarial particle axplanation.
As haa besan polintad out, the students did not appear
ta rely on the notion of particles for explanaticna.
Thiz doez not neceszarily mean howaver, that they verwe
unaware of the model and, when vequired to uas it, did
make an attempt, but fregquenily in ways which are not
geiantifically acceptable.

Aspects of the students’ drawingas noted werwe:
Number of particles before and after heating
Size of particles before and afiapr heating

Eve: digtribution of particles (dots)
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Recognisable  change in particle distribution
bafore and afitsr heating.

Thein agpects of the model under review will be
diacussed separvtely,

Particle number. .

The imaus being Iinvestigated in thia casas was not only
whether 4Lhe sublacts were saware of the scientifically
accwptead wview of particle conmervation but also
whethar. they would take sufficient vare to ensure that
the same number of particles was indicated before and
after the heating. It is difficult to decide whether
& ammall inereame in nunmber can be atiributed to
carelesaneasz or Lo & genuine lack of undevatandiag.

Figure 3. (Question Feour - Initial Study)
ENumber azpectl
Fercentage Diatribution of Student. Reasponssa
£ (I} Constant number before and after heating; (II
increase in nomber after heauing; (III) decresase in
nunher after heating; tIV) no attempt.]
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Ag indicated in Fig.3, the majority cof studenta did
not enaurs that particle number remaina conatant; with
the higheat prercentage {about 43Y) indicating an
increass in numnber. It la poasisle that lack of
understanding of Lhe role played hy intermolecular
spaces ig ithe determining factor here, rather than a
daliberate "adding on” of pavticles. Az they fillad
the avajilabhle apace in the flask and balloon with the
particles, i1here waa ainply more room after heating:
Ao it wam fillaed with axtra particlea. A further
psint of interest hare i1a Lhe ainilarity between the
percentages of tha Lwo mubsamplas.

Particle Size .
Moat nf the atudents dyayw the particles at
approximately the aame aize hefore and after heating
(Fig.4).

Figure 4. {(Question Four - Initial Study)
[3ize aapect]
Farcantage Distribution of Student Reeponsex.
L {1} Equal size heforas and after heating; {(II) larger
aftear heating; (IIIY amaller aftor heating; (IV) no
attempt )
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A fairly common misccnception is  that since watter
expands when heated, the units of matter almo axpand

i.e. increase in atze. This miaconception is
1livatrated in different contexts further on during
tnis atudy. Although about 35% of the sample drew

larger particle circles, the nunbar who decressad
particliy 2ize is almos® negligible.

Diatribution of Particles

Az one would axpact from the reaulias of Questisan Two,
nost xiudenta sppearsd to be avare of the notlon Ltat
sarticles are conaldered to bhe avenly dismtributed
throughout a ayatenm. Howaver, in this queation, the
percentage of “even diatributors™ is lower. (Fig.h}
This would  suggest that the notion of aven
distribution im not a firmly held belief {(or part of
tha conceptual framework). Rather it appea:s Lo ba
quite tanucualy held and able to be extinguished when
axtearnal appearances —ause confusion.

Figure 6. (Quexstion Four - Initial Study}
IRiatribution aspectl
Percentage Distribuklon of Student Peaponaes '
[ {I)! Even digiribution beforo and after heating; (1D
upward movament of particles after heating; (IIT}
particles in halloon only after heating; (IV)
distribution generally unsven; (V) no attempi. 1

oo-.
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Two points come to mind, The first is that the
students appeared to bhe able to xalect & correct
answar from 2 aeries (82 in sultiple chelca queations)
far more amaily Lhan producing one from secraich (or
from basic principles). The second poiat is that many
students failed %o draw particles in the balloown
before heating and wmore than half of the "unequal
dlatributora™ soved the particles upwards towards the
balloon in their "after heating” diagrams. Thexe wera
obviously not untidy perticle sxocibblea; but clear
attsmpits to represent a concapti as understood by the
studant. :

Novick and Nusshaum (1981} report similar findings and
state:~ " It wauld appear that for mscst subjecta, the
percaptual change in the balicon atesma from a tranafer
of some, most ovr all of the particles from flask to
balloon.” and that * . . . most subjects, evean at the
university foundationz level, do not retsin a uniform
diatribution picture of the particles in a gas. (pg
i%01}, in the atudy conducted by Ulaxsan st al, whers
ne *refore”™ ploture wus provided, about 42X of tha
aubjects selacted & uniform disctribution picture and
20% chose picturex 1llustrating either all or nore
particles in the bsalloon. The preaent study hasz
thereiore produced very similar findinga %o those
centioned.

Sueation Five

As can be asen from the reaulia (Fig. 6), altarnative
nunber one wase the moat popular choice. It was the
anly “nan ~ particla™ anawer offered; the mneat
descriptive and lsasti wxplanatory! The phenomencon of
tha balloan lungas inflating ix one with which most
atudents would be familiar, Fosaibly having
sncounterad a satiafasctory anzwer, thay were reluctant
to look further.

It is of intereat to note, however, that of the three
"particle” ENUAHEr K on offer, the mcientifically
acceptables one was the most popular, alheil anly 25X%.
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% Digdribotion

’sm

Figure 6, {(Question Five -~ Initial Study)

Farcentage Distribution of Student Rexponzes
L (A) Lungs inflate; (B} particles axpand; (C)
particies space themssives out; (D) particlea press
alone togather. 1 =,

Queation Six

Thix gueation, unlike +the previsus one, provided 4
particle -~ prelated alternativas, 4o the subjects were
obliged to consider the behaviour of particles when

aslecting their answers (guexsing exceptad). Two
pointa of particular interest wrerge from the
results. (Fig. 7). Tha first is that for the firat

group of studenta, aliternative threae (Tha gas
particlss get hot snd bacome holiow in Lhe middlel was
more  popular than anything else, lncluding the
scientifically acceptable anawver,

The second point is that in this question, thecre ia
quite & remarkable differsnce between Lhe ansvers
salectwd by tha two groups of students. In moat other
questions, thers is n far Fraater degree of
minilarity. '
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- % Distribubior

Figure 7. {(Queation Six « Initial Study’

Percentage Distribution of Student Reaponses
L (A} Particle nunhar incressas; (B) particle size
incressen; (C) particles bacome hollowy (D) inter -
particle apace increasex.

Question Saven
The twe parts of the queation were analysed

separsiely.

Aa this was of the open ended type, tha students®
responaes wars categorised az follows:~

Ta. Te the gueation “Where do these dropleta come
from?” theres were the following answers:-

I. Alr/atmonaphere

II. Water vapour

ITI. Condenzation

V. Ingide the jar

V. Qther (thia includes "don’t know”, as wall
AR anmwers which were difficult to understand.)
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The distribution of these reaponses appesra in Fig. 8
balow.

Figure 8. (Questlion Ta —- initial Study)

Percentage Distrihution of Student Answers
L (I Airv/atmonphers; I water vapoury (III)
condensation; (IV) inside Lthe Jar; (V) other.

If one accepta Tair/atmosphare” sxa sn acoeptable
angwer, it ia noteworthy Lhat only 404 of the aample
selacted this aliternetive. Az mentioned previoualy,
many persons use# the iterm “"condensation " without
making ita meaning clear., Similar chservations were
nade by Csborne and Cosgrove (1983). In thim context,
when the question “Where do tha (water) droplete come

from?” ix given the answer, “Thay oome from
condensation” 3 it doeax not make particularly good
RENRE. Mesning, in facl, is abasnt, It sppears thabt
thig iz yet another casgea of fact f{or in thias case,
turminolagy) nenorigation, rather than the
undarstanding of concepts. The potential of the

particle model as a concaptual toal is not exploited.
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Th. The asecond part of the gquestion, "Why doas thia
happan”, ARCOUrAZS A participanta to put their
underatanding of tha proceas into thelr own words, s
#kill which is =Emential in any teacher. A nunbasr of
toncepts likely to be utiliged in a full explanation
wag ldentified. Thesae includa

Warm air

Hutear vapour

Cald Jar

Condensgation to form a liquid
Change of atate

Enavgy

Particles

Incrsaze in particle denalty
Watar dropletsa

An  scceptable azplanstion, idncovporating thease ideas
would sound something like this:-

"When water vapour in the werner atmcaphsre comea into
zontaet with the cold jar, the moleculea (particles)
of water loam aome of their anargy, and move cloaer
togethar. There is & change of atats aa these water
JRHOUE wolecules condenas and Lthat ia why water
droplets are viaible on the cutaide of the jar."

An  incomplete or partial axplanation would omit asone
of theass nctionas.

In the analysis of the responass, the pasvcentage
occurreance of esch of theas idesz in each anawer wax
calaoulated (Sae Table ). During thias anazlysis,
extranecus replies were also identifisd (like don’t
know, l1ce malis ets.)

The wmoat pertinent polnta which emerge from this
analysia &sre that, as has heon suggested previoualy in
thi= atudy, the maJarity of students did not
ingtinctively resort to a particle & pnlanation, hut
rather discunsed the event In terms of what im
observed,

0f interesat, too ir the virtual absencs of the concept
of energy. Thia is alao remarked on i the atudles of
Caborne and Coagrove (1983) and of Krug. : and Summers
(1989}, Farthermora, an mcceptable axplans ion (even
axcluaing particles) also occuraed ver infrequeastly,
nogt subjects preferring to discuss the warm air
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in contact with the cald Jar  leading to
"condensation®, Az argued vreviously, Lhevae &re clsar
indicationx that thisz concept was poorly underatocod.

TABLE 3.

Peroantage Summar: of Concepts used hy Students
vhan Explsining Condansatior
{Quaation Th - Initisl Study)

Concapt Group A Group B :
n= &3 n = 48

Warm air ' 46 39
Water vapour ¥ 20
Cald jar 48 44
Condanastion

to form & liguid 48 54
Change of ztats 4 13
Enecgy 1 Q
Particleas 14 L
Increans : :

in particle density 1 1
Watar droplats 1 33
Unrelated

ar incorrect ideas | 10

Quaation Eight

Thisx question wasa usaeful in highlighling two important
nigconcuptions with respect to tha particle modal., As
the four alternatives involved pletarial
repragantations of particles, it was necagsary for the
participants to conaider particle explanstions.

What is being investigatss is that “het air rises”.
Thare is scopea, tharefore for atudents to demonstrata
their canceptualiisation of

#) how partiales hehave whon a gas iz heatad and

bl what azxsctly could cause the 1lifting {or riaing) of
the heated item.

The perceantage distribution aof responseas ia presentad
in Fig., 9.
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% Distribution

1"

Rexponze -
A

1
lad

Figure 9. {(Quextion Eight -~ Initial Study)

Percantage Diatribution of Student Reaponses
L (A Increass in particle =xize after heatingy (B)
incraonse iIin inter « puriicle space after heating; (C)
incresse in pa. .cle number of unheatad packet; (D)
individoual varticlea risw after heating; (E) no
attempt. ]

Az can be mesn from the vresulis, two alternative
sxplanations were Tavourasd, One (alternative &) is
that the particles thewaclvea oexpand (gases expand
when heated) as waz suggested in the upen ~ snded
guaation 4. The other, avean morw »opular, alternative
was that the particlea thensslvea rime {(hot aivr rises)
and sonmehow force the container upwarda,

The gcientifically acceptable explanation,  Ra
indicated by slternative B, wasx not a strodg
soantender. Theze results ware of interest at the tine

because ac many astudanis appeared to axperisnce
difficulty with the gquestion. It iz acknowledged that
this queation iz & complex ona, possibly demanding
morea from the subjlecis than a hasic underatanding of
the particle mnodel. Nonethelsan, it was decided to
investigela thie queation In greater depth later
during the yaar. '
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Question Nina

The focus of this question is on particle density and
numbar duriasg compression. One of the slternativex on
offer inveatigates the posaibility of students
selecting a contlinuous model in preference Lo the
particle mcdels. As can be sesn from Fig. 10, n small
pevcentagze of Lhe zample srelwcted this alternative.
In both groups of atudents, alternative C wis the
favouritse choice. It can be argued that -ithic
alternative illustrated an incresse in particle
gonaity, whizh would heave appesret logical -to the
atudenta, However; it would alsc appear that thess
atudents ave not awace of the notion of conatant
particle nunber, Sinmilar obmervations were made with
regard to gnustion four.

™

% Dutribution
g o

Response -
A

Flgure 10, (Queition Nine ~ Initial Study)

Percentage Distribution of Student Rasponsex
I (A Continuous nodely (B) dacreaze in particle
number aiter compression; (C) incraase in particle
number after compression; (D) decresze in  inter -
particle space afier compreasion; (B} no attempt.l
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There were warked diffevences in Lhe rezponsss of the
twe groups of gtudents as far as alternativea B and D
are concesrned.

Queation Ten. : .
Thik cnuestion, =#& it waz presented, was difficult to
ana.yse. Seversl purticipants in both groups appeared
raluctant to comait themsslves in any way, and atated
"1 do not knaw. The diagramse produced by the
students were categoriasesd o3 followa:

I Both solute and saolvent rapresentad aa
particulate :

IT Sclute only repraesanted ax particulate

I1T1 A non-garticulate vapresentation

IV No attewmpt

X Dlstribuban

Hasponte o %
A B

Figure 11. (Questiocn Ten - Initial Study)

Pearcentags Distribution of Student Responses.
L ’I} Solute and mclvent particulate; (II) solute anly
particulate; (III) non - particulata diagram; (IV) no
Attempt.]
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Az can be seen from Fig. 11, & amall parcentage of the
sanple produced diggramg which 1llustrated hoth water
and =sugar 88 particulste, wheress over 404 of the
students drew suger as particulate. The macroscopic
propertieas of these substancea would apyrar to have
provided apecifie "ecues” lor "miscues"in the caze of
watar) to the subjects.

1.2 Anslysis of Igtal Scores

Tha total acore /25 obtalned by each student an the
vhela t st was calculated and analyased ms presanted in
Table 4 helow,

TABLE 4.

Aversgea of Total Test Scores for Groups A and B
(Initial Study)

GROUF A GRCOUP B
n 63 68
meat 8,88 20,47
varisnes 16,98 16,34
#.d. 3,31 _ 4,04
D.¥. 129

computed value of t = 0,27

The above results would indicate +that although the
studentx of Group B achieved on average a higher score
than thoxe of Graou A, +this differance ia not
algaificant., Furitharaore, nejither group achieved on
average & score of BO4A lor 12,8/725). These figurves
would support the contention that at this atage, these
particular students were not well prepared Lo teach
alenantary science.

2. The Cage Studies .

For a number of rasgonz, this atudy could he conducted
with group A oenly, &80 hers, no intergroup copparisons
aan be made. Also, there ware only twelva stvdenta in
this group te whom I had ascceaxx; the others heing
involved with other aspectis of the methodology couraes
at the time. Nevertheless, it praovides a useful study
of conceptual shlifts among these individuals.
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2.1 Before Intarvanition ' _

Of the atudsnta investigated, 8 either iwplicitly or
explicitly indicrted the rising of air particles to
the upper zress of the bag, 2 expliseitly showed an
increasne Iin the sire of gir particles and a further
two discusged and / or vepresented govement bhut did
not carry the argument any farther,

2.2 Intervention

Thia involved a brief diccusalon during class time and
studerts were raminded to sxamine their ouwn papera for
the questions addressed to emch Individual. Queationa
which were repexted saveral timea were atated out loud
to the group. {(Thia type of conmolidation exerclae,
where coswon mistakes and problema are aired, is
fairly standard practice in this courde, uao mtudantis
arse familiar with the approsch.}

The following lecture pariocd waa uasd to show two
video =~ films; one on atoms and molacules (Kopel ¢
19%:) and the othar on chemical changs (Jay c 1582},
Students wers raguired to watch theae £films, anawer a
short  guastionraive and aeaxamine their particle

deavinga for any  appsarent sponaliea aor for
axplanationa which appeared to be in conflict with the
acientifie explanations af theae filams, Schoaol

Experience with ita particle ~ related asaignment
fntervened at this palnt, and presumably uas alno of
ingtructional wvalue.

2.3 After Intervention (including school expaerisncae)
‘The studants wers ragquired ta racubmit  thelr
disgrammatic explanations, after theze discusaiona and
aftar group diacusgion with ne.

2.4 Individual Cases {(Sees Appandix 5)

Student  P.M. Was careful to keep bthe number constant
and claarly ahowed the 4«ulialed pirticles moving
upwards. He did not offer a resubmismion, claiming
that he was satiafied with hig explanation.

Student J.K. Here %the intantion is quite zlear.
Particslea (of alr) moeve upwardz, and moreover, appear
to do Bo Tin order to7 egcape the flame, if onas
examinas the axpresxions on the “faces”, Although
animated diagrams are often used to explain difficult
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concepts in prisacy achoocls, the denger of an over -
raellanca c¢n  asuch methods iz clearly illustratad here.
Many people {(not only prisary pupila and teachers)
frequently amploy animize to help thenzelves
understand nutural phenomena. As tha literaturs would
indicate, this iz related to several misconcaptions.

Hovever aftar the inatructiszn, she appears Lo have

grasped the Ildea of movexent of particles, Har
diagram shows a decremse in particle density, but this
iz never satated, Thare ia alsc menticon of movenent,

and an increase in the spaces between particles.

There is, howevar, still nc nention of an increase in
kinatic senergy, and the particles are atill draws in
an  animated way; the heated partlicles appearing angry
or discontented ~ what this say convey ta puplls is
cpen to apeculation,

Student M.B.

The firat diagram clearly indicates tha riaing of iha
individua® alr particles aaz do +the pravioua two.
However, thix reprasentation clearly illuatrates
anakher, poorly underatode sapeckt of the particls
medel; and that iz the concept of smpty space. From
thia atudeni’s kay at the bottom of the page, it would
appear that ahe percelived both particulata and non -
particulate alr.

Az far ax thiz student waa concerned, the intervention
phase involved not only the diacumsion, file and ao
on, but alse a langthy interview with ne, afier which
time axha expressed anthu:igun for the axplanatory
purposes of the particle midel. Although her second
diagram doas not state anything about density, spaces,
mavement, or enargy, with the excsption of the last -
mantioned, her non ~ verhal explanation incorporates
the other ldeas fairly explicitly.

Student E.B.

Before ipstruction, the atudent usesd the ides of
particle movemant {indicaked by srrows), and also
differentinted betwaean air particies, heated air
particles and an In ~ betwaen stage. She alsgo
indicated Lthe preaence of xkir particlea aven cutside
the hags, urlike the previous amtudents. The reason
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For the hot air riging, however, would appear to be a
"force” exertad by the heated particles on the uppav
surface of the packetl. From the arrows indicating
novenent, 1t sppears that air particles move about
randonly {(an accaptahle premize) except those which
have hesn hested, - which smova  upward  only.
Furthersore, the filnal result is given that the
unheatsd packet contains fewyr particles than the
heated one -~ & aotion clearly st variance with a
acientifically aceceptable explanation.

Thiz student’'s resubmiasion providea an interesting
axanple of an ingtructonal "miszcue™. She altered the
terne particlex to moleculer ~ and then changed 1t back
again aftear viewing the video film which illuatratea
that air ia & nixture of gaaea. Other than thisz,
thare fa liltle =significant changu. All the drawn
napticlaea™ hava Ad-wny srrowa indicating random
movenent; agein with the sxcepiion of the heated onex
which rise a8 Before, The upward force ls as cleorr as
praviously, and in bhoth csases, 1t sppwars ss though
air particles are "driven” into the paper hag when
hastead, Bvidently, this student’'s alternativa
axplanations were difficult to dialedge.

Studen®, C.L.

Thia atudant’s Ffirat affort ir aimilar & Lhoke
previounsly deacribaed. The heated air (from cutaide
the packet) movas upwerd inte the empity pachet cavaing
it to rise in a manner aot fully explsasined, It ia
intecrasting *a note that the cosl or unhested air iax
- dexerihed as  "stable” (having no mavement?). What
happens inside the packet ig not revealad.

After the lnatructicnal phaze, the atudant provided a
totally different picture, It is difficult +teo
determine whethar there was concepitual confiict, which
waga &voided in thix way. The ascond disgranm is very
degcriptive and aveoids the unae of tha tarm particle,
However, whaen xaked for the resaon behind this change,
the atudent weraly stated that she thought 1t would he
*better."”

Etudent C.W.

In this case, the “before” and "after™ drawinga xre
very saimilar. An  attempt haa been nade to make a
change, hbhut what was mought wag claarly not apparent
to the student. The hot air riges aud the cool aile
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ainks isz thr- -=samage conveysd in both instances.
Although 1t is not stated, perhapa the upward arrowa
imply that thees iz zome sgort of "force” in action
here.

Interaztingly, evar when &tating that the cool air
ainks, the atudent drew a dish of lce cubea balov ihe
packet, clearly implying that thia cool &ir will rise
inte the packaet (or that "coldneas™ will move into the
packet), A notabhle ~ and undeairsklae~ change is that
the particlea in tha second diagram are drawn in a
more orderly arrangewnent than previcusly.

Studsnt M.R. _
This atudert hes also conbined the “hot air rises™ and
"zold alr ainka” notions intoe the zame disgrams.
Before instruction, individual hot air particles are
sear Lo move upward eand cool ones downward., (She has
wino placad a dish of ice below the packet, ss the
previous atudenc did). Whether by sccident or design,
the heated packet shows aigns of decressed parvrticle
dansity (encouvaging) but it is unclear what has
happaned,

Aftayr ilnatruction, there ia now ne indicatlion of
individual particle bahaviour, but air a: & macro
lavel iz atill aeen to riae and aink when heated and
coocled rvepeatively. Both heated and coaled packets
asve fewsr particles than thoae of +the previous
attenpt. There kre fiftean heated and alztewsn cocled
particlea. One ia inclined to arvgue ithat there ia no
rttempt here to reprsaent differencex in particle
dansity, bhut rethar that the idea of nunbera of
particlas does not  entep intc the conceptusl
framework,

A furthexr point, not dirsctly concernsd with the
particle model ia the atudent’s intersst in the
aguilibrium of the “"aee - saw” balance. [t zesns as
though thiz aaspect, rather than the effect of heating
on = gas was the pajor issus. In heth cases, thisx
idea of "balance” is expresaed in writing. Thia could
wall be a caasr of a migcue, or of the lasraar being
diatracted by background ™noise”. This nolse has
proved Lo be truly distracting, as the student wvas
gquite wrong in her belief that the atick will remain
"st & balance” under the circusstances described,
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As the investigstion was conducted during a laboratory
seasion, one wonders whather +the observation waa
ignored and/or misinterpreted.

Student A.M.

Thia atudent discusssd how an increase¢ in tempsrsture
CRAVRSM collimions between particlea. (Acceptable).
She then drew an incompleie analogy to the avenia
aurrounding elaatic forces., Now the particlisa bounce
and separate. The sxplanation for the viaing ia now
of particular interesi. The chservahle phenomenon waa
noet  esplsined in terms of the model, bhut the
phenomencn - iz taken for granted, am it werwe, and the
"narticieas™ &imply follow =pit. (Since hot air rises,
the particles will vriss and the bag riges). It
appasrsa that the &situdent was confusing cavar and
effact,

Both explanationa {tefore and after) are very "wordy”
and it sppears ithat this repreasnts an attempt to
explain or cirvcumvent a bhadly mnisleading diagram. Tha
nature of theme drawvings suggesta very atrongly that
thiz atudent wazx unable to picture (conceptuvalize)
‘that was happaning according to the particle medal bub
dr'ew on  half-resembered acieats "facts™ to bachup har
argument. The apparent lncrease Iln particies number
and density on hesating ia very aisleading.

The oaly difference beblvaen w0 hefore and afiter
drawings is one of preaentat’ 1t wosuld appear that
littie or na concaptual cha v ook place in thia
inatancs. :

Student T,E. i _

The atudent has considered the movanent of particles,
ap indicated bhoth by the arrows in the drawving and tne
comnment that particles Thnock againat each othar”,
Tha aexplanation, hawewer, involves friction and tne

axpansion of the packet. The conrwxciion batwesn
heating and riaing of the heated air iz not
davelopsd. Again, poasibly due to asrwvlessneasn, the

unhested packet illuztrates lower particla Jensity
than the heated packet. Thisa, in terma of Lhe
particle explanation, makes no asansa,

However, afier inatruction, both the diagras and the
verbal expisnation &re in accord with the acientifie
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sxplanation, The student has ircluded theé notiona of
particles, interpmiticle apace and dangity. There s
no indicatian of where the particlea have gone, butb
dagpite this, a reasonahle and coharsnt explanation
has "een formelated,

Student S.R.

Thia iz of intereat as the before and after diagrams
are ldenticsl. (Possibly the second is a photocopy of
tha firat.} The difference lieas in the explansation
which formas part of the firat one, This explanstion
involves +the riaing of individual particlea, after
wovenent and cclliaiona hava taken place,
Incidentally, ane algo notes that unheatsd sir
particles are drewn as noet maving at asll,

It would agpasr that the student wea aware that this
explanation was. ner satiafac'ory. Feiling to
formulata an alternative at the time, it would have
avemad a logicsal way oub to omit the varbal smzpect of
the aeaxplanation, and leava the digzgran for the reader
to interpret, For & potentisl &cience tescher, this
situation nmuat ba rectified 1f misinformation is not
to he parpetuated.

Student R.V. o

This  atudent has also indicated the movement of
particies. ;. lHowaver, she did mentlion that when heated,
tha mnovement jnorg: 2# rather than iz initiated, but
this is not illusiraied in ithe "hefors heating”
diagram.

Her sacond explanatios then, showing some minor
changex has zome meriit, but isg 2till not in acscordance
with the accepted model. ., She drew fawer particles,
g£till illustrating the indresse in movemeni, but it
appanrs that the particles thymsalves move upusrds, a
notien which was not appevent in the first deawing.
Ag therc iz only ona fawer particle rapresentad in the
heated packat bthan in the unhsated one, it would he
pramature to &suggeat that the concept of particle
dangity iz developed in this csse. ' :

Student J,.B.

Thisz student has considered the expansion of gases
concept and related 1t to Lhe behaviour of individual
pavticlea. She has shtwn the particlas getting larger
and asaccliated Lthis with the upward sovenent of the
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bag. The connection belween Lhe +two ldeas is not
axplicated.

Howevar, after the instruction period, she has graaped
several aspects of the particle model, including that
of interpsriicle anace, which she inecluded where
possible, She illustrsted the decrease in particle
dengity and vaerbally esxnlainad the subsequent decrerae
in mags.

Student H.Z.

Thesa plctureszs represent bhefora and ai..r heating
situations. The first =et illustrates & we
interesting alternative concaptions. Firat, the gas
particleas are vary tightly packed — as illustrated and
underlined wvervally. = As Stavy (1988) haz indicated,
pupila/students are nore inclined ta conalder
particles in +the gageocus phase than in othere — sad
one wondera how thias atudent conceptualizes solids and

liguids &t +his level. Az wus the case with the
pravious gtudent., the particlems on heating have
apparently axpanded. They are also, incidentally,

fewar in number, bui this ia not g major focus.

The =mecond attenpt iz interesting in that the particle
expangion ides has baeen Jetitisonad in favour of the
acceptabla ons, but the tight packing of the particles
&L room tempersture has not been corracted, As the
clagg discuazieon focumserd on the effectz of haating,
and nat the particle model per se, this is not
surprising. Hoewever, it does sound & cavert to
educatora abhout partial axplanstions and also the vae
of acientifiec models (like the particle explanation)
in limited, rather than wide contextas.

3. Tesl Gugstions

Question One

(See¢ Appendix 2}, Percentage distribution of student
responses to the queation are pragented in Figs, 12a
and 12h.

As can he seen from the reaults presented, most of the
studenta chose  the Acceptable anxwar; a higher
parcantage from Grouap B than from Group A.
Neverthelouss, there iz no cause for complacency, zs
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Figure 128 (Test Queation Ona - Initial Study)
Pevrcantage Distribution of Group A Student Rezponass

Figure 12h. (Teszt Queation QOne — Initial Study)

e

LRey to Figas 12a and 12h. (Randy) Air between
pavticles; *Xim} density of air iz amall; (Patty)
repulsive torces; (Jean) constant motion; {(Jeff) nore
particles in the apaces.]
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thare waz &till =& lack of understanding even uftar =
course which took particulzr interezt in ithe nodel.
Ong ' wonders about the concepts held by thes: studants
ragarding the many  othar eareas of sgciencs not
inveatigated. ' '

Question Two : : '
Thiz quaesticon required the atudents Croup B only) to
draw & diagram rapresenting the change of state of
water, The use of particulate ideas is =n essential
agpoot of describing and explaining the three states
of mattaer. Students’  é&rceptions of the molaecular
changes which ocecur durin a change of atate are
particularly variabla. Non ~ verhal gxplanationa in
~the form of diagrams can give one & gobd indication nf
how thema notions are plctured by the studentas.

Examples of somae of theae diagrams (in ~<eponse to
test queation 2} will bhe found in Appandix &6, and will
ba referred to sapseifically where appropriste. It
ahould ba noted that the studentas’ drawings have been
traced by mwme, aaz the original work was done an rulwed
paper, lacking clariiy. These drawings provided hy.
the subjects were snalysed for & number of  key
concepia, and the wmain categories ave summarigsd in
Table' 5 helow. . >
. )
TABLE 5.

Percentage Snmmery of Types of Stude. Responases

{Taat Question Two ~ Initial Study} © i3

Type of Responme Bercantage of Total
n = 28

No partifj;u mentioned
Macroacdplic phenom.non only 36% (Sew Diag. 1)

Inconplete represzgntation 21% (3ea Diag. 2)
Particles unclear

Particla hehaviour unclear

Dizcrete particles in only

ona of Lhe states mentiasned.

Particle nodel incorractly used -42
e

Ragpanse includes componants of
particle maodel correctly used 39% (Sea Diag. 3)
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The diagramg of these latter 39% of the cazes,
compriging 11 students, were further exawisad. The
int  molecular apace concept wasr either clear or
implied di: 10 of thanm. {See Diagram 4,) Studenta
weuld use phrases like “"particles tighitly packed”, and
the diagrams would illustrate this quite
convineingly. What was not well developed, however,
wrd the eapitiness of ithis mpave. Driver (1588) has
raported that the wean agpavation of gaseous particlea
tands to be over eatimeted; particulavly in comparison
-to the liguid phsaae. The present gtudy produced
gimilar findings ag illustrsted by diagram 5,

The energy concep:t wan not montioned in & single
inatance, and therefore, unsnrprisiagly, sovement waa
suggested In leas than half of these ceseaz {(6/11).
The notion of intermoleculsr forcee was almoat always
cmitted, heing mentioned in s single cage only. One
sugt bear in mind, howavar, that thezme subjsclzs ware
primary tesachers in preparvation — and it iz poarible
that these higher lavel concaepts did not pecur to tham
or were rejzoted amn inappropriate for the elemantary
laval.

Many of the drawinge showed clear indicationa of an
attempt to represunt shapae. The ice waz drawn as
cuben, {(See diagram 8) +the water as a "puddle”, and
the water vapour as & vague cloud "up there” . It wis
also intevesting to see the attempts to show the
changre in danaity - & very difficuoit area with water
and ace. Thess obsgrvations sara quite encouraging na
far &z the "particulate studenta” are concerned, but
it muat he relterated that thaey comprise lewss than 40%
of the total,

—

4. A Pupil Survey
(Sea Appendix 3 )

Thare wered miner differences betwesn tha seolancs
hackgrounda of the varions age-groups. All senior
primapry @chool pupils (standarda 2 to 4) studied
elenentary science {or natural science aaz it is now
termed) . Junior asscondary pupils (standarde 5 to 7).
all sgtudied both Physical Science and Biology. A
third of +the standard 8 puplla (n = 30) studlied both
Physical Science and Biology, the remainder Biology
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only. All tho standard 9 pupila studied Biology, and

half thia numbar (n = 20) studiec Physical Science as
well. As mentioned praviously, with the exception of

the standsod 2 children, it is lilely that -oat of the
others nad encountered the experimental set--up at soma
stage during thei~ gchoel sclence careers.

Despite  thsse differencea As well as the age
differences; ' there was Iittla wvariation in the
distribution of reaponss«s scross Lthe standards, but
what there waz, i3 worthy of comment. (Table & and
Fig., 13.,) The nly nateworthy increase in correct
rasponses apperred with the standard six group. It iz
tampting” bto suggest that this dneoreasze could be
associated with the faect +that the pariticle model is
tpught in standard &ix, but clearly, this iz nerely
sypaeculation, S

TAELE 6.

Percentage Distribution of Answers
Selected by Fuplls

n = 760

Standard n A B ' c | D
2 100 8 57 24 11
3 100 Q. 50 20 21
4 183 8 68 15 12
5 139 i1 &1 15 13
& 24 4 50 an 13
7 72 22 46 I8 14
8 a5 e feg 3 18 13
]

37 35 a2 14 19

Further, from standard =six to standard eight {(and
nine? +there was & noticable incrassga in the response
cheice  which indicates tha  enlargement aof the
particles. One wondarsa whether pupills, having been
exposed te the particle model in a. formal way,
congtruet their owa wrplanationa for phenomena in ways
which are logical to them. By far the moxt frequant
chaice of response was . alisvnetive B  {where +the
particles wmove from flazk to halloaon.) From atandard
four onwardg, there was a decrease in the percentage
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response, but it remained a very powerful distractor.
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Figure 13. (Pupll Survey - Init’al Study)

Percantage Distribution of FPupil Re sonses
L (A} Iacreame in periicle aize at. . heating: (B)
novemsnt of particles +to ballcon after heatingy (C)
Increass in inter - pariicla spaos after haating;y (D)
increase in particle number after heating.]

Croga—age &studies conducted Iin other countiries with
respact to the sane phenomenon i.e. heating a gazx in a
closed aystem, include thome of HNovick and Nusabaum
(1981) and of Glasson et al (1%48). The aanple (n =
576} tested by Novick and Nusgbsum (1931}, consisted
of puplls from grade & {(standard 3) to university
undergraduates, whille that of Glazson et al (1988} {(n
= 318) consisted of preservice and inzervice tsachers.

The findings reported by beih these groups (Novick and
Nusshaum (1981] and Glasaon at &l (1988)) correspond
closely to those of the present atudy. In hath caseas,
the most common choice of particle drawing was xlao
that which Iindicated 2 wovement of particlas {rom
flagk teo balloon. Simiiar chservations have been nmade
regarding the student teacherx of the present atudy
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(see page 45 f££f). Their answeras to guestion four of
the instrument, which I8 an opsn-resgponse version of
this question, illuxirste comparable misconceptions,

From +the sbovae, it wovld appear. therefore, that
similar difficulties are experien:ed across a wide
range of ages. Whan facud with a ‘'pevceptual miscue”
of this nature, ([NHovick and Nussbaum (1981} pg 1901,
msany &chool pupiles, university astudents, preservice
and Iinservice teacherx are unsble to retain a uniforn
diatribution picture of particles in a gsas.
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THE FOLLOW UP STUDY

EREAMBLE

Thiz atudy was undertzksn during the year 1990; 1. e.
the yemr following the initial astudy. Both pre~ and
post~tuata werTe conducted and the concwptoal
development of students waz sonitored over a pariod of
about 4,5 months.

HETHODS

SANPLE

The =zample wax zmaller than that of the initial atudy
due to the nature of the investigstion .onductad, As
the progreass of individual students waz %o ba
monitored, 1t was decided to conduct the teastas only on
atudents accesaszxible +toc ma. Hovaver, ax for Lthe
initial atudy, the sample consistad of two wmajor
aubsanpleas.

The firat subsample conaisted of 23 third ysar atudent
teachers complating a diploma in seniocr priwmary
saducation. {(H.Dip.Ed.). They ware a3ll reglatgred for
the Bialogy ocourse at thivd yaar Collegs level,
Although they were studying =» scienca, *their
background 4in Physical Sclence was weak. None of
these studenta a&tudied Physical Sciance at Co)lege
lavel, and only 10 of them had astudied Phys.csl
Sciance Lo Matyriculation leval, Thux, for the
mejority of thase students, +the natural szciencs
- methodology coursae was the only opportunity they had
since standard 7 »f coming to grips with a number of
Phyaical Science concespla.

The aacond asubsample consiated of 18 fourth year
studenta completing the final yesar of & Bachelor of
Primary Education Degree, (B.Pria.Ed.) All of these
atudents had elwcted to regiater for thia natural
sclence coures {other finel yaar atudenta choosing
either hiatory or geography mnethodologileal. Thia
elanmant of cholee is a particular featurs of the
B.Prim.BEd. courae; by contras’, the diplomsa atudents
are obliged to cosplete che  natural  sclience
mathadolagy course,

This second auvbssample was Lar lexs homogeneous than
the firat, B war# In possassion of teaching diplomas
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from various institutions, including JCE, and 2 had
some tesaching sxperiesce. 9 had sajored in Biology at
JCE and 3 had atudied Physical Science at JCE.
However, 10 had atudied Physical Scisnce at
matriculation level. Nevertholeas, deupite this mix
of backgrounds, what the group did have in commcn was
the methodology course, and it wasx Ffelt that it would
be of intereszt to sxamine them ax well.

A= vas the case with the initial atudy, +the

nethodology courses undartaken by these 2 groups of

atudenta also differed in several respectis. Aa the

. courses alio varied alightly from year io year, course
autlintu are praszented helow.

GROUP A - THIRD YEAR DIPLOMA STUDENTS

WORKSHOP CONTENT STUDENT ACTIVITY
1. General Organisation
2. PreTeat
3. Safety '
4, Simuiations
5. Aclds and Basas
B Wanteay ~ 3 states Jroup diagram.
. Peedback on 6. Received handout.
Y8 Usea of Water
9. Microtasching
10, Water as Sslvent
11, do Pilan investigation
Diagrammatic eaxplanation
12, Faedback Receivad handaouvt
. Propertiss of Alr
13. Corhuation
13, Aiv and Flight
15 Hot Air '
' Balloons Diagrammatic Explanation
ls, Fendback Recwived handout
17. Atoms and Moleculas - Viewed vidacs
Chamical Change Completed w/sheel-
18, Science Fair : '
19, Sclance Fair
20 Science Fair
21 Static Electricity
22 Methoda of Tabulating

23 Investigations/Instructions
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- @ROUR A —~ THIRD YEAR DIPLOMA STUDENIS
{Courne Outline Continuved

WORKSHOR CONTENT STUDENT ACTIVITY
24 Effents of
Heating Frepare instructions

Diagrammatic Explanation
25 Feadback
FPreparation for Finasl Teat
Fos: Teat
26, Final Teat (Open book)

The courae iz allocatad 2 azingle poribds per wael,
thus ‘the sctivities dotailed above occupisd 13 weeks.

- QROYP E ~ FINAL YEAR DEGREE STUDENTS

PR - CONTENT STUDENT ACTIVITY
e wgrated methodologies
7T LS X7 1A '
g . ‘mation Aazignment
Goma CWEgo = 3 states Group explanation
it < vaenback Recelvesd handout
12 Fac.orw influsncing evaporaticn
13 Lectyre ~ Conmtructiviam
14 Animils
15 Science Fair
16 : Sciance in Socisly ~ Whaling
i Viait to ESKOM
18 Water as Solveni Invaatigation and
Floor plan
19 eler=— Diagrammatic Explanation
20 Feaadbhaok Recaived handout
2% Maths in Biclogy
22 Clagaification and Keys
23 Aly — Properties
Hot Air Balloons Diagrammatic Explanation
24 Feeadhack Hecaived handout
Atoma and Moleculasx Vieved Videosn
Chemical Change Conpleted w/shoet
25 Animal Feeding
26/7 Science Falre
28 Vigit Lo Zoo
29 Start of Tast
30 Completion of Teat

31 Lacture - Mizconceptiona
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GROUER B - FINAL YEAR DEGREE STUBENTS
(Courss OQutline Continued)

WORKSHOP CONTENT STUDENT ACTIVITY
32/3 Animala and Humana
34 Effecta of Heating Prepare 1ad£rwbtions
38 Conduct Inveatigation
Bisagrammatic Explanation.

36 - Feedback

Static Electrlcity
37 Post Teat
38 Compleation of Course

Ax the .courae iz allocated 3 pericds par waek, the
activities detniled above occupied 13 waeeks.

TESTING PROCEDUM ™"

As was the caseo with the initial atudy, investigations
«f wvarioua types vwere conducted during the year
inorder  that diffarent aspects of the astudenta’
conceptualization of the model <covld he monitored,
These wara a Jueationnaire, administered before and
aftar the couras =2& pre~ and poat-iteata; a nunber of
explanatory deawings rvelated to the model; sad a
gqueation on the model during an "open ~ book® test.
The timing and sequencing of these inveatigations will
be found in the course outlines above, and are
deacribad briefly balow.

1. The Questionnaire

The inmtrument which was used Ffor thias follsow -~ up
atudy was, in eaxance, similar to that vhich was used
in the inltial study. The undarlying rationale,
therefore, is almo the sane., Howsavaer, for a number of
reasons, certain questionx were alterad as followa.
{See Appendix 7 for the 1990 questiconnaive.)

Quastion One (Alsc Questlion One In Initiasl Study.)

Agx mort of the previous subjects ware sware that the
water level in ithe capillary tube would »ise, it was
devided +o state this, and ainply ask the question

SO&Q{.?.R??RHQCMlnt of questiona then took place, in
order, that the open -~ ended gueations (i.e. those
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which did not apecifically mention the werd "particle”™
} would appear earlier than thoae which did.

Queation Two {(Initially Quaation Thraes.)
Placed wearlier and "hubbles” redrawn for greater
acouraty.

Queation Thraee {Initially Questison Seven.)
Placwd earlier for resson praviouwaly diacussed.

Questiaon Four (Initially Question Nine.)

Placed earlier as the alternativea are a wmix of
particulate and non -~ particulate ideax. Question
changed xonmaewhat, to include a model which does not
allow for the inter - particle space,

Queation Five (Initislly Queaticon Six.)
No changes made.

Quention Six (Initially Queation Five.)

It wan decidad to changs the gueation zlightly to
avoid any possibility of wmialesding the subjecta,
Therafore i1t was (yiated that the balloon ™lungs” do
inflate and ponaih&w sltevnatives {(all pavticulata)}
suggested for the regyson behind the inflation.

Question Seven {Initially Queation Faﬁr.i _
An thizx ia » "particulate” guestion, it ia placed
later in the gueationnsaire.

Question Eight (Initially Question Tvo. )
Placed later for reasons alrveady mentioned.

Queation Nine {(Initially Question Eight.)

Redrawn xo that the alternativas appesr one below the
other, and occupy & vwhole page., It was felt Lhat this
format wauld be more convenient for the subjects.

Quesatior Ten (Initially Question Ten)

Ag the previous groups awened to experience great
difficulty with +thiz guestion; 1t was decided *to
provide axplicit “oums” in the form wf drawn
. Yparticles” for beth the augar and the water.

The reliability of thias instrumant was sustinated by s
a&plit-half datermination. Total corvectaed
{Spearman~Byrown) teaat reliabilities for +‘he +two
aubsanples vere:

Group A = Q,82. Group B = 0,92,
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2. Disgrams and Csse Studiex

A indicated 1in the course outiine, during the yesar,
the atudents were glven opportunitisa to crasate their
avn diagrammatic explanatisna of varicus natural
phencmenas , with  refareance to the particle wodel.
These included thc three states of water, solution
formatlion, aad atw&ral effacta of heating.

3. Test Quasiions
The guastion used during the follow ~ up atudy waa

identical to the one used during the initial phaae.
{Nusabaum 1985}, and will be found in Appendlx 2.

EVALUATION OF STUDENTS RESPONSES
l. Que

The answera to the questions on both pre- and
post~teastas werse handlied a2 for +the initial study,
That ig, for the multiple c¢holce gueations, tLhe
diatribution of responses van calculated; snd the open
anded  quesations ware analysed acecerding to the
responses of the astudenta, and according to +ihe

concepts  invelved. [See Appendix 8 for markiag
schadulel ”
5> Disgrass.

These were examined individunlly for correct usage of
aapects of the mnodel pcrtnininﬁ L thg phenomenon in
gqueation.

Teat Quaalion
Tha diztribution of anavers aselected by the studenta

was &nalysed ax for the multiple ochoicze gqueationa of
the inatrument.
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RESULIS AND COMMENYS
%
1.1 The Questionnaije

Quaation One '

Due to the smaller szample than that of the pilot
study, the responses were categorissd a little:
differently, i.e. ' v

I. A full explanstion invalving the notiona of hest,
kinstic snergy, increased molaculay movement and
consequant increass in volume. It must be noted that
none of these answers incovporated the notion of inter
nolecular space.

It. A non ~ particle explanation, which doas little
more than state the phenomenon.

11X, An explanation which involved an inoresss in
partiole Rlaw ax the factor reaponsible for an
incereaze in volums,

Iv. Space for response laft blank or "I don’'t know”
axplicitly atated.

V. Other attempita which were difficult to categoriae.

The distribution of +these reaponass ia set oud in

igure 13, - fﬁ
From the data one can aee that a full explanation
occured to few students (17X of Group A and 44X of
group B on the pretest)) In the pilot study, fewar
than 10% of the aubjectia provided axn acceptabla
axplanation. A non = particle . ezplanation or
deacription, on the other hand, was aelected by I9% of
Group A and 28% of Group B.

A striking differunce iz that betwsen the pre ~ and
post - iteat reagulta in hoth groups, especially Group
A, The percentage of full sxplanationa rose in thia
group from 17TY to 814, The improvemaent in Group B was
sonevhat leas {447 Lo &TX), Similariy, the non -
particle ansvars show a marked parcentage decresae.
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Figure 14, (Question One ~ Follow-up Study)

Pevcentage Distribution of Student Rezponzes
L{I) Full explaaation; (IX: ndo-particle ewxplanation;
{ITI) [ncresse in particle size; (IV) den’t knowy (V)
othear anxwera difficult to categorise.l

Queation Two.
2a. The responsex fall into the following categoriea:

Aly :

Carbon Dioxide

Oxygen

Oxygen and Carbon Dioxide

.£$nc Table 7 for tha pre-and poa*-teat percentege
response diatributionsg for both, groupxl.
| | b,

4y
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TABLE 7. ;
Percantage Response of Students to the Question
"What are the Bubhles Compozed of%™
(Queation 2a., Fullow - up Study)

W " o
Reaponaa Group A Group B

- n = 23 n = 18

Pra Fost Brs Post

Air A5 . 8% 3% 83
Carbon dioxide 14 a o 2 &
Oxygen 41 36 22 &
Carhon disxide 4] S 17 L3
and Oxygern

It would appesr that the subjecitsn, on the whole ware
unzble at the atart to diffevrentiats hetween air and
its conponenta "~ and may well have umed theae tevas
interchangeakly. . However, after ths aethodology
gourse whisch includés a section on "AIR" - they were
more inclibhed 4o uase +the collective term. This is
more marked 'in group B,

2h.  As for the initial study, it was noted that the
majerity (98%) of the atudenta were awars ‘hat the
hublles came from the gea in the flaak.

- Ra. Concepts uaed by the studentes in their anavers
warw ldentified ga fallowa:

Heat

Kinetic Energy
Movament _
Favticles/Molenules
Bxpanaion

Spaces

Presaure

Air

Other

and the responses scanned for the presence of the
differant ideas.

The distribution of Lhese concepta is met ocut in Table
8. It ahould be noted . . . /
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it should be noted that:

1, Ags waa the case with a 2imilar question in thce
initinl study, totals sre more than 100X becausa sach
anawer was examined for the differant concepts.

2. The responges deaignated am "Othep” includo

angwars diffieult to nstegorias, non-remporsass and "1
don*t know".

TABLE 3.
Fercentage Distributlion of Student Concepis
{Qpeutian 2e, Follow ~ up Study?

Concept Group A : Group B
n = 23 E n = 18

Pra Posgt Prea Poat
Heatl 65 &9 61 89 o
Kinetic _ <
Energy 0 4 1 22
Movenent ¢ 17 22 44
Particlea/ : '
Molaculas @ &5 28 111
Expanzion a1 82 28 89
Spaoas 0 39 0 68
Freggure o) 4 4 0
Alr 78 30 39 %5é
Other 17 8 39 i1

There are similaritiez to thae results ohtained from
the correaponding gquestion in the initial study., For
the pra - teat, the major concepts umed were haeat, air
and  expansion [altnough the last -~ mentioned ia
comparstively infrequently uaed by Group B (28M) 1.

If wne translates these concepts into a sentence or
explanation, what emerges is "Healt caused the sgir tao
sxpand.” A less complate answer would he "Because of
haat” or "Becauze the air was heated”. These, indeed,
were typlesl of the anawerg. Thase demonatrate, at
hest, a muperficlal understanding of the procsaaes
involved. '

The notion of particles was usad in few carex (9% of
Group A and 284 of Group B) before intervention.
These percentages are notably higher for the post -
test i.e. 38B% =and 56% respectively. Even though tha
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™,
particle concept wss2 used by aesveral studrats when
complating the pre-tast, the m ntal model would appesr
to he inccapliete., Nobl one of these studente aentioned
inter « particle aspace. Only after intervention, i.e.
in the post-test, did this notion appear, and then
only . in less than half of the total sublecta. (394 of
Group A and 58% of Group B).

Although the anergy.concept itself iz not intended to
bae an isauwe in this work, it neads to bhe mentionad
that an understanding of kinetic snergy is vital for a
compleve understanding of .the particle model evan
though it 12 not included in the ayllabua where tha
model dia taught. Thias is meen &z » serious omizsion
a8 the vital role of energy needs Lo be stresaed $£ it
is not to he overlocked by pupila. ' )

The faet +that the concept of energy was infreguently
used by Lthe students would szppear Lo support this
vwontention (See Tahle B8). None of +the Group A
subhjacte and only 11% of the Group B subjacta
wentioned euergy in the pre-test. These percentages
incrensed Lo only 4% and 22) respectively in the
poat-teat.

Queation Three " _ _
- The +twe partis of the gueation were analysed
asparataly.

3. Therae were saveral answarsy .o the queaiian which
. asked where the droplets came £x/ 4 (Ses Table 9).

_ _TABLE 9,
“Parcentage Distribution of Student Responaes
(Quastion 2a. Follow - up Study)

3

Respcnas Group A Grouy B
' n o= 23 n = {8
PFra Poat Pra Posat
Water wvapour _ |
in gir 44 26 33 28
Water vapour 5 0 . D 0
Ice in Jjar 17 9 I ¥ ¢ 11
Alr outaside 17 47 B0 . 44
Condensstion 17 9 AR ¥ |

Other 0 9 o 6
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An  important aapsct of this gquestion, namely that
there Ja water vapour in the atmosphere, ia not
strasmed in the studenta’ anavers. In fact, on tha
post-~teat, Lhe majority of atudentz in bhoth groupa
indicated 4that the dropleta of moiature arise from the
cutside air, but provided incomplate explanstions.

3b, The mecord part of this gquestion vas analysed in
A way sisilar to that described for gueation 7L of the
iattial atudy (See page 51), which ia the identical
queation, Thea concepts conzidered appropriate to a
full sxplanstion arw:

Warm air

Hater vapour

Cold Jjar

Londensation to form a liquid
Change of atate

Enorgy

Particlas

Water dropleta

Smallier inter—-particle space

Several atudenta produced irrvelevant and/cr uwnrelated
explanationas and a large proportion used the word
“condensation” without explaining or contaxtualising.
Therefore these two categoriess have been included in
the analysia. The distribution of Lthess ideas is xet
out in Table 190.

There ave soae similarities betwesn Groups A and B as
wall za hetween Lheas figures and thosas obhtained
during +the initial astudy. Geserally, the water vauguy
in the warpm aly coming intoe contact with the gold Jlar
ATQ ideasn which were readily sccesaibie 1o the
atudenta. They appeared to amsociate this event with
the term condensation, hut for many of tham, there wax
n concaptual gap - cavrtainly at +the mizreo f{or
molecular )} leval.

The  ahasnca or near sbasnce of a yreferance to
particlea, #wrargy and state changes was very sarked in
both growoes. Indend, aven after a course which
axplored particle behavicur in saveral contexts, there
was little change. Even if one examines Group B where
the most naotable change ia evident, i+ »sust be
acknowledged that little over a guarter of these
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atudents even mentionad +the word particle. Aa with
question two, both the concepta of inter~particle
mpace and of energy were quite lacking.

. TABLE 10. :
“Parcentage Distribution of Concepts used by Students
(Quastion 3b. Follow - up Study)

concapt Group A Group B
n o= 23 n x 18
Pra Peat Pra Post
Warn =zir 57 &5 6 - 8&
Water —apour 48 30 Be 39
Cold Jar 83 T4 T8 &7
Lendensation
to forw liguid 22 as 39 1]
Change of atate O 9 0 11
- Energy 0 0 0 0
Particles 4 0 0 28
Watar dropleta 22 38 A 39
Smalier inter . :
particle apace (4] 0 0 ¢
Condensation
{poor uze) - &5 30 39 22
Unrelated O ¢ G &

Quastion Four -
Thia guestion refers to chsngea in a gea after
campression. It yprovidea the suhjacta with a numbenr
of wmodels ~ particulate and non — particulate, There
in little difference hetweaen the responses of the 2
groups or hetwasn pre~ and post—-tests. The corrvect
alternative was chosan by the majority of the atudenta
in all casea as i)liustrated in Fig. 15,

Although the 2 groupa of studeatz resmponded very
ainilarly +to the gquastion 4in thia case, thers are
diffareances between this and the initial study.
(duention @}, It 1e acknowladged that thave are
differences betwesn +the alternativea provided for the
two camex.

It 413 thus intersating to note that the aliaraativea
provided did net diztract the subjects Lo the axtent
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that thoxe of the initiasl atudy did., In tha initiasl
atudy, the ‘mosxt popular altevnative illuatvated an
incresme ia particle nushker, [Swa Appeandices 4 and
21 in thizx came, however, no such alternative waa
provided and atudents rejacted both zontisuouxs matter
rodela and change in particle size models.

Figure 18. ({(Question Fcour - Follow ~ up Study}
Parcentage Dimtrikution of Student Responses

£ (A} Cantinuous wmodel} (B} no apace model; ({0}

decressa in particle xixe after compreasion; ()

derresse 1n intsr ~ pariticle zpace after compreasion)

{E} no attampt.)d '
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Question Flve

Thiaz gquastion 4s d{dentical to qguestion 6 of the
initial study. As far as this atudy is concerned, it
isx olear from the reasults presented in Fig. 16 that
thare exist only alight diffesrences between the groups
on both the pre- spd posat~tests. Although on the
pre—-tast, about 80% of +the sesmple selectsd the
scceptable alternative, this figure vose to over 20X
on the post-test. AP

In #sharp contrast to the results of the initisl atudy,
alternative ¢ was not aslected hy & single atudeat in
this caszae. As & distractor, it sesns less convinelng
than either of the others ac these results are close
to the antilcipatesd osutcone. The incresse in aize of
particlea, both in thia and the initial study, wvasn
considered a posxible alternative by about 2ﬁx - 30%
of the azsple bafore intervention.

X Distribation

t:m

Figure 18. {(Question Five - Follow - up Study)
Percentage Distribution of Student Responsgea

L (A} Incremse in particle nunberi (B) inuresxe in

particle size; {C} particlex becons hnllaw; m

inerense in intear-pavriicle apace.]
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Question Six
Thia ia a nmodification of gueation § of ihe initinl

atudy. A it ia given that the balleon “lunga™
inflate, it ia up to the subject to =zelect tLhe
approperiste raason, The distribution of reaponses

appears below in Fig. 17.

Az can ba asan frowm the figure; altevnative C (The gaas
particles in the lunga expand] was the Lavoured anawer
ian khoth Group A (61%) and Group B (33%) on the pra ~
toat., Thiz is simost as popular & cholice as
alternative A of the initizl atudy which aimply atatad
that the "lunga” do inflate. Once again, the aubjecta
seaned to be operating at a macroescopic, visual leval,
rather than at a microscopic, concepiual one. This
response cholee provides yet another sxample of the
tendancy to attribute bulk properties lo the particles
thenselves.

R
3

Figure 17. (Question Six - Follow —= up Study)
Percantage Distribution of Student Rezponces

£ (A) Particlea in bell-jar axpand; (B) partlcles in

hall-ja. widely apacad; (C) particles in "lunga”

axpand; (D) particles in bell-~jar closely apaced; (K)

no attampt,l
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The acisntifi,cally accepted answer (alternative B),
was asalacted hy some of the subjacts -~ 35X of Group A
and 274 of group B on ithe prea-test, Thess figurea
rose to 63% and 6¥X on the post-test, and altheugh
they =sre net negligible, thay nonsthelesas represent
too smsll a proportion of patentizl primary science
Ltexchers,

Alternatives A and D ware not particularly atrong
contanders in either of the groups for sither of the

tentx, Similar distractoras in the diaitial atudy
likewine received Acant attantion from thoan
particular studenia, Tha major problem sesms 1o lie

with the notien of an increasze in particle aian rather
than an increase in inter - partizle space. Thia ia
supported by a numher of reporte in the literature
LSee Novick and Nusabsum (1981)3,

Queation Seven

Thiz question im ldentizal to question four of the
initial amtudy, and has been analysed similarly, as
described on pages 43 ta 47. '

Particle Number
The distribution of reaponses is set oudt in Fig. 18,

in both groups, moat of the subjects kept the number
of particlea constant in thelr disgrass. 850X of Group
A and 61% of Group B fell inte this category on the
preo-taat, Thia provides an interesting comparison to
the »studenta of the initial xtudy, fewer than 30% of
whow maintained <¢onatant parvticle nushar in  thair
diagramn, 33% of each. group drew nors particles
after heating, but agsin one feels that thia may not
he an intentional addition.

In the poat-test, a8 can He aseen from Lthe above, there
WRE  an incresse in the nunber of acourate
repreasantationsa, and a corresponding decrease in the
numbar of inaccurate ones. v
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X Bistributiom

= = 3 -

Figure 18, (Queation Seven -~ Follow -~ up Study)
{Number axpasctl]
Fercentage Diatribution of Student Respanses
L (I} Constant nunber before and after heatingy (1D
incresse in nusber after heating; (111} decreasse in
nushayr after heatingy (IV) no atitempt.]

FParticle Sixze
Az vwae the case in ithe initial atudy, moat of tha
subjecta drew particles of the sume aize in both
flasks (Fig., 19},

Howaver, since the change in the system is hrought
about by heating, one would wxpect some subjecta to
draw larger oparticlea after heating -~ as was indeed
the CRAR, A clegr trend towards nmovre accurate
represantation ia again - neted on the post-test
resulis.



pagwe eighty eight

Figuore 19, (Question Saven - Follow — up Study)
[Size sgpectld
Percentage Diatribution of Student Responsaa
[ (I} Bgual miza hefove and afiter heating; (11} larvger
after heating; (ITI) smaller after heating; (IV} no
sttempt. )

Particle Distrlibution
The diagrams were analysed according to the nature of
the particle diatribution, particularly aftar heatlng
and therefore after <the balloon had expanded. Filve
najor catagories were ldentiflied am follows:

I. Even distribution

1. Upward movement of pariiclea
IT1I. Particles in balloon only

Iv. Distribution generally unequal
V. No attempt

Ag  csn be soan from Fip.20, atudentax who drew
particles genarally unevenly distributed - or untidily
-~ comprise a =wmall percentage of the total. It
appeara that where there ia uneven distribution, it
has baan delibavately drawn, sa was indicated in the
initial atudy. About half {(Group A 52%, Group B 50X}
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the =xtudenta on the pfu~test made some attsmpt to
indicate Lthe upward movemant of the particles afier
hesting. : : .

%

W

Figure 20, (Question Seven ~ Follow ~ up Study)
[Diatribution aspect)
Percantage Diatribution of Student Rasponses
[ (I} Even diatribution before and after heating; (I
upward movament after heating; (III} particles in
balloon only after heating; {IV) particlss genarally
unevenly digtributed; (V) no attempt.]

Thia could, a8 Novick and Nusabaum (1981} have

suggested, he dusa to a visual Tmigcue” of ithe
ballocon®s expanaion, or be azzociated with the notion
that *hot &iy rinea™, Thia misconception was

commoner, in thia casze, than the idaa of individual
particles jincreasing in size, where 33% of Group A and
22% of Greoup B dvew larger haated particles on the
prea-teat.
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Thia notion of upward movement was atill quite
prevaleact in tha post~test, particularly with Group
A, None of the atudents drew particles in the ballocon
only, but 2% of them xtill indicated an upward

movement of particlea. Thay aeam to have retainad
sone idea of aven disgtribution, but wers misled by the
heating and/or by the inflated balloon, Host

students in Group B, howevar, seem 10 have Jettiaoned
this mlsconceptiony; 78% of the asample producing a
scientifically mcceptabla drawing oa the poat-test.
Mental imagesx of particles in the balloon only, neenm
to be easisr to diacard than imzgea of particles
moving towards the balloon,

RQueation Eight

% Dimtxibation
1 100

Filgure 21 {(Question Bight - Follow -~ up Study)
Farcentage Distribution of Student Rasponaes.

L (A} Particlea at aides of flaskj (B) particles at

neck of flask; (03 particles evenly diastributed; (D2

particlea st iottom of flask; (E} no attempt.]
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Thiz quaastion (i.e. Question Eight) is the sane as
question 2 of the initial study, but for ihe reverssd
ardey of nlternatives C and D, It alsa deals with
wartivie distribution before and after a change in ths
system, but Fuire removal of some of the air by asustion
iz conaidered, rather +than a change in tempsraiure,
Ax for the initial study, s8nd as indicated in the
literature, the majority of subjectz appeared to
ratain an image of sven particle distribution.

As ias «clear from Fig. 21, studentsg in Groupa A and B
perforned very xismilarly, as did the students on both
pre—~ and post-teats. There, is howsver, a mlight
tendeney +to lnmprovement on tha post-teat. It isx
notevorthy that the subjecte did not selact
alternative B whioh shows upward movement of particles
due to auction; whereas in queation aeven, upward
movemant due to heating was raelatively common.
Heating ihus appexrs tc be more difficuli to deal with
than suction. It i»s alse acknowledged that in thia
case, the initial gtate distribution was given, and
noveover that thias i3 a muliiple choice quextion,
while question meven was cpan—ended. o

Question Nine _ .

This is the xume as guestion eight of the initial
atudy. Az with queation ageven, it probes the
atudenta' ideas of particle bahaviour before and sfier
heating. As can ha sesn from Fig. 22, the results arve
sinilar +to those of tha initial Rtudy, namely that the
two alternative euplanationz most favoursd were Lhoss
which involve individual particles expanding (A) ar
eviaing (D). Unlike the initial atudy, howesver, there
war a fairly even digstribution of resposgns betwaen
theas two alternatives. In addition, the twe groups
reaponded falirly similerly, but a high percentage of
Group B demonstrated unwillingness to aslect any
ajternative and 1sft the guestion blank on the
pra-test,

Only 13% of Group A and 11% of Group B selsctad the
correct alternative on the ore-test, altsrnative C
reaceiving vesponses of aimila agnitude. The results
of the post~test sasre Iinteérc..ding in that they show
narked trande towards the selection of the correct
slternative, particulariy in Greup B. It ahould be
noted however that this sispresents only 58% of that
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group, while 38% of Group A chose this answer on the

post.—tast. In the post~taat, s higher percentage of
Group A =ztudeants selected alternative ¢ then on the
pra—tast, One can waly gspaculate that ithese studenta

ware looking for & difference in varticle number
hatween +the heasted and unheated packets, bhut fail to
ralate thisx to the "before” =mituation. Again the
notion of constant perticle number appears to be
diffieult to retain in complax aituationa.

% Distributlon

f 76

2

Figure 22, (Queaticn Nins - Follow - up Study)
Pevcantage Diantribution of Student Responses.

£ (A} Increass in particle sise »fLer hoating; (B}

inerease in dinter ~ particle space sfter heating: (C)

incresse in particle number of unheated packet; (I

individral particles rike after heating; (E) no

attempt.

Quaation Ten

No comparison with the initial sgtudy will be nmade {or
reaxons &lresdy glven. The students’ reaponses,
produced diagranmrtically, fell inte five major
categoriea, namely:
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(/e + Categorins of students’ rcnponso#)

I. An acceptahle diagram, showing particlaa of
soluts and molvent avenly disperasd throughout.
il. An in&icalion — aither explicitly or othearvias -

that some mort of chemical chrnge would take placs.w
IT7. Particlea diatributed unevenly.

Iv. A combingtion of II and III.

V. No attempt

Figure 23. (Question Ten - Follow - up Study}
Parcentage Distribution of Jtudent Responaes

£ {1} Accaptable diagraa; (II} chemica’ change ;

indicated; (I1I) wuneven diatribution of partialll;_

(1Y) combinstion of II and XIl; (V) no attempt. 3

Aw illiustrated In Fis. 23, 65% of Group A and 33% of |

Group I students ware able 4to draw an accaptable
particuiate explanation of sclution formation on the
pra~test. This means that just over B0% of the total
population surveyead  were looking to eslternative

explanationa of the phenomencn. It 1s clesy that over
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20% of theae students were unaware that formation of a
galution of sugar inp walter is regarded ms a physical,
vathey than & cheaicnl change.

The drawings with particlas unevenly distribultad were
of 4int ~est as thes unevenness appeared very delibarate
in meveral instances. Pariicles werse drawn mazsed or
clumped togother in apecific aress of the test tubs.
Clearly, this was mcant to imply somathing, but 1t i=s
difficult to determine gquite vhat. It ix poasible
that the atudenta werse making attempitxz to represent
th- .olute particles in the "sact” of dissolving.

Whaeler and HiIll (1990), ecite auch a diagram {(with
clunped soplute particles), and point out that {(such a)
*, . . atandard textbook diagram usad to illustrate
the diasolving ,voceam, way lead toc a variety of
studant nigunderstandings. Foavr exanmple, atudenta
wmight he confused anm teo ithe actual number, size, and
relative ahape of the particlea involved, and raceive
the wrong iwprezaion as tc the disteibution of solute
and sclvent particies.” (pg 59).

1.2 Analysis of Iotal Sgorea

Az wax +the caae with the initial mtudy, the toial
acnre /2% obiained by sach student on the wholo teat
was calzulated, as wears the group avervages and ' san
differences on pre- and post-teata. See Tablea 11 to
14 helow for details,

Aa i& clwar from the Tahle 11, the group averages are
a2lmoat fdentical. No teal for aignificant differences
wak therefors carvised out. These resiulias are thus
sinilar to those obisined on the initial study, where
no significant Jdifference wasx found bHetwasn group
AVRTAZOS,

Similay ta the initial study too,; are the relativaly
inw averages scores for each group. Although these
scoras aré alightly higher than thoses obtlained by
diffacent studentas the previoua year, ithey atill
average lese than 50U {or 12,%/2%5).  There are
thavefore clanr indications that, &8 far as the
particle model isx concerned, the preasrvice prisary
teschers at JCE do experience considersble difficulty
befove antering the acience methodology courasa.
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TABLE 11.

Averages of Total Teat Scores for Groups A and B
{Pre ~ Taat)

GROUP A GROUP B
n 23 18
nean 11,6 11,7
variance 10,2 8,9
‘od- 3,2 5’!

(Ko aisnifiéunt difference betwesn meana.)

Similar analyses of post-tast scoras were conducted as
presentead in Table 12 helow.

TABLE 12.

Avavages of Tolal Teat Scores for Groups A and B
(Poat ~ Test)

GROGP A GROQUP B
n 23 18
nuan 18,2 15,9
varisance a.9 1.8
a.d, 3,1 3,4
'Do Fo 39

computed value of t = 1,623

The above resulix indicate that the difference batwasn
Aversge scoresr of the two groupns on the post-test is
not atatiastically significant,

It is worthy of note that the average scores of both
groups -~ for whatever resson — show markaed percentage
incresses on Lhe post-tests. The sverage of Group A
incransed by approximstely 14% (or 3,6/25) and that of
Group B by approximately 21% (or 5,2/28)., A distinot
trend tovards improved underatanding of the particle
modal ia therefore obaerved after the students had
undergone a scishce methodology sourse st JCE. {(See

Tabla 13 for details). o
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TABLE 13

Prea~ and Post-~Teat Aversge Scores for
Groups A and B.
(Follow - up Study}

GROUP A GROUP B
Pre Poat Fra Foat
n 23 ' 18
maEn 11,6 18,2 il1,7 16,%
variance 10,2 2,% 25,9 11,6
a.d. 3'2 3;1 5’1 3,4
pre/poat
diffarence +3,86 +5,2
h.F. 43 ' 34
compubad
t~statint{q(98X) 3,83 -3,87
value of p >»0,.08 0,085

Ssch of tLhese differencea is thsvefore xignificant at
the SX laval.

While it is not olaimed that these figures illustrate
the ef. _cacy of the methodology <ourss {in ather

wordsa, the intervention}, thexe changes aras
sncouraging. It is bhopad that future resssrch will
pravide RO pracise informetion ax to  the

aignificance of theso trends,

To Zetermine the saignifiocance of the difference in
peccentage incresnss hetwesn Groups A and B, a t-text
én individual differences wasz conducted as sumsarised
in Tahle 14.

TABLE 14.

Diffearencea on Pra-~ and Poxl-Tesat Scoeres
for Groups A and B

GROUP A GROUP B
n 23 18
meAn 3,5 5,1
varisnce 9,3 &,%
D.F. 36

computed value of + = ~1,83
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The above results indicate that the difference hetwesn
Groupa A and B percentage incrasase is not siynificant.

2. The Disgrams and Case Studies

During the course, atudents were reagquired to produce
spacific pieces of work sppropriate to prisary scliesnce
and related to thea particle model. (Refer to courss
outiine on pages 71 - 73 for the timing and aayuencing
of thexe tasxa.) Thase particular taska will he
digcuszed one by one in general terms ~ and then
savaral students will bae selected for an in < depth
analyais of their conceptunlinmation and changes.
FPlease note that coples of atudenta’ work sppeava In
the appendices where indicsted. Theus diagrans have
hean selscted asx oxamples to illusirata the point
being wade, as it is not posaible to inciud& the woril
of all studenis in this atudy.

2.1 Individuxl Diagraws

Tank One - The three atxtes of water with
rafevance +to condensation -~ an extenaion of guestion 3
of the gquestionnairs.)

{See Appendix 32

This wsa the onrly activity which studenta produced as
a group affort, It was felt that this would he lesas
thraate: ing to the students as gn initial teak. The
atudents see swvare that thelr soience backgrounds are
weaak and feel more secures working la groupsa.

Students and teachera ofisn feel that it ia diffioult
Lo illustrate water 1in ita three atates without
heating the water Lo produce water vapour, Thias ix
Limne consuming and could bae inconvenient If sclance is
Laught in a clasarcom without heating facilitieas.
Thia activity provides a good sxample of water vapour
without boiling. Furihermore, as many students swened
to use the word "condenzation” very loossly on the
pre-test, it was z2lss felt that a cemocnatration of the
phenomenon would ke in ordey.

Student groups were provided with a beskar with water
and ice. They were told 4o lsave thia apparatus alone
for several minutes, and then Lo produce a diagras of
the 3 phases of water, vaing coloured papsr to code
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for - the different states. One axpected the 3 atates
to be identified; water and ice in tnwe beaker and
wat.er vapour all sround. In addition, water droplels
should have been observed on the outgide of the bezker
after sone tinme.

:There were no apecific inatructions regarding the
draving of particlea as the intention was to see how
‘readily the students resorted ta particle
explanations. It can, of course be argued that they
will not do ac uplesas told. However, their responses
ave of interesti. .

Nene of the studentx aurvayed drew the water or the
ice in particulate form. - The anly particles which
appeared were thoge indicating the water wapour. Here
the students had gone to deliberate lengtha to obtain
thelr paper "particlea”. Some had cut oud hits of
papay, others had uvaasd a punch Lo obtain circles and
cthers had asked for gunmed dots. (Ses Appendix &,
Plageam 1.) The particulate naturs of the gazecus
phase had certainly ococurred +to Lhem, but not {(with
cne posaihle exception in the case of liguids) for the
othar pheassa, L[Thia contradictory understaniding of the
particle model with resepact +to asclids, liquids and
gnaas has aiso bsen reportad by Stavy (1988) 1]

About S0% of the asmpla fell into this “particulate
gas” gzroup. The othar students represented the water
vapour ax a solid hlock, meost often placed immediataly
abave tha water level. (Disgram 2). This neglecvt of
the general atmosphere was a feature of the “gax ~
particulate” students as wall., It is difficult to aay
whether they were aware af the gas (i.e. water vapour).
in the genaral aimospheare or not.

The representation of the ¢ondensate on the sides of
the beaker waa intereating. Several groupa failed to
include it in tLtheir pictures. Of those who did, some
racts this water appear particulate, but wither coclour
coding it as a fourth state or the aame as the gasesua
phaae. (Diagram 3). Only one group repregented it asx
identiecxl to the watexr in the beaker -« and as a
continuoua, non - particulate line. From the
litaratovre EZa’Rour {1976}); Oahorne and Coagrove
{1983); (ruger and Sumsers (198931, it would appear
Lthat  there exiala widespread confysion about the phaao
changes of water.
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Tank Two =~ The effect of tempersatures on asclution
formation -~ an extension of question 10 of +Lhe
inatrument.

(Ses Appendix 10)

Hers, am 3in the following +tasks, all atudentia werse
ragquired to work individuaily and in their own time.
It is snot certain wvhethsr or not they discussed the
work with each other, but it is presumad that many
did. ‘

Students ware requived to investigste the behaviour of
a number of aubstances in water. They wers then to
tdraw up the inatructions for the activity and produce
a floor plan of the laboratory orgsanisation to conduct
a practicexl aexavoise related o solution formution.
For tha following auszion, each atudent was 4o drav a
disgram/s explaining why an incresss in temparatura
increases aolubility.

The atudnntn’ drawings weve sxamnined for the £nllawing
main pointe:

Both solute and solveni represonted as particulate

Particles svenly distributed in moalution

Heated particles the xeme xize aa unheataed coes

Solvent molecules more widely spaced in the beated
aystam

Some indication of increased nolaau;:r navanoat in
the hsated syaten

The findings ars# summarised in Tabla 15,

Clearly, in thisa caac, the intermolecular apace
concept Jla the mogt pourly developed among these
atudents. It =must he atated, too, that among thora
who are included in the "spacea” parcentagas ars the
studenta whose drawings merely implied apacea, by
mentioning that particles meve apart, or by drawing
spacad out particler with no sxplicit refarence, 1t
ia xlso not known just how the spacez were viaualised
in terns of compositian.

Once agsain, the anergy concept was not incorporated
into tha explanstions in the majority of casea. Where
anergy did form part of Lhe explanstion, the concept
was inplied by red lines, or by arraws attzshed ta the
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paﬁ£iclqa or in other waye. (See Appendix 10, Diagram
1 «~ KB}, "In one or twoe othar cases, energy wvas
represented aa particulate.

The wvast majority of the students seemwed +o draw
particulate =all or sugsr guite naturally, (Aa in
Diagram 1, referred to above.} Of those who did not,
one Group B siudent dvew particuvlats salt only sfter

sgolution formation. Ag far aa water iz concerned,
there may have baen & different type of thinking in
progress. Water in most cages wax dravan &=

continuous, although +two &gtucdents in Group A, while
drawing the water asz continuous, did nention the worda
Pwater molgculea®,

TABLE 1i5.

Aupacta of Particle Model Ider.ified
in Student Dliagrans
(Taak 2. Follow ~ up Study!

Group A Groug B
no= 2% n =18
Particlea
Solute 26 _ 87%
Solvent 27% §0%
Even distribution 73% £0%
Equal sine T3% ET%
Spaces | 9% ™%
Movemsnt/energy 36% ' 27%

Ax indicated by the suwmery, & higher psrcentags of
Groaup B students in faet did represent water as
particulate. While sccepting that faw conclusions can
he drawn uaing auch amall szamplea, one may auggeat
sone  reasons  for  thia. The group wae nore
heteroganaoua than Grovp A as previcusly discussed,
and some of thess studenta had completed a Physical
Science coursa at JCE. Their aclence bachgrounda
could hava been astronger +than those of the othar
studenta,
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However, with reference to the Group B students, an
interesting feature did emerge which was gquite absent
from +the other group. This is the mention of chemical
bonde betwaen solute and solvent moleculss, Qver 20X
of the +total aample indicated chemical bonda on the
pre~test, %o it ia quite surpriaing ’hat none of the
Group A astudents continuwed with thiz line of thought
hars.

Solution formation can be said to depend on the
relative strength of forcea hetuwesn water molecules,
betwean aolute molscules and betwesn water and solute

molacules,. Studentas (and pupils and others) find it
difficult to differsntiate batween theae forcas and
the bonds formed {or  hroken) during chawmical
reactions.

For =ix of the Group B studenis, chemical bonding waa
an  lmportant issuve in this teaask., (See Diagrams ! and
2 KP and PL). It is not clear vhat wes implied in
these omaes, but it sesms that the generaxl neasage im
that +he higher the te.oserature, the mfre bonde will
be formed. During a discusaion with several of theae
studenta, this idea was indeed expreaxsad. It iz of
courae quite contrary to the sciantific view. For the
atudentsa, +tha notioun of inersased bond formation ia
conceivably related to grester sclubllity or graater
apoed of diggolving at higher tesperatures.

In xome osamex {(See¢ Diagrama 1 and 3, KP and AM), the
diasclved solute pavticles appear to be bhetier "mixed™
than the undissclved ones, but in othera {(Sse Diagrans
2 and 4 ~PL and VJ) +theas are quice haphaserd and
chaing or lattices of water + solute are pictured.
One atudent (AM, sse Diagram 3) did ian fact represent
bonds betwaen vater moleculas breaking at solution

formation, She alaoc indicated an increase in inter -
molecular space, but the subasquent augar -~ water
bonda could be misleading. To the uninitlated, it

could look as +though a chemical change has taken
place.

Constant particle aisze and sven particle distributian
ware Ffeaturea of the majd ity of casea, although theve
wag & tendency among some atudants +to make heated
particlea a litile larger. It woula appear, though,
that +these aspacta of the model ware not conalidered by
the students to be saignificant in this caaze.



page one hundred and two E

Task Three Why heated ailr rises -~ & practical
repetition of gqueation nine of the inxtrument. Thias
izs alsc a repeat of tha Lask given to mtudents during
the initial study.

{Refar to Appendix 11.)

Studente constructed & balance uging empty cartons
suapanded ocpen end down from elither and of 5 netre
atick. The air in one wis then heated hy placing a
1it candle beneath |it. This side subswguently rose
and students were mstisfied that they had demonstrated
that hot air rises. They were then to produce a
pletorial representation of +the bghaviour of the sir
particleas in both cartens.

hspcctn of +the particle model appropriate <o thia
illustration are:

Aly zeen inside and ouwtaide the sartons.

Alr repreasnted as particulate

Particleas the zame aize throughout :

Even digtribution of gparticlea in each of the
containers ' -

Alw in heated carton drawn less denxe than
unheated - if not atated, :

The atudents’ diagrams ware susained for indicationa
of theaw aspectz and the following was noted:

TABLE 16,

Ptréentmsw Summary of Aapects of Particle Model in
Studente’ Diagrans
{Taak 3 - Follow ~« up Study)

Aspect Group A Group B
n = 21 n = 16
Afy ax particulate 90 81
Farticles in and out 19 i3
Conatant sicze 71 81
Even digstribution ie as
Change in denasity 10 31

As 1g indicated in Table 18, moat of the students st
this atage ware drawing matter (at any rate air) za
particulate. However they saesed to foous very
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ngrrowly on the aystem in qgquestion, withoui
consaidering the air in the wider atmospheric context.
Similar observations were wade with regard to the taak
involving the 3 atates of water previously mantioned.
This may not he a geviouvs fault generally, but in thias
particular case, the outside air should he mentioned.

The majority of  atudents, oo, have drawn the
particiax »f eaqual aize throughout, although 19% of
thy Group A atudents produced enlarged hoexted
particlas. {(Ses Diagram 1 - MJ). 39% of theas same
atudents aselected an expanded particle alternative on
thia guestion in the pri-teat. It would appear ithat
thise misconception is not difficult to sgbandon, as all
aof +tha "particulate” gitundents in Group B maintained
cogstant particle size before and afier heating. It

is apuculated that the intervention, even at this

savly atage, had sone effsct.

The other common misconzeption in this contaxt, nanely
that individuoal particles riga, RRURME  MOYS
parsistent. The axiatence of this idea ix sasn in the
numbar of atudenta whe did not maintain sven particle
distribution before and after heating. Most of the
unevin  distributors produced  diagrams with air
particlea concentrated at the "top® {(away from Llaee)
end of the container {(See Diagram Z — SA)

This student (SA}, and several others, simply drew thae
pleture, whilat others attempted t¢ explailn the rizing
in herma of sn upward “force”, - Qthurs ssened to
imagine haated air from the region of the heat source
pushing into Lthe packet and making it vise (Ses
Diggram 4 ~ JT}. This ia =n interesting reveraal of
the scientific explanation, wherse the heated syatam is
laan Janse. One student even mentionad haeat
*moleculas”. (See Dixgram 4 - WC)

In this task, 624 of Group A atudents, and 27% of
Group B drew diagrams which in some way indicated
upward movensnt of indiviiual air particlea, When
comparing thia figure Lo that of the pre-teat, there
is wvirtually no change in the Group B percentags, hut
‘that of Group A haas risen From 384 ta 62¥

Az far ag drawving fewar pnrticlh& in the heated ayatenm
is concernad, this representation waa far more common
among Group B <than Group A atudents. However, it is

L
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not mlways oleaxr from the diagras that the atudent
fully understands +the concept, (See Diagrams 5 and &
- KP snd PL). |

The firat student has drawn fewer particlea in the
heated part, and the air seesz tc be mavi -~ from
packet Lo  aimosphere. There sre claar:, nore
particleés in the unheatsd container, too. The second
gtndent haa also ahown (Lo my un srstanding), the
heated =system as being lesa dense than the unheated.
Thiaz would be guite acoeptabla if it were not for the
arrows and the "wingsa” and other indications of flight
illustrated in the heated particlea. She appears to
have been careful to keep particle number conatant in
the packats befors heating, but +the aextent of her
underatanding i uncertain. g

in a&any evant, a particlu explanation as o why the
heatad packet roae is not readily acceazible to the
majority of the students, particularliy the studenta of
Group A, Az  previcualy mentioned, although the
paost~tast reasults show & marked lmprcvement on thoxze
of the pre—teat, Ffever Lhan B0X of the aample melected
the correct alternative, even after thia lxﬁﬁaina and
the follow up. Clearly thia experiment is coi plicated
snd ia ors which students - and poasibly pupily ~ fiad
difficult, ¢

N

Task Pour Liquids and gases expand when heated and
centract when cooled.

This teak formed part of & larger unit on the
expangion and contraction of solids, liquids ynd
suses. Students were to try out a numbar of
investigations in 4this area and to prepare work for
pupilas, The final requirement was that thay produce a
diagrs to  axplain the hehaviour of liquid/gaa
particles when hested.

Gummad paper dots of different colours snd aines weve
nade available to astudents for represasntstion of the
particles, It was interesting to overhesr their
conversations as they aselectad their dots., It
appearsd that certain aspects of the wodel ware
heaconing clearer to hptm A they aaid

rn K

i
1

8

t
.
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"They wmust all be the aame sgfize beceuse the
- particles don’t get bigger™ ar

*If you need 10 before heating, you'll only nead
10 sfter heuting - thay ctny the azeme.”

Studentia salected diffarent illustrntiﬁ"u_nl follawx:

1. Heatad water vising up & ca, llary tube. {(As
for queation one of the test instrunent.) .

2. Bubblea of gas escaping into a beaker of water
from an inverted hestsd fiask« (Au for gquestion twe
of the teat instrumeni) :

3. A balloon sttzched to a flask inflating after
heating.
{Ag for quantion severn of the test ingtrament),

The different illustrations will ba referred to
saparately: ) -
S#e Appendix 12. Pavis 1,2 and 3.

Eiluasirgticn 1. CERefar Lo Appendix 12{1)1

An  accurate illustvation would show both "before” and
*after” i sltuations, with +the hestsd water perticles
rising p the capillary +tube. Particle zize ahould
remain  constant, and unless water werd actually
aplashing out of the open aend, =0 ghould partiol& _
numbar,

Disgrams 1 to 4 1llustrate saveral aspects of
concaptions of the particle model which are held hy
" many &tudents. The "hkeya" te the diagrams indicate
bath water molecules and the intermolscular apsces.
These spaces are atippled in svery diagram, giving the
impression that they, in faect, fora ancther asedium.
One =xtudent (GDM —~ Diagram 4) haa aven lahallad these

“air apacea”. As Nuasabaum and Novick (1981) put it,
students, axpsriencing difficulty with the empty apace
concapt appear to wvisualise mnatter ag ™ . . . Jello

enbedded with raisin « like particles.” (pg 773).

Not only were the apares drawn azx continuvocus matter,
their size was Zrosaly overestimated. Thia particular
aapact of the intermolecular space oconcept was
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iliustrated in the initial study (See Appendix 6), and
alego alluded to by Deiver (1985). Mizvepresantationa
of this nature affect the students’ appreciation of
the relationship bhetweaen sclientific models and
everyday experience. ¥heseler and Hill (1990}, with
referency to a taxtbook diagram depleting axugzaratod
particle a-pnrltibn in liguids asaert « » o the
scoceptance of the moleculsr wmodel for & liguid in
{such &)} diagram at face value would ieply that
ligquida are far mnore compreazible than is the case.”
{pg 59).

Thiz comment by VWhesler and Hill {1¢3G) would
certaialy apply to the studenta’ diagrams under
review. From their diageams 1t appeavrs that even
though many are caraful to write of "emply apace” or
*nothingness” (Ses¢ Dipgram 3 — MJ}, they do not fully
comprehand +tha "empiiness”, and when faced with a
comples for unfamiliar) aituation, raevert 0 a
coptinuous model., Despite these difficulties with the
intermolecular sapace concept, the disgrams of aome
studants illuastrated underatanding of other elements
of the particle modal like conaervation of number and
identity. ~ (See Disgram 1 ~ DC)}. Yet othera falled to
illusirate +these councepta and on finding that their
capillary tubeg were too amall for whole particss,
eut the dots down Lo size, GDX has alac conaidared
the gvgparation of saome of the water.

As may be apparent from Lthese drawinga, these four
stuf&hts ait together, work Lagether, and form &
Pgroup.” Thaeir diagrams are quite simila-, having
scvernl agpectas in common, such s« plecses of standard
laboratory edquipment, a key to ithe componenta of the
aystem and the "axperimental™ asnd - "conlrol” ast -
Ups. They may well have discussed their ldeas bafors
individually producing their taaks. Nonetheleas,
deapite this posxibla co-operation, therae &re
differences batwesn the drawings, prasumakly
indicative of differencaes between conceptualization of
the individuzls involved. Thuse atudanta exexpiify
"one of the tenets of the construectiviat approach,
namely that learning is & high. s individucl ectivity,
and that aecommodation osceurs in idiocaynsratic ways.

The intearmolecular sprce concept was alac uaed in
contradictory ways by other individuals {Refer to
Diagram &5 - NB) whée wrote "The spacea . . . get
smaller . . . Therafors we say the water molecules



page one hundred and asvan

ceotract.” This student seewas Lo have found the
cgngaptt diffienlt, failing to illuatrate the visual

manifeatation of “sxpansion”, and drawing pearticles of
varioua aises. ’ :

Energy a= a concept reamalned poorly Jdevelopsad,
Students very often did not mention the word, or when
they -did, 1t wam in s contradictory way (Sse the caase
study of student CevR, discuased on page 104, and
illustrated  in Appendix, 13 ¥ whera sesnevgy Iia
*applisd® and “given off” at the asame time. Here and
there, toao, thers waz some evidence of astudentas
grappling with the concept and attempting to place it
in a widexr context. DC (sse Diagram 1)} indicatea that
the "watar molescules are given anargy hy the hesat”.

Illustration 2 [Refar to Appendix 12(2)1
Although most of +the Group B atudents iliuvatratad a

standard inveatigation here, many Group A students
chose variations an  the thens. The wmajor point
remsine the game; namely that a gas lin this caae air)
will expand on heating and +this axpatsiocn wmay ba
wanifentad in & nusher of ways. Here, again, some of
the students had difficulty with amall capillary tubhos
and cud up thelr dotas, Ancsther simply drevw smaller
" particles {n the capillary Labae.

Mast studenta at thia stage sesmad to operates in a
framevork Involving conatant particle sine, although

thare wars a few axcwptions, Twe group A atudents
reatained an enlarged particle I1dea (See Diagram 1.
CT). This atudent {(CT), congequantly, did not

illustrate an incvesse in interparticle space on
heating. It may be mentioned that she wes not preasut
at tLhe workshop a0 did not have tha hands -~ on
axparience of the othera.

It i1a difficult o determine to wvhat extent the
studenta deliberatsly maintained constant particle
nunber  even though the air, in many of thase
illustrations, wax eascaping (Diagram 2. LN}, This
atudent haz greatly underestinsated interparticle mspace
and hag drawn the particles in the unheated systenm
aluoat. on Lop of one another. Thia provides fu “her
support for the olaservationa of Driver (1%8%).

A falr atiespt Lo deaonatrate the fate of all
periicles was mede by PH (Diagrem 3), but one wondera
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about  those which are not in  the water, More
sariously, some students have daliberately shown more
particles in the hested flaaks (MS. Diagrsam 4). This
student was clesrly very confused as her addislonal
particles have given tha further errvoneocus im.coxzion
that the interparticle apace ix smaller at the higher
temperature.

Some atudentx found Lhe distribution of the particles
difficult to draw (and prasumably to visualise) hefore
and aftear haating. An alisenative noticon of tha tersd
"sxpansion” and Tcontraction® is clesrly illuatrited
in the aketeh of LR, (Diagram 5). The written text
of this atudent is also worthy of mention. She has
used dota of equal zise, yat gtatgd that the particles
sxpand and contract. She alszo smployed an animistic
sxplanation, stating that they wapk to escape.

Unlike the previous illustration, invelving the
sxpansion of a ligquid ii.e. water), all of the
diagrams in t.as came zhowed the xpaces a2z blank., In
other warda, the atudenta did not p
internclecular space aa continuous, Ar  wmantioned
previnualy with reference to Task 1, atudents appear
to esxperience Jleag difficulty with the model in terms
of gamas than with liguids.

Novick and Nusahaus (1521} have suggeated that aome
atudentas * . ., . wmay think .that the particle model
holds for gasews and that liguida (and presusably
Bolids) are continuoua matter.* (pg 193} It is
posaible that aince liquids (and no doubt seulida a=
well) are sore tangihle, and more famlliar in sverydsy
aypariencs, the notion aof “rothingnesa® in thelr
nake-up is particularly difficull to assinilate.

Xllusteation 3 (Refer to Appendix 12(3) ]

As this iz & closed ayatem, unlike +the previoua
{livastratione, conatant particle number bhefora and
after heating ia a prorequiasite. Only cwe studenta
from Group A xelected thix illustration, one of which
is impossible to ovaluate asx there iz no "heforas”

situation deplcted. The other atudent in thia group
{JT. Dimgram 1}, produced an adsquate dliagram, but
for the omiamsion of particlea in ithe ballsoon bafore
heating. There 1is a rvefererrs +o "heat’ wnd "no

heat”, where the words “heat«d" and "unhsated” may
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have heen more appropriate. He was careful to mention
*nothingness” in rvelation to interparticle apaces, but
wlaavhere in the disgram haz esquated biligger spaces
with the sxpanaion of particles. -

In Group B, about thrwee of thz'&rnwinga weres sacourate

in all reapects, Two ¥ the students who selected
thir illustration appesred to aexperience =zome real
difficulty. One attanpied to show increaned inter -

particle space after heoating, but did ac by the
resoval o©f particles. AN (Diagram. 2) alsmo indicated
a decresase Iin particle nunber after heating - in
contradiction to the text which veads * . . . the xixe
and number of particlas remaina the asame.” In
saddition, ghs spparently was mialed by ths term
*contraction”,

The variaty of reaponaEs and diagrammatic
reprosentations produced by the atudenta provide
support for an aasertion of RNusabaum (1985). He
points out that the proposition that msatter Iix
particulate iz the mosat elementavy one in the particlse
nodel. He goes on %o a3sy that svan when atudents
apontanscusl y choone to rapregent - matier Y]
particulate, it would he premature Lo aszsume that they
have bazic understanding of other aspects of the
model . Even though the students of ithe presant study
seleacted their particles with care, as previocusly
describaed, many atill showed incomplets uvnderstanding
of several aapscta of the model.

Animism playa a aignificant role in the altsrnati
axplanations of young children. It ia clear from the
studenta’ diagrams that it also fLeaturax §in thelir
saxplanaticna. Teaachers {(and others) sre inclined to
use coolourful plecturss to give life to theoratical
explanationsa. Indaad, primary school teacher trainees
are encouraged to employ auch atrategies in the
alaszroom. Although crastive <tsaching im not to be
discouraged, CaAre should be taken leat auch
sxplanationa confuse the lesvner.
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2.2 Individual Caaes

In a place of work of thia nature, it is not fesaible
to include the work of all 4) auvhjects in Lthe atudy.
For this reasdn, the caze siudies discuraed on the
fellowing faw paAgYs have haen awlacted guite
arbitrarily. In photocopying the students’ work,
avary attesmpt has been wmade to retain as sany features
af the original aa poasible., AL times, however, lines
have beesn redrawn and sone texi rewritten. Where some
irreleavant text was loat (like lahelling of standard
squipment) ; no such rewriting was attempted.

It ix hopad that the diagrass provide sxamplies of the
different ways the student teschers conceptualised the
nolecular model and how they ittempled to put it to
use in mseveral contexta. Although Lhere are common
altarnative conceptions evident in the work of the
atudenta, each case ia unigue in that "L represants
the atitempt of an individual to come to terma with the
unfnni!iur or mlaundevateocd.

Group A was  vather move homogeneous than group B, lu.
that " all the atudentz of the former had selected
Biololy ar & major subject at JCE. Nonetheleaz, the
people involved all have different backgrounds,
historiea and sxperiences. Depanding on theas, and on
the prior conceptions of the atudents in guesition,
accommodation and saazinilation Lake place in
idicaynaratic WRYE, as the following pagea will
jllustrate.

The firvat task, it will be recallad, waa conductad in
groups, while the othera were individual ~fiuptx.
{See pages 9T to 109). Thus, although the diagrams
for Task 1 are mentioned in the discussion which
follows, %they are not analysed to the sane .utfht AR
the other diagrama ax a particular stydent’s
conmitnment to the representation in quaation ia ant
certala.

The {firat three case studiss are taken from Group A,
and the othera from Group B, As was the cass with ail
other student work raproduced on theas pagea, only
copmentas pertineant to the issuve of n;niiglgg will be
discusaed in any detaill.
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It should bhe noted that a module (referred to in
connection with courses  undertaken by studenta)
represanta A half «~ year course in that particular
aubject. S

Group 4 Studenia

Cage Qum

Student: . N.OD.

Cout s 3 H.Dip.Ed,

School Reoord ¥aths E (8G)
Physical Scienca € (SG)
Biclogy B (H®

Univeraity/College Record Matha N/A

: Phyaical Sclence N/A

Biology 6 modulex

Previoux Teaching N/A |

The group effort for the firat task shows all thrse
phases as non +~ particulata, with the gaasous phase
sppearing to wexist Just akove +the water level, No
atmespheric watsr vapour ias represented; and there are
a0 =aigns of condesnasatlon. In the following taaks,
thia particulsr student’s work ia distinctive ia Lthat
she provided many labels Tor her disgrass. One ia
tompied to auggest that har nenlal images were not
clexy, mo she ussd words to bolater her diagraws.

In Taak 2, the solvent is atill represented as
continucus, but the solute ix drawn as granular,
There sare several notahle econtradictiona in these
diagrana. Although thare are no water pavticleas
drawn, +the labal informa the reader that " gold water
molecules f(are) close togeiher”, and slaewhere we are
told that *. . . Lhere ars no apsces helwesn Lhe cold
waker aelecules for the asll meleguiss §o combine”™ -

It  appears that  the atuvdent had aome previous
experiance of the molecular model, buvt was unavare opr
ungure of ocertain of itz aspects. She mentioned
energy s& a factor here, but her notion appears quite
exaggerated, asx some of the heatad water is "eacaping



page one hundred and twelve

st stean”™, (Sea note %). In the heasted ayatem, ahe
apecified that * there ars spaces batwean the water

molegules for Lhe asalt particles™ but did net
repreaseni this in the diagranm.

. In Tamk 3, the alir ix vapresented as particulate, but

the heatad air particles are drawn as riasing to the
tep of +the packet. This notian ia reinforced by the
label " . . . haatsd sir selegules risinz Lo the
top”. In thia came there iz no contradiction beatwesn
text and diagram. In the final task, thas atudent
saened to be uaing the model correctly. FParticles are
evanly distributed; when the =xysteam is healed, the
inter particle apace iz enlarged (diagram backed up by
appropriste label), and the air esacapes from the
fisal, Unfortunately, as was +the came with many
studenta, tha particles were made zmaller to fit the
capillary tube, Cleariy the atudent atrugglied with a
mixed conceapt,; probably hindered by half -~ resembered
*facta”™ from school.

Case Iwo

Student! A J.

Cource ; H.Dip.Xd.

achocl Record HMaths N/A

- Fhysical Science N/A

Biology D (HG)

Univeraity/College Record Matha N/A -
Physical Science N/A
Biclogy 6 mudules

Pravicua Temching N/A

#Noty

Thia “all - or - aona™ view 1x Ffairly cosmnn,
Students talk of "no anergy”, or "no apacea”, and tend
o think of heating as synonywous with hciling, Theve
does not seem to he the notion of gragual changs. It
ix pomalbhle that thia loone terminology has much to do
with everday language. In common pariasce, pacple
vrefer to "belling water for tea™ when thay raslly mean
*heaating" water.”
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This astudent’s group produced a moat unuaual
reprasentation for +the first task. One zuspects that
preconceived Jjdess had more influence on the diagram
than had their obzsrvations. The ice iz totally
submarged (it i& very sirange that these atudenis did
not conmider the everyday axperiencs of an iced dri.k
in & glaaa). Water vapour, vigunlised as particulcte,
appears directly above the beakar and not in the
stmomphare, The condensste, xa it ig resreasnted by
dots, waz posaibly thought of as gazacus.

The axezond task has little explanatory value and one
gleannz wore from +the written commentz than from the
sketch, It iz atated that in warm water, mclrcules
are hoth " bigger and fuprther spart”, although thare
ix no axign of +thix in the diagram. Mention is ulao
nade of “greater molecule apace”, which could be
taken to mean internolecular aspace -~ again with no
vizsuml repressntation. This sppesrs to be yat another
inatance of ascientific knowledge being #o jargonised,
that thare ia 1little meaning hehind the worda. The
student, in agdition, hazs indics* * the solute
"melting® in the water - confuaing ¢’ wax pglt and
dissolve.

For Task 3, no particlea ware deawn, but one of the
compents provides Kone inaight. The student
illuatyrated the packel lifting due &> "the forge of
the rising hol air.” Poaazibly the air particles were
thought to puah the packet vpwarda, as wan ropreasnted
in savaral other diagrams, The final task although
caresleasly put +together, =zhows aigna of conceptual

uwadaratsnding, The unheated aystam shows particlea
close  together, while thoe  hested asyates shows
rovamerit, with increased inter = particle apace.

{(Drawn ‘as wall an sxplicitly mentioned).

Unlike many of the other atudents, she mentioned
anergy, and used celour quite creatively to
diatinguish betvaen heated and unheated particles.
Unfortunately she apoke of giatic energy {(ahe may have
meant potantial energy) which zesns to imply that the
flask at room tempersture ia without anergy. The
heated flask, too, containa not only hested water, but
water which hoilg, Unlike many of the other atudenta
in +this group, she has not out up the escaping
solecules, prefarring tou allow them to be too large
for the tubing.
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Case Thrae

Student: C.v.R.
Course : H.Dip.Bd.
Sc¢hool Record Matha D (S

Physical Science N/A
Biclogy DI (H&

Univeraity/Collaege Racord Matha N/a
Physical Se¢ience N/A
Biocliogy 5 modules

Praevious Teaching N/A

For Task 1, thia group, unlike most others, took
cogniscance of atmoxpheric water vapour, ahowing it aa
partfculate throughout. The solid and liquid phazes,
hovever, are represented as continuocus, axcept for the
water condansing on the sldes -~ and this ia
reprasented az particulate, but diffarent from the
liquid and gaa, apparantly a fourth phase. In Taask 2,
hovever, it 34a the undisaclved molid which apppeara
particulatae, changing +to a continuvous astresk az it
dissolves. The dizggram provides 1ittle else in the
way of information.

The  work prepared for Task 3 ashows the common
portrayal of individual gas particles rising to the
top of the packet. At this paint it appesra clear
that the atudent, while familimy with <hs tarm
*particlie” and quite able to depict a sarticle in a
fairly standard way, had almoat no experisnce of the
azpects of tha pasticle mnodel under different
conditions. The woark produced Tor +the final taak
supports thisx contention, as the nodal appeara to be
used In atrange and coatradictory ways. The student
pointed Lo both water and water moleculas (although
thiz may be of 1ititle significance}, The heataed
ayatem containg many nmore particles, no concept of
inter particle apace having bean incorporsted. She
mentioned energy in a contradictory way ~ stating that
it {8 "addad” at the sane time s it iz "given off".

Even at tha end of the methodology courme, the
particle mnodel was not a valuable concestual tool for
this studant,
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Case Four

Student: S.B.
Courss B.Prim.Ed.
School Record Matha C (8&)

Phyaical Scisnce N/A
Biology € (HG)

Univeraity/College Raecord Mathe N/A
Phyaical Science N/A
Biclogy 8 modules
Previous Teaching N/A

At the ocutget, {(Task 1.) the members of this sxtudent’as
group represented only the LRReouS phase &8

particalate, The  atmospheric water vapous ia
included, but thers are no indications of condenaation
in the diagram. Aftay sxposura to the ldea of the

particulate nature of mattar, however, SB atill
illnmtrated liguid water ar ocontinuvcus, ss sesan in
Task 2. Sugar while yst ouondizasclved ias a lumsp,
possibly crystalline, hecoming gontinuous asx it
digaclves in the waler.

In Tesk 3, while mentioning the word partiecle and
corractly stating that heating will cause their
movenant Lo increase, ashe did not deaw any particles
anyvhere in the system., Only in Taisk 4, when gumaesd
dote wers praaanted Yo the atudenta during claam, did
particles appenr on this student's disgram, sShe
sccurately verhalised that tLthe particles “spread
further apart”™, but illustrated Lthis by decreasing
particle number quite markaedly. Thiz iz a good
illustration of the value of Whesler and Hilla® (1990)
suggestion that studentx should bhe given the
opportunity to provide their oun diagrams. Verhal
descriptions or avan explanations &klone do not
necsssarily give onw » sufficlently clear indication
of haw the concepta are taking shsape in the mind of
the laarner.

Cigarly, the particle model was sn ares of great
difficulty for thia  particular student. The
workshops, follow -~ up metivities and diacussiona did
not appear ta help her formulste a cohersnt concept. -
In fact, from her parformnance an the firat three
tasks, one ia inclined 1o bhelieva that she wvas
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avoiding sny idea of particleas, possibly findiang it

vary threatening. For this vemson, there wase little
or no onportunity-to confront her prior conceptiona -
¥ these weare suppreised or aeven -negated. Her

phyaical science background was weak, hut this 1s not
Alwaya & wajJor factor, as will ha sean wiih some of
the other cases.

Case Five

Student: T.D

Course 3 B.Brim.Bd.

School Redord Maths € (5@

- ; Physical Sciance N/A

Biolegy C (HG)

University/Collage Record Maths N/A
Phyaical Science N/A
Biology N/A

Pravious Taachiné - N/A

Thia astudent selected the natural sclence wathodology
couras, expregsing interest az well az aonme concers
about her abklility to copea as ahe had nat studied
science subjecta since achool. - Her group’a firat
affort (Tamk 1.} indicated particulate water wvapouar,
and ithe condensate also repregented iIn tha gaseous
phaze. The arrows, which dizpiay the "direction of
water vapour” lead one to imagzine that the students
were thinking in terwa of heating the contaents of the
heaker.

In Task 2, having baen intraduced to the concept of
particles, ashe saens to have visualised, and indeed
rapresantad, water particlea ax droplets. Thess are
the "amall bita” of water visible to the naked aye,
and it ia poazxible that her rveprezantation illuatratas
aone of the waya in which a learner asoribes
racroscopic propertiss to mcleculea, The distribution
of the particlex la falrly uniform, but cnce again,
the notion of axparsion was reprasented in macroscopice
terme, &as the meolascules of warm vwater are diatinectly
larger +than those of the cooler watar. Clearly, no
concapt of internmclecular apace harn bean vtiliased.
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The third taak shows . mixed molacular model in that
particles sre uniformly diatributed and equal in
number, but when heated, riae upwarda asx does buik
air, Intereatingly, heated alr particles are not scen
to expand ax heated water parvticles do. That matter
- expantds . when heated was apparently not a major issue
to the atudent in thiz case. The anisation of the
Arawinga is also of interest. The heated particles
are clearly uncomfortably hot {alarmaed) and ave roving
upwards "in order to” excape the flane. i Taak 4 ,
the satudent hea maintained the picture of equal alze
and  squal number in  bolh diagruns. Uniform
diatribution iz adequately represspted in the heated
flank, but thae partially deflated balloon is
apparantly guite smpty. Dezpite thia, the student has
pade a good effort to underatsznd the molecular model,
the more ace when one considers the relm*ivu nhlcncc of
seience in her academie haoerc%nﬂ A

Qﬂ! m : N | . .:i\\

Student: - L.8.
Courae @ B.Prin.Ed.
Sehool Record Mathe B (HG)

-Phyaical Science I} (HG)
Biaolegy D (HG)

University/Collage Record Matha 2 modules
Physical Saience 4 modules
Biology 4 wmodules

PFrevioua Teaching NsA

In Task 1, +this student’m group appearz to have
racognised only a xaall part of the aimcapheric water
vapouy, correctly repressnting it ax particulate. One
acsumea that the "vapour™ on the sides of the baaker
iz +the condensate, For Task 2, both asvlube and
sclveant ware drawn as particles which repreasnt the
materials in question, i.«. little drops for water and
littie ocubes for sugar. Thiz may not necesaarily
mean that the atudent ia unawara of the malscular
structures of sugar and water, but s young child to
wher  the  diagram is  preaented as part of  an
explanarion; could he mialed guite weaxily. Sha,
unlike many other atudants, has utilised the concept
of enevgry, but it isx unforitunate that the cold water
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molecules™ appcnr i: have no 0nergy. This anergy ~ no
anargy &inhotony has besn noted in the first case
atudy. An ampect of the diagram which ias diffivuli %o
decade ia the bonding or Joining of pa~ticles,
reapresanted by connecting lines betwesen particlex.
One is unasure axactly what sort of ”bond;” the studest
had in mind.

Tagk 3 iz quite strange — as there are no particles
repreasntad at sll., It is difficult to Jdecide whathar
the atudent waa tired, in a Frurry o¢r whether, in fact,
ahe delibarstely produced a non ~ particulate diagram
simply to avoid a oonflict ajtuation. Whatever the
reagon hehind this lepse, she appesaras to have overcome
har difficulties =snd produced & pictorial explanation
for Task 4 which is quite in keeping with the
aclentific explanation. One would venture to suggeat
that although the student ia oneé of the few who hasz
atudied mome phys.crl science at  tertiary level,
vertain aapecta of the model were unfamiliar to her at
first, &

o _ -
From the sgtudies denoribed sbove, it iz posaible to
gain smome idea of the complexitisx of concepiual

change. Prior econceptions are wery vsesistant +to
extinction, and ¢ ia difficult +o =sainilate new
information while such notiona prevail. One can
understsnd how woanings become digtorted under such
conditiona., Tt is alao clesr from asome of the wurk
deacribed, that the students wers not alweys
conaistent. For inatance, although atmoaspheric water

vapouy is repressnted am particulate in one taak, air
per g, is represented as continucus in snother.

It is =also quite underatandable that what Gilbert et
al {(1982) term "children’s acience” iz dominant, in the
child’s {or student’'s) mind, while "teacher's acisnca®
is  brought out at exam time and other asuitakle

ccoraions. Therefore it iz asuggested that theas caau
atudies can be lInterpreted in Larma very similar %o
those of 3llbert and co-worksrs. For “teacher’s

scisnce” +t. be brought out, however, 1%t is keplt in
storage -~ & meaningless wix of imperfectly remembered
worda cen.tituting the Jargen evident in much of the
work exanined,



page ona hundred and nineteen

- Beveral aspecta of 1he issue of language {or Jjargonl
have been mantionad during theae came studies. Theas
inalnde: the influence of common word usage on the
intended acientific wmeaning; diagram snd written text
with contradictory meaninga; incorrect use of a word
(like melt for disaolvel. Thegs findinge will he
slahoratad forther during the discusasion.

3. Teai Question.

-t

Ax previoualy stated, the gqueastion ia thz same as tha

one waed during the initial study asd was taken Irom

Nugabhaum (1985). (See Appendix 3}

From the resultas prasentad in FPiga. 24a and 24b, it is
cleasr that most of the students aelaected the correct

alternative. Az was the case with the initial atudy,
Group B studynte on average, were more successtul than
the mtudents of Group A. Theze cospar‘sins are

aunmarized in Table 17 below.

| . TABLE 17 .
v TiPeFcentage Distribution of Student Responses)
' Test Questicn

INITIAL STUDY FOLLOW-UP STUDY

Groups ' wroups
A B : A B
n =23 n = 48 n = 23 n = 18
Response .
Jean 57 68 43 &1
Patty 17 10,8 35 17
Randy 24 10,58 9 31
- Kim o 7 4 5,5

Although the scientifically acceptable reaponse,
(Jean's answer -~ involving intrinaic motion)! was most
frequantly aselectad, it appears that many students
still axpwrienced difficulty, ms the relatively high
frequency of some of +the other responsas would
indicate. Many atudenta atill seemazd to think in.
torma of air betveen 2ivr particles (Randy’a answer) or
in terms of repulpive forowa (Pattyv's anawer). -
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Figuwre 242 {Teat Queastion « Follow ~ Up Study)
Parcentags Distribution of Group A Student Reaponmes

Figure 24b. {(Teat Queation - Follow - Up Study)
Farcantage Diatrihution of Group B Student Responrsea

[Key Lo Figs. 24a and 24b. {Randy) Air hetwean
particlea; {(Kim) denslty of air is omall; (Patiy)
rapulaive forces) (Jean} conatant motion; {(Jaff)

nore particlea in the spacea.]
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As Nevieck and Nusshaum (1981) paint oui, hoth Randy a
and Jeaff's sngwars (there isg air in the apaces; therse
are pariivies in the spacex, respectively) imply a
continuous view of the atructure of matter. Students
who selacted Randy’s response wmay hold a picture of
particles embadded in snother medium whish presussbly
is non - particulate, while Jeff’s anawer mwy suggest
x continuous sggregate of particlaa. It iz worthy of
note that in the prasent study the latter was not =
atrong contender. Although kolh anavers say suggesat a
gimilar view of wxalter, aa.dy’s is leas overt; in
other wvorde, the sgtudents may have rejected Jeffi'a
anawer becausme it did net "zonnd righnt”, bui melscted
Randy’a !} :cmuse the mental inmmgs 1t invoked was
simiiar Lo their oun images of particles suspendad in
Bope other madium, Kim’s ~nawver (the density of sir
i amxil), may also aignify a similar image. It ia
plavaibla that +this rezponase wvar rejected by moat of
the atudents becsuze they experience difficuliy with
the concept of denalty.

From +the above, it ix clesxr that +the noction of
interparticle =xpace is & difficull one to asaimilate.
Despite the activitieaa incorporating the psrticle
model with which the atudents had baeen engagad, some
ware apparently noet sble Lo spply all aspecta of the
nodel to an unfamiliar aituation. Inherent particle
sotion is alac not & Firmly held concept. The fairly
high proportien of atudenta aslecting Patty'’s responae
(thara are repulasive forces betvwesn particles) would
suggest that » static view im guite common.

Thease findinga are similar +to those of Novick and
Nusshaum (19817 who con. <ted a sroas-age study which
included this question. They report that aithough
with idnc¢reasing age, iLhare was a steady increass in
the a¢laction wof +tha accepltable responze (Jsan’'a
snavar =~ invelving conatant motion), " . ., . even at
the aanior high and univeraity levels, ths figurae does
not reach S0X"  (pg 191).

The findingk of thia study with the varicus groupa of
atudent. teachorz would suggeat that sven afier xome
instruction, many of the students were uvnable to apply
the model to an unfamilisr situvation. It would appear
that aspecta of the particle wmodel are differentially
internal ixed, Armong those azpects moat tenuously held
arz those of interparticle space and intrinsic motion.
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RISCUSSION

INTRODUCTION

The teaching of scisnce at elesmentary level resaina a
perennial problem for various reasons, one of which lis
that primary schoo), tegchers in general fael
inadsquately prespared +to teach sclsnce (de Boo 13289).
The science methodology coursse has bee:. identifled as
& pediating factor in the development of content
knowladge, akillas &and attitudes for prinsry teachsrs
in various countries. l[eg. Ginns and Foster (1883) in
Australis and Lawrenx and Cohen {1985) in the United
Statex. In +thias country, the methodology course is
crucial din that, at the presgervice stage, it is the
only poat ~ sgtandard aseven sxpsrience sany primavy
tegchera have of science.

SUMMARY OF WORK CONDUCTED

The pressnt atudy acught to determine the knawledge

&nd underatanding of a apecific concept ~ namely the
particle model of matter -~ among a population of
preasrvice student teachera, At the sawe tine, this
work hag takan upr tha challesage of Duschl {(1883), and
has aought to overcome any *antagonistic dilemsa™
(Pg 750) which may he experisnced by the student
toachere. To thir -ad, the studente were assisted to
gain & better understanding of sclence content while
sinultaneocusly developing 'Y range of akills
appropriate to the teaching of primary acisnce,

The astudy has s&laoc built on and axtended previoua work
in the fielda of particie concapta and of wlemsntary
teacher aducation, Information gained fros previoua
work on pupila’ understanding of the particle concept
has guided afforts to deternine the levelzs of
underatanding anong student teachers. Where
appropriate, compariesns have haan ande, The
conceptionsa of primary Laschers and pupila aa
descrlbed in the literature were meen to be similar to
those of the pupila and atudent teachers «ramined in
thisc atudy. The educational iwplications will he
discusged further on. '

Similarly, preliminary work in osther countriea
investigating teachers’ scientific concepts, such ax
the regearch conducted by Lawrsnz (1986) and by Kruger
and Summera (1989), i{a supporied by the findings of
tha presart atudy, Elementary teachera do experiencs
difficulty with several scientific concepta, they arse
found to hold alternative explanations for a number of
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phenomena and freguesntly are ggi sble to use =
molecular model in 8 consizstent, echerent manner. '

The preasnt work alao describes attampta Lo overcome
students’ prior concepta by placing the lesarpers in
aituations where thesas concepts could he perceived as
inadaquate. Thus teaching strategiea reported by
Rusabaum and Noviek (19827 and those auggested by
Wheslar and Hill (1990) were incorporated intc the
methodology progravme. The conatructivist perspective
was appliad to the development of the programme which
aimed at the studentzs overcoming their difficuliios
with  the particle node )l and reaching nOTE
sciontificanlly  meceptable explanations for natural
phenomena, As the atudy toock place over zeveral
months, tha concept developmeui of individudl students
could be monitored, Thisx aspect of the resssrch
provided further inaight inte the typeas of
axplanations provided by presasrvice primary teachers
wvhose grasp of the molecular model was yst developing.

INTERPRETATION OF ﬂE..!lLI&

With refere .4 to  the reasarch probhlens atated
previcuxly, the findings of thia study way be
clarified sz followa,

Rasascch Evoblans
Problom One ; :

1.1 Brior to entering the methodoligy courasa at
JCE, the astudants did net demonatrate adequate
conceptual underastanding of the particle wneodel. In
hoth +the Initial and the follovw—up studies, sach of
the groups involved scored luss than 50X on aversge.
{See table 4 on page 56 and table 11 on page 95 for
cdetaila).

Anavera to individual test {tema revealed that when
given the opportunity, the atudent teachera provided
or salscted a non-particle explanation of phanomena by
cholce. Whern specifically regquired to provide a
"particulate” explanastion, it appears that ceriain
aspecta of the model were grasped by the majority, but
other details wers poorly undarstood. In cassx whare
these othsr detallas were requived, the model wan
consequently inaccurately applied. Similar
obgevvations ragarding partisl ocomprehension of tha
model have been made by Nussbaum (1985) and by Osborne
and Cosgrove (1983).
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1.2 Cn the whole, there are areaz of conceptual
difficulty ashared by ail +the astudents., It would ba
prempture at +thix atage to make any general clains
reagarding sinilaritias or diffeveances between tha
achievemant of +the two suvbaasplea, In the initial
atudy, although Grouvp B seorved on aversge higher than
did Group A, this differsnce was found not to be
significant. In the pre-test of +the follow ~ up
atudy, +the averags acorss were almoxt identical. {(Saee
tabla 4 on page 56 and table 11 on page 95)

1.3 In the follow-up atudy, diatinet +trends
towsrds improvement were noted on the post—testa of
" both subsanmples. Everr in the asbrsence of B control
Eroup, it sesnms fair to suggest that the intervention
representad by the methodology programpe waz a major
contributory Factor, (See table 13 on page 96.)

1.4 The percesiage incrsaase in acore for Group A
wvaz 144 on the post-test, while that of Group B was
20% . A t-teast on individual pre—~ and post-test mcores
hetween groups indicated thig differaence not 1o be
statistically significant, (Sae table 14 on page 96 ).

Problem Twe

2.1 - Conceptual weaknexaas demcnztrated hy the
studenta in the teats wore reflected in the tesching
materiala they prepared.

2.2 During +the methodology course, {(i.w. during
intervention) soms atudenta becans familiar with the
nodal uking 1t conalatently in their axplanstions of

various phenomena. Many, however, aven after
intervantion, wers clearly not cleaar about all aspects
of the nodel, Some amtudenta wers xufficiently

confuxed to produce diagramm at odds with their own
accompanying written text. (Sae Appendicex 9 -~ 12 for
illustrations of thias point.)

OCnce again, the value of studenta’ own diagrans is
illuatrated by thia point. Withou these, {(or with
written text alone) it is poasible to be glglaed az to
the lavel of conceptualisation of the learners. This
issue of langusge having little relationahip to the
neanings associated with it, has been vaissd on
ssveral occasiona during thia atudy. It wili be
developed further on in this discusaion.
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2,3 After intervention, many students were able
to apply tha wmodel to 8 new situation during a teat.
In all cmass, the highesat parcentage of Lhe students
gelected the acceptable alternative, but those who dad
not »2till comprize a sufficiently large proportion to
give one cauae for concern. (See Figax. 12a& and 12b en
page 64; and Figs., 24a and 24b on page 120 for
details)

Similarly, Stavy (1988) hasx observed that atudenta’
reactions to esaentially idestical problesas arw ofiern

different, In other worda the lesarnera havs not asade
the necessary mental connections belwesn spparently
cdizzinilsar eventx. The conditions for: mesningful

learning have therefors not been met. N

Problen Three

The smajor focus of this part of +the
investigation was +the heating of &air in an enclosed
systar, as represented in Appendix 3. In the limited
crosa age atudy of achosl puplils that was conducted,
the resulis suggested that alternative conceptiocas nre
remarkably consistent BCYOES age groups, from
standards 2 to 10. (Table &6, page 67). The model ias
taught in standard 6 at achool, but thia iastruction
did not, 3in thiz inatance, appezr +to initiate any
narked ineresse in iis corvect uasge. Work condacted
by Stavy (1988) gave rise to very aislliar findings.

of additional intereat, waR that thae pupile’
salterngtive conceptions were =ximilar to those of Lhe
studant teachera inveatigated. Thess findings would
support the contentian of Holliday et al (1985} that
nore work ia needed in the arvea of altevaative
conceptions held both by preservice prisary teachevs
and hy pupils at slementary level.

In the present atudy, the pupila were required to
aslact one of fTour pomaible particle explanations for
tha phanomenon 1llustrated (See Appendix 3}, and the
student tesachers 4o draw thaivr own disgramg (See
Quention 4 of +the 1989 questionnalre in Appendix 1),

Nonethelexs,  becausae the principles involved are
agaantinlly the Banw, it is possibhle t¢ maks
capparisons. For inastance, while about 40X of the

atudents cdrew the air particles meving from fisak to
ballaan, a8% to 6854 of the pupils =xelected the
alternative showing thia wmovement. Other sspectas of
the quastion, involving xize and number of particlas,
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showed aimilar irends. The outcome of thia part of
the astudy correspondzs closely to resulis reported by
othér invastigators, as discussed in the following
polint.

Problem Four _ _

The findings of tha preaent atudy are similar
to thoss of work conducted slsevhere. In agreement
with Kreuger and Summera (1989), it would appear that
pregarvice elementary teachars have inzdeguate science

hackgrounds. More apecifically, they do not uvaually
resort 1o explanations in terma of molecules, and many
apparantly hold continuous views of matter. The

miaconceptions ldentified by previovs resesychers
[Dovan {(1872), Novick and Nuasbaum (1978) and Bradlay
snd Moodie (1987)) were apparent in the work of the
preasnt subjecta,

Aspectys of the oonceptual framework with which the
sgtudents appeared to experisnce most difficuliy are
thrse of empty space, and intringie motion. Also
pravalent were explanations invelving & change in
particle size or thoas where bulk properties of matter
vaere attributed 1o individual particlea. Tha snergy
concapt, teo, ia demonstrably poorly underatood.

The .sesulta of thia invegtigation are aimilar to thoae
of wgarlier work conducted by Novick and Nussbaum in
Izrael, (1978, 1981) by Oszborne and Coagrowve, (1983)
in New Zealand, by Glaaszon &t al (1987} in the Uniled
Stater and by Driver (1985) in the Unitaed Kingdom.  1In
all these cocazea the subjects provided asltsrnative
{(i,&,"non - acientific™) sxplanations for thu
hehaviour of moleculss in relation to the thres states
of mattar, the machanism of condensation, molution
fTormation and the expanzion of nmmtter on hsating.

CONCLUSIONS -

Generally, thisz siudy indicated %that the particle
model waa not well understeood by the student teachers
~  the mizconceptlons of today's pupils heing echoed in
the future taachers. Unless theae conceptual probloms
are recognised and remediated, they will almost
cartainly be perpatuated. Support for thix somewhat
gloomy prediction iz provided by the tezching
naterislzs produced by the atudent teachers. Teacher
aducators, therefore, nead to be aws, 2 of the problewxs
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experienced by the studint +taeachers, and mlas to be
sware of how to aovercome them sc Lthat this cycle of
parpatusticn may be interruptsad.

Unfortunastely, one cannot assume, even after szome

inatruction, that prior wmiasunderastandinga will bLe
rectified, During the initial study, when atudents
wera glven the opportunity to resubrit a pilece of
work, BNy did not sesem ta maka the necessary
concaptual adjuatrnant ta produce an appreciably
fnproaved effaort Only during the follow — up astudy

{with different atudents), vhers +the particle modal
waE incorporated intoc aeveral contaxia, did the
concepta appear to develop more fully and correctly -
but this was nol the ceae with svery studant.

There is thus no guaraatee that prezonceptiona sre
overcons even after sustsined intervention. One may
take the "hot air packet” itewm as an axacplsa. This
gquagtion appearad in the pre- and poat-~tests, and wax
alao a workahop topiec where students provided their
awn sxplanatory diagranms. Even after  this
intervention, including otheyr discussions iavolving
pavticles, barely BOX of the aample aselecied ithe
sacceptable sultiple cholece alternative on the
poat~test. It iz acknowledged, howaver, that this
item ia complex and wmay have baeen too confusing fox
the students. '

From the faregoing, there ares elesr indications that
teachera of primsry scisnce ocould be handicapped in
terms of Dbackground knowledge. Thelr expsrience of
acience at high school (or even during collage
training) haa not necesgarily equipped them +to
underatand o to tesch many ampectas of aciance
ganerally. Freviocus research suggeats that achool
pupils find 1% diffisult 4o sbandon their prior
concepts, and a sinillay situation exigta with the
student  tsachar. Many opporitunities need to be
provided a0 thst learnera sre confronted by anomalies
in their thinking, and thus becone committed to
finding n more sppropriate concaeptual model.
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Pt e

:gzgggIICAL-cous:nsnarxons

The Construgtivist Approsch

Az moenticned previoualy in bthe litaerature review, thia
parapective places the learner at +ths centre of
knowledge construction., Misconcepliona or alternative
conceptiona &re sasocisted with intuitive ideas
acguired prior +o or in spite of school instruction.
The pregsent research hss illustrsted how & sample of
student teachers constructed explanationas  svolving
the. partizl)a model using what Gil-Parez and Carvancoasa
{1998) term 2 “mathodology of superficiality” {p3z
834}, The atudents'’ accounts for a pumbar of natural
phanomena were thus bagsed on qualitative Lppesarances,
like the inflation of & balloon, for inatanca.

Naive conceptiong of thia nature are aistinct from
Rimple mistakes az they are often confidently givan,
AppaAy to bhe firmly held and =are almost alwvays
vresintant to extinetion. In other words, since the
learnsrs conatructed the explanations themselves, they
are partigularly commitied to them. Many difficuliies
pupile expevience with ascience originate not only in
these preconceptiona bui alac in teachera’ {gnovanow
of them. For this reason, sny inatructional progrnm&o
must take into account these prior coanceptiona.

The cognitive conflict strategy LPoaner et al (1982)1
does acknowledge ithe exiatence of prior gonceptions by
rlacing the learnar in aituations which challenge
pra-gxisting ideas. Ian this way a conflict situvation
ia contrived. Crucial %e succexaful resolution of the
conflicet and consequent constructive laarning iz the
commitnment of the learpsr to finding more zatisfactory
axplanations than thoswe previously he A, Thi=
appesred to be achieved in the case reported by
Nusabaum and Noviek (1981},

Howaver, az Dreyfus et al (1990} report, the intended
outcome 3is not slways seocomplizhed. In their axtudy
with 48 high achool gtudenta, they okserved that sany
of them -~ particularly unkucceazful ones - avoid a
conflict wsituation, are threatened by it and morecver,

are indifferant to school knovledge. They muggext
that the &success of Lthe cognitive conflict strategy
" . 4+ « may therefore depend not only on cognitive,

but wlan on affective paramaters.” (pg 568).
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Tha lack of confidence many primary achool teachers
have towards their own knowladge of sciance has hawen
discussed elszevhere in 4ihiz reporti, For them, and
indeed for many other students, this attitudiasal iasue
could be erucial.

Mantal models, like the particle theory, are difficuit
for paople to underatand, aimply becauvae they are
madelzs, or explanationa at an abstract lavel. They
are not obvinus concepis, OQaborne and Cosgrove (1983)
chserve that scientific modela often have littlas
hearing on everydsy experiance. As an exanmple, they
cite " 4 4 + the paviicle model for many pupils
impliad tha ligquids would be lasas dense than solldas,
yat the only example of & liguid/asolid state change
with which thay are familiar (i.e. water) defiez that
rule.” (pg B36).

To come to tarwms with such idess, students need to go
through  the procezsas of attempting to provide
axplanations for  ohaervationa, sAnd testing theae
explanations in a variety of contaxis. The work by
Nusabaum and HNoviek {1981} is an axcellent practical
illustration of this point. In this way, the learner
participateas in +the human activity of science and is
not merely a passive onlooker,

The particle nmodel ia s powerful caenceptual tocl; but
it would appear that its potential is heing Jlost. It
acens that the atudents have heard about particles,
they are familiar with the word *molecule’, but the
hypoathesised behaviour of thezae particles is
unfamiliar to them. Thiz imperfact concsptualisation
could hbe du¢ to tha studentz’ having had insufficlent
time or opportunity o asssimilate the information
regquired to form a workable mental model.

In Iavael, resesrch findings of Ben-Zvi et &l (1988)
auggest that althowgh many studentz (aversge age 15
yakrz) were &ble to think in termy of aymbola and
modela, the mental picturaez they used indicsatasd the
sxistence of aesrious mizconceptionas. The researchers
report thet a number of students appasar to hold an
intouitive wview of atomicity;, &imilsr to the ancient
Grask nodsl. ‘Theaa findings are almilar to thoae of
the present xstudy where shtudents seessd to vonsider
particles =as emall 2lis of the whela, with all the
properties of the who.w. '
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Ben~Zvi et al) (3i9%8) zo on to make the point that the -
conceptusl demands the micro saspects of chewmistry
place on studeants can be overvhelming., Thaey argue
that * . . . students do not usually have enough time
to ‘'get used’ *o functiéning at the atomic—molecular
leval . . . " v JGI. - Under thesge conditions it is
understandable tha. many students hbld incomplete or
digtorted views of the particle model.

This incomplete picture couid also atem from the type
of science tesaching which " . . . continues to be
centered on declarative knovledge (knowing vhat') and
forgets the procedural type (knowing ‘'how’). *
{Gil-Pavrer and Carrascosa (1990) pgbE353, Thia mesns
that the nodel is not taught in terms of an
explanation of +the atructure and behaviour of mather,
but as a serierz of diaconnected "facts”. Under these
civcumstences, the learner has not participated in the
'eraation’ of the modal, but sxather, has baeen
presented with a ‘*fait accompli’. A= such, what is
learned mway bhe meaninglesa. :

The mode! +then cannot usefully be applied to new

situationa. In faet, vhen the student ia oconfronted -
by new sgituationa (or ’instances’), &a/ho ix eanily
digtracted, Vigual miscues, like a balloon inflating

or rvising when the air inzide is heated, lead the
student +to provide an slterpstive explanaiign. In the
example Just ocited, the common n misconcs an involves
attributing mncroscopic properties to th. micro world
- or to molecules. Thus to zmuggast that particles
themselves rise or inflate iz entirely logical to the
gtudent, who iz relying, not on mentsl modals, bot on
#ensory parception,

Lenguage

It iz of note at thig polnt that whataver is percaived
by the sgenses and then interpreted iz done mo through
the medium of language. Thig igaue ia not a major
focua of the atudy, but has been raised on a number of
occaslong to warrant some conasideration. Language is
the madium through which information l& passed from
one 1o goother - and may often be the medium of

thought and cognition. In sny  teaching/learning
altuation shared neanings are vital for mutual
 understanding. Whaen thiz is not the case, any number

of migconnections can be made, and misconceptiona ara
eagily developad.
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In acience the isasuve of langusge ia very relevant for
& numbhar of »reanons, Bugechl (1983) has pointed out
that uwach of the science taught aven at the elenentavy

level ~ . . . demands that the Leacher have &t hiz'her
command the languege of szcience.” ({(pg. 749)., Much of
this ” language of acience ” i&, to the melentist,

simaply terminology. To +the =atudent, it 1is oftaen
#inp .y unintelligibla. .

In the  presant study, Beveral reasons for
aisunderatandings involving language were identified.
The firat involves altaching &  word to an gwvent or
phenongnon withont attaching the meaning of the vord
to anything. [Sea Osborna snd Cosgrave (1983)1, Aa
Gerrans (1986) has argued, this is frequently the case
when rote learning isz extensively velied on. 1In the
presant study, it was clear that many studenta uned
the term "condensation™ in Jjust this way.  Their
conprehengion, particularly in termz of particle
behaviour, was very yooxly developed.

Secondly, =ome words are used in science when they
have wvery different wmganing to their everyday usage.
Weight, field and mole are examples, hut of relevanre
te the preasnt situdy, are the words stats and aven
particle dtaelf. As Bitavy {(1988), has pointed cut, in
mome countriea the word gas dosa not always mean &
state of matter. For pupilz and others unfamiliax
with sclence these dual meanings avre very confusing.
Thig {i..luence of common parlance has heen remarked on
in one of the case studies of the present work. '

Fipally, and of particular relevanse to primsvry
teschers, is the Jlanguags involved in animistic
explanations. In some of the diagrams groduced by the

studenta, there were implications that particles
behave in a particular way becauses they "want to” deo
RO o *in order to” achieve some obhjective.
Anthropomorphic and theleclogical descripticaz have a
way of oreeping inteo onse's speech, and intoe the
learner’a conceptual matrix. Even st the primary
stage, auch uwse of janguage is highly undesirable as
it way contribu.e to alternative explanations which
ara difficult to dislodge in future yaearas.

P i e s 4 L T

Alternative explanationzs of various types from primsry
achool pupils are undaratandable, Indeed, az Gilbert

INPLICATIONS FOR TEACHER EDUCATION
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at al €1982) = peint out, "children’s ascience” ia
invaluable +o the txacher aa 1t givés amn indicatlon of
a8 starting peint frem which one mey proceed. Howsever,
identical altsrnative explanations from atudent
taachers who may soon be teaching sclence are in
another category. They &re canse for concern, and
regquive attention brfore the stidiat esbarks on a
teaching  carwer. Cona«quently, s neavy rasponasibility
rests with - hodology lecturars in  that the prior
conceptiona o their atudenis need to be identified
and vemediatad in the shart spaee of timn nvailablﬂ 1o
them. :

Recent resgesrch into pupils’ alternative conceptlons
could be of value in *he identification of student
teschers’ oconceptual difficulties. Once the problenss
are known, designing coursea to meet theae nosds is
that much easier. Conrept testing befora and during
- methodolegy courses  should ba routine procedure,
forming part of an on ~ going evaluvatisn programme.
Dawan {1972) suggeats that this type of strategy

« « « haa  consmidarsbls patential for naatery

learning and individualised instruetion.” (pg, 138).
. Howavar, as mantioned previouszy in - thia
raport,identification of arean of conceptual

difficulty iz but a astarting point. = Praeservice
astudernt teachers need to undergo courses which are
dagigned for thém as Stefanich and Kelsey (1989) paoint
ont, specifienlly co.urses which addrssa their possibla
shortcominga in content knowladge. .

Thias content, than, becomes the next consideration.
Naturally, it 4a dependant o a large extant on lucal
negds and conditions, . However, aa suggestsd in the
intxoduction ‘o thia report underlying themes and
principles are of more wvalue than isclated facts.
Thus vcomprehangive idess like ‘'animal’, ‘'escology?,
'reapiration’ encompass much of elementary bioclogical
seienca, while material quantities, their meaguresents
and inter—-relationshipas are of relevance to phyeical
phenonena, and the concept of enerwy iz wvital to

seientific disciplines st all levels. Thess thenas,
and otharas, could bo Yhe bases of nuthad%dogy courses
where student *Leachers are given the opportunity to
explore the principles involved, reach more complete
understanrding af acientific theoriea and becone
familiar with B variety of teaching gkills and
atrateglas. ' :
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“he value of astudent teachera’ explanations and
.imgrans has been illustratsd on geveral cccaalons in
this repart, Information procesaing or tranaforming ia
ol only & wital teschiag akill, but alas provides
valusble inzights inte concapt development., Such
activities form an integral part of any teacher
aducation programme.

In Seuth Afriga whera a significant numsbar of student
teachera undergo thair training tn s ascond languaze
{i.e.  Engiish), awarsneaxs of the language Iaaues
involved is of great importance. Educators at all
levala nead to be aware of the role of language in
learning, and take care not to azsume that meaninga
are always in accord. Indead, it is often the case
that nn mesning i« atisched to a word.

These comments apply equally to the further sducation

and training of insavvice teachers. Conferencesa,
workshops and informal discumsion groupa all have a
role to play. Many of thexe activities, however,

focus on Lteaching methods and %t on content. Having
conducted an in-service courass fov elementary teachars
in Canzda, Daviz and Spaer (1890) report that theaas
taacheras * . . . lacked s vudimen' ary understanding of
the fundamentalas of Phyaics, Chemistry .id Blology”.
(pg 498). It iz likely that & xim {ar situation
aexiats with meny practiciang teachars in this country,
It ia therefors proposes that an ain of ingevrvice
courses ahould be the inprovessnt of teschers’ basic
wnderatanding of ascientific concepta and principlexa.

Similar ohssrvationas huve been made hy Millar (1988)
an regards in—mervice coursesa for non-apscislist
aacondzry acience teachers in the United Kingdom. He
ton, ia of the opinion that the gonsbpuctiviat model

shovld be adopted in designing an-service phyaios
aducation for teachera.

RECOMMENDAT (ONS FOR FUTURE RESEARCH

Durinrg the preawsat study, severzl aspecta of science
education were inveatigated wunder a mingle context.
These include primary Lteacher education, concept
developsent and axplanationg involving Lhe pariir.e
nadel. In each of these areas, zepsrataly ard in
combinetion, quesxtisns have heen raised where farither
research may be Indicataed.



pi;n one hundred and thirty four

This atudy was conducted on a small sample of student
teschera in a xingle inktitution. 1t would be of
interest to extend thim work to include teacher
trainesas from various colleges acrcas ithe couniry.
For purposes of comparison, secondsry student teachers
fellowing science courses copuld alseo participate in
such an inveatigation,

Of furthear periinstice Lo sducation would ba a aurvey
involving primary teachsrs. As regards thsss teachers
at prasent, there ia liitle reason to aasume that
their graap of the particle madel ix any wore
comprehensive +than that of the student teachera. The
findingas of the atudy by Glssaon et al (1987} and the
compmants of Davies and Speer (1990) tend ta anpport
thisg contention. Hevertheless, more gquantitative
information as to  the axtant of teschers’ scisntific
knowledge is required,

Saveral saspects of the prexsnt study would lesd one to
propcae  that the particle model is isperfectly
undar stood at aecondary achocl lavel. From *Lhe
ocuvtcome of the croms - sge atudy, it may be inferred
that learning about the particle model in Junior high
achool dosa not appasar to ensble the pupils to ume it
corvectly. Mcre work in this aveas is clearly reguiraed
2o tLhat & betier idea of the effeacts of inatruciional
variables may he astablished.

Furthermore, +Lteachers nzed to be made awvare of this
problem and aszisted to find ways of overcoming it.
The shoriage of qualified science teachera in this
country is wall known but not unigue CMillar (1988)1.
I+ ia posaible that nany teachers involved with the
particle model in atandard aix are son-apecialiasts and
ave unaware of all ita implicationa. The acadenic
backgrounds  of thess  teachara could almo basar
invertigation ac tLhat onw would grin some idea of
whera best to atart in an upgrading programae.

The presesnt atudy, aa previoualy mentionwd, was not
axparimental in deaign, dut rathe» sought to establish
the extent of the studeats’ conceptual understanding.
Suitable learning progrannes need to be developed and

evaluated. Where foasible, guch research would
involve axperimental and control groups, randomly
aslected. Ax it is not poasible (or desirable) to

withnold 2 wmethodology course from student teachers,
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inssrvioe inachcrs could provide such nessad
sssiatance in this regard.

Work of this nature need not focus entirely on the
particle model. For inatance, as indicated by Lthe
findinga of the present work, aapecta of Lhs snergy
concapt appear 6 be iaperfectly underastood. Further
reasearch oould well reveal conceptual difficuliias
with other topioa. ' :

As far sas ocurriculum development ia concernad, it
segmnx claar both from the literature [Poaner (1982);
Nurshaum {(1983}1, and from aapects of thia atudy that
“once =~ off” instruction is not adequate. Pupils,
atudents, teachery and others need to confront
explanations and sclentific models across a3 number of
caontexts. The procedurss deacribed in thia paper, and
athers of a aimilar natnre would praovide auitsble
atarting pointa. Otheva,; appropriaste to loeal naeda
and oanditions gould be developed with tiae.
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Quastionnaire for [nitiat 3 dy

Please answer the questions on these pages as inatructed.

Yauar and Group
Major subject/s at JCE

Methaodalogy

Standard to which you studisd 8i. ogy at school
Standard te which you atudiad Physical Scizne= st school

Hherve diagrams have Lesn drawn, csare haz bean t.<en to repreasnt Lthem
ax Accucate'y aa possible in terma of numbher an. size of items,
Plaase take unte ofs theas varizblas wvhen aslecting or formulatlng

Four ansvwars.

1. Apparatus ix set up as indicated in the diagram below.

_ SRN— 5 a* varier v Jube,

The Flask iz placed in a container of hot water,
2) What will happen to the lesvel of water in the tube?

h) Provide as full an explanation sg you possihly can for thix.
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2. A flamk containing nothing bui ajr ix attached Lo a2 pump, ax
shown in the diagram.

e

o= fo Prmap

Some of Lthe alr ia pumped out,
Which diagram below de you think is the bagt reprlacntation of the
resainder of the air? iTick the ons you malect ' ).

as
o,
Sosee

e N
* (] %6 &
L]
LY - o
el s sied

3. An invastligation is conductad using the apraratus in the diagram

below.
Flack unth anp bt cpplied
3‘5\'9-‘- -Iu-l..ina
Namr 4
l;mker
4axﬂc:£

-7
THE FLASK 1% HEATED
(Continued on following pagel.

i
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a} What are the bubblea composed of?
h? Where did they come from?

¢} Why do you supposm this happenad?

4. A flask conteglining sair is connected to p rubber balleon. The air
in the fissk i{s hanted and the balloon inflates. In the disgrams :
Lalaw, use dots (9% ¢ ) to reprssent ithe digtribuijon of air before
and aftear heating. :

@ REFolE: { ) AFTER,

5., The following spparatus isg nfien used in schoolm to i)lustrate
how bhreathing cccura in Manmals,

ball jar (Cloauc .:at_)\bd)
fsurtloos (1urgs)

i s e . M ol

{undariine the best snawvar)
The "lungs" inflate
The gas particles in the hell jar sxpand
The gas particlex in the belljar space themselvws cut
The gas particles Iin the "lungs" press clore together.

o 0m

e
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6. A child’a party balloon 1 filled with gaz., It is xealad then
released and allowad to loat up. After it reaches a caertailn
altitude, it burats., Tha resszon for this is
(undgrline the hest answer)
The numbar of gas particles in the balleoon increasea
The gas particles Llncrease in size
The gas particles get hot and becons hollow in the siddle
The spaces hatvaen the gaa particles Iincreasze in size.

200

7. A jar im fillad with jce, saaled, drled and placed on the tahle.
Aftar a whilm, droplets of water are chserved an the outside of the

Jav, :
a} Yhare do these droplets come fran?

b} Why dowa this happen?

8, Two identicsl prper bagsa are suspandaed from a heam bhalance aa
indicated balaw.

A e

llmw/

A flame i3 then placed btnt#th bag A, and the following iz chasrved:~

{Continued on followtng.pagl}.

iv
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1f the air particlass wears representad ax shown halow befprs heating,

o 00
o 0

00 N (A e 2 o Id.—_a;rh(_:}l\
o © :

which zet of diagrams bslovw best explsing the hehaviocur of the air
particles in A and B afisr Jhe flane was applied?

~_{Circlc the hasi ana ¥y

o~ O
OOO 0
Co
Co
e
© o
o

3 A sample of alr in & syringe la compreased
A teit
lfw;}l

(== — (===

>

Which model bast explains what happena?

e

{(Clrele the bhast alternative}

[ SR 8
ins.?'aft .x.rwf b-ﬁ:@tﬂ. ad ey
s £ > )

bejore aiter be.pm ~a t—cr
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10 - Water ias carefully poured ontse a certain amount of su;nr an
-indicated below.

If this mixtura 1x stiroed, shuken, heated or uiaply left to n\gnd
for long snough, tha sugar dissolvex in the water. Draw a diagtam
which you think providas amn sdequate sxplanation af what hnppnns o
the sugar ag it dissolves In the water. '
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Test Question One - Initial and Final Studies

The air particles in ihe Hask drawn in the middls of this page are piclured as dots,
The air pariicles are spread out uniformly In the flask,

The foflowing questions wera asked in a acisnce class:

.. why don’l il the alr parlicles in the Rask tall down on each other and stay
&t the holtom of the Aask?

. » why do the particles remain spread out sven though there is space balwaesn
tham snd they don't have anything o reslon?

Five puplls suggasted dilferent answars lo thees quastions--

Task
Clrede the namae of the pupll whose anawer you think Is best. )i you have anather
better answer, don'l circle any namas and write your explanation

beceuse- In lhfw ’TJ we
: spaces belween
in the spaces between the tha particles there is ir

particien there are

Jnore and more paricles, thal holds the parifcles

In placa,

DHCRUAR —

the parlicles have becausa-
{helr awn conalant um?gcaar:s!:;u!alw {ivs densily of
lorces betwesn the air fa very

parlictes thaf - rvgry smal,

keop them far




- {one page only)
‘'The following apparatus iz placad in 8 bowl of wateri~

QUESTION FOR PYPIL

bolloon

flask

and the balloon inflatex

If we represant the air in the apparabus hy dates= o
. hefore tha flask ix heatad,;
which of the diagrams helow

’5-51 2 ~ ia the beslt drawin o
" e " of the alr 7

o 0 after the flazk is neated?

0 O

o O
Q

Q
O @)




Appendix Four

Marking Scheduie for Questionnaire - initial Study

Plezss answer the gquestions oan thesw pagex as inatructed.
Year and Group
Major subject/s xt JCH

Mathodolagy

Standard to whaich you studied ﬁiolbgy at schoul-
Standard to which you studied Phyzical Science at school

Wherae diagramse have bhesn drawp, care haa been taken to represent Lthem
as accurately az possible in tevma of nunbeyr and size of itess.
Flease take note of+ thesa variables vhen selecting or formulating
your ansdvers. . .

1. Apparstux ias set up &s indicoted in tha diagram helow.

et eed a4 waky v duhe

pyater vy riaﬂ(

The flask is placed in a container of hot water, 1
a} What will happen Lo the level of water in the tube? ¢ will rire

L} Providse as full an explanation as you ponsibhly can for this.

Inorease in kinetic energy, increase
in. movemaent of porticlas, ocollisions,
targar interparticle space, inoraase
in volumae. '

W




Appendix Four

Marking Scnedule for Questionnaire - initial Study

Fleases anawer the queatiahs on thewae pages &% inatructed.
Year and Group
MajJor subjectis/s at JCE

Methodology

Standard to which you studied Blology at achool:
Standard to which you atudied Physical Science gt gchool

Hhere diagrams have been drawn, cars has been tszken to represent thenm
ax accurately as possikie in tarma of number and alze of itens.
Plensus take note of these varishles when asslacting or foraulating
your anavers. :

1. Apparatus is met up as {ndicatsd in the diagran below.

b leoed o wander o dube

The flask iz placed in a container of hot watar, 1
&} What will happen to tha Jfl_wul of uater in the tuba? It witl rize

b} Provide aa full an axplanation as you pomsibly can for thig.

Inorsuse in Einatic enar _ increcse
in movement of particla oollisions,
largper interparticle sypace, inorecss
in volumae ,

(A}
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page twa

2, A flask containing nothing but air iz attached to a pump, az
shown in the diagram. ' :

Sowe of the aiy ia pumped sut. _ .
Which diagram below do you think is the beggt represantation of the- 1
resainder of the #»ir? (Tick the one you zelact « ).

3. An inpvestigation is conducted uaing the apparsius in the dlagran

halow. ' .
hﬂ" =% Prl !E‘_‘Cl

Fﬂask vty aepr

betaker c}

waxiey .
_ THE FLASK 13 HeATED
{(Continued on following page!.
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4.

What are the bubhles compoged of?

Where did they come from?

page

three

The flask ]

Why do you supposs this happened?

Inecrease in Linatic

energy, mors

movement, grecter interpoarticls

8o, alr aroapas.

Air : /]

3

A flask containing alr iz connected to a ruhber balloon. The air

in the flask 13 heated and the balleon inflates. In the dismgrans
balow, use dotg (92 0 ) to repreasnt the digtribution of air kefore
and after hasting.

5‘

qual size |
Equat number
(\ Evan d‘iﬂriauﬂan
BEFofe

The following apparatus is often used in schools te {llustrate
haw breathing cccurs in Mammals.

EuJ[daf { thavecic C;iﬂltJ)

(ST

Pkbi:-a shec:t(dlc.\‘lnuJM)

When the p.istic sheel is pulled down, what {2 the immediate result?

Y
B
C
b

The
The
The

{underline the
"lungs” inflate
gayg particles in tha ball
gas particlez in the hellja

L it i

haat ankwar)

ar nxpnnd
& space themsslves out

The

gaE particles in the *lunga”

1_11

press clase tagether.
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page four

& A child's party halloon is filled with ges. It is sesled then
released and allawed to float up. Aftsar it reaches a certain
altitude, it burats. The reason for this ia
{(undarling the best ansvep) _
Thu numbear of gas particlex in the halloon increases
The gas particles increase In size
The gas particles get hot and become hollow in the middle
The spaces between the g§28 particlses increase in S5i%e.

TTYm e

T. A jJar 1s £illed with tce, sesalad, dried and placed on the tzble.
Aftar & while, droplets of vatsr svw chserved on the cutzide of the
Jar,

a) Hhere do these droplets come from?

' Atmospherio w ler vapour
b} Why doss this happen? _ :

Water molaoules oontaot cold Jur,
heat Lows, laswy ene. gy, less
movernant, fawaer aoﬁﬂm:, clovar
togethsr, ochange of stats.

8. Two identical paper brgs are suspendad from a beam balanze as
indicated helow,

()
\../

A flamea iz then placed beneath bag A, and the following is observed:-

N \\

v 3

{iContinued on followiang page).

2

3
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page five

If the air particles were reprasenisd as shown below befors heating,

C)()c

o © G\ " -y |
o0 (;4 and L om dadusl
O 3

o}

\1.
J

which aat of diagrams belew besi_  explains the behaviour of the air

particles in A and B after  the flame was appliad?
: (Cirecle the bast answysz)

O
Co
e -
(&}
< o
0 O
9

9=‘j=.'n.___;«..ac.____:r/ s WL

Which wodal best explaing what happens?
{(Clrclm the heat zlternatlive)

b""f"'"" ﬂ_rb,f beore a{te

i =N\
. . t 5 ab"aa°| Q"’ -Qlﬂaagl :b. ' E 5 Eu Eﬂj ! ﬂ‘o
) y C/_t“ﬂif"- ﬂfEf:

ki o2 ajier
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R LN

page iz

10 . Water iz carafully poured onto & certaln amount of sugar ks

indicated halow.

- [ entrreniiarter L‘Dﬂ:br

A L.
Yot e

If this mixture i= stirrved, shaken, heatwd or simply laft to stand

Draw a diagram .

for long enough, the mugar dissolves in the watasr.
which you think provides an adequate explanation of what happens to

the sugar as it dizszclves In the waler.

Partioutats solute and solvent,
eveanly distributed.

!

(J
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Quescicnnaire for Foliow-up Study

Flovuo anaver the quastiona on these pages az instrusted.
Year and Group
Major subject/s st JCE

- Hathodology

atundsrd to which you studled Bislogy st school
Stsndard ‘o which you studied Physical Scienze at :chof“

bhare dimgrans have hasn dvawn, care haz buen taken to ropr«';nt Lthem

e sccurately s pousible in terms of numker and &ize of ityms.

Plaszaa taks hote of theso verisbles whe: selecting or formulating

your snavers. ' N

1. Apparatus is set up at room temperature as 1udicntcd in the

dingran halow.
‘3‘.\‘_

leval of wader m gl tubing
stopper

Whan the flaxk ix placed in = container of hot watar, tht laval of .
Ltha water in the gluase tubing rises.

Provide aa fu:l an explanation &g you possibly can for thia bahaviour
of the water in thea tubing.



ApDenii X aeven

| pags Lwo

2. An inv-stigatian is concductied using the apparatua in the diagram
below.

») What are the bubblas cumposed oi'?

b} VWhere tid they cons from?

¢) Mk do you think thiz happened?

3. & Jrr de filled with fce, sealed, dried and placed on the table,
aftee & wrile, dropiets of water are ohsesved an the ovitaide of the
JRP .

a} WHhera do themae droplets come from?

b! Why doam this happen?




ARl A Ay VLD

puge three

4. A sample of air In a syringe is compressed

Alr*-fnant aen.l
- JATAR __b/

(=
——p

Exqbrz. :afﬁtw”

Which model beat mxplains whai happens? _
{(Tircle the altarnative you zxelect}

S - e
(et S (== = == (e

before. after | before. . afber

before after before. after

5, A chlld’s party balloon is £iiled with ges. 1% ia sealed then
relesased and allowsd to float up. After it resachex a certain
altitude, 1t burata. The rexxon for thix ia

(underling the Lest anawer)
The nunmber of gas particlss in the balloon increazss

The gas particlas increas» in gine
Tha gan particles got hot .d become hollew {n the mniddle
The spacex betwean Lthe gam parviiclez increase in nize.

OGRS




page four

6. The following apparatus ix often used in schools to 1liustrate
how bresthing accurs in Mammals.

I jae (trovacie ca.m@
o, Hoons ('hjq&s)

T plashic sheet (dlé.phmﬂm)

‘then the plastic sheet is pulled down, the "lungs” inflatas.,
explansation for this.

A. The gaa particles in the bell Jer swpand

B Tha gas particlies {n the bell Jar bscome nore videly apaced,
C The gas particlex in the "lungs™ axpand

D The ges particies in the bell Jar hecoms aars cloaely apaced.

7. A flask containing air im connected to a rubber halleon. The xir
in the flamk ia heated and the balloon inflates. In the diageama
below, uss dots (°FP%L) to reprexent the distribution of air before
and after heating. S

Before Heating Afler Heating

Skopper
Flsk with air i )

v
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page flve

8. A flask conbalning nothing but alr is sitached Lo a pump, &=
"mhown in the diagram.

Stopper

Some of the air 18 pumped out,

Which disgeam helow do rou think iz the mpgt ﬁngrgggig;!
raprazantation of the rempinder of tha xirv? (T4
arlect 3.

A. |3 | EeLs”

&k the one you

£ Qutled smié‘:l a.]k'r me,{ the ar 15 .Pu_“?gﬂ w;t.

&
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page Rix

q. Two identical woper bags are suspended from & beaw halance ax
indicated halow.

o iy

A flans i_i then placed beneath bng.:f:, and the following ix obsarved:-

‘_..'1"‘"-%

)

If the air particles were reprasente! aa shown beicw before heabling,

ey efbptiar

Which aet of diagrams o page seven (opposite’ pegh  explains the
bahaviour of the air pariticles inX and Il yfigr the flame was
spplied? : : :

{Tick the sltarnative of pour choicad




APRendlX heven

page sevan

9 (goptinuved)

Vil
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page might

10, Whan wae add & subatance like sugzr {or aalt ) to water, aftar a

time, the solid (eg. the asugar} diggolveg in Lthe water,
If ws rapreasnt the water particles and the sugsr particliea aa
indicated below; draw, in the spsce provided, your raprasantation of

theas particles sftear the suar has diszolved in the water,

‘Sugar Particles i Water Particles

——
4 L B -
aa;‘ 2 o oo_\
4 A Fa X o 0 o

“TSugar and Llxler
Salufbton .

N
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Marking Scnedule for Quescionnaire - Follow-up Study

Please ancver the quextions on Lhage pagses as ingiructed.
Year anid Group
Major sabject/a at JCE

Methodology

Standsrd to whieh you atudied Blolegy at zchool
Standard to whiech you studied Physical Sclence at school

Whare disgramz have bawn drawn, care has been taken to vepresent Lhem
as sccurately ar pozaible in tarme of number and sixe of itena.
Plesse takew note of these variables when aszlecting or formulating
your Bnavers. .

1. Apparatus iz aet up at roon temperature as indicated in the
diagran helow. .

fdutlcq vader in iﬁasﬁ tulﬁhﬂ
kopper

When tha flask ix placed in & container of hot uatar, the lavol of
the water in the glass tubing rises.

Provide ax full an explanation aa you poasibly can for thia hehaviour
of the watwr in the tubing. 2

Inorsase in kinatic snargy, increcee

in movement of mrﬂotam aollirions,
targesr interpartiole spoace, inorecsse

in volume N
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2. An investigation is conductad asiag the appsratuvs in the diagram

halow,
heat applied
(}‘fhsx with cur-—( /
\\

3Iqss LuJom?
o stopper =

a) ¥hat are the bubbles composed of? Al

»} Where did they coma from?

The flask

¢} Why de you think thiz happengd?

Irorsase in kinetic anargy, mors
movamant, graecter inurpmrtiotw
FPpapa, olr o pes,

A, A jJar iz filled with 1ae, sealad, dried and placed on the table.
After & whilae, dropletm of weater are obhserved on the outgide of the

Jar, :
#) Whers dg Lhese droplets comne from?

Atmospheric water vapour

b} Why does thix happen?

Water moleoules contact cold jar,
heat loxs, lass energy, (exx
movament, fawar cotlisions, closer
togpethar, changa of stote,
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page three

4. A sample of air in & ayringe is conprossad

' Alr‘-bz&-.ﬁ seal”

[ ..43& )-/ ===

Which modal beat explaing what happena?
(Cirela the alternativae you asslect)

e e e

befre ofter efore wftor

5. A child's party ballpon is filled with gas. It is sesled then
releasaed and mllowed to float up. After it resches a certain
altitude, it bhurets, The resson for this ia

{fupderling the best angvar)
The number of gas particles In the ballcon incresses

The gss pavticles increase in size
The gss partlclex get hot and become hollow in the middle

The mpaces betwoaen the gas particles incresse in sire.

(=R B
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6. The falloving apparatus is often used in achaols to illuatrttcl
how brenthins DeCuUrs in Hammals.

weon

lldar {thmaac. t:ﬁlel"d)
bafloans ( -funas)

— lasby, éhget. GdugphnHan)

When the plaastic aheet im pulled down, the "iungs” inflatw,
axplanahinn for thias,

A. The gas particles in the ball jar expand

B The gas particles In the hell Jar become more widelw qucad

C Tha zhs particles 1R Lhe "Iungs” expand '
D The gaz particles in thﬂ ‘hell jar hecome mors closely spacsd.

7. A flaak containing air i8 connected to a rubber halloon, The air
in the flask ia helted and the bhalloon inflatea. In the diagrims
helow, use dots (PF% to reprﬁsant the distribution of aiy bcfort
and after hesting.

B fre. g - | Al i

Stopper

b llasn

\-\---'Fhsk with are

Hgqual size
Hgual number
Bven distribution

iv



pags five

8. A flask containing nothing put sir iz attached to a pump, as
shown  the diagran. .

Som# of the air i proped ont,
Which diagram helow do youw think ia the ggg& sppraoriata
repregseatation of the remalnder of the airf t(Tick the one yau

select 2.

C.

£ Outlt sedled ajler sowe of the awe s P"'-M?c“l o .

v
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page six

. Two identlcal paper bhags ars suspended from x beam balance as
indicated balow., ° '

A flame ix then placed heneath bag.l, and the following ia ohﬁarvnd=~

L{{\J.\M‘\_ﬁmﬂ N

ke et

If the sir particles were rapresented ax shown lecw hefore hsating,

e L

Which aet of diamgrams on pkge savan (opposzlte) best explaians the
behaviocur of tha mir pavticles inJ and Ilafter ths flame was

{Tick the aiiwvnative of your choigh!

vi
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Appendix Eight

page aight

10. When we add a suhstance Iike sugar for salt } ic water, after a
time, the soiid (eg. the sugar) digsnlves in tha wates.

If we rapresant tha water particles and the sugar particles as
indisat :d belaw, draw, in the space provided, your representation of
thease irticles after the sugar has dizsolved in tha watar.

Sugar Particlea : Hater Particlea
.. _6.-..—‘--—;-\_
p ( © o onp

FPortioulate solute rnd #otw#nf, B i end Llxler
avanly distributed, no joining of Salutiony -,
particles, no change in {dentity,

Viil
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gstudents Diagrams - Three states of Water - Follow-up Study
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Students' Diagrams - Solution Formation -~ Follow-up Study
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