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AbSTRACT

The pu~poa9 of ~his s~udy waa ~o determine SOMe of the
~lt.rn.tiv. conception. h$ld by pr••e~vic~ .1...ntAry
t.ach.~s with r-.spect to the particle .odel of ••t't-.r.
Th. .amp::'..elect.ed for- t.he at.udy 1ot11& compo••d of'
populat.ions of .t.ud.n~ teacher. coarl.t.in! .clence
SMt.hodololY cour-&lta at, the Johanne.bur« Colles. of
Educat.ion (JCE1. S~ud.nta' knowledse and underat.anding
of the .odel were ascer-t~ined by a !O-i~e.~.&t
in&t.rumen~ as w.ll as by individual questions
administ.ered during hal~-Y.Qrly t.at.~. In addi~ionf
at.ud.n~g Were requir-&d ~o pr.p.r~ non-v.rb~l
diagrammat.ic Clxplana:tions for a numb.n'"of ph.noaenA in
~erms of particle behaviour.
The b~udy ,,~..conducted over t.woy••1:.'" (1989 and 19~vl
and ia r.por~.d 1n two pha.... The first ph&d.
involved a survey t••t on 130 atud5n~~, a caae st.udyon
a sm.ller nu.ber of a~udent.s and a limited croa. A!.
at.udy on an opportunity .ampl. of school pupils. The
".ClQ.h~ pha•• t conduc~.d th. £0110wi.11'y•• r , inolud.d
bo~h ~'r.··.and p04t-t._'l:... /:;'0 41 difflltrent.at.uder."ba...II
w.ll •• in-dept.h .tudie. cn t.h. conc.p~ual ChA~!.
undergone by t.he•• aam. 41 &t.ud.nta.
The findings of this .tudy corrobo~ate the re.ult. ¢f
recont r••earch conducted in o~h.r countrie., both in
t.rm. of t.ho inadequat.e .cienc. backlrounda of
.l.~.ntary teacher. and of alternative conc.p~ions of
thQ particle model. Implications fo~ teacher .ducat-ion
using ..con.t.ructivist perspect.ive ~r. di~cua.ed.
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PREFACE
From my experienc~ with ~tud.nt teachers in methedolosy
courS$S at the Johannesburs Colle~e of Education (JCE),
it. has p..com.ecl.ar that many 01 I:.hemar-. apprlio')hanaive
towards selene • .and are unwil((1ingto tClUlI.chit. The.e
ohservations are supported hy recent reports in the
IlteY'&ture. Accordingly, this .study was conduct._d in
order t.o identify .l&ol'l\eof trHi difficulties experienced
by stud~nt. te.ach~r.l& complet.inz science 1'I\.t.hodolo~y
cour ••• at. JCi£.
I sun .irAt..f'ul-t.ot.:\eJohann'ltlspurgColleae of Educat.ion
for affording me t.h~ opport.unity t.o conduct. t.his work
on campus. I am also very th~nkful ~o my colleague. in
the Science Department at JCE for allowing me t.o t.eat
st.udQ~ts in t.heir classes fr~1'I\t.ime t.o tiao, and lor
uaeful and ccnst.ructive discussions. To the st.ud.nt.s
t.hemsftlve..t who spent t.ime and t.ook t.rouble t.odraw all,
t.hoae particle., I owo MY s.ppreciat.lon.
Indl... thAnk., too, to my long-Aufferinl family whose
me~b.r. h~v& been neglect.ed for too long. In
p.rticul.~ I am very grateful t.o my parents for their
support, to my husbAnd for hi. help wit.h computers ~ncl
computer programme. and to my ~on for ~eading t.he
~eport, .ulgestlng lmp~ov.m.nts and off.ring
encouragement all the way.
Thanks to Dr. Sue Kid.on of the Univer$ity of CAp. Town
for holp durin, the early s~Ag.a of the work. Staff of
the Un i veNd ty ,;,f the W~t-wa)}el"IU!'lindhav. be.n of great.
a....lstlince ,QJiiI w.ll. In p.f.~t.;" ,,! wish to thank Mr#
fl.t.er Ft'idJholl of thQ Ih~~"'·\,,:.t.of St#:ti~tic. f~'t'
cheerful Advice, help .U',,;' ~)ort. when it was moat,
ne.ded. ! ow. ~ debt ot, ~tud. to Professor John
Bradl.oIY ot the School of ence Educatiou at the
fJnivQrsit,jl'. He hAM rQud .':'"",a1 draft. of the report.,
eAch with t.he aAm. care and att«ntion to detail, And
haa giv«n u-~tint.inlly of hi. time to di.cuss the ••
with m.. 9i£ insightful co~m~nts have height.ened my
appreciation of ~~v.ral ••pecta of Chemistry and of
Sci.nCQ Education a. a whole.
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CONCEPTS OF THE PARTICLE MODEL AMONG PRESERVICE
~~~tl~MI~RY~~lgH£gI~~Qtl~R~
IHIRQ~QQIIQN_~Mg_R~IIQ~~&~~

~!&!SqgQYJig~HQ.~lm;!lElg~!,!£~ QE s.:nlQ.Y
It is commonly accepted, both in South Afri~a and in
other countries, that primary school teachers aru not
well equjppecl to teach elementgry science, have
nUEativ. attitudes to scienc~ and the teaching of
sci~nce, and have poor aqlf concept with respect to
their knowledge and ability in most scientific
fields. In 1969, 31osse~ ~nd Howe commented that
despite this Di~uation, » ••• science educators have
tended to concentrat.e more of'thei r- rEl'searchefforts
on th& preparation of teachers for the secondary
sche.ol.s•
(pg 5Q).

..

It would appaar, however, that during the intervenins
years more attention has been paid to th~ education of
elementary teachers. Lawson at al (1986) p~\nt out
th~t considerabi e 'Work has btilendone in this .,£,i&ld,
possibly becauAU~ of the lar~~r populatiol\~ of
preservice primary school teachQrs. It is ~also
~ecognised ~hat » Studies continue to be focuss~~ on
'aache~s attitudes » (pg296), with far l~~s
.tt~ntion bein~ paid to contwht knowled.~,.
unde~standing of science as p~ocessJ and application
of th&se in the teaching situatiQD.
In Sou~h Africa, the Johannesburg Coli~g~ of Edccation
(JGEi is ~e.slr.>onsible{o~ the p('epa~.:!tionof many
pro.sPQctive primary science teachers. 'u~ther, it is
the only ~ollegQ to date where students slu~ying for a
delre~ in prim3~y education are taught on camuus. For
these reasons, valuable ~es.arch opportunities exisl
at JCE in the field of elementary teacher ed~caticn,
with particular reference to primary .science.
This study inve.stigates the conqeption.s of the
particle model held by both groups of preservico
primary teschers: I.e. those studying for diplomas and
for degrees. These tw~ grQups form two major
sUbsamples of the study.



page two

at JCE are non-seientists which means that a vQry
smatl percentage study Physical Sciq~ce at college.
while about 25% of them complete som~ ccll~&e BioloSY
cour.se.s. 1; ~ir sec:ond.arJ:'education in ',he scienc('?B
has follov.cl • similar _attern. For the~e reasoft.a,
t.he 1M'>~10ds coursElS at.t.Andedby the students ;'H'eoften
the oh..:y occasions whfu'a they cor-a into c'.:lnt.act.wit.h
sclonca, 1n p~~ticular with Physical Science.
Responsibility therefore rests with methodolo,y
lecturers to anaure that. t.hese st.udent.s h~Ve som.
deg~ee ~f compet.ence in both physical and biological
aspecls of primary science t.eaohiog.
It may be argued t.h~t. this competence could b.
estahl ishecl i n t.~~rms (If t.he stud£llnt te-;acherbel ng
t.aught 'l;.he .speci"fic oonten\.- of t.h. .n! ....irt:l prlmary'
sch nee syllabus f toget.he¥' wit.h apprcpri at.e t.eachini
sL'ate8ies linked t.o this co!:.t.ent. Tn t.h.f:.sway, t.h~
.~ude"t. would become conve~.ant wit.h t.hose aspects of
physical and biological science s~lected for t.he
sy 11...bus of st.sndards t.ll0to .~i ve»
How6ltv-ar, t.hiss nl)tion is :reJect.ed fOt' two !i.sdll.
ressona. First., for Simple logistic ~easons1 t.hQr~ is
not. tha Llfua t.o Achieve t.hi~ in t.he methoclA COUrses.
The COU¥'SQ runs at two or th¥'~. £urty mJ~ute pe~iod$
per weak dur~ ng the acadl4m.t.cyear which is q;ffec\;'it1e.l't'
twenty fo~¥' t.eaching weeks. SQ0~ndly, and of g¥'~a~
importance, the e~ocat.ional value of teaching to
specific ccn t.en.t, demands is s-5:....,,·'relyquos.;;iOn6ld. It..
may not for in.tanc0, eqQi~ ~~e st.ude~t wit.h t.he
skills t.o ada~t. to changing circumst.ances.
For these r.a~ons, t.h~ methodology COUr~~~ st JCE are
ru~ in suc~ a w~y t.hat.s~udents gain expe¥'1$ne~ in a
number of skills and t.eaching methods. It is hoped
that. t.he students becom~ familiar wit.h a~pect.~ of
scientific knowledge, but 4180, t.hat.they dev~lop $ome
und-erst.anding of the ~'o¥'e i mpo¥'t.ant und.¥'lyiug
conaept.s.
For the purposes of t.his resear~h,
focua on t.he concepts as~ociat.ed
model of matt.er.

it. was n~cided to
with the r~rtic14

The ~Qrticl~ modal
molecular t.heory) was
rtta':3cn.s.

(particulate theory, kinetic
.selected for t.he following



1. The model, as an explanation of basic phyalcal
and chemic.1 phenomena, is e.sentia! to an
qndfirstanding, r~ther than a description of the
natural 'World.

2. There are a.veral areas in the primary sci~nc.
curriculum to whieh the model i£ applicable. The.~
jnclude the three stat. a of matter (with specific
reference to water), aome properties of gasua and ~he
effect. of he.ting on ~ variety of substances. It i.
contended that a grasp of the particle theory would
enabl. prospective teach.rs to under.t~nd much of the
physical science syll.abu.!l content at, t.he primary
lell.l, ;and poasail::.lvev~r. mor., ahould t.hE 'eed aria ••

On thia paint, one can only rait.rat. the warda of
Kruger and Summe~s {1989} aa follows » It c~n be
argued that an und«ratanding of the b~haviour at
material. in molecular te~m. ia not nece.sary for
primary teachers aince ~ wl will not be required to
teach th... ideas ~o the _hil~ren in their care.
However, the term 'mol.cule' i. widely uaud and i.
very likely to hit encount. red ifl primary aeh<)cl
children .0 it cann(.)t.be ignored by ,i .·,acher&," Lal;..l"
they go on t.o say w ••• it i. di ;icult ~o A •• bow
children CAn be led along an experiential p.th leading
to understanding of changes in material4 and the
a••oeiated role of energy unl~ •• the t••cher guid~ng
them has some d.eper underatanding of the proc.~ue.
involved. Moreover, how .1£. can a. t.acher aehlftve
this more profound understanding of the behaviour of
material. other than in LerM$ of a molecular model?»
(pp 25 ....26}

From the methodological point of vi.~, the particl.
model i. a ua.ful v~hicle for expoAing student
teach6>r"{ to a FArticular Gclucational ,It.rategy. Th:I""
is the identification, before in.truction, ~f
misconceptions amonll tk;k ~earn"'rs. One hOl~•• +,h.t
theae student. would b. encouraged to att.empt similar
work with their pupils in future years.

3. Finally, a review of the literature ha.
revealed a sub5tantial amount of work 'n this area
conducted in ather c~untri.s. It ••ems appropriate
that this work i. reppated (and possibly ~cdifi.d) in
South Africa. In this way, hop.fully the pre~ent
study co"ld contrihute to the earlier :findingliand
relevant comp~rlsons ~ould be msde.



pase four

For the students who sr. the subjects of this st~dy,
explanations of phenomena involving the particl. ~o4,1
do not..usually form part of their Cf gr.itive framework,
evel1 though they have .c't udied FnYAical Scl.nce at
least to standard seven. It is suggested that they
could wxoerience si~ilar problems to those of school
pupils. In other Yords,they could well have developed
lolltE~rnati'1. Qx~1.3.nation.!l fot' various \\\ateri.l
propertie. and changes .ithor in non-particulate terms
or in t.r~s of particles.
It ia thu obli~.ti~n of teachers to recogni•• and
c"rrect nal7. concentiona whet'Q necessary, and not,
through ignorance t~ perpetuate them. Following
Holliday .t .1 (1985) on. is persuaded that· .•.
the investigation ~f misconception. that pr•••rvice
t~ach.r., and their pupils, hold appears to b•• n .rea
that de.erve. more work. H It is hoped, th.refor~
that thia r•••arch will begin to fill a need in the
field and stimulate furthe~ a~udy.
This r••e.~ch, ~h.n, ia concerned with ~n aap~ct of
.!'IcicllnceteachinS' in /leneral. Ultim.t.tely, :tt ia
concerned with how better to t.ach 4ci.nce at the
elementary level SO that coh~rent conc.ptuali~ation
and meaningful learning will oucur at this and at
~ub••qu.nt staiea. Th~ responsibility for lhia
teAching of elementary science re.ts with primary
£chool teacher. and it is ••pect. of th.i~
profeesional education that are heing eva!uated.
It i. a140 hoped that student teacher. will be
encouraged to understand more of science •• a human
conatruct and thereby to dev.l~p a mo~. positive
att~tude to science and science t••ching. this Is
essential not only to a teacher of acienc. but .1.0 to
an educated peraon living in an industrialiged coun~ry
in the lat. twentieth century. For thwae reasona it
~$ ar~u.d that an aim of teacher educator. should be
to enaure that the literaQY of their graduatea
includes some degree or sciantific literacy_

The purpose of the ctudy was to determine the extent
of knowledge and und.rat~nding of the particl. mod.l
amons s.veral groups ~f student teachera. rurther, ~n
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a~:.textiptwas made "...0 determi IHi how they would teach
a$pecta of th~ prl~ary scienc. syllabus which could
employ particl. Gxplan_tion~.

Pr(')blemOne
What do the
t-articulate
que.tionnaire>

.t\,1dents
.th(i\ory~'

know and ~nd.r.tand about the
COet..\"'m:tn~d mainly by

$1.' bprobl .J\~ 1.1
What is th. .Xt~~t of their kno.ledg. and
underatanding bofor$ entering th$ m.~hodc1ogy cours.?
What comXl'lon.1 ';:'arnativ. conc.pti.o.'U& do UH) .student.s
.IOppeollrto hold?
Subproblem 1.2
What is the diff.r.nee in this newle~g. b~twe.n the
two ..ubs.ampllu?
Subproblim 1.3
Can a trend tOM_rd. improved under.tAnding b. c' served
aft.r th~ methodology cour ••? lfi the abs~nc. of
random •• l.ctlon and control aroup~y no stati.tical
analy... may bo attempt.d, but it wo~ld b. of int.re.t
to .x~min. scor~a before and .aft~r
inatruction/i nt<.rvent!on t particul ar-:,1;1' SUI aOUle of the
teat =tu.$+~~on..are used as det'ld1.d $t~udi4't.QdUl;'ingt,he
couraQ.
Subproh14HtI 1.4-
Is thm"e any difference in the ach:••vQ.r!lentb.tw ••n the
tW(') liuh_ample;~'?

Problem Two
How accurately would ~hes~ ~tu~~nt. explain a ftumb~~
of natural phanomena u.i~g the part~cl. ~od.l?
lO.t.rmined mainly by individu~l case atudi~s)
Subproblem 2.1
How .ccurat~ are thA teaching aida made by student. to
explain the alruc~ur. and bEhaviour of matLer uliing
thG partlcla model?



Sub~t'ohlem 2.2
Ar. t.he .at.vdel'lts£9!!-!i!.£!n.!::. in th~ir
the l'Aod.l aero.... different. t.e.achiag
t.hey consist.ent.ly provide similar
;tnacCilO!'at.e)expl.l!lnat.ion.s:f~"rt.he bSl\ef:lt.

appl i(:ation of
task.',)i... do
accur,lt. (or

of pupl.la?
Subpr<'lblem 2.3
Are .tudenta able
pad icla model
<Determined mainly
bock t.e.t..).

n.&:w
their knowledge of the
or unknown ~itu.tion?
qu.nlion.. during open

to
t.o

by
apply
un ....n

Problem Thl"e.
Haw do .school pupil& (and $tudent
conc.ptuali.~ sel.ct.d aapect£ of the
diff.rent _,ft.? COet.rmin.d fl\J3Linlyby
question admini.t.er.d to an availability
.IIchoolpupil ...)

teacher ..}
modill at
a ..inSl.
..lample of

P:r-oblal'AFour'
To what extent ar~1 t.he findins. of the prfu'eni~ $t.udy
~omp.rabl. to tho.s~ of previous reaearchers in other
countria.? (D.termined by ccmpariaon of r•• ul~. from
a.l~ct..d items wit.h appropriate results obt.in~d in
ot.h.r work.)

1. Pl"....rvio. student. t..aohera generally hold mis4d
conoept.ion.. about the par":.i~l. l'1'h)delClf l'<la'\·.t.e~.Aft!l):"
inatruct.lon durina a m.thodology Dour ..., alternative
~onception. aro not ,en.rally abandoned iQ f,-~ur of
acienlifio explanat.iona.
2. The misooncept.ion. h.ld by the atudent. t.aoher ..
are l'q,flectcd in the t.eaching mat.e't"ial!lSthey pro<luca.
3. There i. litt.Ie difference in the oonceptiona of
t.he part.icle model held by school ~upil. aoro •• a
numb.r of &tandard~.
4. The findin&. of the pres.nt. study will b.
comparable to tho •• of previou. inqestls_t.ions.



ThQ pre.ent study ia more descriptive than
Qxp&rimantal, •.s it seeka to establish what .tudents
know, and how they would us. their knowledge in a
teaching ~!tuation. There i. therefore no.intention
to. demenstrate the validity of any claim aa to the
.fficacy of s.. interventien or teaching stratagy by
at.ti.tical means.

AS.:>UI1P710NS "NV DEFINITIONS OF TERMS------"~--- -- ----------- -- -----
The term ~!~~!~l~tleg!laa it i~ u••d in this repert
i.l!'.i':k1.:1 to. s'(uum the basic prexl'li.sath.t..mat.t.eria
~ ,Plpart\cl •• - .t.emaand melecul... The word
p ~~~nr de.. not refer to.vi.ibl. particl•• ,
1. ~~in~ ef .ugar, for inatance; nor dee. it
r~~ I ~D~f~ particl••.
It ,; 'I:~ ••. , n" granted in thi•• tudy thAt the
pro.ilp...~'i.. i V1" l. ",,;.;;her.hou 1.d know And under. c..ndmore
about. th. c '~van~concept.s than the pupil.. For this
X'ea.on, ce\'tai\~c:iueJlticna and task. ~r. moX'.ilearchirl&,
than the.. wh~ch Nould be given to.primary .che~l
pupila. It is alae a.~um.d th.t the tea~hing
matcri~l. and dia~r.m. pX'ep.~.d by the atudent
teache~. reflect th.i~ own und.~.t.nding ef the med.l.
altheu$h they may have .implifi.d certain ••pect. for
the ben.fit of pupil•.
Seven ef the t.n t••t que.tions are Similar or
idenlical to the•• u.ed in previouQ rea.arch in ether
countrie.. tNovick and Nu••haum (1981l, Gla••en and
TeatG. (1988)J. The•• ite•• we~e designed by the
r•••~rch.r. mentioned t.e te.t ba ic under.tanding ef
asp.cta ef the particle medel, and have be.n QubJect.d
to reliability and validity t••t.. lt ia a••umed that
the minor medificatiens undertaken on .om. ef th••e
que.tiona do not affect the validity to.any .xtent.

It i. acknowledged that in the abs.nce ef randem
••lection and cont.rol groups, few claim. to.
.tati.tical .ignificanc~ can be mad.. Nonethel••s,
d••pite facter. like matuX'ation, ene would rea.en.bly
argue that the int.rvention, represented by the
methedelogy ccurae, playa a significant rele in any
conceptual .hilt which may occur. However, the aim ef
th~ study is net to. evaluate a specific teaching



~trate8YI but ~ather to investigate what conceptions
are held about the particle model and if and how th••e
change OV9r time. F~rther probins provid.a one with
greater inaight into how the students a~e thinking,
and help$ ~ne develop techniques to assist stUdents in
overcoming inaccurate concepts. In time, further
studie. could b. undertakoD to mako comparative
evaluations of instructional procedures.
Th. student groups in this study are small and
confined to • particular colleg. of education in one
city. For th.se reasons, no claim to g~nerallsability
can be made .ither. It is not possible to make any
inferences cO~A.rning student teachers elsewhere, or
about primar iachers in general. Further studies in
th.se areas ~~uld be needed to throw light on these
i ••u... It is nevertheless sUllested that the study
has value, and that the findings should al.rt teachers
and teacher .dueato~s to pva.ibl. pitfalls encountered
by the learner with respec~ to molecular mod.ls.

This problem with its attendant aubproblems is
concerned with the knowledre a~d comprehension of the
student~ in the .elect.d conceptual are•• before and
af~Qr the method. cours.. In order to determine
th••• , both set. of .tudent. in each atudy completed
the aame inatrument (i.e. either the survey test
durins thQ initial atudy or the pre- And poat-testa
during the follow-up ~tudyJ. The surv.y test and the
pre-teat took place b.fore the atart of the acience
methods cour.. and the post-teat at the .nd of the
coura., about twelve w••k. later du~lns the follow-up
atudy. The initial .tudy, the~efor., did not include
a poat-t.at.
Anawer.
rocordGd
determine
groups and

to .ach question in the instru~ent were
and analy.ed. The.e were .~amined to
similariti.~ and diff.ronce. b.tw~.n stud.nt
to sain an id.a of any posaible trends.

Test que.tiona were ••lect.d in .uch a way .a to te.t
basic content knowledge .a well aa appllcatien and
conceptUAlisation. R.sult. obtained durinr the
initial $tudy were used to refine the que.tionnaire
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and to minimise the possibility of misleading the
subjects. A second questionn~ire Was thus prepared
for the follow-up study. The reliabilities of the
test instruments used in this ~esearch werQ estim~ted
by split-half determinations. Total corrected
(Spearman-Brown) test reliabilities for the various
subsample~ ranged from 0.82 tc 0.93.
Neverth~less it is necessary to he aware of possible
interventions other than the methods course.
Problem Two.
This problem is conoe~ned with the students' abilities
to teach acourately i.e. that the subject matter being
taught i$ not at variance with accepted scientific
principles. It is acknowledged that this is a
particularly difficult skill to evaluate, but it is
also ~rgued that some attempt should be made to
determine an aspect of teaohing ability as an
extension of a student's own knowledge (or not, as the
ca~e may be). In this p~rt of th~ study, all
students were r~quired t~ prepare a number of teaching
aids to be used when teaching specific content are.~
which are underpinned by the ~.rtiole mod~l. As this
type of work is diffioult to as••• quantitatfvQly,
p.rti~ent aspects of the mod.~ W~re identified, and
stUdents' drawings examined to determine in what ways
thes~ were represented. Agaln it was ~ossible to
adapt material from some of the work already conduoted
in the field.

Stu, ~nts wer~ required to administer a aingle multiple
ahol e q~.ation to their classes while on sehool
experience. ~he an~wer. ob~.in.d from the pupil.
(staJl0J1.Nint\olO to t4m) were analyaed aridNlcorded. In
t.hisway, .a 1imited CI:'CS.s age atudy was conoucted.

Wh~re applicable, answers obtained from these subJeots
were compared with those of pupils and students
obtained during other investigations elsewhere.



Th~ present work draws on and brings together res¥arch
from a number of areas in science education. !he3Q
lnclude ~l~~~n~a~~ ~~~~h~~ ~~~~~~iQrr~~ilh some
emphasis on !~~l~'!:t9.!.!.Ji!Ul£l~~ !.~lll£sortd £9!!~~W.5:
~!!2~1!9.i~ ~n9. £9n£!~5:~!1~ns!~!.i~~gl~s· Thetheoretical underpinning of the work is jnformed by
the £2n~~t~~i!2!~~__£~~te££hand refers to the growing
body of literature which investig~t.a children's
untutored views of natural phenomena, or ~l~ltn~~ly§
£Qn£!~~12n!.. The concept central to this study is
that of the ~~t~l£~l~i~n~t£t~ef m~ii!t. Although
these fields do overlap from time to time in the
literature, th&y will b~ dealt with and reviewed
separately for ciarity.

EtitliNIbRYI~~QH~R ~~Y£&IIQN
I!~~ht£a~iti~g!aAlthough the present study is not centred on
attitude., research into this area is mentioned aa it
pro~ldes valuable insights into the problems faced by
elementary teachers. As Blosser and Ho~. (1969) have
commented, the focus of research on teacher education
hast b.en for .Ii. 10nK time mainly on .secondary .Qchool
sducat.ors. However, in recent. year.a,t.b.rehas beQn
an increase In int.erest towards elementary or primary
school science tqaching ~nd teacher training. Science
in the primary school appears t.ohe a neglected area
in sevlitra:'w...ys, so ,\I,luchso that.Abell has recently
(1990) argued for the prevision of speCialist science
teachers at t.his l.val. Implementation of this
su~r.at.ion may well be feasible in other countrie4,
but. in South Africa, for the next several years, .t.
least, there are very few primary teachers who could
be described aa acience specialists.
It wogld appear from the literature th.t acience
recQive. a small tim~ allocation in primary schools
[ Weaterback (1982), S\ef.nich and Kelsey (1989),J is
underfunded, and that for whatever reasons, elementary
school t~.ch.ra are reluct~nt to t.each it. (Victor
1961). Barrow (1987) conducting research in New
Engl~nd reports that preservice teacher education
programmes leave something to be desired. Similarly,
Morey (1990) haa found that the status ¢f science



education in Illinois QlemQnt~ry schools is perceived
to be low. Although these atudies wer~ conducted in
discrete areas of the United Stat.s, it ia possible
t.hat the .!Idtt~.atLmis fairly W"~d,ulpr.ad. If .!!lOr th.n
one must acknowledge the exi£t..~ce of • probleM ~t two
19vels; the institutional and thH personal.
Despit.e thi., according to '!ag.r (1980)1 thtu".are
many primary science teacher. whos& efforts ar.
commendable. Dykst.ra (19B7) take. th. arg~ment
further and hake. the controversial suggestion that
el<tmt'int.aryscience teachinr, is rnore di£ficlllt .\lnd
d~mandinl than secondary scienca teaching
nQt~ithatanding the conceptual demands of the latter.
Reluct.ance t.o t.each science is well documented, and
has been the subject of much research Qf late. This
is not to sUls_at that no ot.heraspect of elementary
sci.nce has been investia;at.ed. In l'lorri..ejf'.s(1981)
~nalysis of studie. on primary sclence teacher
.duc~ti~n, factora auah as f~~~~lg! I~~£hin~1
H~~~nl~~l£ A~a~2~£h, ~~~12 I~~2~1~l~!£~nl~~,Ing~£~lY! aUg R!4g£~lY~~22£2~gh!~ar~ mentioned,
among ot.her's. How&ver,.$ I.awson 4iittal (1986) put it.,
even as ~ec.ntly as 1984 did II • • • studies continue
t.o be foau~sed on t.eachers' attitudes •.• II (page
296)
This maJor focus is s•• ~ in thQ variety of instruments
devised and developed to dat.ermine the attitudes of
elementary te3chers towards science and soience
teaohing. (SutZQW and Davis 1975, Westerhack 1982,
St.efanich and Kelsey 1989). Instruments of this
nature are not unprobl~matiof as Krynowsky (i988)
points out, and who sugl••t~ that th~ literature on
at.lltude. ia, at. this ~tag., ch~ot.ic. One of t.he
rea.ons proposed for this state is that insufficient
a~tention has, to date, been paid t.o t.heoretical
conc.rns.
Westerback's (1982) work on attitude~ and anxiety
t¢w~rds teaching soience suggests that positive
changes a~. fe.alble, liven the appropriate
condit.ions. She reports that after a .emester of a
process o~i.nt..d scienc. cQur_., the anxiety l~vQl
Qf atuden~s was d.cr.~aed, with & ~orre$pondina;
incr.Q.~ in positive attitudGa. Ginn£ nnd Foster
(1983} report similar findings, as do lawrence and
Cohen (.l.985).
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It is inte~Qst.ing t.o not.e that. the~e and other
researchers ident.ify t.he met.hodology course as an
i~port.ant ~ediat.ing factor in this regard. At.tentio~
has also been paid to t.he t.ype of inst.ruction ~eceived
by students, and St.efanich and Kelsey (1989), for
.x$Mple suggest t.hat. science courses for pre- and
in-service t.eachers ne~d t.o be very 5upportlv. in
o~der that posit.ive ~ttitudes may be Gncouraged. In
othe~ words, it. yo~ld be helpful if t.hey were t.o
undergo course. speci~lly designed fo~ t.hem.
B~fore such courses ban be designed, however, one must.
be aware of the .tucient.s' needs. If it. is accepted
t.hat an aspect. of t.his ne~d hinges on science content.
knowledse, t.hen what. iSl being .said is aimply anot.her
way of put.t.ing Ausubel's oft. quot.ed maxim about.
first det.e~mining what. a learner knows, and t.hen
t.eaching accordingly. (Ausubel 1962). The intent.ion
of t.he present. work ia p~ecis~ly t.o det.~~minG what. t.he
l.a~ner - t.eacher knows, and t.o monitor any concept.ual
shift which may OCCl'i' durin! in.st.ruction.
There is a need f~r More work of this nat.ure, for, at.
this .t.age, r~sult.s from a number of studies Are quite
equivooal. (Holliday et. a1 1985). Under cert.ain
circumst.ancest t.here is some i~provement. of att.it.ude
toward scianc. and Slcl.nce teaching after $tudent.s
have underaone A scienoe met.hodology course, while
under oth&l"s, t.helt"eiss at. beat. no change. Cler.rly,
t.hero exiat several variables which influence att.itude
formation and change.
Of part.icular not.e here is the et.hnog~aphic .tudy
conduct.ed by Dusohl (1933) on an elementary science
met.hodology course at a Colleg~ of Educat.ion in the
Unit.~d St..t.... He pro~osea that. $tudenta' perception
of science.a ~t~g~£~ is at odds wit.h t.he instruct.or'ss
obS ect.i'Ht of t..aa.ching.soience .a e:t2.s.!.i.!., and t.hat.an
antagonist.ic dilemma is set up in the minds of the
st.ud~nt.s. The student.s in t.he words of t.he
~ese.~cher," • demonst.rat.e a need t.o make up •
lack of science content knowledge. miasing t.he
obJect.ive of the class how t.o conduct an
inquiry/discovery 1e.s$on."
The work of Dusch! raises .everal point.a, t.wo of which

been ment.ioned as pertinent t.o t.he p~esent
Theae are £2.!!,~!U~__ k!!.2.!:!l!!L.;,a:!. and 1:Jl9.~.!.!:~

havQ
st.udy.
t!.!£h!.!la·



!~g~i~YI!!£hi~aInqui~y teaching is an iasue whioh received a great.
deal of attenticA from the late 19601s up to a few
years ago. (Harlan 1978) • Many of the curriculum
p~oJect£ designed for primary science have discovery
aa a major focus. Such programmes would include
El~ntentary Sci~nce Study ([55), Schools' Council
Integrated Science (SC:5), S~ience a PrOCess
Approach (SAPA) and o~hers. It would appear,
howAver, that in some countries at.least, whilat not
jet.ti&oning di.iIIco'Verylearning, the intenti.:m is to
pay more att.nticn to .sut:deot.matter in forthcoming
years. (Kruger and Summers 1989).

Although it.s irA,?ort.anceis not. t.o be minimised,
inqui~y teaching is not a major focus of this study.
The ~ontent.ion here is that before anything can be
taught, it must be comprehended fully by the
teacher. In fact.,Butzow and Davis (1975) suggest
that. the ability t.o use materials, such as t.hose
produced for t.he curriculum projects previou~ly
nuantioned a. e. SCIS .nnd ~'",t*,hers},d&p~l:lds on t.he
t.&ach&rsl having a halanc. betw~en sci.~~e cont~nt,
science ~ki!l. and t.heability to USe qu.~_ oning and
inquiry skills to t.hiRbenefit of t.hepupils.

£e~~!~~Kng~l!£g!
ContiRnt knowledge has been identified as .9. concern of
many element.ary $cience t.eachers (Zeitle~ 1984, Barrow
1987). It was raiRed as a aajor issue durine a series
of workshops in Barbados in 1987 (Harlen 1987),
Indeed, in much of t.haliterature on primary science
t.eaching, the is.l&uGrof inadequat.e science content
knowledge of the teacher is often implied. Oberlin
and Sanders (1973), in • study which compa~ed the
content knowledge of two diffe~Qnt. groups of atudentn,
found t.hat.. . some scored lower than .nd of year
ninth Ir.cl~ pupils on a standardi ••d general science
content t.est." (Pp 323-334.)

However, more does not. necessarily nteanbetter, as
Shrigley (1974) points out. In a study, dealing with
~hi~d yesr preservice elementary teachers, the
rege.rcher found a low positive c~rr91.tion bet.ween
sci.nce knowledge and science attitude. Clea~ly,
other factors will also playa rolo in ~he formation
of at.titudes, and, incieed, t.o ones teaching
performanco as a whole. Neverth.less, the issue of
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content knowledge cannot be avoided.
Personal and p$ychol~gical att~ibut~$, tvo, have been
investigated in ~elation to science teaching. For
instancQ, Garnett and Tobin (1984) found that many
pl"E!.'Service.1e:nental'Y teach,"trsdo not e:nployformal
~&m$oning ~atterna, several of which are c~ucial to
activity based .science instvuction. In lat9r years,
locus of control haa be~n inv.stig£ted as a variable
in the ability of pre.service teacherS both to
understand the nature of science and to develop
positive attitudes to science and science toaching.
EScharmann (1988) and Haury (1989)). If the lack of
undeNltal'lding .SlciMlcQ as a 9..g!!~:l::.t~£:!::. is a
chara~teristic of prim~ry science teachers, then
surely inadequate content knowledgQ would serve to
e~ac.rhate the situation.
Dobey and SChAfQ~ (1984) attempted to determine the
~.lationship between knowledge a~d inqui~y te~ching,
using a specific topic, namely pendulum oscillation.
They found that a group of teachera with whAt they
desc~ibed aa Uintermecliate knowledge" were mo~e
inclined to use the inquiry approach than eith&r the
» no knowledge ~ or "knowl.clgeN g~oupa. They sus.est
that methodology instructors should aim for the
ac~uisition of at least intermediate knOWledge in
their &!t.udents.
Res~onding to the r~sults of p~evious ~esea~ch which
have been equivocnlt Dohey and Schafer (1934) take
issue with the notion that » ilnorsQCe produces
treedomu, but also contend that ftknowledge ia not
enough" (psge 49). They ~eason that » Teachers
must usa their knowledge to gain insight into the
structu~e and content of child~en's scientific
thinking It has been argued in the present
paplilrthat t(illil,ch.rswUl b. s.bllilto !\.\l:fillthi.l!ilaim
more readily when they have confronted their own
possible ml.conceptions, conside~ed how these arose
and In what ways they ~ay b4 at odds uith ac~epted
scientific thecries.
Caution must of course be exercised when inte~pretin!
theae result~ or attempting to apply the
findings/reco!),,4I.'Iendat!on.tlto other situations, but the
comments of Dobey and Shafer a~e lhou~ht - provoking.
At the very least, lt s.em~ reasonable to sug~.~t that
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a certain level of understanding is a prerequisite fo~
th~ teacher to have the confidence to conduct sai~nce
lessons with a degr~e of c~mpetence.
VariQus other aspect£ of primary science te~~hing have
racedved attimtion from researchers o"Elrthe y&ars.
Staver ~nd Bay (1987) point out th~t text~ooks uS$d in
elementary science cl&s_es are usually not conduclv&
to discovery learning. A confident and effective
teachert of course 1s not tied to the textbook - but
We may ask what makes an effective teacher? Yager
(198B) in an ad:..tempt to shed light on this matter
conducted reseArch to identify the factors which
separate most effective from least effective science
teachers. It appears from their work that thore ia no
.ingle feature, but rather clusters of personsl and
intellectual traits which contribute to teac~e~,

Given t.he st.ated concern about t.hEl bncka:round
kno'I.Tl$dgeof elE!mentary science teacher.'IIt'it is a
little surp1:'ising tha.tmore work has not be~ilUdone in
this vital area. Kruger and Summers (1988} develop a.
~ationale for research into primary school teachers'
understanding of science concepts, in which they
describe the new Natieral Curricu~um in British
schools as one which ». • , stresses the importance
of content,» (Pa.le 259). The situat.ion in ~outh
Africa. is at. lea.t as grea.t a problem as it is
anywhere el$e in the 'World. Wf'"h the fH'esQnt.
shortage of science E!ducators at all l~v~ls: it is
imperative that.. steps a1:'.tlil,k..n to ae.sistthe prima.ry
sci.neG t:.eacher.
Recent studies in the rield of primary teaoher
knowledge include that of LawrenCE! (1989), 333
elementary school teachers in Arlzon~ completed a 31

item Multiple choice test on selected ~hysical
science concepts. Results indicated that while S0m~
concepts were understood by the teachers, there were
sev~rAl ideas h~ld which are 4t odds with accepted
sci~atific theorie.£. !n other wo~ds r these prima1".'·
science teach.rs appeared to hClv....ml€:;'5i2!l£!.e.!:.i.2.n.~ of'" A
numh~r of physical science concapts. (The issue of
nmisconceptions" will be returned to at a later
stage.)

Work by K~ug6r and .summers <1988, 1989) provide.
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fUrther ~upport for the belief that el.mentary .choul
teaeh.rs do not have adequat.ebackgrounds in physical
.sci.ne.. U.aini t.hein'!::!.t~i!};! - ~22!:!~ - !n.•5,..~Us.!.!.and
i!l~!.!::ti!~!! ~~2!:!.~ !~!U~!. ~!s.h!li9.~.!'!'(OabornQ and
Gilbert 1980), th.y .ought to probe the $xtent of
pri$ary science t.achers' und.r.tanding of .elect.d
phy.alcal science conc.pt~ (force and sravit~, cnerSY7
c~~nBe~ in materials.) The ide•• of many of the
t.~ch.r. showed f.atur.£ of children'. view. of
si~ilar ph.no••n.... 0nc~ ~sain, the .xi.t..nc. of
mll.s.2ns.t.n!~i.9.nl. walld.n.onatr""t.d.

One ccn~eptual are. in particular, namely chang•• in
materials ha. rel~vanee to the pr••ent work on the
particulate natvre of matt.r. In fact one or t~o of
the ninst.nc•• " used by Kruger and Summer. (1989', ••
Il focuiilfor the que.tion. are {co-incid.nt.lly) very
similar to que.tiona posed in this atudy. Oatails of
th... items will be al.borated later in thi~
discussion.

a•••d on the insight. provided by l.arning t~.orists
like Pi_set, Brun.rt Auaub.l and K~lly, conQtructivi.m
view. the learner a. an active meanina maker. Human
b.lng~, then, construct their own per.onal
rapre••ntAtiona of reality. All of ua, in
idioayncratic W~Y.,attempt to make a.n.e of the world
around ua. Thia notion i_ crucial to .cience
educators, aa science is not only "about" natural
phenomenA, it ia al.~ "about" human effort. to order
and understand the ph.n~m.na.
Children, In con.tant interaction with th.ir
environment, are .xperim.ntin&, lnt.rpr.~ina,
modifyinr And trying to m.k~ ••nae of the world around
th.m. Theil" views p.rt..ainins to thfirnaturAl tHorld
will ccmpri.. the child'. view of .ci.nc., or
"children's _ci.nce". Gilbert et a1 (1982) h.ve
diseu••ed this point, con~id.ring the i~plication. of
ff~hildr.n'•• cianc." for toachina. As educat~ra, we
n.~d to knew what "children'•• ci.nce" is, and how it
~anif.sts it.elf.
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to put into the learner'~ head, to what May already b.
t.here. Explan..~tiona wh;;'chare not congruent with th~
accepted jcie~tific view have b.en terme
"misconception."1 "alternative conception.",
"AI ter'nativa fr.lmeworka"1 .amoftSothers. <The i.sau.of
terminolo$Y will b. returned to furt~er on in thi.
discu••ion.)
Children'. explanation. of a number of hanomena have
heen inve.ti;at.,d, .uch aa t.he P:III'.aIt "ody (Mintz••
1984): en.rlY <Sol(')mon 19~3;: natu)'..}l..utlection
<SrumbYI 1984): the part.LiQ .l:>del (Novick and
Nu••bauta 1981). 'thi. type of w.:>rk >a. provided
convincin ~upport for th. con.tructi.l.t view. It
ha. al.!4oflnabled .d~~a\·.ioni..t. to id.lntifya ~,umb.rof'
explanatory mode~ frequently in ~~e. Th••e inolude
e,oc1u\triam, animi.·l\, anthropomorphiam the lat,t.er
mainly in bioloiY.
Re••arch ha. a1ao shown that the•• "naive ide.a" of
pupil. (and others) are p.rticularly r••iatAnt to
extinction (Gil~ert .t .l 1983; Arnaudin and Minta••
1985) B:n,el,Clou8;h .t Al 1987). POlln.ret .1 (1982)
have argued that before there can be & conceptual
chan,., .o.e .ort of cognitive conflict mu.t exiat in
the mind of the lea~n.r in such a way that a/h. ia
committed to the reduction of thillconflict. A number
of educatora, including thoae working in the are. of
the particle mod.l (Nu.~baum and Novick 1982) have
AUl,.ated a variety of strategies which may help
pupil$/.tudenta to confront their preconoeption. in a
cri~ical way. Part of the work undertaken durin~ thi•
•tudy involv•• the u.e of ~.v.ral of the.e atrat.ri••.
To return to the matter of ter.inololY when di.cUA.inr
explanation. fo~ ph~nom.na with are not congruent with
accepted .cientific belief.. Both Abi1l'lbola(1988) and
Hill. (1989) have .valuated a number of the term.
prevlou_ly ~.ntioned. Il ia not the purpose of this
paper to .nter a debate on this m.tter', except to make
the point that when referring to th... idea., no
implioation of th.ir "inferiority» 1. intended. In
thia study, the term altarnative conception i. u.ed
when reference i. made to a .inrl. idea; while
alternative framework retera to a rroup of related
idea., or interlinked concepta. The word
miacwnc.ption ia ua.d when referring to a concept
previously d••cribed aa .uch in the literature.



!H~E~RII~~~tlQ~~bThis is acknowledged as an area of ~onceptual
difficulty, and has received attention by a number of
workers particularly over the past 18 years. This
discussion will refer to ~~~!£i~ Qf ih! ~Qg!l £2~~2nl~
~1.!.~!lg!.!:!t2Qg, R!!!u!!:sh !!!.~2 :e}.!,:e!!.!t !:5:,!:!g!u!:.:!I 1 irte
:5:!!Sh!!:!'£Qn£!a~£ ~£g'!:!i ~h! mgg!l and ~i!:~i!.~1.!.!~e
!.n£2~t!:~l!. £2n£!!~!:.!!!!1 £h~nol!"

~!Q!.s~i! !~£:l::h!.tle!:!!.!. £2mm2ul.l !11!!!!l4!'!:!'!:,Q24·Doran (1972) conducted a study to determine home of
the mi,s,:onceptionJlheld by elemel\tax-yschool (';hildren
with re.pect to the particle model. The test items,
of the alt.rnate response, pictorial type fr.sented
via motion picture fil~ ~.re used to i~entify possible
misconceptions relating to the p.rticl~ th~ory. Th.s.
includE":

M.attm'is continuous
The~. is no spacins between the particl.. of

matter
Natural phenomena can b. explained by a chans. in

particle siz•.
Natural phenomena can be explained hy a chan,. in

the number of pax-tiel.. (within a cDntainer)
The particles of matter do not move

!PS 129)
Much ev~luAtion in science (a~d ocher curriculum
arGa.J i. concerned with how much hAS been
accomplished. Doran arruea that teacher. should also
b~ H • concerned with what student. might not
have attained and why not.» and that di~inos\iQ
evaluation of thi. nature H could be an
int.i~al part of science instruction" (Pas. 136).
Aecordinrly, the pr.sunt study did includ_ procedure.
similar to tho.. u••d by Doran (1972) in a ~ci.nc.
methodoloSY cour.e.
The audio - tuJ,;,ol'ialap.px-oOlch,as a met.hodof .cienee
instruction w.. u••d by Hibbard and Novak (1975) in
elementary school claas~.. Int.rvieva as w.ll.a
paper and 'p.~cil teat. were u.ed to det.rm~n. to what
extent pupil. u.~d the particl. mod.l to explain
various phenom.na, like the origin of amelI. and the
diff.rene•• b.tweQn 801ids, liquid. and a ,as (air).
They found, int.er .1i&/ that although instruct.d
children uae a p~rticle model more effectively than



uninstructed, some
fully understand
.ver~d.y altuation.

instructad pupil.
the relevance of

sti 11 do
th. lUod.l

not.
in

locally,
Mod.l.
P'X'c.jQct
•ev.Ntl
{ramcaW'o'X'k.

too, work haa been conducted on the pa'X'ticle
In 1987, writing for the Science Ed~~ation
(SEP) , Bradley and Moodie alao identify
posaible miaconception .'X'eas in thi •
Th.... are:-

Mol.cule. have macroscopic p'X'oparlie.
Matt.'X'is continuous
Intermolecular (ore.. w.aken with 1ncre.ains

tetnplltratu'X'.
Molet;:ule..
Molecul4ta

motion)
Heat i:la

can be apli'",
..r. pauI.ive (i ••• have no inh.ersnt

.IIubat..nce

Several of th... concept. are aiml1ar to t.ho••
ide~ti£i.d by Doran (1972) in thQ Unit.ed Stat.a, .a
li.ted on the previous pas.. It ••• m. t~i'X' to aUHieat
that m.any misconception. h.ld by cliff.rant. pupil.e in
diff.'X'ent countri6. will have much in common. The
pr ••ent study ai~ to compare t.he finding. of previous
work conduct.ed el•• where wit.h the result.. obtain.d
h.r ••
R••• .a'X'chon how Q!U~.11.. unde'X'stand the particle mod.l
haa been conduct.ed for th~ laat 18 year., or long.r,
~. previoualy mention.d. Howeve'X', the conc.ption.
t.h..t. ~iroapect.iv. t...chllu....may hol d have not r.c.l ved
much r•••• rch at.tention t.o date. It i. hop.d,
therefore, that thi. work filla a lap in this resard.

~~e~l~'£2~£!e~!2!~h!f!t~~£l!~2~!1Novick .a~d Nua.haum (1918) conduct..d an interview
atudy with Junior hisn Achool pupil. in Iar•• l to
cl~terIld.n" the .xt.ent to which t.h. model v••
internali ••d after instruction. Th•• tudy w... limit.d
to the .tructu'X'. and b.haviour of ~Att.r in the
ga••ous phAS., the following five asp.ct. of the mod.l
coming und.r .crutiny:

A sas i. compo •• d of inviaibl. partiel ••
G.. particle. a'X'~evenly .cattered in any enclo ••d

st>ac.
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There is "empty spaceH botween the gas particle£
Gas pa~ticles are in int~insic motion - they II~.

n<'ltpuahed .&xt.Q~n.ally
When two dlffe~ent substance. int..~act t.o fO~M a

tti~d subst.ance, this reaction iB pictured as the
ff~oining tog.th.r~ of dl£f~rent. kinds of particles.

(P8" 274)

Several of the findings of t.his .arly wo~k are
relevant to t.he p~e.ent st.udy. Moat. of t.he pupil.
interviewed (60X) cC1sistent.ly uued II particle Model
to explain v~rious phenomena involving raaea.
R~w.ver, othQ~ asp~ct.s of +he model, tho ••
PQrtaintnr t.o part.icle behaviour under different
condit.ions - are not. internalised t.o the s.m. extent.

AIIplltctJIIof th. model I.aat Iila.imilat.d by the pupil.!&
were those MOSt. in diasonance wit.h t.heir .ensory
percept.ion of matter. TheAe a.pect.. are ~m~~~~R&S~,
in~~in£i£ m9.1iQnand in~!~~~~i2n Q.~~tnR.£~i~L.a.
The aut.horA conclude t.hat in Many instance., where
insufficient att.~~ion is given to diff.ren~ aspect.
of the ~odel in teaching prolrammes, the r••ult haa
b.en that. pupil' assimilate a distQr~ed particle
mod.l. They ft;rther SUSS.Ilt. t.hat the procedure. and
f$ndid~s of their study b. ut.ili~&d in teacher
training programme.. Th. present atudy should mAke a
st.~rt in this direct.ion.

Laterr the aame autho~s (Novick and Nuasbaum 1981),
cona ,~ted ~ cross a,e s~~dy on pupils· understanding
of ...he part.icul..te natt~r'e of matter. A pencil and
pap.r I!.!.:!l:. ~ee9.!::. e!l~i!.£!.!.! in !. @!.§. <:thE) WAS
dev.loped and adminjst~red to 576 pupil£/atudenta from
.le~ent.ary school t~ universit.y level. This was an
extension of t.heir previous work and aapects of the
Model inve.tis.ted £ncluded

Uniform d;~tribc~ion in a closed system
Con.tant. ~(\otl.on
Heat.ing Ana cooling CAUS. change in part.icle

mot.ion
1.i :{Ult: action is vi.wed • .11 a change i.n pArti('~l.

den1lly
Th~ylt' ia empty apace between the particle. In a



Again, aeveral o! the findings a~. of direct relevance
to the pre.ent atudy. For inst~nc., a uniform
distribution picture of saa particle. ia not retained
when t.he system is ilubJ.cted t.o a chan;e in
t~~per.ture. ThQre is some reluctance to think of
intrinaic particle molion and of empty sp.oe even
among university stuclents. Moraover1 $Oft'leof the
subjects, although accepting a particle model for
sa.es, draw continuous picture. for liquids. All of
the.. findings would augg••t that an incomplete
particle model is held by many pupils.
Novick and Nussbaum re.£on that " .•. cognitive
difficulti.s rai.ed by certain aspects are real and
are not. overcome by many older aubJecta." (Pa,e
194). In similar vein, Posner (.t al) (1982) point
out that» . few 3tu~.nts find their current
parceptions weakened by anomalie. »(pg221),
and that the creation of s2,ui~1~ts2urll~~in the
mind of the learner is a difficult task even for
.killful teacher.. This point ia particularly
pertinent to the education of elementary teachers
who.e e)¢:posure to physical "cietH.'.explanat.ion. and
models may not have extended beyond junior high
school.
The level of under.tandinr of some .spects of the
particl. model amon~ junior high school pupil. in
Eniland has been investisated by Brook .t al {1984l.
A sample of 300 pupils as.d 15 year., was tested
mainly by paper and pencil questionnaire.. Their
finding. support the conclu.ions of other resQarchera
that the mod.l is imp~r£ectly understood. Th.
inv••tisators report that alLhouih particulate ide.s
Are ~sed by over SOX of the pupilsJ there i. strong
evidence to SUiSe.t that not all el.ment..of the model
are fully compreh~nded. Similar flndinss with regard
to the concepts of the mG.i.lamons ••cond.aryschool
pupils anclund.rsraduates in JohAnneaburs are reported
by Bradley (1986).
Dow .t al (1982) have inv.at.i~ated children'.
particulate ideas when describing the three atate. of
matter. Nearly 1000 Scotti.h 12 to 13 year old. were
asked to draw diagram. depicting the charact.riatica
of particle. in typical .olida, liquids and g•••••



Although
particles
anOmali{UL

most. of the
in t.he three

students' drawings showed
.tates, there were several

No movement in the solid stat.e was intiicat.Qd (33X}
Molecular diam"'t....r dec{'e.s•• fl:'omsol id t.o liquid

to ~1l. (501.>
Ne.a sepArat.ion of particles overestimated in the

liquid phase and underestimated in the gas.oua phase.
This laat was a feature ~f the majority of t.he
drawings (no figure. liven).

(Pg. 148)
In several studIes of this nature, as reportect by
Driver (1985)1 t.here ia, in addition, a st.rong
tendency to transfer bulk prop.rtie. of matter to the
micro level. Pupils talk of particle. HmeltingH,

"expanding» or "getting hot~. Result.s of a ~tudy
conducted by Osborne and Cosgrove (1983) al.o suggeat.
t.hat. althouih many older pupils use the term.
Hmol.cul." or "part.icle" in explanation., they often
do .0 in confused and contradictory ways.

An inquiry into .tudents· perceptions of .t.ate change,
similar t.o the work conducted by Dow et al (1982) was
conduct~c du~inl t.he cour.e of the present
investigation. (S•• Appendix 6). The findings of the
ex.rci ..e will be mentioned when the results are
diI&cu.lulled.

Followint from the work of Nvvick and Nussbaum (1981),
Stavy (1988) inve.tigate~ pu~ils' uncl.r.~andir.g of the
tarm ,.aas" • It w... l,'ound that, in re.cponse to
questionA about gas •• , reierence to the particle mod.l
ia Ma~. by pupils in tho older aie groups only, i.a.
ab~ut 1 2 years after the mod.l has b.en taught.
Before thlitn,t=1l1pilsuse (I Vl'tryday,common8~nsae meaninga
of the word.

Stavy (1988) point.s o~t that pupils' knowl~dBa .nd
understanding of the mod.l is fragmentary, and that
pupil.. use ths mOdel differently acrosa ditferent
contexts. Although, ~ft.r instruction, many pupils
usa. particle ideasa to deacribe the ~tructurQ of ga••s,
fewer us. the mod.l in terms of liquids .ncl salida,
and even rewer when di.cussing evaporation. She
advise. that pupils should 0. given the opportunity to
confront the notions of identity of subst~nc~,



identity of particles and conservation of number of
particles.
The .~m. author (Stavy 1990) investigated children's
conceptions of change of state from liquid and aolid
to gRa. Although much of her work involved
conservation of matter, certain of her findinga
provide further evidence for the contention that the
particle model i. not completely internalised by moat
learnera. For instance, aome of the children .he
interviewed claim that "... den•• particl•• ar.
heavLer thAn rare particles". (Pag.259). Clearly,
the pupils ar9 A$cribing bulk properties of matter to
the unit. of matter. As Stavy intimate., the particle
thoo:'y has not.b~com. u••ful for t.hemajorit.yof t.he••
pupl s because in becomins adapted t.otheir own prior
concnptions, it. has lost. much of its explanatory
purpose.
It i. not. sufficient merely ~o identify the problem.
encountered by purll. (And others). On a mOre
pract.ical level, t.here is a n••d for r•••arch which
investisates waya of overcoming the.e difficultiea.
As previously m.ntion.d, the co~structivi.t. approAoh
to learning provid.s t.he t~acher with valuable
insi~ht.r int.o how pupils <and others} perceive lh.
world -.nd in ",hat.way. at.t.empt.sAre lUldeto e;)rplain
natural phenomena.

Iit~~hlD.a ~~r.A'!t.9tgli.a ~Q t:Sl:'i:.tr. ~~n.~!.2.&1\1l1~h!1n"!.Havins pinfointed the aspecta of the particle model
likely to b. misunderstood, Bradley and Moedi. (1987)
make a.v~ral sugg••t.ions for demonst.rations and
laborat.o~y based Activitiea so that. t••ch~r. can
a.~i.t pupils in overcoming t.heir preconception ••
T~acher. a~e in A bet.terpoaition to do this if th.y
are clear in t.heirow~ mind. what t.hemodel do•• and
do.s not. entail. The present study ••ek.1 therefore,
to d.t.ernu,ne at t.h<:'tpriiularvic.at.ase what.concilptual
problem. are faced by potent.ial acience teacher.:
Swartz (1989), haa alao pointed out.t.hat.t.heway t.he
part.icle model is t.au,ht.oft.en leads to arroneoua
id6a$, H~ reminds one t.h~t atomicity ia not an
obvious con~ept, and t.hatextreme care must.be taken
when mod.ls of this nature are presented to science
classe£. Ind••d, as Nussbaum and Novick (1981)
suggest., i~ ia preferable not to Rr.~~!'Q~ .uch models
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to pupil., but to ~tructur. the learning activitie. in
a different way as described below.
According to Ausubel (1962), for meaningful learning
to occur, the learner must be an active agent in the
construction of knowledge. Widick (1969) has made the
point that since elementary school children do come
across the terms 'atom' and 'molecule', they should b.
given the opportunity to become familiar with the
particl. model. He susS'ests a Humber of:ways whereby
••pects of tte mod.l could he introduced, even at
:primarylevel.
Nussbaum and Novick (1981) make the point that in the
course of instruction, diagrams and atandard text. are
frequently pru.ent.d to pupils, with little more than
acceptance being required of them. It i. possible
that .&Icientif:Lcmodels arlitb.tter internaUsed if the
learner playa an active role in "inventing" auch
mod~18. The~e authors sUIS••t a method of improving
in.truction and report a ca.e study where pupils of 12
-13 yet.llr.sWeNt g.iven t.he opport.unit.y to creatlta
particl. explanation.
l?u~il..w.r-e pr••ellt.d with an "in.tanc.1f

- that of a
fl.llllkof air, lIom$ of which wa. removed by an
eVAcuatins pump. Pupila were t.henrequired ~a sketch
diagr_ms of the air in the flask before and after
evacuation. Both continuous and di&continuoua models
were offered by the pupil. and pros and cons of the
various explanat.ions were d.bated. A neW .ituation
(compre.sibility of air in a ayringe) was later
introduced to challen!& exist.ing ideaa and to
facililatQ accommodat.ion.
Nussbaum ~ncl Novick rscord th$ aucc~..s of thia
approach .a pupils, when confronted with the phenomena
described, f"lt the need for a theoretical mod.l which
included the notion. bot~ of di.crete particles and of
empty .pace. Of equal import.ance i& the reportltd
enthu.iasm ienerat~d amons pupil., and th.
under.tanding of the value of ..cientific models in
explaining natur.l ph-anomena. !h..particle model thet,
become. a tool, and not something to b. learned for
examinations. This type of ex.rei •• could also So
part of the way in h.IFin~ petopl8 underatand the
nature of aci~nce as a human conatruet.
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Simila~ types of debating exercises in
concerned with tr.e particle model are
h:ntzea (1984) and Eaton et al (1983).

area.s not
reported by

Wheeler ~ncl Hill (1990), remind us that science
constructs ~~ represented by diagrams and models are
confusing for pupils. C&rtain textbook diagrams on
change of state and .olution formation may fall into
this category. They go on to suggest that »An
exc.llenc starting point ia ~imply to give
student. the opportunity to crfi'ai.etheir own diagrams.
" (pg. 63). As the creation of explanatory diagrams
is an integral part of teaching methodology, this
opportunity wa. provided to the student teachers on
several occasion. during the course of the present
work. The..e non-verbal explanations created by
individual students are discussed further on.
Nussbaum and Novick {1983} in Nu~sbaum (1985) -
conducted case studies on individual pupils in an
attempt to monitor conceptual change during the course
of s. teaching unit (10 les$on.) on ~ha p~rticl.
model. Th. unit focussed on the sa.acua pha.e and
le••ons included the ».vacuation of air from the
flask" and the »compr.ssion of air in the syringa"
aitustiona Nussbaum and Novick 1981, as reported in
t.he pre.ent. study on page 24 1; .ti\$ WQll aR g.aJ.:.O<lS
diffu.~on and odours, expansion of air in a closed
systam and other~.
The r•••archers, in refer.nca to th~ir findingsl also
SUII.st Css do.s Stav~ 1990} that b.causQ pupils are
unwillir~ to Jettison their prior conceptions! they
.ssimi!~t. new information onto the Qxisting
framework, thereby Con&tru~ting a mix.d conception.
This c.rt.ainly appears to be so in .everal of the
C.£~d reported by Nussbaum. ~hen the work of their
pupils is ~xamin.d, it is clQar th~t many of the
children cling to some preconceptions, while alt~rinl
others. The .G~~~ studi.s of the pres.nt vork
represent similar attempt. to moni~or conceptual
change among groups of stUdent teachers.
It is to a+ud.nt te&chera and their conceptiona of the
$lructu~& of matter th~t thi discussion now turns.
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Although Nussbau= (1979) reports work conducted on the
diagnosis of student t••chera' conceptions of aspects
of +.he ps.rt.iclelI\odftl,there has b.en litt.ler••earch
into the concept.ions of the par~icle model a.ong
el.~~ntary teacher t.rain••a. Glasson and Teate.
{ 198 '7} J rltport.a ~tudy wh&reby the a 1t..rnative sci ence
conception. of pre- and in-service elementary
teachera, novice science student. and secondary
acience m$thodology students were .xamined.
The author$ developed an in.tru~ent to measure these
.1ter~'\ativ~conceptions, comparins the developmoQnt of
phya4cal science constructs of the different groups.
The ~tudy did not focua entirely on the ~article
model $ alth,'::!ughseveral of the multiple choice
queation~ did pertain to this concept. It is clear
from the result. presented, that problems wit.hthe
model were experienced by all the group~; the
achiQv.~.nt of elementary teachers being Cause for
conce1'n.
In the wo1'k by KrugQr and S\tmmers (1989), mentioned
prqviously, in-depth interviews were conducted with
prima1'Y school t&achers. Varioua chang~s in
materials, pictured on cards, were used to introduce
an instance of the particular conc~pt under
investigation. These included steam on _ cold window
pane, a glass of iCQ cubes and sU8&r dissolving in
warm water, amona othera. These mention.d are similar
to investigations Df the pres~nt study.
The inadequ~te aci~nQe b~ckg1'ound& of many of th~
teachers lA well illustrated. With particular
~Qf.r.nc. to the parti~l& model, Kruger And Summers
found that f.w of the teachers inoorporated the notion
of molecules in their e~planalion., many appeAring to
hold continuou.$ views of matt.e>:'.Cet"tain of t.hemhold
views of water vapour $S pa1'ticl~.$eparated by air or
of t iq~.\idw.f.-erpIU$ .ad r-, Som", ew conden.ati on .as
the result of chemical chan,., or of .individual
part.icles becoming heavier or den.er. Difficulty was
also experienced with the l~sk involvln~ the formation
of a au~ar aolution. ~~veral ~eacher. saw this
solution formatlon as an Ino1'ease in the number of
chemical bonda or a~ a decrease in the ai~e of su~ar
part.iclea.



CleArly, urg.n~ considerA~ion mua~ be ,iven ~o ~h.
many pre-service and in-service .l.me~~ary t••¢h.~s
who do no~ yet posaeas basic underatanding of naturel
phenomena which are diaeu.llUlsda~ pri•.ar;ylevel. One
of the first steps in this dir.c~ion ia to identify
where the gaps in their cognitive structure•• xist.
As Osborne and Cosgreve (!983) put it, we n••d
» to actively search for pupil.' view. and to
attempt to design teaching which builds on, rather
than i rnON •• 7 such viewat." CPS 837).
The aame is no
teachers, which
inve.llltigate.

1es.8
the

true tor the view. of student
pre.ent study s••~s to
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3. r!:!~ .H!!r!~& ~r!!~X

3. 1 eR~~tl!:1t~

This study, undertaken during 1989, was initiated for
a numb· r of reasons. Chiefly, it was felt that A
study of ~hi. n~ture would enable one to determine the
level of unders~~nding (or otherwise) of the concept
a~ong groups of student teachers and would also sevva
t() test. the in:st.rument - .!By t.hat improverMmt.s could bill
made if necessary. As it happened, the study proved
to be of value in bot.h these areas and also emphssised
certain aspect.s which W9rQ of particul~r int.erest and
could be investigated during a further study.

3.2 ~!£!!iQ!!S
SAMPLE
The sample consisted of two major subsamples, divided
as follow!!.
The fi-r.IJt.subsamp!. consisted of 63 '\"hi-rdyear student.
teachers c~mpleting a diploma in seni¢r prim4ry
education (H.Dip.Ed.), Of these, only 22 were
current.ly regist.ered for the Biolo~y cou~Se at t.hird
year coll~g. level; the remainder having .elected
other major courses ~f stUdy 1ik. En~lish, Afrikaans,
Zul u , Hi..t..o1:'~, Geol!!"l'phy. None of t.hese student::1&
study Physical Science at t.he Johannesburg Coll~ge of
Educ&t.ion {JCE) as it ia not off.~.d &s part of their
curriculum. The Biology maJo~s a-re the students who
partiei~at.d in t.he case studi~s later during t.he
year. Fur~her, of th~se 63, 15 had stualed Physical
Sci~nc. to $tandard 10 and 30 had studied Biology ~o
st.andard 10; th. -remainder had dropped these ~C~ ~l
subJect.$ in standa~ds 7 or 8,

The second subsample consist.ed of 68 fou-rth yQnr
student. in the final year of a Bachelor of Primar~
Edue.tior. degree (B.Prim,Ed.). 28 of these student.s
had elected t.o complete the science met.hodology
COUNilQ, wl4.1e the :rell'laind--rWEH"e mONT or less oqually
divided Lqtween Histo-ry .LOndGeograph;}' tl'l4ltt.ho.lolo~i.s.
Of t.he 28 in the scienoe methods oourse, half w~rQ
Biclo8Y maJors. PhYSical ~ciQncG ha~ reQently been
included as ~n opt.ion in ~h~ B.PrIm.F • curricvlum,
~nd two students in th~ study we~e ~~mpletini this
cour&le.
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At. this point, i~ become. n.~es.ary t.o clarify aome of
t.he major .imilaritie~ and differenc.s botween t.he
courses follOWEd by the st.ud·nt.s of t.he t.wo
subsampJ.s. Tte diploma students are obliged to
c "plQ'te the science met.hod",logy course, which takes
pl*,ce over t.Woll !:lemfolster~,O!l'i lor the Physical Scienc~
COMpOr. -t and 'me for t.he Biology component.. Each
component. lasts one aemester (of approxim~t.ly 12
we.ks) and there are two l~cture periods per week.
The aecond sub~ample, the fourth year d.8r •• student.,
~r. allowed to «.lect. t.heir met.hodology course.
necause t.h. numbpra are smaller than those of the
fir~t sub.ampIE, t.he cours. is taught over lhe t.wo
.emeslers by on. p.rson. There are lhree l.~lur.
perioda pe~ w",.k, "'0 t.h. courSie ia aOAultwhatmore
int.ensive than the diploma course. In addition, the
Fhyaical ..cient~. and Biology compoMmts are taught
concurrent.ly ra'~h.u'than con.lutcutively.
For conv.nlenc., t.he first. sub.ample will b~ ~eferr.d
to ~a it2BR A ~~d the s.cond .s gt2BR ~.
Several a.p.ct. of primary sci.nce (both content. and
t.eaching &t.ra~egie.) are of n.c ••• ity d.alt with
durin& t.he &.n~.t.r cour... <Se. course outline
below), For t.he purpose of clarity, hQw~ver, only
tho.. ..pect.. of t.h. cour •• pert.inins ~o the particl.
mod.l are explained or repr ••• nted in anI d.~ail. It
musl h~ emphAsi.ed t.hat. this i. not. to imply t.hat
during the ccu~ •• , the other ••p.ct. were underplayed
in any way. Thus, for examplei handout. were
frequently provided, and .tudent. were often Biven
work t.o prepare at ho~e, but only t.hoSQ of direct.
cons.equence 'to the pre ••nt .t.',Idyare mfi!otloned.

GROUP A - 'tHIRD YEA? DIPLOMA SrUDENTS
WORKSHOF
1.
2.
3.
4.
5,

CONTENT STUDENT ACTIVITY
Gctn.ral OrgAn i.eat.ion

6.

!;.ftltt y
.::attlulatiooa
Paid ...and Ba•••
Wat.r - 3 .tat.e.
S.lf Study L....on Freparation.
U.·u,. of Wat.er
Microt.eaching

7.
B.
9.



page t.hirt.y

GROUP A - lHIRD YEAR OIflLOMA STUDENTS
{Cour$~ outline continued)

WORKSHOP CONTENT STUDENT ACTIVITY
10.
11.

Water a$ Solvent
do Plan investigation

16
17

Prop.rt~ea of Air
Combust1.on
Air and Flight
Hot Air
Ballaon. Diagrammatic Explanation
Fe.dbaok Reoeived handout
Atoms and Molecules Vi~wed videos
Chemioal Change Compl.t.d w/sheet.
Preparation fer School Experience .
Re.ubMi••ton of ·'Hot.Air" diagralU
Sci.ilce Fair
Stat.ic Elect.ricity
Method. of Tabulatlng
Investigat.ion./lnstructions
Ei:tect.llof
Heating Prepare instruction.
Conduction/Convection/Radiation
Final Test (Open Book>

12.
13.
14
15

18
19
20
21
22
23
2·l1

25
26

The courae ia allocat.ed 2 single periods per week.
The outline therefore refer. to t.hework conducted
over 13 we.k•.

The methodology cour•• undertaken by the a.Prim.Ed.
students included BioloS) and took place Over 26
week., (78 workshop.). M~ny details are t.hus
irr~l.v.nt to the prasent discus.ion, snd will not.b~
outlined her.. It ~hould be noted, however, that the
surv~y t.st t.ookplace during the first.week, te.t on.
during the tenth w.ek and teAt two durin~ the
twentieth week of th. progra~m•.
TESTING PROCEDURES
SubJe~ts' knowledge and under.tanding of the particl.
Model were inve.tigated in a number of diff.rent way.;
e~ch of which r_lat.d to an a.pect of the probl.~
und.r review. A lO-item questionnaire va.



page t.hirt.yone.

admini~t.ered t.obeth subsamplas before t.hemethodology
c;cursailbegan. Ou\-ingt.heyear aome st.udent.sproduced
t.eaching mat.erial~ which requir.d an und.r~t.anding of
t.he mod.l; some wrot.. "open hook" t.at. which included
a single multiple choice qu...tion related to the
tilodel.
A limited cross ag. st.udy of school pupils'
understanding of the model wa~ also ccnduct.d during
t.h. course of the year. Thia wa~ made possible since
wh:le the initial study was in prograas, the st.udents
were required to vi~it local achools a. part.of their
"teaching .xp.ri~nceH requirementa. A number of these
&tudent teachers ~er~ able to administer .iii. qu.stion on
the particle model to the available scheol pupils in
their care. In thin way, a $uall cross - age study on
2!:! i1!-' conc.p~.ion.s of the partiel. mod.l w....
conduct.d.

The particle mod~l ~~~.! ~. not in the primary
£1>..'1001 science .liyllabta,but a..ar~u.d previou.ly, an
und.~~tanding or the mod.l i. ne.ded to explain a
number of phenomena which are atudi.d at.eleMentary
level. Thi. in.~rument (S•• Appendix On.), was
d.sign.d to teat b•• ic understandin" of several
~.pect.a of the model, pArticularly tho•• which have
direct applicability ~o the primary school science
curriculum. For this reason it was decided not to
include que.tiona pertainina to solid. which a~e not
Atudied in the primary a~hool pha.e.
Th~ aapecta of the particle modQI with which thia
atudy i. concern~d are AF follow.:

Psrti~le~ in A ga. Are uniformly diatributed in a
clo••d .syatem.

There are &p.ce~ between the p*rticl.a of liquid.
and aa.e.

In s clo.ed sy.tem, th~ number .a well •• the aise
of particl•• remaina constant

When a ga~ ia compr.....d, the pArticl.. move
c 1O.li""H' tog('ther.

Liqu~faction ia viewed aa a chAng. in particle
denSity
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Hea~ing a syst.. c&n cause .~ang.s in the
distribution ~f partlcl~s.

Expan$io of liquid. and Ras~a (caus.d by h••tinr)
does not alter the size of particle•.
Xt waa decided that th. instrum.nt .hould have a mix
of multiple choic. and op.n re.pons. type questions in
order to co_pare some of the response. to similar
que..tions. <S&8 Appendix i.}

Each qu••tion has dir.ct relev.nce to the primary
achool .cience curriculum, and many of the
inve.tigation. depicted are standard exe~ci.e. to be
performed by the pupils. The atudy, then, wa. not
only aimed at identifying .pecific alternative
concept.iona, but. wa. al.o an int.egral part of ..
met.hodology cour... It i. hoped that future t.acher.
of primary science will benefit from participating in
such an exerci•••
Qu••tion One
The inv••tigation i. appropriate to the primary .chool
cOre syllabus where the Eff.ct. of H.atl Expansion ~nd
Contraction would be .tudi.d. An .cc.~t.bl.
explanation c.. oppo••d to a ~ero description) would
involve an increa.. in the kinetic energy of th&
mol.cule., incre... in movement and con••quent
incr.... in volume due to incre.~. in apac. b.t.ween
mol.cul.c. A fUrther function of t.hiaopen - ~nded
.;ru..:...tion "'....t.od.tern\ine whet.heror not the .t.ud.nt'.
mAntal rra~~work would l~ad him/her to a parti~l.
explanation. Th. que$t.ion i•• modification of one
develop~d by Gla••on .t .1 {19SB),

Que.tion Two
Thi. que.tion prob•• the u•• of the pArticle model in
term. of !~!~~i!~~i~~~i~~of pArticlea un~er
different conditions. Ther~ i. no .pecitic
investigation pertinent. to the primary .chool Mci.nce
curriculum, but it i. u••ful in te.tin, the ~i~~!n&l!
und.r.tandina of t.he concept.. Que.tiona .imilar to
this hs.ve been H.ed by r••".rchers .ueh •• N'aviekand
Nus.baum. <19S1} ala••on .t al (1988l and others.
Qu••tion Three
Thi. que.tion i.
.ciQn~e .yllabua
~[f!£~! 2£ ~!!~i~'

al.o appropriate to the prim~ry
with particular refer.nce to

(Expan~lon and Contraction ?f



Gases}. As with the first queslion, the diagram
depicts a commonly used investigation. A full
explanation of the phenoMenon would require at least
some use of the concept of particles and the
que~tion provides the opportunIty for the subject to
demonstrate the level of his/her comprehension.
Qu••~ion Four
As mentioned preViously, this question deals with
expansion of &a.~.; aa doe. numLer three. The
inv••tig~tion ia a~.cifically mentioned in the
.IIIyllab',A$and is therefore MOSt. appropriate to the
primary school tvacher in t.raining. Here, the subject
is required to provide a non - verbal explanation or
repre.entation specifically in terms of the behaviour
of parlicle.. A.pect. of t.neMod.l required would
include number, si.e and distribution of particl••
before and after heat.in~. As this que.tion has be~n
used by Novick and Nu....baum (1981), .andby Gl....on .t
al (1988) in multiple choice format it was f.lt that
intere.ting point. of comparison could be noted.
Q'J •• tion Five
Thi. qu.stion is of lntereat .a i~ provide. c~e of
many examples of how the biological ..cie~c•• rely on
the physic.l scienc.. for adequ.t. ~xplanation. of
various ph.....(;')M.n.. It was chosen not only becau••
the .xplara~ion has rel.v.nce to the particl. model,
bul:...Qlao becaua. (as the pr.ample to the que..tion
st.atea~r the apparatu. i. frequently used in school.
a. a d.monstration. It i. almost ~& fraquently u••d
incorrectty, by the d.~on.trator blOWing into the
ala.. tubIng, and al~~at never i. the notion of
pr....ur. and volume u••d in the -xplanation. Thu.,
altho~rh the de~onat.r.tion i. not part of the I;lln~l
syll~bu.., it would be used with pup.l. in Health
cl.~~c~, in standard three.
Th_ mov.mentL of the thoracic cavity dnd con...quent
filling and emptying of the lunr...imply illustrate
Bo~l.'s taw. At a meetida of p~im.ry ..cience teacher.
during 1988, the th." .1n.pector for thi. eurriculum
are., Dr. J. Papen~u., used the mod.l to explain to
participants the ~elationship between pressure and
~ .ume Rnd commJnt.d that h. was aware of ..l.~k of
t 1 "o't~'standing.-M.:lngmany t",acherSl. This lack of
under.tandin, i. not altogether .urprising, ,iven the
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limited Phy~ica.l Scienc& background of the primary
school science t.acher. It.was therefore felt.t.hat
t.his question provided many point.sof int.erest.for the
identificat.ion of misconceptions.
Question Si:~
This quest.ion, too, is conc9rned w:th the behaviour of
gas particles under differ.nl 'ons. In t.his
inst.anc., on. is not disca...f.d'\~ 'H. ;'ctll of heat.i"lg
(us in quest.iona three and fou,.:t but t.~.effa~t of an
incra.s. in _Itituda. H~rQ, the .ubJ.~t is r.quir&d
to select. the mn.t appropriate ~~£e!l.xp11nat.i~n in
terms of the particle model.
Que.tion S.".n
Wat.er, AS Ii topic is .tudied in primary schools from
st.andard. two to four and t.hewat.ercycle is mentioned
iL .tandard three, although an understanding of t.he
proc..... of melting and fraezing, .vaporation and
cond.nsation, would clearly be of value during the
entire primary science course. During previous
exp.ri.nc. in t ••chinS pre.ervic. leachers, it wa.
not.d t.hat many p.opl. u.e the word Hcondensat.ion»
qult. glibly without fully understanding what the word
imp~iea. It. i. of intere.t to note that in thia
inAtance one is focus.in~ on water vapour becoming
water in ita liquid form - a more .xt.~.meCAS. of the
effect of heatin! (or cooling) on g ••••• a di.cuaa.d
under qu••tion~ three and four. Thi. que.tion,
adapt.d from a number of .ouree., ia dealaned to probe
the l.vel of under.tanding of particle behaviour when
temperature i$ de,r.&a~d. A similar que.tiont in
Multiple choice form4t wa~ used hy Gl•••on .t.l
n ssa i .

Qu~.t.ionl!:iaht.
One of the obJoct.ive. in the primary .chool cor~
syllabua ia stated that through inve.tigation, pupil.
will know t.hat.w..rm air ri...... Indeedt thl.a i ....a
~h.nom.non that moat people will get to know, if not
through lnve.tisation then aimply through interaction
with their .nvironme~t. It Ie argued that acienc.
t••chera ne.d to b. aware of the underlying reaaona;
and the part.icla model provide. useful explanatory
poW'tltr. F"lIrt.her,the Qi'xpl.anationreli...on the notion
of parlicld den$ity. Den.ity it.elf being a poorly
underAtcod concept CHew.on (1986)J, the que.tion hAa
potential for the identification ~nd remediation of a
number of misconcoptions.
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QuelJtlon Nin ..
Primary 5chool pupils are alao rQquir~d t~ bQ awarQ of
th~ compressibility of air and the use. ~ compressQd
air in everyday life. The question investigates
wh&ther the student will select a p~rticle or
continuoue model far use during explanation, and
whether the scientifically acceptable view at particle
behaviour will be Ch02Gn. Nussbaum (1985) reports a
similar exercise which enabled 12 year old pupils to
"invent" the parlicle model. DorMn '1912> uses
»before- and nafter" diagrams illustr~ting compression
to help cupils understand this aspect of th~ model.

Qu...t..ionT.r
Solution [ermation is dealt with under the general
topic of H!~.t, in standard four. Many of the
substance. around and within ua ar. solutions and it
is Importa~t for primary teachers and their pupils to
understand ~hat ia involved in forming a solution.

A simil~r ~ueAtlon, using the ninterv!ew - about -
instances" t.ch~ique, was posed by Kruger and Summers
(1989) . In thcd'!!'case, a diag'!!'amdepi cting ..uga'!!'
being added to wa'!!'mwater and the mixture stir'!!'edwaa
pr••ented ta their .ampl. of primary teacher... The
te.chers were then a.ked several que.tiona about the
formation of th•• olution.

The question u£~d i~ the pre.ent ..tudy is.fairly'ope~
ended, and invite. the subject to represent in an

appropriate way, the b.haviour of .ugAr ...nd water
during solution formation. Pa'!!'ticl.. are not
specifically mention.d, 50 thia que.tion asain allows
one to gAuge whether the student t.acher chooses to
Use a particle - bdsed expl£nation. H••ulta from the
re.earch ~onducted by Driver (1985) with t•• nage
childrqn, would 'n~icat. that the whole concept of
solution tormati\.),;ia not w.:~l understood.

The reliability of t~i. in~trum.nt was estimated ~? ..
..pI it-half determination. Total corrected
(Spearman-Brown) t.at reliabilitie.. for the two
subsamples were:
Group A = 0,93. Gt-oup B ::.-0,81.

£. g.!!! §~!:!'9.!.!e.

A. a result of the responses provided by the student.
to queation ~Lght, it was decided th4t further
inv.sti~ation would b. 0f interest. Duping a
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workshop which forms part of the methodology course.
the following GXQrcis~ was cnrried out with Group A
students. They constructed two identical pap~r bags
and suspended them from eith~r end of a m~trQ stick,
moving them until equilibrium was reached. A lit
candle was thAn placed beneath one of the packets
which eventually rose. Students readily identified
the principle in question; nam~iy that hot air rises.

The stud.nt~ were then asked to go away and prepare a
diagrammatic explanation of the phenomenon in terms of
the behaviour of particle •.

These diagrams Were examined and comments and
questions addr.s~.d (in writing) to individual
students. On return of the paper£, _ seneral
discussion was held about particle behaviour, two
video films on ~i~m!!~£~£l!£~l!!and £h!mi£~l£h!~g!
were shown, and the students were invited to resubmit
their .~plaoations 'th appropria~. improvements.

During the course of the year, students write one or
two »open book» teat.. The.e provided a further
opportuaity to Investilat~ ~he student's ability to
use the particle mod~l in a new situation.

Question One
This question (S.. Appendix 2) is identicAl to ooe
used hy NU$sbAUI~ in a cross-ao. study in the USA in
1982. (s•• Nu~sbaum 1985).

Quest~~n Two
Students were asked to draw a diagr&m representing the
change ~f state of water from solid to liquid or
liquid to gas which 111ustr~t.d the behaviour of the
p~rticl.s. In the study conducted by Hibbard and
Novak (1975) f pupil£ vere asked to draw di~gr.ms
repres.nting the thre. slate. of matter aa ••• n
through a VERY powerful magniCyins glass. Cpg 563}.

Q~&stion ~n. was conducted with both groups and
question two with Group B only.

During the course of
the schools for their

thQ ywar7 the stud.nts went to
annual "school experience»,
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whero they would have access to a variety of school
pupils of different ages. As it is standard practice
to set rGlevant assignm&nts during such times, it ws~
felt that th~ students would benefit from further
consideration ¢f the model, but in s different context
and moreover in a school situation in the role of
teacher.
The student teachers were provided with a number of
questions, one oE which pertained to the particle
mod.l . (See Apper.,::ix 3.) As.can be seen, it i.IB a
multiple choice variation on question four of the
instrument, and therefore similar to ~he questiona
used by Glasson et al (198B} and by Novick and
Nussbaum (1981). The diagrams for the alt.ru.tive~
re~resent various distributions of particles in flask
and balloon a!ter h••~ing. As such, the situation in
que.tion refers to the expansion and contraction of
gases dealt with in standard three, thus one may
fairly reasonably conclude that most ~upils (with the
excaption of standard twos) would have encountered ~
similar set up during the course of their science
education.
Several change. Wer~ ~adQ so that this question was
not quite identical to t~os. produc~d in ~he studies
previ~usly mentioned. Fi~st, this queation p~ovided •
"Bltfore Heating" pict.u:r'~.so~hat.adequate comparisons
could be made by t.hGpupil.. Seoond, the particl••
were drawn as rings or open circles so that a chanle
in part.icle 8i2e could easily be rapre$ant.ed.
Students were ~equired t.o ••k their pupil~ this
multiplu choice question and analyse th~ rAspon.as.
The correct answer was provided, and students were
furt.her expected to discuss (in \/riting) how best to
tEach the concept to their clas.. They wer~
instructed not lo teach this particular content area
in order to avoid disruption of the school programme.
Although the pupils were scattered over diiferent
schools, it is not suggested that this represents a
random sample of school pupll~; clearly it ~ .~s not.
The groups may not be comparabl~ as some schools are
over represented, and others under - repres~nt.d.
The majority of the schools in question wera TED
schools, mainly on th~ WItwatersrand, catering to the
oaed,c;<:if the "whit." population group. N.verth..ele!u.,



quite a large s&mple was collected (about 800 pupils},
and it y1ss felt thaI:. the reaults would be of il'lt,erest.
and would indicate whether there was scope for furthe~
study.

EVALUATION OF STUDENT RESPONSES
1• Sld.!.!ht9.n.!l!.!.~!.
1.1 Multiple Choice Que.tions
The distribution of responses
calcul&ted a$ a p.rcent~ge in
with the results. One mark
correctly sel.~~nd answer, AS
~emorandum. :See Appendix 4),

to each question was
each caae as set out

was awarded for each
shown on the ~arking

1.2 For the open ended questions, each was hsndled
differently, according to the responses by the
st.udent...and also in tEH'msof the conaept. involved
and the aspect.s of the part.iclemodel under review.
S.. marking m.morandum in Appendix 4. The percentage
di.tributinn of responses to each question waS
calculated and will h. diseussed in the following
aeccion. Each stuclentts individual score out of a
total of 25 wa. record.d for analysis and will also be
r~fe~red to furth~r o~.

2. Ca.~ Studies
The.;--;.;;;--;;;:mined individually for correct us. of
the model. Before and After int~rvention diag~ams
~er~ examined for signs of imp~ovemQnt.

3 • !!,~~~ld.!!~lg!l
The distribution
analysed aa for
inatrument.

of answ.rs selp~ted by student. waa
th. multiple choice que.tions of the

4. !:!!E,!J._~l;lr.~~:'l
The d~.tribut..ion of
.t.nd~rd by standard
question•.

pupil.' respons.s was iAnalysed
- .lao as for the multiple choice
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QUQst.ion OnE;
la. It was n~t.Qd what. was stated by the subJeot.
(Wiry lit.tle va:ds.tion in answers .as mo.t of' the
students (95%) wers aware that the water level would
ria.)
lb. R.spon.s.~ seem.d to fall into five major
c~t.iori.a, namely

I. Full explanat.ion incorparatins the notions of
hent, kinetic energy, increased molecular movement and
consequQnt.. incre.so in volume due +.c inc:r(lt.aaedint..r ....
mo!eoullllr .!Bpace.

II. Partial explanatien which mentioned
"particles" or "molecules" and incorparatins .!Bomeof
t.he above concepts corl'ect.ly used. These IIlnswerswere
rather more $uperficial than the rr~'ious cate~ory.
(Th. relS\t.ively .mall SlAmpl. size l\d not allow
f~r~her Aubdivision)

III. An explAnation whioh l'IulIntioneL,'an incrfu'ur.e
in particle siZQ as the factor reapo.dbl. for an
increase in volum ••

IV.
d~.5iIcr.:!.ption)
model.

An explanation
which did not

(little more than a
incorporate t.h~ pArticle

V. An explanation which involved the 10SR of
water du. to evaporation.

VI. Other a~tempts which war. impossibl~ to
cat.gorise, as well as no answers and »1 don't know.",

The distribution of these response. is se~ out in Fi~.
1.

From the data, o~e can SQe ~h.t Most students w~r.
aware tha~ water expands when h&stQd, ~nd ~hs~ th~
level of water in ~he capillary lube world rise. Th~~
were aware of the ah!ng!!n9n, bu~ v~ry few were Able
to provide a scientifically acceptable .xpl~nation for
the phenom.non. Some ap~ •.~ntly had an id~a ~hat it



has something to do with "ener'\'iY" and others may well
have been awarG that wat~r molecules have a role to
play; but it would appear that generally, the level of
cornprehen.Bion was superficial.

r
% I)Ia.tribvifl:rh

t.
t
r

I
30

20

10

Filur~ 1. (Question One - lnitial study)
P$rcentage Dis;ributian of Student R~spon$es.

r (·1) Full explAnation; (n) parti.al ~xpltar.ation;
(III> incr.saQ In parttcle .lze; (IVJ non - particle
Q)<"tJl.anatlon; (V) Qvsq::,oratiol'l; (lI) (..th • .t".J

QUllat.ion Two
This multiple cholc" qUGsti)n s.~p.~ra to have given
the majority ~f the &tudenl~ no prQblea, ~nd OV$r SOX
of t.he Bampl" se!4>ct"d t.he acc(fpt~bl;l .an.4;Wer. (S••
Fig. 2). $.iI1d.lat' result.s are r.port.ci by GlllJIIson et
al. (HHH:<J &lOciby Novick .uid NusJllb.aum (.J9S1J. However,
it would be pr.~aturQ to ~saume a hiah l.v~l of
understanding on the strength of th.ae d~t.a.
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Fi~uX'. 2. <Question Two - Initial Sl:;.vdy)
P.rcentage Distribution of Stud~nt Responses.

f fA) part.icles at sid.rts of f'la.llk; <B) p.~t.icl.s .t.
neck of flask; Ie} part.icles at bott.om of flask; CDl
particles evenly distributed'

u_ I
t l00r---------------------------~ ,

Qu•.ation 'rh~ ••
E~ch aspect. of t.h~ quest.ion waS analysed separately.
3a. The responses fell into a nu.~·~r "f cat..gorie•• s
shown by Table 1. As is clear from the t.abl., this
~art of the qu(!ation waa a. nl.red '~,,)rr.C'tly by Most of
the partlcipant2 (betw(!en 60X and 70X of the total).
However, it must be st.ated that th"".e are not
overwh4lming m~Jo~lties. The other response. are
indicative of ll.!t.ed understanding.

~b-----------------------~
~~--------------------------
~~----------------.--__.-----
~~--------------.-.----------
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TABLE: 1.

Percent.ag4 R(&tspouse.£of St.udQnt.a t.o the Qu ...tion
"What are the Bubbl •• Compo •• d of?"

(Que.tion 3. - Initial Study)
R.sponse Group A

r. '* 63
Group B
n :: 68-----------------------------------------------------------Air

Oxygen
Carbon Dioxid.
Oxysen and Hydrogen
Ga.
Wat.,tr
tii x".U)!'. of g.....
Oon't know

3b
that

60
18
5
o
1,5
5,5
5,5
3,5

69
22
6
1,5
o
o
o
1,5

th~ fl....k...
It wa .. floted that. moat. of the atudent .. r.sponded
t.he bubble .. come from "t.he f'ask" or "the Air 11'1

3c. A number
,"xplAtnati.::ln4
•cru tl n i .lurd
TAbl. 2 )

of concepts u.ed by the .t.ud.nt~ in their
was identified; .ach re..pon ..e w... then

for the pr ....nc. of th.£. ideas. (~••

TABLE 2

Perc.nt.~~ Su~mary of Conc.pts ua~d by Student ..
(Ql ... t.ion 3c - Init.ial Study>.---,_..------~-------- Group B

1'1• 6~
H•• t
1\ir~et.ic.neray
i"i,·:w',m.n t
~',.:.\l.cu1.M
Expanaion
Space,s
Pr.",IIII.' re
Air
Other

Group A
n • 63
58
6

30
23
42
5
6

60
16

71
7

30
46
54
10
10
26
18

CB.cause each r•• pon.e was 'scAnn.ctU f~r the point.
previously m.ntio~6dJ tolal. ar. more tha~ 100%).



From the data, it would appear that mo.t of the
.student. were aWRre that. hea'!:.is lInked t.o the
expansion of the air. That matter expanda wh.n heated
forms oart of th.ir ev.rd~y, CO~Mona.nae view of the
world, but once again, it needa to b. mentioned that
thia i~ a very ~~~!tfiSl!lunder.tanding of the
proc••••a involved. The connection between h.at and
en.rgy ia •• ntioned in less than ten percent of the
casea. Once again, this i5 an example of "knowinJ
that" without really »knowing why or how".
A. far a. particles are conc.rned, theae were
mentioned in leaa than forty percent of the ca••a; and
the intermolecular (or {nter particle) apace form4id
part of the expl.nation in le.5 than ten percent of
the aituationa lnve.ti,ated. The.. r.~ulta would
5ugge.t, that although the.. .tud.nts have at aome
.tage pa.~.d atandard .ix, where the particle mod.l ia
taught, mo.t of tnem did not Ull. it to help them
conceptual i.e ~~dlnarY7 everyday cha£J•• in the world
$rou~d th.~. The particle model ha. not becoMe a
tool, or part of the conceptual framework, but i.
aomQthin~ els. to b~ memori••d.
Que"tion Four
Qu&~tio~& d.aling with the Gxpanaion of ~•••• du~inr
he.tin~J have b~.n pos.d in various forma throughout
this work. In \hls inatanca, it wa. pre••nted a.
requirin! a fra. r••ponae although participants were
ln~truct.d to u.e a pictorial particle explanation.
A. has been pointed out, the student. did not appear
to rely on the notion of particl•• for explanations.
Thi. doe. not nece••arily mean howev.r, that they were
un.WAr~ of the mod.l pnd, when required to u.~ it, did
make ~n attempt, but frequently in way. which are not
5cientifically ~cc.pt.ble.

$iz& of p~rticl.s before and after he.tinc
EVfil di£tributlon of particle. (dot.)
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Recogni.able change
b.for~ and after heating.

in particle distribution

7hese aspecta of the m~d.l under review will b.
discus.ed aQP.r~t.ly.

Particl.;!nu.ber.
The i.au. being inv~&til.t.d in this case was not only
wheth.r ~h. subJ.cts were aw.~. of the sci.ntifically
acc~pted ~iew of particl. con.ervation but .1.0
whether they would take .uffici.nt care to ensure that
the aame nu.b.r of particl •• WaS indicat.d before and
.ft.r the he.ting. It is difficult to decide whether
a amall incr.... in number can be attributed to
carel ••• n••• or to • ,.nulne lack of understanding •

.4()1------

(I.......R..pcn ••

Figure 3. (Qu•• tion Four - Initial Study>
C Numb4iH'",u:P$ct.J

P.rcentage D!~tribuLion of Stud.n~ R.sponse.
E (I> Constant number bGfore and aft.tllrheat.!n.ii (IIl
increase in numb.r after hp~~ing; (III) d.cr •••• in
numb.H' after' h•• tlng; (IV> no attempt. J



A. indicated in F18.3, the maJo~ity of atudenta did
!l2j:Qnau~e that t:>1l)('ticl.;.nul'tlbe~~.m~ina (:onatant;with
the high.at r~~c.nta«Q (about 42%) indicating an
lnc~eaa. in numbe~. It ia poaai~l. that lack of
und.~at.nding of the ~ol~ play.d by int.~moIQcula~
apace. is the d.t.~mining facto~ h.~e, ~athQ~ than a
S!!li9.!t!~!. "adding on" of pa~ticl"a. A..they fill.d
the aVllilable .pac. in the flnak and balloon with the
p.~ticlea, th.~4 wa. aimply mo~e rool'tlafter he.ting;
ao it wa. fil1~d with extra p.~ticl... A fu~th.r
point of int.~••t he~. {~ the aimila~ity b.~w••n the
pe~c.ntage. of th~ two .ub&a.pl•••

P.~ticle $lze
Moat Qf the atudents
app~oximat.ly the aame
(11g.4).

d~.w the p.~ticl.£ at
.1ae before and afte~ heating

" OI.h1buflon

o..
Rnp~n•• -A

Figu~e 4. <Que.tion Fou~ - Initial Study)
(Sia. aapectl

?~rc.nt.i. Diat~ibution of Student Reapon.e•.
C (ll Equal lUZfP befo~e and afte~ h••tin!'; (II> l..rge~
.ft.~ h••tinS; (III) .'1u\\allQ~ aftor heatina; (IV) no
attempt J



A fairly common mi.ccnc~~~ion i. that aince matt6r
$xpand~ when heated, the unit. of matter also expand
i.e. increase in .iz.. This misconception is
illuatrat.d in different contexts further on durin!
this £tudy. Although about 35% of the ..ample dr$w
larger particle circl••, the n~mb.r who decrea.ed
particl~ size is almost negli,ibl•.

Distribution of Particle.
A. one would exp.ct from the r••ult~ of Qqe.ti~n Two,
moat .tudent. appeared to be aware of the notion t·.t
oarticles are considered to b. evenly diatribu~.d
throuihout a .yste.. However, in thia que.tion, the
percentage ~f Heven distributor." is lower. (Fig.S)
This would aug$••t that the notion of even
distribution i. not a firmly held b.lier (or part of
the conc~ptu.l framework). Rather it app.a~~ to be
quit. tenuously held and able to b~ extingUished when
external appearance. ~auae confuaion.

~ r:M¥frlbuHont~~·----------------------~

Figure 5. (Question Four - Initial Study)
(Distribution asp~ctJ

Percentage Di.tributi~n of Student Pe$ponaea
r <Il Even di.."_ribulir:lnbeforo and .n ...r h....t.in~n (Ill
upwQrd movGm~nt of p.rt.icle.. After h.~ting; (III)
pAyticl.. in bAlloon only .ft.er h.ating; (IV)
rli.tribut.l~n generally uneven; (V) no attempt. 1
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Two points come to mind. Th. fi~st is that thp
students appeAr~d to h~ Able to ~~l~£~a corr~ct
an5war froM a aeries (85 in multiple chQica que.tiona}
far more oaal1y than producing onQ froM scratch tor
from baaic principle.}. The second poi~t is that many
students failed to draw particl.. in the balloo~
before h.ating and more than half of the »un.qual
distributors" moved the particl•• upwards towards the
balloon in th.ir "after heatin," diagrams. The.e were
obviously not untidy p,rticle .c~ibbl••; but clear
att&~pts to repre.ent a concept as understood by the
.tudent.

Novick and Nussbau. t1981} report similar findinga and
.tate!- » It w~uld app.ar that for mo.t subjects, the
perceptual chan$. in the balloon .te•• from a transfer
of aome, moat o~ all of the particl.~ from fla.k to
balloon." And that" •.• mo.t $uhJ.cta, even a~ the
univer~lty foundation& l.v.l, do not retain a uniform
distribution picture of the particl•• in a ,a.. (pg
190). In the .tudy con~uct.d by Gla.aon .t al, wh.r.
no ~,efor.~ picture W~.prOVided, about 42X of the
~ubJevt. ..lect.d a uniform dlatribution picture and
501 oho.. picture. illu.tratini either all or more
particle. in the balloon. The pre.ent atudy ha£
therefore produced very similar findin,. to tho••
••ntion.d.

Que.tion Five
A~ can h•• een from the re.ult•• FiS. 6), altern.tive
number one was th. Moat popular chQice. It waa the
only Hnon particle" anawar aff.redf the moat
d••criptivw and leAst explanatory! Tho phenomenon of
the bslloon lungs influtlng ia an. with which most
.tudent. would be fa~iliar. Po••ibly haVing
.~~ount~r.d a satiafactory ~nBw.r, they wero r.luct.~t
to lo~k furth~r.

rt ia ot" intere.t to not., however, that of lh~ three
~part'cl~H .n~wer. on offer, the .cientifioally
acceptable one v•• the moat popular, alheii ?oly 25Y..
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Firur. 6. (Qu••tion Fiv. - tnitial Study)
Percentage Distribution 01 Stud.nt Re.pons.s

t (A) t1.HlltS inflate; (!J?,) particl.. expand; (e)

partlclea spacQ th•••• lv.1 o1t; (D) particl •• pr•••
eloa. toaether. J

Qu••tion Six
Thi. que.tion, unlik4 the pr.vi~u. on., provided 4
partiel. related alt.rn~tiuea, ~o the subject. were
obliged to consider the behAviour of particle. wh.n
•• lecting thoir anawera (gu~•• inl exc.pted), two
point. oC particular inter.st ~••rge from the
r~.ult$. (Fig. 7), The firat i. th~l for the first
aroup of atcd.nts, alternative three (Th. ga.
partiel.. set hot and bQcom. hollow in the middl.) wa.
more popular than anything .1•• , Includinl the
scientifically acceptable anawer.

Th~ .econd point ia that in this que.tlon, there is
quit. a r•• arkable difference betwe.n the anaw.r~
select.d by the two groups of student.. Tn most ~lh.r
questions, there i. • far Jraat.r dear.. of
!lirnil.-arity.
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IO ...----~- --.----.----

Figure 1. (Que..tion Six ....Ini't..Lal Study)
~.rcent..az. Distribution of Student R••pon .....

[ (A) Particle number irlcrea41uq CBl particl ...six.
incre ...es; <C) particl... bacome hpllow; <n) inter ,-
particl. sp.ce jncr .
Qu~t.lld:.i on Seven
The two part ..
..ep.rJtt..ly.

of

A. this was of th. op.n ended typ., the .tud.nt.t

r•• pon .....~.r~ c.t.gori ..~d as follow.:-

7.. To the question "Where do the •• droplet. com.
from?» there wera the following answors:-

1. AJ.r-/atmoaphfO>r.
II. Water vapour
III. Condensation
IV. In..ide the JAr
V. Othar (thiS include .. ~don't knowff, as well

•• an.wer. which wert<:difficult to under-..t-and.)



page fift.y

The dist.ribut.ion of t.h~sQ lesponses appears in Fig. 0
below.

t ~------------------------~

o..,.
R•• pon..

• v

Figure 8. (Que.t.ion 7a - Init.ial St.udy)
P.rcent.ag~ Dist.ribution of Student. An.wers

e (I) Air/at.moapher.; nIl wat.r 'l.!i1}'ou:q
condenaationj \!V) :lnaid& t.h41Jar; (V) ot.her.

-A
(I I!)

If on~ acc.pta "air/at.mosphere" as an ac~.pt.abl.
an~w.r. it is noteworthy t.hat only 40K of the sample
.elect.d this alternative. A. mentioned pr~viouAly,
many p.raens use the term "cendensAtion K wit.heut
making ita meaning clear. Similar observation. were
made by O.born6 and Cosgrove (1983). In this contnxt,
whaft tha que.tion HWhere de t.he (water) dropl.t~ com~
frem?" i oS gl ven the answer, "Th.y COMe £ro.tIl
condensatio.n" it doe. not Make particularly goed
s.n.se. M~anin8, in fact, is abs.nt. It appears that
t.his is Y"\" another caaa o.f fact. (o.rin thia CIUla,
tJrminolosyl memo.risation, rather than the
undarstandins of concepts. The potent.ial of the
parti~le model as a conceptual tool is not. exploited.



7b. The sucood ~art of the question, "Why doe. this
ha~~4n», encourag.. partioipants to put their
underJ'ltanding of the proceas int.oth.lr own words, 11
skill which ia ••s.ntial in any teacher. A number of
concept. likely t.o b. ut.ilised in a full .xplanation
was identified. These inolude

Warm air
Watt.t!H'vapour
~old'Jar
Condensation t.oforM a liquid
Change of at.atQ
Energy
Particles
Incr&asQ in particle density
Water droplets

An accept.able ~xplanation) incorporat.ing th••• ideas
would aouhd aomething like thia:-
"When water vapour in the WllrXi'leratmo.spherecome. int.o
contact with the cold jar, the Molecule.. (particle.>
of water lOA. Aome of th~ir energy, and move olo.er
together. There is a change of stat.eas the8G water
".pOtu' molecule.lilcondem~u. and that is why wat.)."
droplet. are visible on the outaid. of the Jar."
An incomplete or partial )xplana~lon would omit SOMe
of th••• notion••
In t.he analy.i~ of the re.pon••• , the peroentage
occurrence of .ach of theae ideas in each anAw.r waa
calculated <S.e Table 3). During this analysis,
ext~an~oua rQ~lies we~e also id~ntifi~d (lik~ don't
know, ica melt. etc.)
The mo.t pertinent polntG which emerge r~om this
analysia are that, as h•• bean suggested previously in
this study, the majority of student. did not
inst.inctively resort to a pArticle ~ r·lanation,but
rat.her discus.ed the event in terms of what ia
obsQrv£ld.
Of int~rest, too i~ the virtual ab••nce of the concept
of energy. This is also remarked on 1: the ~tudie. of
Osborne and Co.grovl,)(19RJ) and of Krug, . ,.ndSUJI\lIutrs
(1989}. Furth.~mor., an acceptablo 4xplanL ion <even
excluaing particles) a1.0 occur.d ver? infr.qu~ntlYt
moat subjects preferring to discuss the warm *ir
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in contact with the cold Jar leadins to
Hconden~ation». As arguad Dreviously, there are clear
indication. ~hat this conc.p~ was poorly under.tood.

TABLE 3.

P.rcentage Summar~ of Concept. used by Students
when Explaining Conden •• tior
<Que.tion 7b - Initial Study)

Conc"pt. Group A
n ~ 63

Group B
n = 68
39Warm air

Wat.X' vapour
Cold JAl.r
Conden.sation

to form a liquid
Change of .ta!:.e
ltnera;y
I?'ll~tic1es
Xner •• Au/

in particle density
Water dropleta
Unrelated

or incorrect. idea.

44
48 54
4
1

14

13
o
9

1
1

1
33

8 10

Thia que.tion
l'I\i.conc~pt.ion.~
tne four
r.pr ••entat:i.onJl
p.:rt.ieip.ant.JIto

WAS uaaful in hi~hlish!:..J,ngtwo important
wit.h reap.ct to the p.rticle model. As
alternatives inv¢lved pictorial
of particles, it was neceaa.ary for the

consider particle explanaticns.
What ia being inve.tiaat.~ is that "het air ri.~£".
There is acope, therefore for stUdents to demonstrate
their conceptualisat.ion of
a) how part.iole. behav* whan a gas i. heated and
bl what .xactly could eau •• the liftin! (or rialn!' of
th. h••t.ed it.em.
The p.re~nt.aM. distribution ~f reapon ••• is pre.ented
in FIg. 9.
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Fiiure 9. (Questl.onEight - Init.ialS~udy)
Percentage Di.trib~tion of Student Response.

r (A) Increase in parti~le &1:. after heating; (B)
increase in int~~ - particl. apac. after heating; (C)
increase in pA. .cle numh$r of unh.at.d packet; (0)
individual particl.. ~ise after h.ating; <E) no
.at.tempt-.J

)', DlstrlbutlM

t :r===----~---
4IlL

As can b. •••n frem the re~ulta, t.woalternative
explanations w.r-e favou't'ed. On. (alt.ernativeA) i ..
t.hat t.he part.icl.. them••lv... .xpand (~asea expand
when he.t..d) ...a was suggest.ed in t.heOIHt::1 .. end.d
<:(ueat.ion4. The Ot.hllH.",even mor...")opular, .1ter-nat.iv.
was that t.heparticl•• them••lv•• rise {hot.air ris••>
and somehow fore. t.hecontainer-upwards.

l -,__ 11"" A. __

!h~ scientifically acc.p~able .x~lanat.ion1 ~.
indica~.d by alternat.ive 8, was not a At.rort~
c~nt..nder. Th.s~ result. w.re of in~.r.s~ at.t.h.ti••
because 5~ many at.ud.n~a appeared to experience
difficulty with the quest.ion. It.ia acknowledged t.hat
this que..don i. a complex ono, poa.i.blyd.lU.ndin~
more fr0m the .ubJ.c~. than • b••ic und.ratandins of
the partiel. mod.l. Non.thel••a, it wa$ decided to
inv.at.iz.te thi. qu••t.ion in greater depth later
durine;the yaar.
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Question Hi".
The focu~ o:t t.his quest.ion ia on part.icle densit.y and
number during co.pr~ssion. On. of t.he alternat.ives on
offer inve.st.i£.t.~s t.h. po~.ibi.\it.y of .t.ud~nt.•
•elect.lng A cont.inuous medel in preference to t.he
p_t,t.icl. Mod.l... As can he .e.n fro. FiS' 10, r, .... 11
perc.nt.a.i. of' t.he sample .Iutlect.edt.his aIt.arHat.i...,••
!n bot.h group. of "t.ud.1'lt.a,Al t.et'nAt.ive C 'tot."" t.h.
{.vour!t.. choice. It. can b. arlued t.hat. t.hi£
alt.ernat.ive il1u.t.~at.ed an increase in part.icl~
g9.!l.U~.t, whi~h would have appeare.-{ logical t.0'th•
•t.udent,... However sit. 'Would .lsQ appear t.hllt.t.hese
at.ud~mt... a'Nt not .wa,~. of t.he not.ion of (vn.st.ant.
part.icl. nUlllbet'. Simil.a.-:-oh.IBervs.t.ionsw.re made with
regard to quest.ion four.

'\

,.._------------~-
" Ol4trlbutlort

t

_ L\\\\1
~ A B ~

1
t

I
I

Figure 10. (Que£lion Nine - Initial Study)
~~rc.nt.as. Dist.ribut.ian of Student a•• pon.e.

r <AJ Cont.inuou.. mod.l; (B) a.o'X'e.... in part.iel.
nUMber- at t~ln' cOlllpre.flaion; (C) incr-e.... in part.icl.
numboY' after cOl\'\pr~a .. iont (0) decr.~.. in inter
part.icl& .pac. aft..r oomp~.M~ion; ere) no attempt.J
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There w~re marked difference. tn the response. of the
tWD groups of students AS far aa alternAtives Band D
are concerned.

Que.t.ion ten.
Thi. (~uGl.stion, as it was presented, wa..difficult to
~na~ys~. S.....r81 p~rticipanta in both groups appearecl
rGll~ctant to commit themselves in any way? and stated
HI do not knowN. The diagrsms produced by the
students were categorised ~S £nllow~:

1:
pal:'ticul.te

II Solute only represented aa particulate
II! A non-particulate representation
IV No attltmpt

" Dldrlbutl1l1'1

t

_ a
A .B~----------------------------,

Figure 11. <Qu•• tion Ten - Initi.al Study>
Percenture Distribution of Student Re.ponses.

C 'I) Solute and .olv~nt p<ilrticulat.e;(II) .olut.e only
f>a.rticul.t.; nIX) non - p.articul.te dilllgNtm; (IV) no
JIlt.t.empt.)
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As can be seen from Fig. 11, a small percentage of the
sample produced diagrams which illustrated both water
and sugar as particulate, whereas Over 40X of the
students drew sugar as particulate. The macroscopic
properties of these substances would apJ,ar to have
pr~vided specific "cues" (or "miscues»in the case of
water) to the subjects.

The total score 125 obtained by each student on the
whole t st was calculated and analysed as pr~a.nted in
!abh· 4 below.

Averag.s of Total Teat Score. for Groups A and B
Clnit.ialStudy)

GROUP A GROUP S
n
mean
v.riancQ
.111. d.

63
8,88

10,98
3,31

68
10,47
16,34
4,04

a.r. 129
computed value of t • 0,27

The ahove results would indicate that althoush the
students of Group B achi~v.d on average a higher scor~
than tho.e of Grou A, this difference is not
significant. Furthermore, neither group achieved on
average a acore of SOX {or 12,S/2S}. The•• figur••
would support the contention that at thi~ stage, the••
particular .tudent. were not well prepared to teach
elementary science.

For • number of reasons, this study could b. conduct.4
with rroup A only, so here, no intergroup comparisons
~an b. made. Al.o~ there were only twelve .tudent. in
this group to whom I hed acc••s; the others b.in~
involved with oth.r aspects of the methodology cour•••
at the time. N.v.rth~le£., it provid•• a us.ful study
of conc.pLual shifts among th~s. individuals.
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2.1 aefore Intervention
Of the .tudents inv••tigated, a either implicitly or
explicitly indicated lhe rialng of air particles to
the upp.r 2reas of the bagr 2 explicitly .how6d an
Inc~Qa~. in lh. size of air particle. and a further
two discus.ed and I or repr••enl~d ~2~!!!a~hut did
not carry the argument any further.
2.2 Intervention
This involved. brief di£cua.ion durlnt cl••• time and
.tud.rt. were remind~d to examine their own papers for
the qu••tions addres.ed to each individual. QU~$tions
which were rep.~ted ••veral time. were ~tAted out loud
to the group. (This type of consolidation ex.~ci.e,
where common mistakes and problems IiAHiiI aired, is
fairly standard practice 1n this cour~.7 ~o students
arQ familiar with lh. approach.)
The following lecture period wa. used to show two
video films; one on atoms and molQcul•• (Kop~l c
19n~) and the other on chemical change (Jay c 1982).
Student. were required to watch th~.e film., answer a
.hort qu.ation~aire and ex.mine their particl.
drawing. for any apparent anom.llea or for
exp1.t1U:I.Ilt.ion. which appearad to be in conflict with t.he
aelentific explanations of t.ha.. film.. School
EXperience with ita particle relat.ed .s.1gnment
intervened at. this point, and presumably wa. a140 of
inst.ru~tional value.
2.3 Aft.r Intervent.ion (including school experience>
The ..tudent. were required to r.~\lbmit th.ir
diagrammat.ic expl.nation., .fter th••e discu••iona and
after ,roup di..~u.aiop.with me,

2.4 Individual C...... (Se. Appendix 51

Sl~d.nt P.M. Wa. careful t~ k.ep the number conct.ant
and cl~iull."ly..howed the "".b,at.d p.r.iI'ticl..moving
upwards. He did not ~f£~r a resubmlsaion, cl_imina
th~t h6 was satisfi.d with hia explanation.
Student J.K. Her. lh. intention ia quite cl.ar.
Parlicle3 (of air) MO~. upward.! and mor&ov.r, appear
to do .0 "in order t.o» e$cap. the flam•• if on.
examin... the expres.!on& on the H£ac•• », Although
animat.d diagram~ are often u"ed to explain difficult
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concepta in prima~y schools, the danger of an over -
reliance ~n auch methods is clearly illustrated hare.
Many p.ople (not only primary pupils and teach.rs)
frequent!y employ animism to hQlp thems.lv.~
understand n~tural phenomena. As the literature would
indicate1 this i$ relat~d to a.veral misconceptions.
However after the lnstructiont she appears to have
grasped the idea of movement of particlea. H.r
diagram shows a d.creaae in particl. density, but this
is n.ver .tat~d. Ther. is alao mention of movement,
and an increa•• in th~ apace. between purticl••.
There is, however, still no mention of an inoreaa. in
kin.tio energy, and the r~rticl•• are a~ill drawn in
an animl'l.t.dway; th. heated pll.rt.icle.a.ppearins angry
or discont.nt.d what this may convey to pupils i4
open to .peculation.
Student M.B.
Th. first diagram olearly indioat•• the risin~ of the
lndividua' ~ir particles aa do the previous two.
However, ·~hi. repr••entation clearly illustrate.
anathel poorly und.rstuQ_ .spect of the pa~tiole
mod.l; and that is the ~oncept of empty space. FrOM
this student's key ~t the bottom of the page, it would
appear that ~he pe~ceived both particulate and non -
particulate air.
As fAr as thia &tudent wa. concerned, the intervention
pha.. involv&d not only the diaoussion, film and ao
on, but alao a lenq;thyint~rview wit.h rut, after which
time she .xp~e.sed enthusi.am for the explanatory
purpos~. of the particl. m~del. Although her ••oond
diagram do•• not ~1~~!anything a~out.den.ity, .pao.a,
movement, or .nergy, with the exception of the 'aat -
mentioned, her non - verbal explanation incorporat••
the other idea. fairly explicitly.
St..ud.nt.E.B.
aefore instruction, the student u••d the idea of
particl. movement (indicat~~ by arrow.), and alao
diff.rentiated betw.en air particl•• , h.at.d air
particle. and an in between atag.. She also
indic~t.d the presence of air p~rliclea even outside
th~ bags, urlike the previous .tud.nt.. The re••on
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for the hot air rising, however, would appear to be A
"forCQ" exerted by the heated particles on the upp.r
surface of th~ packet. From the arrows indicatinr
movement, it appears that air particles move about
randomly (an Acc&ptable premise) except those which
have been heated, which move upward only.
Furthermore, the final r~.ult ia ~iven that the
unheated p3cket cont~in. '~KkC particl~a than the
healed one a ~otion clearly at vari~nc. with a
scientifically aCCeptable explanation.
This student's resubmisaion provid~s an int~re.tina
example of an instructonal »mi.cue~. She altered the
t~rm particles to moteculea - and then changed it back
again after Viewing the video film which illustrate.
that air ia a mixture of gaa.s. Other than this,
there ia little aiznificant chang.. Ail the drawn
"particles" hAVe 4-way arrow.. indicating r-andom
movement; again with the exception of the heat.d one.
which riae s. before. The upward force is aa clear aa
previously, and in both ca••s, it appea~s .s though
air particle. are "driven" into the paper ba~ when
he.t.d. EVidently. this .tudent's alternative
explanation. were difficult to dislodge.
Studen~,C.L.
This student's firat effort is similar to tho_n
previously d&ac~ibed. The heated air (from outside
the packet) Move. upward into the empty packet oau4in2
it to riae in a manner aot fully explained. It i.
intere.ting to not~ that the cool or unheated air is
desC:'!:'ib.daa "stabl." (h..ving no movement,?). Wh..t
happ.ns inside the packet is not.revealed.
After the instructional ph••• l the student provided a
totally diffarent picture. It is difficult to
determine whether th~re was conceptual conflict, wh~ch
was avoid.d in this way. The ~.cond diagram is very
deac~lptive and avoids the use of the tarm particl••
How.ver, when a.ked for the reason behind this chanse,
t.h& student.merely atated that she thought it would b.
"better...
St.udent.C.W.
In this ca.e, t.he ub~f~re~ and "after- drawio$a are
very similar. An att.wmpt has b.en mad. to rUlk...
change f but what wa.s.("}ughtWb. clearl y not apparent
to the .sludftnt. The hot air ria.s ''';'1 the cool air
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sinks is th:
Although it
imply that
here.

~e$aage conveyed in both in.tar.ce•.
ia not stated, perhaps ~he upward arrow.

the~~ is some .sortof "force" in action

Intereatingly, evet: when sta~ing that the cool ~ir
sink.1 the .tudent drew a diah of ice cube. e~~2~the
packet, clearly implying that this cool air will ri••
into the packet (or that "coldness" will move into the
packet). A notable - and und••irable- chan~. i. that
the particl.a in the second dia~ram are drawn in _
more orderly a~rangem.nt than p~.viou~ly.

S'i:.udentM.R.
This .tude~t h&.salso combined the "hot air rises" and
"cold ai¥' sink.." notions into t.hE\ sam. diagrams.
a.fore instruction, individual hot air particles are
.eer to move upward end cool one3 downward. (Sh~ has
klao placed a di.h of ice b~low the packet, .s the
previous .tud.n~ did). Wh.the¥'by accid.nt or design,
t~. heated packet shows signs of d.¢r••sed particl.
density <encouraging) but it is uncle.~ what has
h.apper...d.
Af~Jr in.truction, ~hQre is now no indication of
individu$l particle behaviour, but .air a~ • macro
level is .still .e.n to rise and sink when h••ted and
cool.d ~ep.ctiv.ly. Both h.at.d and cool.d packets
have f.wer parti<":l.s t.han thoae of the p¥'evio'Ua
attempt. Ther. are fifteen heated and si2teen oool.d
particle.. One is inclin.d to argue that there is no
at.tempt her. to represent diff.renc.. in particl.
d.n.it~, but rather that the idea of nu~b.rs of
particl.. do.. not enter into the cono.ptu.l
framework.
A further point, not directly concerned with the
particle model is the .t.udent-. inter.~t in th~
.quilib¥'ium of the H•• e - saw» balance. It .e.me .a
thourh this ••pect, ~ather than the .ffect of h~atins
on a ,a. was the major issu.. In both ~••e., thi$
id.a of Hbalance" is expressed in writing. this could
well b. a caSe of. miacu., or of the l~.rner being
distracted by background "nol••", This noi•• ha.
proved tv be tl'uly distractina, •• the .student 11••
quit. wrong in her belief th.t the stick will ~.main
"at • balanr." under the circumstanc.. de.cribed.



As the investigation was conducted during a labo~Atory
.easion, one wonders wh.th.r the observation was
ignored and/or misinterpreted.
St.udentA.!'1.
This stud.nt discussed how an increase in temperature
eau... collisions between particle.. (Acceptable).
She then drew an incomplete analogy to the .v.n~a
surroundina.-el.astic force.. Now the p!lrticleabounce
and ...parate. The-e-xplanation for thQ ri..ing i. now
of particular int&re.t. Th$ observable phenomenon wa..
not e~lained in term.. of the model, but the
ph.nomencn i.. taken for granted, as it were, and the
..part.icl....slimpl;Yfollow suit. (SincQ hot air rises,
t.he pal'ticle. will rise and th. bag rises). It
appears that the student was confusing cause and
"ffect.
Both explan,llt.iorulLtc-foreand a£ter) are very "wordy"
and it appears that this repr....nta &n attempt to
explain or circumvent a badly misle-ading diagram. Th.
nature of the.e drawing. BUgS.$ts vQry strongly th.~
this student wa. unable to pietu~e (conceptueli••)
~at wa. happening according to the particle ~cd.l but
dr'ew on half-remiiunb.r.d..ci••lce ..fact....t.obackup her
argument. The apparent incr.ase 1n partiel~ number
.nd denaity on heating io very ~iBl.adins.
The only di£ference bvt.','HHtni~",\ hefore and after
d~awin£. is on. of pre.entat.' ry ,t ~~uld appear th~t
1i ttl. or no conc.ptual CIII\. ,,~, ..,";lORpl.ae.in t.his
instance.
Student T.E.
The ..tud.nt hil..cOH.lI!d.~edii)'Hit %.lov.m.ntof partiel.sr
aa indicated both by the arrow. in t.hedrawin~ .n~jtn.
comment. that. parti<:le. "knock a".in..t eAch other",
The explanation, however, irvolv.a friction JIIndtue
dxpanaion of the packet. The conr.etion b.tw.en
heatin, ~nd ri.1nl' of the he.t.d air is not
developed. Alain, po••ibly due to ~ar~le...n••s, the
unheated packet illu~trat.. lower particl. aensity
than the heated packet. This, in terms of the
part1cle explanation, mak•• no ••n•••
However, Af~.r instruction, both the diai'~a.and t.he
verbal expianatlon are in accord with the aeientific



explanation. The student has i~cludQd th. notion. of
particles, interpalticle space and density. There is
no Indication of where the particles have gone, but
despite this, a reasonable and coherent explanation
ha~ ~Qen formulated.
Student S.R.
This is of interest as the befor~ and after diagram.
are icl.ntlcal, (Po.llsiblythe second i. a photocopy of
the first.) The difference lies in the explanat~on
which forms part of the first one. This explanation
involves the rising of individual particles, after
movement and ccllisions have taken place.
Incidentally, one also notes that unheated air
p~rticles are drawn as not moving at all.
!t would appear that the student was aware that this
explanation was no~ satisfa.c~ory. Failin! to
formulate an alternative at the time, it would have
seemed a logical way out to omit the verbal aspect of
the explanation, and leave the diagram for the read.r
to interpret. For a potential "cience teacher, this
eituation muat be rectified if misinformation i. not
to b. perpetuated.
Student R.V.
Thi$ $t~d.nt has also indic~t.d
partial.,,",•• \ However, ..h. did mention
the movenutn:' In.£r.!t':_.!! rather than
this is not illustrated in the
diagram.

the movement of
that when heat$d,
is initiat~d7 but
"before heating"

,
Her second explanation th.n, showing aome minor
changes ha..some merit, but is still not In accordance
with the accepted model. She drew fewer particle.,
still illustrating the ino~.a.e in movement, but it
appears that the particle~ t~~m••lve. move upward., a
notion which was not app.~ent in the fir.t drawing.
A. th.r~ i. only one {ewer particle represented in the
heated packet than in the unheated one, it would b.
premature to suggeat that the concept of particle
density i. developed in this casc.
Student J.B.
This .tudent has considered the expansion of ~~••a
concept and related it to the b~haviour of individu~l
particles. She ha. shewn the particles getting larger
and associated this with tho upward movement of the
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b~g. The connection between the two ideas is not
Qxplicated.

However, af~er the instruction period, she has grasped
several aspects of t.he pall't.icl~I\\odel,including that.
of interp&rt.icle space, which she included where
possihle. She illustrated th~ decrease in particle
density and verbally .x~lain.d thu sub~equent decrease
in ma.ss.

Student. B.Z.
These pictures represent before and at~~~ heating
situations. The first set illustrates $, ~e
int.eresting alternative concept.ions. First, t.he gas
particles are very tightly packed - as illustrated and
underlined ve~bally. As St.avy (198B) has indicated,
pupil./stud~nt.s are more inclined to censider
partIcles in the gaseous phase than 1n ethers - and
one wonders how this student concept.ualises solids and
liquids at ~hiB level. As w~s the case with the
previous student, t.he particlss cn heat.ing have
apparently expanded. Th.y are also., in~identallYt
fewer in number, but this is not a major focus.

The second attempt. is int.erestin$ in that. the particle
expansion idea has been jettisoned in favour of the
acceptable on~, but the ti~ht packing of the purticles
at roem temperature ha~ not been correoted. As the
class discussien focussed on the effects of heating,
.nd not the p~rticle model ~~~ e~, this is net
surprising. HowQv~rr it does sounj ~ £~y~~~ to
educat.ors about partial explanations and also. the u~e
of scientific models (lik. the particle explanation)
in limited, rather t.han wide cont.exts.

Question One
(See APP'ilndix
rQspon ....es to
and 12h.

2)'
the

Percentage distribu~ien of student.
question are present~d in Figs. 12a

As can be SQen from the results pr~$Qntedr most of the
students chose the acceptable answer; a higher
per~antage from Gro~p B than from Group A.
Nevertheluss, there is no oause for complacency, as
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Figure 12a (TGst Quest.ion One - Init.ial St.udy)
Percentage Dist.ribut.ion of §!::Q.!:!:e. ~ Student. Responses

Patty _j10.6

'---_._----- -----_._

Kim
7

Figure 12b. (TII'.etQuestion One - tnit.ial Study)
Percentage Oist.t"ibut.ionof Q!::Q.~.:e. ~ St.udent. R.""pon.se.s
[Key to FigA 12a and
part icl es; 'Xi Tn i dens i t.y
repulsive torc;ws.; (Jean)
pa~t.icles in t.he spaces.J

12b. (Randy) Air bet.ween
of air is small; (Pat.ty)

con~t.ant. mot.ion; (Jeff) more
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thel:"e was stll1 a Lack of under.s.tal\dlngeven ",ftel"a
cO'U£"-.lIIewhich took pB.rticl.l1ar inte~e.!iltin t.t>Qml.)del.
One wonders .bout the concepts held hy the$~ students
regarding the many other areas of science not
investigated.

Question Two
This question required the ~tud.nts ,Group B only) t.o
draw a diagram Jepresenting "the change of state of
water. The use of particulat.e idea. is an esgential
aspeot of describing and explaining lh~ three states
of matter. Students' erceptions of the molecular
changes which occur dur~nl a change of stat.e are
particularly variable. Non - ve~bal explanations in
the form of diagrams can give one a good indication of
how thea2 notions are pictured by the st.udents.
Exempl tria of !iOl'lHteof thestrl dl agr.allt~(i n "';",spoflseto
t.est question 2) will be found in AppEirl.dix6, and will
be referred to sp.cifi~ally where appropriate. It.
should be noted t.hat.the studentst drawings have been
traced by met as the original work was done on ruled
paper, lackin£ clari~y. These drawinis provided by
the subjects W$re analysed for a number of k«y
conc.pts1 and the main categories are .ummaris~d in
Table 5 below.

TABLE 5.
Percent.age t'ulimaryof Types

(Test Question Two -
!la~££ R!~a2~~~

of $t.u~., R¢sponses
Init.ial Study)
f~~£~n~~g~2f I9t~1

n l'- 28

No p.rti~,L$s mentioMild
M.cro~c6pic phenom~non only 36% (SeQ Oiag. 1)

Incomplete repres.ntatio~
Particles unclear
Partiela hehaviour unclear
Oiscre~e particl$. in only
on~ of the states mentioned.

21% (Seo Ofag. 2)

Particle model incorrectly used 4%

Response includes components of
particle model correctly used 39% (See Diag. 3)
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The diagrams of thes~ latter 39% of the cases,
comprleing 11 students, were further examined. The
int 'molecular space concept was either ~lea~ or
ill'lpl.i.edL. 10 of them. (See Diagram 4.) St.udents
wculd use phrases likQ »par~icles tightly packed", and
the diagrams would illust.rat.e this quite
convincingly. What was not well developed, however,
~P.!:! the 4ulpt~ines$ I':>fthis .space. Driver (1988) has
r~~orted that the mean asparation of gaseous particles
tend~ to be over estimated; part.icul.a~ly in comparison
to the liqula phase. The present. study produced
similar findings as illustrated by diagram 5.

The ene~gy concept wan not ~ontioned in .a single
instance~ Etnd therefor&, utV;l1.lrpl"isingly,movQment was
suggested in less than \.If of these cases (6/11).
The notion of int~r~olecular forces was almost always
emitted, being ment.ioned in a sinS1e case only. One
fAust bear in mi nd 1 how-evel:",t.hs.t these subJ ects witt'e
primary teachers in prepat'ation - and it is possibl~
that t.hese higher level concepts did not ooour to them
ot' were reJlcted as inappropriate for t.he elementary
lewd.

Many .of the drawi.ngs showed clear indicat.::ons of an
at.tempt. to repres~nt $hape. The ice was dra~n as
cube.s, (See diagram 6) t.hEi'1wat.er as a "puddle", and
the water vapour as a vague cloud ~up t.here". It W~£
also interest.ing to age the at.t.empts t.o shew ~he
chanl~~ in densit.y - a very difficult. area with wat.~r
and 10e. These obaervat.ions are quit.e encouragin~ as
far a~ t.he "particulate st.udents" are concerned, but
it must be reit.erated that t.hey compri~e IGSS t.han 4QX
.of the tot.al.

!. 8 E~~!~~~~~!~
<SeQ Appendix 3 }

There were minor differences hetween the acience
backgrounds .of t.he various age-groups. All senior
primary school pupils <st.andards 2 t.o 4) studied
element$ry sci.nce {or nat.ural science as it is now
t.ermed}. Junior secondary pupil$ (standat'd~ 5 t.o 7)
all .studied both Physical Scien¢e and Biology. A
third of t.he standat'd 8 pupils (n ~ 30) studied bot.h
Fhysical Science and Biology, t.he remainder Bielogy
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only. All t.h~ st.andard 9 pupils studied Biology, and
hale t.his number Cn = 20) st.udie6 Physical Science as
",1ell. As ment.ionad previously, .,rit.ht.he f.~:'(ceptionof
t.he st.and.~d 2 children, it. is likely t.hat.~05t. of t.he
ot.hers nad encount.€!red t.he experiment.al !let lp at. som~
st.age during t.hel~ schonl science Qareers.
De$pite t.h~se differences .s hell as t.he age
differenea.; t.here was lit.t.l~ variat.ion in t.he
distribution of reapons$G across t.he st.andards, but.
what. t.here was, i. wort.hy of c~mment.. (Table 6 and
Fig. 13.) The -on Ly noteworthy increase in COrl"Elc'i;.
responses appeared wit.h the st.andard six group. It. i.
t.empting t.o suggest. t.hat. t.his increase could be
associat.e~ wit.~ t.he fact. t.hat t.he rart.icle mod~l is
t.aught in st.andard six, but. clearly, t.his is ~arely
speculat.ion.

TABLE 6.
Percentage Distribution of Answers

Selected by ~upils
n := 76Q

St.andard n A B C D____..
2 100 8 57 24 11
3 100 9 SO 20 21
4 193 8 65 15 12
5 139 11 61 15 13
6 24 4 50 3~ 13
7 72 22 46 18 14
8 95 3e :-:l4 15 13
9 3it 35 32 14 19

Furt.her, from st.andard six t.o st.andard eight (and
nine) there was a not.icable incraase in t.he response
choice which indicates th~ enlargement of t.he
part.icles.. One wonders whether pupi Is t having been
exposed to th~ pnrt.icle model in a formal way,
con.s~..r-ucc their ow...'::'I:planationsfor phe..nomAna in ways
whid, are l'CIgicalto them. By far t.he.1most frequent.
ch~ice of rwsponsa was alt.ern~t.ive B (where t.he
}':oart.iclesl'tIOV$from flask to bal.loon.) F.~OII\st.andard
four onwards, t.here was a decrease in t.he pe~centage
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rss~onseJ but it r£mained a very powerful distr~ctor.

----------"-------------------------,

0
3 ... " 8 1 1'1 •Skm-tr. t-- 1" --- .....

A C ;n---

Fig'.ll.".13. (Pup! I SurvQY - In! t .al Stud~..)
P.rcentage Di.tribu~ion of Pupil R•• on•••

I: <A) Il'lcr.....III. in p~l."ticl. aiz. at, _..'"h.ating; (Ell
mov.m.nt of particle. ~o b...lloon after heating; (C)
Inc):'liiaaGin inter - plIlrt.L"'le.p ...ce aft..r hir'lt.ing;(0)
incre ••e in part.icle number "ft~r h.ating.]
Cross-ag* .t.udhol conduct.d in at.h.l'count.ri... wit.h
re.sr,Joctto th ... "1'1'1. t)hanomenon '.e. h.At.ing ..ga.. in ..
closed .yat.em, includa tho.. ~f Novick and Nu£ab ..um
(1981) ..nd of Glaa.oo at al (19GB), Th~ .ampl. (0 ~
576) t.est..d by No~ick and Nus.b.~m (1931), cooaiated
of pupila from erade 5 (st.andard 31 to univaraity
l.lnd.l·~raduat..., whUft that of Gla.s.sonet aI (19B8) (n= 315) consist.ed of ~ra ••rvic* and inservic. te~ch.r4.
Th. findir.g$ reported by bet.h the.e group. CNovick an~
Nussbaum (19S1> and Glasson et. al (19ap)] corr ••pond
clO''S'''l~rt.o t.hoa. of t.he pres.ht st.udy. In bo+,h callft.,
th~ moat common choice of particl. drawing was a1ao
~hat which indicat~d & ~ov.m&nt of pArt.~cl•• from
flask to balloon. Similar ob.erv~tion. have b•• n made
regarding th~ student. t.acher~ of the present. at.udy
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(S9& page 45 ffl. Their answers to qu.~tion four of
the instrument, ~hich is an opsn-response varsion of
this question, illustrate comparable misconceptions.
~rom the above, it wovld app~ar therefore, that
~imilar difficulties ar~ experien :ed across a vide
range of agea. When fac~d with a 'perceptual miscu.~
of this nature, CNov~ck and Nussbaum (1981) P8 1903,
many school pupils, university students, pre••rvice
and insarvic. t.achers are unable to retain a ~niform
distribution picture of particlQa in a gas.



fE.~~l1!;H!~
Thi.. At.udy wa.. undert.~k.n dur-ins t.he year 1990; L e.
t.h. year following the init.ial et.udy. Bot.h pre- and
poat.-t.e.t.A were conduct.ed and t.h. conc.pl~~l
development. of atud.nt. wa. monitored over a period of
about. 4,5 .ont.h••

SAMPLE
Th. .ampl. was .wmaller t.han t.hat.of t.he init.ial st.udy
d\Hi to the nat.ure of t.he inv.st.igat.ion....onduct..d. As
the progres. of individual student.. waa to be
monit.or.d, it.waa decid.d t.oconduct. the t.••t. only on
4t.udent. ace••• ibl. t.o me. However 1 aa for the
in!tial at.udy, the .ample cons! ..t..d of two .uaJQ):"
.t.uh.ruul\pl•••
The firat. sub.ampl. conai.t.ed of 23 t.hird year .student.
t.eachers complet.ins a diploma in ••nior priaary
.ducation. (H.DIp.Ed.). They w.re ~ll r.li.t~r.d for
t.he Biology cOUr.. at. third y3a~ Colles. level.
Alt.hough t.hey wer-e .t.udying a .ct.ncQ. their
backgr-ound in Phyaical Science was w.ak. None of
t.h•••• tudent.... tudi~d Physical Sci.nctll at.Co:!'.lle
level, and only 10 of t.htllmhad studi.d Phy_~cal
Science t.o Matriculat.ion lavel. ThuA, for the
majorit.y of the.e ..t.ud.nt..B,'t·he natural .eienee
met.hodology cOUl'''. '101'''. t.he only o~'port.unit.ythey h$d
..inc. .t.ndard 7 ')f' ooltlingto gl"ip. wit.h • number of
Phyaic~l Science concept.s.
Th. ._conci ..ub.ample ~on.i.t.d of 18 fourt.h yeal"
.tud.nt$ completing t.he final year of ...Bachelor of
Primary Education D&gr.e. (B.Pri~.Ed.) All of th•••
st.ud.nt.~ had .lect.d to register for this nat.ural
seiene. COUl".. (ot.her finRI y••r at.ud&nt.achoo.ing
eith.r history or g.ography m.thodologi.s). Thi.
element of choic. ia ...part.icular feat.uX'e of the
E.Prim.Ed. coul'..e; by contras", the diploma stud.nt.
aNi obliged t.o complete ..:.he natural ..ci."ee
ftu.t.hodologycourse.
This
the

.econd
firat.•

AubaaMple wa& far l••a homogeneous than
5 were in pOlla.ssion of t.eaching diploma.
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fr~m various inatitutiQns, ineludin$ JCE, and 3 had
.some t.eachin£ eXpt'irithtc.. 9 had _Jored in BioloSY at.
JCE and 3 hAd st.udied Physical Science at JCE.
Howev.~1 10 had studi.d Physical S~i.nce at.
mat.riculation level. N.v.rth~l.as, deMpit.e this mix
of backgrounds, whal the ~r~up did have in comaon waa
t.h. DUiflthodo!ory c01.~r.e, and it. Waa f ....lt. t.hat.it would
be of int.rest. to examine t.hom .s w.ll.
A. was t.he ca.e with t.h. initial study, t.he
met.hodology courses undertaken by ~.h••• 2. .croup.. of
student. al.o differed in •• veral r.apec~a. Aa t.he
course. .1&0 varied ..lightly from year to y.ar, course
outline. are pre.ent..d below.

GROUP A - THIRD YEAR DIPLOMA STUDEnTS
WORKSHOP
1.
2.
3.
4.
!S.
\) .1.
8.
9_
10.
1L

12.
13.
14.
15

16.
17.
18.
19.
20
21
22
23

CONTltNT STUDlNT A,::TIVITY
General Orrani •• tion
Safety
Simulation.
Acid. and S'UUiUl
Wattltr - 3 stat.e-.
Feedback on 6.
UafuB of Wat.er
Micr-oteaching
Wat..¥' aa Solvent

do

Oroup di.gr.a••
Received handout.

Plan inve.t.igation
Dialrammatic explanation

Received handoutFeedback
Prop~rti~. of Air
Combu.t-ion
Air .and Fli!ht.Hot AiX'
Balloon ..
F... dbae;k
Atom. and Molecule.
Chiltmical Change
Science Fair
Sci'1'I1c.Fa! l."
Sci.nco II'air
Static Elect.ricity
Method. of Tabulating
Investigations/lnatl."uctions

Diagrammatic txplanAt.ion
R~ceived handout

Vi.wed vid.oa
Completed w/.heer



GROUP A - THIRD Y!AR DIPLOMA STUDENTS
(Course Outline Continu~d

WORKSHOP
24

COl'TltNT
.l!:ffe<:t.of
Heat.lng

STUDENT ACTIVITY
P~ep.~. inst.~uc~ions

Diai~ •••atlc ltxplanation
25 Feedback

PreJ)a~ation for FinliilT•.at
Po.at.Te..t

26. Final Te.t <Open hook)
Th. cou't'ae i. allocat.d 2 aingle p.rioda p.'t'w.ek,
t.husthe ._ctiyftle. detail.d above occupied 13 we.k••

onOl1P 1:1 - FINAL YEAR Dl£GRJ£ESTUDENTS
CONTENT STUDENT ACTIVITY

t ,.". ,~;tl£r".t..d methodol ott!fO.
r ·..·t...t
e nation As.i8n.ent.
9- ...~ Wi> "" - :3 .. t.a.tfUI Group explanat.ion
11 ,: ~~>~b"I:I..!c Recel vef!handout.
12 ,.c~o~.influencing evaporat.icn
13 L.ct~re - Ccn.truct.ivi.~
14 AniaJ.tl.
15 Science Fall"
16 Science in Soci.~y - Whalins
17 Visit. t.oESKOM
IS Wat.er ~a Solvent. Inv.stigAt.ion and

Floo~ plan
19 -do- Diagrammat.ic Explanat.ion
20 F.edback Rec.ived handout.
21 Mat.h.. in Biology
22 Cla.sificat.ion and Key.
23 Air - Prop.rtle$

Hot.Air Ballo¢na Diagramm.tic Explanation
24 F•• dback R.c~ived handout.

At.oma and Molecule.. Viewed Vid.o.
Chemical Change Complet.d w/.b~.t.

25 Animal F•• dinl
26/7 Science Fai~
2S Vi.it to Zoo
29 St~rt of Te.t
30 Completion of Teat
31 Lecture - Misconception.



GROUP B - FINAL YEAR DEGREE STUDENTS
<Cours. Outline Continu.d)

WORKSHOP
32/3
34
35

CONTENT STUDENT ACTIVITY
Animals and Humana
Eff.cta of Heating Prepare i~'trw~tion.

Conduct Invwatigation
Disgrammatic Explanation.

36 F••dback
~tatic El.ctricity
Po..t.T.at.
Compl.t.ion of Cour••

37
38

As the cour~. ia allocated 3 periods per week, the
activit.ie& d.tail.d above occupied 13 w••ka.

TltST ING PROCltllUr'" ,

A4 was the c•• ~ with the initial atudy, iove.tis.tiona
~f varioua typ~s w.re conduct.d during the y.ar
inorder that differ.nt aapecta of the students'
conceptualisation of the model could b. monitored.
Th.a. were a quest.ionnaire, _dminiat..red before and
aft.er t.he cours. as pre- and poat-t.ats; a number of
.xplanatory drawing. related to the mod.l; and •
que.t.ion on t.he mod.l during an Hopen - book" t••t..
The t.iming snd sequ~ncing of t.h••• investiSAtions will
be found in the courae out.line. above) and are
de.cribed briefly below.

1. !h~Q~~~~i2nU!i~~
The inat.rument which was used for this follow - up
st.udy wa., in .....ne., similar to t.hat which waa u.ed
in the initi.l atudy. The underlying rational.,
t.herefor., ia .1.0 t.he.am.. However, for a number of
r~asons, certain que.tiona were alte~ed •• follow••
<S •• Appendix 7 for the 1990 que.tionnaire.)
QtHtation On.
All. UlOFt. of
w~.tel:'level
d.I.'dd.d to
why,

<Alao Que.tion One in Initial Study.)
t.heprevious .ubJect. were aware t.hatthe
in t.hecapillary t.ub. would ~iae, it was

.tate this, and ai~ply .sk the que.tion

Som6,
order\

rearrangement of
that th. open

que.tiona then took place, in
end.d que.tiona (i.•• tho••



which did net ~pecifically mention the wo~d "particl."
} weuld appea~ .a~lie~ than these which did.
Que.tien Two (Init.iallyQu...t.ionTh~e••)
Placed .arlie~ and "bubbl••" ~.drawn for r~eater
accuracy.
Que.t.ien Three (Initially Qu••t.i!mS.",en.)
Placed .arli.r for rea.en prRv!ously discus ••d.
Que.c..t.ienFour <Init.iallyQu••tion Nin••}
Placed earlier a& the alt.ernativ.. are a mix .of
particulate and non particulat. id.aa. Question
chansed .om.what, toO includ~ a _od.l which de•• net
allow fer the inter - particl. apace.
Qu••tion Fiv. <Initially Queat.ien Six.)
Ne chlllns~ulInad••
Qu••tion She <Initially QU(iUIt.!enFive ..)
It Will. decid.d toOchange the qu.stion slightly to
Aveid any po....ibil!ty ef mi.h,adina the .ubJ.ct....
Th..refere it wa. ~,tat!:a t.hatt.herballccn "lunS." do
inflat.. and pc••ib~. .It..rnativ.. (all particulate)
.urs••t.d for the r.~l.en b.hind the inflAtion.
Qu...t.icnSev.n (Init.iallyQuest.ien Fvur.)
A. this i. A "particulat.e" que..t.ion, it is placed
later in the questiennaire.
Qu••~ion Ei$h~ (Initially Que.tion T~e.)
Pla~ed later fer r.asona al~.ady ••ntiened.
Que.ticn Nine (Initially Qu••~icn EiSht.)
Redrawn so that t.healt.ern..tiv~..appear on. belew UI.
ether, and occupy A whel. pas.. It wa..felt that. thi..
format. ~~uld b~ mere cenvenient. for the Bubject...

Qu••tior T.n (Initially Quest.icn Ten)
A. the previOU$ rrou}.,...••m.d to
difficulty with thi.. que.tien; it.
p~ovide explicit. "cu••" in the
"par+.icl....for bet.h tht'..ugar and t.h.

experience gr.at
was decided to
f'or'mof dra.wn

wat..r.
The r.liabilit.y of this instrument was .~ti~ted by a
.plit.-half d.termination. Tet.al ccrr.ct.d
(Spearman-Brown) t.at reliabiliti.. for th. twe
sub.,Iul'lpIe. were:
Group A • 0,82. Group B • 0,92.



A. indicat.d in the COU'l:",s.outlin.~ d'i<inr the y.a'l:",
the student. were siv.n opportuniti ...to er.ate their
own diaZ'l:"amMatic explanations of various natural
ph.noMenat with ,reference to the particle .odel.
Th.... includ.d t.h. t.hre. ..tat... of wate't', ",olution
forll...t.ion....nd ..ev.ral .ffect. of heating-

3 • I!.!.:t:. 9~!.'t!.ll2.!l.The que.t.ion u••d during the follow - up st.udyw~..
ident.ical t.o the one u.ed during t.h.initial ph••••
<NussbauM 1985), and will be found in App.ndix 2.

EVALUATION OF STUDENTS RESPONSES
1· QYlUI:l:.i2JUl.UU
The anaw.rs to the question. on bot.h pre- and
po..t-t....t.. w.~. handled as. for the init.ialatudy.
That. is, for the Mult.ipl. choic. questiona, the
di..tribut.ion of re~pon .....wa. calculat.d; and the op.n
ended que.mtionlil w.re AIlnAllly,euidacc(ll:'dingt.o the
re.pon ..e.. of the st.udent.., and ~ccordin8 ~o the
eone.pt. involved. (S.. Appendix 8 for Marking
J8chedul.J

i.~ i2.!.!I~!Y·Th.... WQre .xamined individually for correct u....g. of
.sap.ct.. of t.h. model pert.ainin! *"J') +..~. pheno ••non in
queation.

;1. It.I::. gY.!Ul~i.2Il.The di.~ribu~ion
waa analy••d a.
the ins~rufl\.nt.

of anaw.ra ••l.ct..d by t.h•• ~ud.nta
for t.hefl\ul~ipl.ohoice qu••tions of



RESULTS AND COMMEN'l",S---- -- ---\\"

1·1 :thegu....t.!..2n.!H!!)t!.

QU •• tioD OlU'
Du. t.o t.h..
st.udy, t.h.
different.ly,

r••pon ......
i. e.

t.han t.hat. of t.h. pilot.
cat..sori••d a lit.t.le

I. A full explanat.ion involving t.h. not.iona of heat.,
kin.t.ic energy, incre •••d MQlecular move.ent. and
consequ.nt. incre... in volume. It.muat. b. not.ed that.
noMt of t.h••e anJaw.r.sincorporat.ed t.he not.ion of int.er
m.oleculaX'spac ••
II. A non - part.iole explanation, which do•• litt.l.
more than atat.. t.he pheno ..n~n.
II!. An explanat.ion which involv.d an incr•••• in
particle ai~. as t.h. factoX' re...pon...ihle for an
incr••a. in volume.
IV. Space for respons. 1&ft. blank or nI don't. known
explicitly atat..d.

Th~ distribut.ion of t.h... re.pon... i. ..t. out. in
Fi.ul". 14.
F)."om t.he data on. can .a.. that. a full explanation
occured t.o few at.udent.. (17~ of Group A And 44" of
Broup B Oil t.he pret.•.irc)~' In t.h. pilot. .tudy, f.wer
t.han lOX of t.h. aubJ.cta provided .n acceptable
.xplanat.ion. A non pArt.icle _~gplanat.ion or
deacription, on t.he ot.h~r h~nd, waa .elect..d hy J9X of
Group A and 28% of Group B.
A Qtriking diff.r~nc. ia thAt h.tw.~n the pre - and
po..+.. t.llt. result...in both s:roup.lll,.sp.eilally Group
A. The p.r~.ntage of full explanat.iona ros. in t.hia
Broup from 17~4t.o 61%. The improvement in Group a lola..
somewhat 1.... (44:Y. t.o 67X). Similarly. t.he non
part.icle answers ~how a marked pe~c.nt.ag. d.er.a •••



~----------------------~~~.------------~

Dl N

t

F1rur• 14. (Qutl.t.ion One - lrollow-~~pSt.udy)
Percent..,. Oi.t.ribut.ion ¢f St.udent. n••ponae.

(I) Full explanat.ion; ~t:l:J'n-an-p.art.iol •• ~plail.t.ionJ
(III> Lncr..... in p.rt.iei •• :i.~Q; crV) dcn't know; (V)
at.her answer. diffioult t.o oat..'ori....J

Qu •• t.ion Two.2.. The r••pon••• f.11 into the £o11owin~ catezoriem:
~i>:>
Ca>:>bonDioxid.
Oxygen
Oxy,.n. and Carbon Dioxide

I:.S.. Table 1 for t,b« pre-and poa~ -t.•• t j(HlU·'cH.ultage
respon •• diatribut.ions for both zroupsJ.

\



TABtE 7.
PercBntage Response of Stud.n~s ~o the Qu.s~ion

"What are the Bubhle. COMposed o£9" '
<Question 2a. '~llow - up Study)_-.c ..-r- _

Group A
n .. 23

Group B
n III 18

Air
Carbon dio~id.
Oxygen
Carbon dioxide
and Ox,ygef,

Pre Post
45 S9
14 0
41 36
0 5

Pre Post

39 83
22 6
22 6
17 :5

It would appear that th. subjects, on the whole were
unable at ~he start to differentiate between air and
it. couponents And may WQll ha"e u..ed th~uu.ter ..
int.rch.ungea~l,y. However, after t.he :iiIt.t.hodoloSJl'
cours. whir.:h inclUdes a section on "AIR" - t.heywere
more inolib.d t.o use the collective ter». This i.
more markQtd in group B.
2b. As for ~he initial study, it.was not.~ t.hat the
m.aJ(.rity (95~) of the atudent.. WflH". Elwar~ \·bat.the
hubhles came from the gas in the flask.
20. Concepts used by t.he student.s in th.ir answers
were id.nti:f'i.das :f'ollow$:

n•• t
Kinetic Energy
,'fov<litment
Particles/Moiecul ••
Expansion
51'.l\c ••
Pr••• ure
Air
Other

and the responses scanned for the presence of th.
different ideas.

The dl~~ribution of th.se concepta i. set out in Table
S. It should be noted • • . /
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It should be noted that:
1. As was the case with a similar question in the

initial study, totals are Jl\Ok'e than 100% because each
answer was examined f~r the different concepts.

2. The responses delliltignai:.edall "Q:l::.h!.:t'· include
answers difficult to ~at.goris", non···respor.sGiUiIand "1
don t t know".

TABLF;3.
Percentage Distribution sr Student Concepts

(QuestIon 2c. Follow - up Study)
Concept Group A Group B

n == 23 n =: 18

Pre Post Pre Post.
65 69 61 89

0 4 1 22
0 17 22 44

9 65 28 56
91 82 28 89
0 39 0 56
0 4 4 0

78 30 39 56
17 8 39 11

Bent
Kinet.ic
Ener-gy
Movement.
.Part-i.clesl
Molecula ..
Expansion
Spaces
Pressure
Air
Ot.her

There are similar-ities t.o t.her-esults obt.ained from
the corresponding question in t.he initial study. For
the pre - test, the major conceDts used w~rQ heat, air
and expansion taltnough the last mentioned is
comparatively infr-equently u~ed by Group S (28%)3.
If wne translates theae concepts into a sentence or
explanation, what emerges is "!!!.!i cAused the !!.r. to
!.?H:!.!.n.4." A less complet.e answer would be "Becau.e of
heat" or "SecauEe the air was heated", These. ind••d,
were typical of the anSWers. ThQ~~ d~monstratQ, at
best, a sup&~ficlal undQ~standing of the process ••
involved.

The notion of particles was used in few C~Be& (9% of
Group A and 28% of Group B) bQfo~. intervention.
ThQGe pe~centales are not$bly higher for the poa~ -
test i.e. 55X and 56% respectively. Even though the



part.icl~ conc'&pt. was used by .several S't.Ud~~lt.Swhen
complet.ing t.he pre-t.est., t.he 11\, nt.al mod.l would appeal'
t.o be in¢o~pl.t.e. Not. one of t.hese £~u~Gnt.s ~.nt.ioned
intllIr part.icle space. Only aft..r intervent.i<)tl,i.e.
in t.h~ post.-t.est., did this not.ion appear, and t.h~n
only in less t.han ha~f of the t.ot.alsubJ.r.t.s. (39X \l!
Group A and 56~ of Group B).
AlthoUilh t.he energy concept. it..8l;l£is not. int.ended t.o
be an issue in this work, it. needs t.o b. ment.ion.d
that. an understanding of kinet.ic energy is vital for a
comple'Ctr under-st.anding of th. partiel. modf,"!.even
though it. is not included in t.he syllabus where t.he
modal is t.aught. This is ••• n as a serious omission
.as t.he vit.al role of .nergy needs t.o be st.ress.d U' it.
is not. t.o be overlooked by pupils.
The fact. t.hat. the concept of energy w~s infrequently
u.sed by the .student.. would ~pp.ar to .upport. this
contention (Se. Table 8). Non. of t.he Group A
.subJ..ct.s Rnd only 11~. of the Group B subJ.ct..s
ment.ioned e..ergy in t.he pre-t.est.. These p":I."cent.a~e.
inc:I.".ased ~o only 4% and 22X reapectively in the
post-t.est..
Qu...t.ion Thre.
The two part.s
aeparat.ely.

of t.he question were analysed

3a. There w*re .....-\1iu'al answerljl
asked W'he'k"Qt.h. drC)~let.s es.me fri ,,4

Q the qu.st.ion which
(Se. Table 9).

TABLE 9.
Percent.age Dist.ribut.ion of Student. Responses

(Question 3a. Follow - up Study)

Reaponse Group A Group B
n .lII: 23 .0 II:< 18--------- ....Pr-e Post Pr. Poat

Wat.e'k"vapour
in .ail" 44 26 33 28
Wat.er vapour 5 0 0 0
Ice in Jar 17 9 11 11
Air out.side 17 47 50 44
Condens&it.ion 17 9 ,. 11
Ot.her 0 9 0 6



An impo~tant aapect 01 this qu.stion, namely that
th.r-. ia :!!'!.:S:!!: ~!R.2g!: in th. atJao.spt,er.,i. not
..treiuutd in t.he .t.ud.nta~ Anaw.rs~ In fact J on the
PO.l&t-·to.st..,the wajoY'ity of .tlld.nt.. in both group.
indicated that the droplet. of mQiatur. ari.e fro. the
out.ide air, but provided inQompl~t. explanation ••
3b. The Aecord part of thiJlqu••tion \of .... analy..ed in
.. w...y aimilar to that d••crib.d for qu.stion 7~ of the
';'tlit1al.study (S.. pa,e 51) J which La the ident.ical
qu••tlon. Th. concept. con.idered appropriate to ..
full .xplanatlon al!"~:

War11'\ail:'
Wat.r vap<>uX'
Cold Jar
Cond.naation to form • liquid
Oh.n,e of atat.
ltn\'tY'iY
Part.icl••
Wat.erdl"oplet.
Smaller inter-particle .pace

Several .tud~nta produoed irrelevant andlor unrelated
explanation. and a lar-s. proportion us.d the word
"condena.tionH without .xplaininr or contextua!iain,.
Th",rltfor. t.h... two cA,t..S'0r-i...have b•• r\ included in
the ..naly.la. The diatribui:.ionof the..e id.... i••• t.
out in Tabl. 10.

Th,u,it.~e ao.n.e..indlaX'it.ia..b.t.w••n Group..A and B ••
w.ll •• between th... ii.urea and tho.. obtainfild
during th. initid study. Gfitn.Nllly,the ~!i~!.t. 2.1.Q.Ql:d.t.
in the !!!!:a !.i.r. cominS' into cootact with t.he£QlQ J..~
are id... which wer. r••dily .cce••ibl~ to the
.tud.nta. Th.y app.ared t.oa••ociat.. thi~ ~v.nt with
the t.'l!'nI9.2.!lg!.!l!!'~!.9.!b but foV'many of t.hemI' there w.a.
Il conceptual &ap ~ertainly at t.h. mioro (or-
molecul.r ) l.v.l.
Tha ab••nc. or n.ar ab..anc~ of a r.f.rana. to
particl •• , *....~erZy and .at..t.chan,. wa. very Marked in
both j,tl:'owo.. Ind.~d.) even afttln' a cour.. which
.xplor.d part.iale behaviour in ...veral context., th.r.
waa little chan,.. Ev.n if on. examin •• GrQup a wh.r.
the moat notable chan,. i. evident, it MU.t b.
acknowledged that little over a qu.rte~ of th...e



stud.nt.a pv.n ...ntion.td t.he wor-d pax-ticl.. A. with
que.tion two, both th. concept. of inte~-part..lcl.
apace and of enerlY ".re quite laoklng.

TAst! 10.
Percenta,e Distribution of Concept. used by Student.

(Que.tion ab. Follow - up Study>
Group A
n .. 23

Group B
n :II 18

Pre Po.t.
Wartl\ail" 57 65
Wat.r .,"pour 4-8 30
Cold Ja't' 83 74
Cond.mukt.ion
t.ofor. liquid 22 35
Ch",n". of .t...t.. 0 9
ltn.rlY 0 0
Particle. 4- 0
WatGtl('droplet.. 22 315
SJl\~ll.r inter
part.lole ..pace o 0
Cond.naat.lon
(poor uae> 65 30
Unr.tlat.ed 0 9

Pnt Poat.
6: 56
5t 39
18 67

39 50
0 11
0 0
0 28

44 3Si

0 0

39 22
0 6

Quest-ion 'ouX'
Thi. qu.atlon ~ef.r.. t.o chan,.. in a ,a. aft.r-
co.pre •• ion. It. provide. the subJect.. wit.h a numher
of tl\odGtla- particulate and non - part-leulate. There
i. litt.l. diff.renee b.t.ween the r••pona.a o! the 2
£roup. or b.tw.en ~r.- ar,d poat-t.at.a. The correet
alternative wa. cho.en by t.h•• aJorit.y of the atudent.
in all ca..... a illuatrated in Fia. 15.

Alt.hough lhe 2 ,roup. of student..
.i.ilarly to the qu••tion in lhi.
diff.~enco. b.tween thi. and t.h.
(Qu••tion 9). It ia &cknowledl~d
dif!.~enc.a betw.en the alt.ernativ••
two c•••••

r••ponded very
c••• , t.her. are
initial st.udy.
ch.t. t.here are

pY'ovidiold fo\' th.

It :1.. thu..
provided did

inter.~tin. t.onote that. the alternative.
not di&tract. t.hesubject. t.ot.he extent



p~g. eighty thr.o
that thQ.. of the initial &~udy did. In the inlti.l
.tudy, the .o.t popular alternative illustrated an
incr.a.e in p~rticle nUMber. [S•• AppendIc •• 4 and
SJ In this ea•• , however, no $uch alternative was
provid.d and at.ud.nt$ r.J~ct.ed both continuous ..tter
.odei. and chang. in particl. 5iz. mod.l ••

I ;m::;~b_u~ ~

-.....~-------------------.~_.__-----------------~

Fisure 15. (Que.tion F~ur - Follow - up Study)
Pero.nta,. Diatribution of Student Re.pon.e.

C (Al Continuou .. mod..l; (B) no .pacCl _odel; (C)
d.erea.e ~n particl. .is. after eompre ••ion; CD)
de~r.aa. i~ int.r - particl. apac. after compr•••ion;
<E) no 1Ilt.t..M,'.)t.J



QU.,fr~ion'1v.
This que.tion is idontical ~o que9tion 6 of the
init.ial st.udy. A. flllr•• t.his st.udy i..e-oncel:'ned,it.
i.. clear fro. t.he r.ault. pr••ent..d in Fig. 16 t.hat.
t.hor. exist. only alight. differenc.s betwe.n t.he ,roup.
on bot.h t.he pre- and ~ost.-t.e.t.s. Alt.hou,h on t.he
pre-t.at., about. 60Y. of t.h~ .ampl. a.lee-t.ed t.h.
ae-ceptabl. alt.ernat.ive, t.his figure roae t.oever 90%
en thE. post.-t.e.t...
In sharp cont.rast.to t.he result. of t.he init.ial st.udy,
alt.ernat.ive C was not. .elect.d by a single st.udent.in
this ca... A. a di.t.ractor, it.••em. 1••• convinoinl
t.han either of the ot.hera .0 t.he.e result. are ole••
to t.h. &~ticipat..d outco... Th. incr.as. in sis. of
part.icl•• , bot.h in this and t.h~ init.ial study, was
considered a po•• ibl. alt.ernat.iveby about 20X - 30%
of t.he .ampl. before int.ervent.ion.

--------------------------------------------

OOr----------------------------,~
~~-----------,-----------------

Fflur. 16. <Qu.4t.ion Five - Follow - up Study)
P.rc.nt.AZ. Di.tribut.ion of St.ud.nt R••pon•••

t CA) tncrtulI.s.in part.iol. nUfIlbtH'; (B) incr.a •• in
part.icle .is.; (C) p.t"t.iol~ucb.comer hollow; (0)
incr.as. in int.er-part.icl•• pac•• J



Qu.st.ionShe
This i4 • $odificat.ion of que.lion 5 of t.h.init.ial
st.udy. A. it. i. given t.hat. t.he balloon "lun,."
inflat.e, it. is up t.o t.he aubJect. t.o ••l.ct. the
appropriate rea.on. The di..tribution of response.
appear. b.low in Fig_ 11.

As can be ...en fro. the figur., alt.ernative C (ThQ ,a.
part.icl.. in the lunl. expand) was the favoured an.~er
in bot.h Group A (61X) and Group B (33X) on the pr.l-
teat. This is almoat. .a popular a choi~. a.
alternat.ive A of the init.ial.t.udy which 4imply .tat.d
that t.he "1unS." do inflat.e. Once aaain, the subJect•.
•••med to h. operating at a m$croacopic, viaua! l.v.l,
rather than at a microscopic, conceptual on.. Thill
re.pon..e choice provide.. yet another example of the
tendency t.oattribute bulk prop.rti ...to t.hepart~cl...
t.h.u.lv....

.... Q'__--~-

Be.pma.-lPI:W- • 111 &-....._
Figur. 11. <Qu••t.ionSix - Follow - up St.udy)

P.~c~ntai. Diatribut.ion of Student. R••ponG••
t CAl Particle. in bell-jar expand; (a) particl•• in
:o.. ll-Jjh wid.ly .spaced; (C) pal"t.icl.. in "'luns.~
.xpand; (() part.icl•• in bell-Jar clo.ely ..pac.d; <It>
no at-t.empt..)



The &ci.ntif~cally acoepted anawer (al~ernativ. S"
was ••leot.d by some of the aubJec~. - 35X of Group A
and 27X of group B on ~h. pr.-t.a~. The•• figure.
roae to 65X and 67X on the poat-tQ.t, and althoush
they are nc~ nerlitible, th.y non.th.l ••• r.p~.a.nt
too .mall .. proportion of potential priJUry acieno.
teaoher••
Alt.rnative. A and D were not particula~ly atron,
oont~nd.rs in either of the group. for .ither of the
tea~a. Similar distraotora in the initial atudy
likewi.. received aoan~ .tten~ion from tho••
partic1.l1a:r.t.udentl'l. Tho major problem a.... t.oIi.
with the notion of an increase in particl. ai.~ rather
than 4n inor••ae in inter - particl •• pac.. Thi. i.
aupport.d by a number of report. in the literature
es•• Novick and Nuaahaum (1981)3.

Qu•• t.ion S.'1.Q
Thia que.tion ia id.ntieal to qu••tion four of the
initial atudy, and haa b.en analyaed .imilarly, ••
d••crib.d on pa,e. 43 to 47.

Partiol. Numb.r
The diatrihution of r••pon••~ ia a.t ou~ in '1,_ lB.

In both aroup .., mQat.of the aub,jeot...k.pt.t.h.nu.her
of pa~ticle ..conat.ant.in their diagra... SOX of Group
A and 61X of Group B fell into this cAteaory on the
pre-t••t. Thi. provid ...an inter••tin$ co.p.~i.on to
the at.udent.. of the initial ..t.udy, few.~ than 30X of
whom maintain.d conatant part.icle nu~e~ in t.heir
dialr.~... 33~ of each rroup drew more pa~t.iol••
aft.er heat.ing, but a,ain one f••1..that thia may not
b. an intentional addition.
In t.hepo..t-te.t, •• can b.....n fro_ t.he.hov., therew... an increaRe in t.he nu.h.r of aocurate
represent.ationa, and a corre.potldin~ d.o~ea..e in t.h.
nu.ber of inaccurate one5.
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......
(Que.tion Seven - Follow - up Study)

t:Nu1ftberallp.ct.J
Perc.nt.ai. Diat.rlhulion of Student R••pan•••

r (I) C¢n.tant nUMber befere and after heatins} (XI>
incr.... in numb.~ after heatins; (Ill> deer.a •• in
nUMber after heating; (IV) no atte~pt.J

P.l'ticl.Si ••
A. w.. the ca.. in the initial atudy, MOat 'Of the
lIubJecta drew particl.. of the .ame ai.. in both
flaak. (Pir. 19>.

However, .inco the change in the cyatem i. brourht
about by h....ting, Oh9 would expect ..om•• ubj.ct.. to
draw larger ~article. .fter h••ting - ....wa. inde.d
the c••o. A clear trend toward. mo~. accu~.t.
repre••nt...tion ia again neled on the pcat.-teal
reaulta.
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&apouc:t-.. PM -• hilt

Filu~e 19. (Qu••~ion S.v.n - Follow - up Study)
(Size a.pect.)

Pe~centage Di.t~ibu~ion of S~ud.nt R••pon•••
C (1) Equal .iz~ b.fo~e and aft.~ heating; (II) ls.~g.~
,Q:ft.e~heating; (III) .m..ll.~ aft.Y'h...t.inE£;(nO no
.IIl~tempt..J

Pa~ticl. Di.t~ibu~ion
The diag~am. w.~. analyaed aceo~ding ~o the nature of
t.he paY't.icle distribut.ion, particula~ly aft4r he.tins
and th.~.for. after ~he balloon had expanded. Five
maJo~ eat.io~i.s w.~e ident.ified as follows:
I. Even di.t~ibut.ion
II. Upwa~d Movement of p~rticl••
III. Partiel•• in balloon only
IV. Diat~ibution i.n.~ally un.qu~l
V. No a~t.mpt

Aa can be .~~n f~om Fi$.20, .tudent.. who dr.v
pa~t.icle. i.ne~ally unevenly distribut.ed - or untidily

comprise a .mall percentage of the total. It
app.ara that. vh.~. there is uneven distribution, it
haa been deliberately drawn, as was. indicated in the
initial atudy. About half (Group A S2X, Group B 50%}



t.h. st.udents
indicat.. the
heat.ing.

on t.he
upward

pre-t.est.
move!l\lent.

mad. some at.tempt.to
of the pa~t.icl.A after

" })btribut1on

t 100

eol----· ':-,..,,----.-----------.----1

+1)
BoiponlJe-Al"N

Figu~. 20. <Question Seven - Follow - up Study)
rDi.t.~ibut.ionaspect.l

Pe~cent.~$. Di.t~ibut.ion of St.udent.Responses
r (I) Even dist.ribut.ionbefo~e and after heat.ing; (II)
upward m~v.m.nt. aft.er heat.ing; (III) particle. in
balloon only after heat.ing; (IV) particl •••• nerally
unevenly dist.ribut.ed;(V) no att.empt..J

~-------------------------------------,--------~

This could, as Novick and Nu.~baum (1S81) have
suggeat._d, b. due to a ViSUAl ".iacue" of t.he
balloonYa expanaion, or b. aasoeiat.ed with the no~ion
t.hat. "hot air riD••". This mi$conception was
cOmmoner, in thia ea•• , t.hanthe id•• of individual
part.icl.. increasing in $i~e: wh.~. 33X of Group A and
22M of Group a drew larger heated particl •• on the
pre-t.est.
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Thi& not.ion of upwa~d ~ove~ent. was .till quit.
prlltvlll..nt. in t.h.. po.t.·~t..est.,pa~t.icularly with Group
A. None of th. atuden~a drew particl&s in th. balloon
onlYt but ~x of the~ st.ill indicat.d aA upward
movement of particles. They see. to have r.tain.d
some id~a of .vllla distribution, but were misled by the
h.atinr andlor by the inflated balloon. Mo.t
atudenta in G~oup af how.v~r, .•••• to have Jettisoned
t.hia ml.conception, 7B~ of the aample p~oducing a
scientifically accept.able citawin, on the post-t.est.
M.nlal imas.. of par~icle$ in the balloon only, a•••
t.o b. eat&i.~ t.o diacard th,:an i.agea of palt'ticl••
moving towa~d. the balloon.

% nt.tributJoatl00r-----------------------~
~

~r--------------
~r---------.-----

~ 0 ............""""---' ..

".poo."-0\," •

Figure 21 (Qu••tioD !isht - Follow - up Study)
P.rcentare 01atribut.ion of Student Reapon.ea.

t {A) ra-rt.icl.. at.. Idd.a of flask; (a) l).articl•• at
neck of flask; CCI particl••• "enly distribut.d; CD)
pa~ticl••• t;~ottom ot flaak; eEl no .tt.mpt.J
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This question (i.e. Question Eight) is th. aa•• as
quest.ion 2 of t.h9 init.ialst.udy, but.fo~ the r4versed
~rd.~ of alt.ernat.ives C And D. It.also deals with
~article distribut.ion before and after a chanl~ in t.he
sy.zt.em, but.}'<;;..reremoval of .someof 'lheair by auct.ion
is considered, rather than a change in tempera~ur •.
As for lh. initial st.udy, and as indicated in t.he
literature, t.he aaJorit.y of aubject.s appeared to
l:'et.ainan im.aS'eof .-vernpal.""t.icledist.ribut.Ion.
A. ia clear from Fig. 21, st.udent.sin Groups A and B
perfor~d very similarly, as did t.hest.udent.s~n both
pre- and post.-t.est.s. Th.~., is however, a alight.
t.endency to improvement. on t.he po.t.-t.est. It is
not.eworthy that. t.he subJect.s did not select.
alt.ernat.Ive B which shows upward movement. of part.icles
due t.o suction; whereas in quest.ion seven, upward
movement due to heating was relat.ively common.
aeating thus app.ar-s t.obe mOre difficult. t.odeal.with
than auet.ion. It i. also Acknowledged t.hatin this
ea••, t.he initial st~t. dist.ribut.ionwas siven, And
mo~eove~ that this is a multiple choice question,
While qu••t.ion ••ven was optm-.nded.
Que..tion Nin.
This is t.he same as question ei,ht. of the init.ial
st.udy. As wit.h question s.ven, it. probes t.he
st.udent.s' ideas of paX't.iclebehaviour before and ",ft.er
heat.ins_ As can b. s.~n from Fig. 22, the result.s are
similar to t.hos. of th~ init.Ialstudy, namely t.hat.the
two alt.ernat.ive explanations most.iavoured were tho••
Which involve individual partiel.. expanding (A) or
rising (01. Unlike th. Initial study, however, t.here
was a fairly ev~n dist.ribut.ionof respo~sos bet.ween
these two alt.ernat.ives. In addition, t.het.wogroup..
responded fairly simil~rly, hut.a high percent.age of
Group B demonst.r4t.d unwillingness t.o a.lect. any
alter-nat.lve and l~ft t.he qu.~t.ion blank on t.he
pre-t.•.st.
Only 13X of Group A and l1X of Group B s.lected t.he
correct. alt.e~nat.iv. on the nre-t.est.1 alt..rna~iv. C
receivins response. of aimil. 19nit.ud.. The result..
of t.he poat-t.••t. ~r. inter~_~1ng in that t.heyshow
mark.d t.rends t.owa~ds t.he selection of t.heco~~.ct
alt.e-rnat.1ve,p$lrt.iculaX'lyin G-roup B. It.IIhould b.
not$d however that. this ~epresQnt.. only 58X of t.hAt
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sroup, while 38% of Group A chose this answer on the
post-t.est. In the post-test, a higher percentage of
~roup A students selected alternative C than on the
pre-test.. One can only sp.culate that ~hese students
were looking for a difference in 'OArticle number
between t.he heated and unheated packets, but fail to
relate this to the ~b~fore~ situation. A~ain the
notion of constant particle number appears to be
difficult to retain in complex situations.

" IJt.trlbullon

t
&Q~----- ----------1

Figure 22. (Question Nine - Fallow - up Study)
Percentage Distribution of Student. Respon.e ••

C (AI IncreaQ. in particle size ~ft.r h~atin~; (a)
il~crea..e in int.er - part.icle space aft.er h.ating; CCl
in"::-'1"easein p.ti!.i,t.iclenumher of unh.ua.ted pack.t; CD>
indi-v}d,:..l part.icl«u>l rise a:tt~Jr'hell\t.ing; (it) no
at.t.flll1Pt..J

..,0
A Q 0 D I:Rqponst- m ~ ..

oil ..... II l\ffi lION el"lNt

Qu .... t.ion TfOn
No comparison with the initial study will
reasons already given. The stUdents'
produced diagr~mm~ticallYt fell intu
cat$gori.s1 namely~

be l'lad.~or
r.apon.!IHUiI,

five m.... Jor



(/. Catego~i~s of studentsJ responsea)

An acceptable diagram, showing particl~s of
solute and solvent evenly dispersed throughout.

An int.:::cai.ion - Itit.h~u' explicit...ly or othfd'\lia"
so•• sort. of chemical change would take plac ••
Pa~ticl.a dist.ributQd unevenly.
A combination of II and III.
No att.mpt

;I.
that.
Irr.
IV.
V.

....
Jteapt>lll&-• Prot

Filu~. 23. (Quest.ion Ten - Follow - up St.udy)
Pe~ccntag. Distribution of ~lud.nt. Respons ••

C (I) Acceptable dl~gram; (II) ch •• ica' chango
indicated; CrII} unev.n distribution of part.icl•• ;
CIV} combination of II and III; (V) no at.t.empt. l
A. illust~at.ed 1n Fi~. 23, 65X of Group A ano 33Y. of
Group c students were able to draw an acc.pt.ble
particu:ate explanation of solution formation on tho
pre-t.est. This Mo•• ns t.hat.jUlit.over SOY. 0; thCl tot.al
populat.ion .urveyecl were looking to elt.rnative
expl:a.nat.ions of t.he ph.no~enc>n. It \£ ol.a\' t.hat..over
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20Y. of th•••• tudents w.r~ unaware that form.tion of •
solution of sugar in water is re,ard.a .a a phyaicalt
rather than a chemical chan,e.
The dr.win,. with particle~ unevenly distributed were
of int ~.st a4 the unevenn.s. appe.r.d very deliberate
in a.veral instancea. Particle. were drawn .aa••d or
clump.d togr~~er in .p.cific areas of the te.t tub•.
Clearly, th~s was .,ant to imply .om.thing, but it ia
difficult to deter.ine quite what. It ia po••ibl.
that the .t.uient.. were .aking att••pt.ato repr••ent
th- ,olute particl •• in the "actH of cii.aelvin,.
WheQl.r and Hill (1990), cit. such. dialra. (wit.h
clumped .clute part.icl••), and point. out t.hat.<auch a)
" .tandard textbook diagr•• uaed t.oilluatrat.
the dis.olvins t~ac~as, ..y lead to a varlet.yof
at.udent. mi."nder.t.ndins.. traY'ex.mph·, .atudent..
ml,ht b. cnnfu ••d a~ t.ot.he.c~u.l number, ai•• , and
relative shape of the pa~ticl •• involved, and r~c.iv.
t.he wNlnr il1\pre•.aiona. i..Co the d!at.ributi()nof .01ute
and aolN.nt p~rticl.~.~ (Pi 59).

!.~ hn!!2~!&~i Ig~!l~Sg£S~
A. wa. the OaA. with the initial atudy, t.h.t.o.tal
4o~r. 125 obtain.d by .aoh .atudent on t.hewhelo t••t
was oal~ul&t.d, a~ were t.he.roup av.ra,•• and '~an
diff.renc •• on pre- and post-t ••t.. S•• TAbl•• 11 t.o.
14 below fer d.tail••
Aa i. clear fro» the Table I1t t.he,roup averas•• are
almo.t identical. No. t••t for .ie;nifioAnt dU'fer.nc ••
WAS therefore carried out.. Th••• re~ult. are thu.
ai~ilar t.o.tho.•• obt.ained on t.h. initia: atudy, wh.r.
no .aisnificant. difference wa. found ~.tween rroup
.V.NAZ·.. •

S1Mila~ to t.h. initial at.udyteo, .re t.herelAtively
low .?ra8. .cer.. for .ach group. Althouah th•••
scorea ar~ alizhtly hisher than thou. obtained by
diffecent .t.udent. t.h. prevlou.a y.a~, th.y .till
average 1••• t.han 50~ (or 12,3/25), There ar.
ther.for. cl.ar indications that, au far .a the
part.i,..left\odftli~ concerned, t.hftpremtrvice primary
teacher. .t JeE do experience cona1der£bl. difficult.y
before .nt.rins the ~ci.no. methodolo.lY cour••••



TABLE 11.
Avera... of Total r.at Scor •• tor Groups A and S

(Pre - T.at.>
GROUP A GROUP B

_.____'

n 23 18
•••n 11 .6 11,7
varianc. 10,2 ~5t9
••d. 3t~ !5,1

SiMilar analy ••a of poat.-t.eat.acor4Ul wore conduct..•d .a
pr•••nted in Table 12 below.

TABLE 1~.
Aver.lea of Total Te.t Score. for Group. A And B

(Poat.- r••t.J
GROUP B

n
l"IHIt.n

vl!i.riance
...d.

23
15,2
9t9
3,1

--_ .._-----HJ
IS,9
11 .a
3,4

o. r. 39
co.put.ed value of t.• -1,623

------------------------The abov. r...ult.a indicat.e t.hat.the diff.r.nce b.t.ween
av.rage acor.A of t.h. two Iroup. on t.he P04t.-t.•• t. la
not at.atiatical1y aignificant.

It is worthy of not. t.hat the averag. acor.a of bot.h
,roup. for whatev.r r•••on - .how .ark.d perc.nt.g.
incr..... on t.he po.t.-t.e.t...Th. aver.le ot Group ~
incr•••• d by .pproximately 14X (or 3,6/25) and t.hat.of
Group B by approxi.ately 21X (or 5,2/25). A di.t.inct
t.rend toward. iMproved underat.andin, of t.he part.icle
model i. ther.fore ob••rved ailer t.he .t.ud.nt.ah.d
und.rgone • aci.nC4 .et.hodololY cour •• at JeE. (S••
rabl. 13 fo~ d.t.il.l.



TABLE 13

Pre- and Po.t-T ••t Avera,e Scor•• for
Group. A and B.

(~0110w - up Study)
GROUP A
Pr., Po.t.

GROUP B
Pl'. Post

a.d.
pre/poat.

difference
D.~.
cOllput..d

t-at..t.i",+ic(9!5;()
...".lueof p

11,6
10,2
3,2

23
115,2'
9,9
3,1

11,1
25,9
5,1

18
16 ..9
11,6
3,4

+3,6
44

+5,2
34

-3,85
". O. 05

-3,57
"> 0 105

I.ch of t.h••• differenc." i. therefor •• irnilicant at
t.he5X l.v* 1.
While it. 1..
t.h. .f; cllCY
word., t.n.
encourarinjf.
pr.:>v:ld. .MOl'It
aian1£icanc. 0':;

not claim.d that th ••• figur •• illust.rat.
of th.. ..thoriolorY cour.. (in oth.r

interv.n:tion>, t.h... chan,... ar..
It i. hoped t.hat. fut.ure r ••• a~oh will

preci.. inf¢r •• tion •• to the
t.h•• a t.rend••

To -cl"'t.ra:ln. the .aia-nlficanc.. of the difference in
p~"c.ni;..$e incr.... h.tw ••n Group ..A and I, A t-t••t.
on jn&ividual differ.nc •• wa. conduct.d ••• uMmari ••d
in Tabl. 14.

TABLE 14.
Differ.nc •• on Pr.- and Po.t-T ••t Scor••

for Group. A and B--------------------.
n
mean
varianc.
••d.

GROUP A
23
3,5
9,3
3$0

GROUP B
Ii

S,l
6,9
2~6

D. P'. 39
comput.d vAlue of t • -1,83



Th9 above ~e.ulta indicate that the difference between
Group. A and a percentage increa.e i. not .t~niflcant.

During the cour•• , .tudent. were required to produce
.pecific piec•• of work appropriate to pri~ary .ci.nc~
and relat...d to the particl ...model. (R.rer to cour.·.
outline on p.8e~ 71 - 73 for the timing and ae~u.ncing
of the•• t••k~.) The.e particular task. will be
di.cu•••d one by one in general term. - and then
a.veral student. will be ••lected for an in - depth
analyaia of their conceptualisation and chang••
Plea.. not. that copi•• of studenta' work .ppeara in
the appendices where indicated. Th••• diagramM have
be.n .elect.d •• exampl.. to illustrate the point
heinr sud., a. h. is not po••ibl. t.o include the work
of all .tudents in this study.
2.1 Individual Df.rr•••
Task One The three .tate. of wat.r with
ref.rence to conden.ation - an extenaion of que.tioR 3
of the que.tionnaire.)
(S•• Appendix 9}
Thi. wa.. th~ only activity which st.udent. p~oduced .~
a rroup e!£o~t. It was f.lt.that this would b. Ie••
t.hr~at.e.inr to t.he "tudent.... an initial t...k. The
at.udent.. are aware that.their .aience hackg~Qund~ are
weak and f ••l aor....cure workin~ 1n ,roup...
Student.. and teacher..of{en f •• l that it. is diffioult.
to illuat.rat.. wat.r in it.. t.hree ..tat... wit.hout.
hea~in, the water t.o plOQUCe wat.r vapour. Thia i.
time con..umins and could b. inconvenient if .cienc. i.
t.au,ht. in a cla••room wit.hout heat.in, {acilit.ie••
Thi. activit.y provid~. a rood example of water vapour
without. boil!n,. Furt.h.rmore,.a ..ny atudent.•••••• d
t.o use the word "condenaation" very loo••ly on the
pr.-t••t fit was aLao f.1t that.a C:omon.llt.rati on of the
phenomenon would h. in order.
St.ucl.nt ,roup. W.Nt provided wit.h a b...k.r wit.h",.tel"
and ice. They were told to leave t.his Apparat.uaalon.
for .everal minut•• , and then t~ produce ..di.,ra. of
the 3 pha.... of water, u.lni colourQd paper t.ocode



for t.h. differ-.nt. .t.at.....One expect.ed t.he3 st.at.••
t.o be identified; wat.er- and ice in t.nebeaker and
~at.r vapour all .r-ound. In addit.ion, water droplet..
should have b.en ob.~~v.d on t.heout.id. of t.hebeaker
after aome t.ime.
1here were no sp.cific in.truction~ r••ardin. t.h~
1rawinl of part.icl.. •• the intention wa. to .II•• how
~••dily the .tudent. r.sort.d to particl.
e~planationa. It can, of cours. be arBued th.t. t.hey
will not do.o unl••a told. However, t.h.ir r••pona••
ar. of int.ereat..
Non. of t.he .t.ud.nt.s sur-v.y_d drew t.hewat.eror t.he
ice in particulat.e form. the only part.iclea which
appeared were thoa. indicatins t.he wat.er vapour. nere
t.he at.udent. had gone to deliherat.. I.nit.h. to obtain
their paper "par-tiel•• ". Some had cut.out bit.s of
paper, other. had used. punch t.oobtain circl.£ and
ot.her. had .aked for gum••d dot.. (S•• Appendix 9rOiasram 1.) The pArticula:t:..nat.ur. of the aa•.-oua
pha.. had c.rt.ainly occurred t.othem, but not. (with
on. pO~4ibl. exception in the ca•• ¢f liquids) for the
ot.her pha•••• [This contrAdicto}'Y und•••tandin, of the
particle mod.l with ••••p.at to .olida, liquids and
IASQS ha. &1&0 b••n r_ported hy Stavy (1988) J

About SOX of th. .~mpl. £.11 int.othis "particulAt.
ga." ,roup. Th. other student. r.p••a.nt.~d the wat.r
vapour a••• olid blOCK, mo.~ oft..n plac.-d immediat.ly
.bov~ the w.t.er l.v.l. CDiagram 2). This neI1.0t. of
the ,eneral atmoapher. was a feature of the »,•• -
particulat.e" student. ss w.ll. It i. difficult. to say
wh.ther they were aware of the "'Ul (L •. w,reer vapour)
in the I_neral at.mosphere or not.
Th.- repr••ent.~tion of the cond.nsat. on the Aide. of
the beaker WAS int.ereat.ing. Sev.r-AI group. fail.d to
include it in t.h.ir pict.ur.... O:t" tho•• who did, .0..
•ade t.his wat.er appear part.iculate, but either colour
codinl it. ..... fourth ..t.at.or the .Am••• the I;,;u,.ou.
phas.. (Di.,ram 33. Only on. ,roup r.pr•••nt..d it .a
idontic.l t.o the water in th~ b~.k.r and ....
continuous, non particulat. line. 'rom the
1.1terll+..1H". CZ.. 'Rour (1976) ; Oaborn. and Co..g;l"ov.
(1983) i ~lt'uS'erand Sum",.r.. (1989} J, it.'Wou1d appear
t,:lat.. th.?:'•• xi.t. wid••pread conf\;.aionabout 'lh.ph.a(l
chAn~•• of water.



Taak Two The
formAtion an
in.etru.ent...
(S•• Appendix 10)

.ffect of temperature
ext.enaion of que.t.lon

on solut.ion
10 of the

Here, Alta in
:required to
It.. ia not.
work wIt.h
did.

the f'ollowin& ta~Jk..,all studenta wer.
work individually and in t.heir own t.i ...

certain vh6th.r or not. t.hey di.cuased t.he
each ot.her, hut it ia pr...~m4d t.hat many

Stud.nt.. were r.q\;;i:red\:.0 inv...tig..t. t.heh.hl.wiour {Jf
• numb6'll:"of $uh..t.anc.. in wat.4n'. They weY'1'Ithen to
draw up t.he inatruction ..for the activity and produce
A floor plan of th. lahor,atory oY'gAnisat.iont.oconduct
.. pr.acticAl .".rei.. Y'.lat..d 't.osolut.ion forftUllt.ion.
ror t.he follOWing .....ion, each atudent. was to draw a
dia!Y'am/. explaining why a~ increa •• in t.emperature
iocrea••• soluh!llty.
The st.udent.' drAwing. were .xamin~d for the following
Main point.s:

Both .olut. and .olvent r.pres~nted .s p~rticulat~
Particl •• evenly di.tribut.ed In aol~t.ion
Heat.ed part.icl...t.h.....m•• i ••• oiI ~nhe.t..d c.n••
Solvont. mol.cul •• lIlor.widely .pa.ced in t.he;'e.t.d

.y.t..m
SOMII indioat.ion of incr•••• d mol.ltcul&rmOVelti4mt.in

the heated ayat..m
ThQ finding. are ..ummari.ed in Table 15.
Cl••rly, in t.hi. c•• ~, the int.ermolecula~ apac.
conc-Dt. i. the moat. po~rly develop.d amon, t.he••
•t.ud.nt.&, It. muat. b. at.at..d,too, thAt. ••on, t.hoa.
wt,o .r. ineluded in t.h.......'P.c.... p(trcent..ie.,,1'. t.he
at.ud.nt.a who.. drawln!. mer.ly i.plied .pao•• , by
ment.ioning t.h.t part.icl.. mc.v. apart., or by dr.win,
.paoed out. particle» wit.h no explicit. ref.r.nce. It.
i.. alI10 .not.known juat how the .pa<aJl '14.1'. viaua11 ...d
in t.erms of compo.it.ion.
On",. Arain t the. .niu"gy connept. \fa. not. incorporated
int.o t.he .xplanation~ in t.he maJorl~y of CA•••• Wh.re
energy did form pArt. of the .xplan~t.lon, t.heoonoept.
wa. implied by red lin•• , or by .r~~w. at.t.~oh.dto the



par~icl.s or in other ways. (Se. Appendix 10, Di.gr••
1 KP). In one or two other ~as.s, .nergy waa
repr.s.n~ed as pArticu13t ••
ih~ vast majority of the students •••••d to draw
particuJatG sal~ or sugar quit. naturally, (As in
Dia~ram 1, referred to abov••) Of ~hoa. who did not,
one Group B student drew particulate salt only after
solution formation. As far .s water is concerned,
~h.r. may hAve he.n a differ.nt type of ~hinking in
progress. Wa~.r {n most. cas.s was drawn as
con~inuouaf alt.hough two fttud.ntSl in Group A, while
drawing t.h'l'wat.er as cont.inuous, did m.nt~on ~h. words
"wat.Gil:'molecul.s".

TABLE 15w~~----------------------------------------A.lilpect.of Pa~t.i(:leModel Id4iu~.:.ified
in St_ud.n~Diagr2mJl

(Ta.lllk2. Follow - u~ 'itudy)
GrollpA GrouF B

n "" 22 n Silt 15

P.rtic!4ul
Solut.e 96% 81%
Solvent 21% 60"

Even diatribut.iob 13% 60Y.

Equal ..12.. 73% 67%
Spac•• 9% 7%
Movement/energy 36% 27%
Aa indicated by the summary, a hiaher percent.ase of
Group B studenta in fact. did rep""..ent watQl" ...Ii
~articulat.. While accepting that few conclusionJl can
b. drawn using such slftall sample., one may sUiS.at.
.som. reason. for this. The ;roup wae more
het.erozeneous than G~QUP A as previously di.eua.od.
and aome of theu$ student.a hAd completed a Phyaioal
Science courae at JCE. Theil" aeience backgrodnds
could have b••n .stronger than thoae of the other
studenta.
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Howev.~, with ~er.renc. to the Group B studenta, an
int.resting reatur. did emerge which 10.1•• quH .• ab.ent.
from the other group. This is t.he~ention Or che.ical
bonds bet.ween solute and solvent. 1II.01.Cl.l] .... OVer-20%
of t.he tot.al saMple indicat.ed chemi¢Al bond..on the
pre-teat, &0 it is quite surprising ~hat none of t.he
Group A st.udent.. cont.inued with thii line of t.hought.
here.
Solut.ion format.ion c.n be said t.o depend on t.he
r.!l~iiY!. ..ti"'enst.hof forces be'l;.weenwat.r molecul~ul,
bet.ween solut.e molecul ...and b.tw.en water and solut.e
molecules. St.udent.s (and pupils and ot.hers) find it.
difficul t. t.o diffeNtnt.iat.. bet.ween t.heJutforce....no
t.he honda forAl.d (or brok.n) during chemical
-react.:!,ons.
For ..ix of the Gr-oup a student..., chemical hondini was
an import.ant. i~.u. in t.hi..t.ask. (S•• Diasrams 1 and
2 KP and PL). It.is not cle~r what wa4 implied in
t.h.... c,UUt., but. it. .'UUIUl t.hat.t.he a;.n.t',~lme...ase i.
t.h.t th. higher the t.eul.rat.ure,t.hemqr. bonda will
he formed. During a di.c~s ..ion with ••,*ral of t.h.se
atudenta, this id.. was ind••d expreMs~~. Xt i. of
cour.. quit. contr-Mry t.ot.h.soientific vi~w. For the
.t.udent.., t.he notlotl. of incr.a••d bond formation i.
conceivably relat.d t.o greater .olubility or sreater
spoed of di.solving at.hisher te~perat.ur.s.
In "0"'. cs••• (S•• Diag-raflUll1 and 3, KP .no AM), t.h.
dissalv.d solu~. particl •• appear t.obe b.tt.~ ffmix.d"
than t.h.undissolved one., but in oth.ra (S•• Diagrams
2 and 4 -PL and VJ) th••• are qu!~. h4Fha••rd and
chains or lat.tic... of wat.er + solut.. are pictured.
One at.ud.nt. (AM, ••• Oialram 3) did in fact.repre.ent.
bonda betwe.n wat.er mol.oul.. breakina at..olu~ion
forM.tion. She a1ao indicated an increa•• in int.er-
molecular apace, but. t.he subs.quent .uS.-r - wat.-r
honda could be mi.leading. To the uninitiat.ed, it
could look as thourh a chemia~l chans. haa t.aken
place.
Constant. part.iole s1s. and even part.iole distribut.ion
w.rlt featur •• of t.hemaJ i ty of ea••JI, alt.hou:rht.here
wa. a t..nd.n~y amons aom. .tudent. to make heat.d
particle. a 11tt1. larr.r. It WOUld appear, thouaht
th.t. t.h••• asp.cts of the mod.l were not consid.~ed by
t.hest.udent. t.ob•• ianific.nt in thi. ca•••



Task Three Why h••ted ~i~ ~i.e& a pr.ctical
r.p.tition of que.tion nine of the instrument. This
is also ..repeat of the task given to student. during
the initial study.
(Refer to Appendix 11.)
Students constructed a balance u~ins empty cartons
suspended open end down fro. eith.r and of a •• tre
stick. Th. air in on. WAB then heated by placing a
lit candl. beneath it. This slde subsequently roa.
and student-iiiwere .s.ti..fied that they had d"monstrat.ild
that hot air ri.... They were then to produce a
pictorial r.preaentation of the behaviour of the air
particl.4 in hoth cartons.
~p.ct. of t.he particle mod.l appropriate to this
illustration a~.~

Air .e.n inaide and outside the cartons.
Air represented aa particulate
Particl •• the same .1a. t.hroughout.
Even diDtribution of particle. in eaoh of the

cont.ainera
Air in heated carton drawn 14u!l.8 d..n... thall

unheat6ld - if no'!:.ata:t..d.
Th. .tud.nta' dtasra~. were .x~min..d for indicationa
of the•• aap.eta and the followinr ¥a" noted:

TABt&: 16.
Petrc.nt_Ir.Sumnultrj'of A.$p.eta of Partie14l Mod..l in

Student..' Ol..IlS'ram..
(Taak 3 - ~ollow - up Study)

A.spect Group A
n • 21

Group B
n • 16---_.._.. __.........

Air a& particulat...
Particl •• in and out
Con.tant 4Ii:=_
Even diAtribution
Chans. in d.natty

90
19
71
19
10

81
13
81
38
31

A. :1... indicat.d in Table 16, moat CJ,f t.he.tud.nt.. at.
this atag. w.. re drawinr mat.ter <at any rat..air> a.
part.iculate. Howevetr they •••med to !oou. very
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narrowly on ~h. syal.. in ~u••~ion, without
cotuBid.rin~ ~h. air in ~h ..wider at..ospheric context..
Similar observations were mad~ with regard to the task
involvins the 3 M~ates of water previously mention.d.
This may not be a •• rious fault generally, hut in ~his
particular ca •• , the ou~sid. air should be mentioned.
The MaJority of students, too, have drawn the
~Artiele~ ~f equal ai.e throu~hout, althou~h 19X of
th~ Group A student. produced enlarged he.t.d
particl... (S•• Diasra. 1 - MJ). 39% of th.s. sam.
students •• lect.d an expand.d particl. alternative an
thia queat.ion in t.hftpr' ·t.i3t. It would app ...r 't.h .. t
thia mi.concep~ion i. not. difficult to ~b8ndont .s all
of t.h. '"part.iculat.e'·s~udQnts in Group B lIuil.int.ainftd
const.ot particl. si.. before and after heating. It
i. sp.culated that the intervention, even at. this
early stage, had som. effeat.
'Isu, ot.h.r common fttisconcePtion in t.hia context, na1Dely
that individual pa~ticl.a ris., •• eas .o~.
persiat.nt. Th~ exist.nc. of this ide. ,.....n in the
numb.r of atudenta who did not. maintain ev.n p..rt.ial~t
distribut.ion befor. and lIilft..X"h,•• tina_ Moat 0:£ the
uneViJon distributor.. produc4hl diagNi'IU with air
p.rt.:lcle. aoncentrated at. t.he "top" (away froll [la.e)
end of the cont.ainer (SeQ OiagNlm 2 - SA)

thi.a .s'l:.udent(SA) 1 and ...veral othe-rs, simply drew the
pict.ure, whil ..t. other.s att..mpt.ed t·9 .xplildn th", risin.a;
in tert'A.fIIof an upwllrd nforc.... .ath,H'.fII••••• d t.o
imaglne heat.ed air from the r.zion ot the heat aource
pushing into t.he pAcket and Making it rise (S••
Dtasram 4 JT). This i. an int..resting r.ver.al of
the scientific Qxplanat.ion, where 'lh. heat.ed syat.em is
le.a ~ens.. .one student. .ven mentioned heat
"molecul.s". (S.e Oiagrlun 4 - We)

In t.hia ta ..k, 62% of Group A Atud.nts, and 27X of
Group B drew diagrams which in SQm. way indicat.ed
upward mO'letA.nt 0'£ im:livilual air particl... When
compA~in~ this figure to ~hat of the pre-t._t, there
i. vi~tually nc change in the Group a percent.ag., but
that .of Group A h•.s ri.en from 3SX '1:.0 62X
As far as drawing fewer particl •• in the heated sy.t.m
i. concerned, t.his r.'Px'es.ntat.ion W~. fa.¥'!'nor.cOXlu,on
amona; Group B than Group A st.ud.nt... How.v~n", it i ..



no~ always clear
fully understands
- KP ~nd PL).

fro~ the diagra~ that the student
the concept. (S.e Diagrams 5 and 6

The first student has drawn fewer particle. in the
heated pal't, and t.hiil'air IUUUUI t.o b. ~O\fj 'from
packet t.o atmosphere. 'fhere i'.recl.ar:....!!:lor.
particles in the uoheAt_d con~ainer, too. The second
.student has al.lloshown <to my un .;-r.st.andina>,t.he
h.~t.d system as beil'llless dense t~an tho unheated.
Thi.. wo~ld he qait. accept.able if it were not.for the
arrows and the "wings" and ot'lH'trindicationa of £1isht
illustrated in the heated particlea. She appears to
have been careiul to keep particle number-const.ant.in
the p_cket.s before heating, but. the extent.of h,.r
understanding is unoert.ai~.
In any .vent.1 .at par-ticl. explanat.ion liUl t.c.why t.h.
heat.ed packet. roae is not.read1ly accessible t.othe
maJorit.y of t.he.srt.udEtnt.s,pal!'t.icul.rlyt.hest.udent..~J!
Gl!'OUp A. As. :pl!'.viousl;ymentioned, although t.he
post-'t,4lUI1:.result.. show It In&rked improv.lI\fimt.on t.hose
of the ~r.-t ••tJ fewer t.hAnSOX of the sample ..elected
the correot alt.ernative, even After t.hisex~~oi.e and
'lh. follow up. Clearly t..hiaexperim.nt is cO~plicat.d
and is oft$which students - and possibly pupi1~ - find
dAfficult. '\

T•• k Four ~iquids and ga$G. exp.nd wh.n heated and
contract when cool.d.
This t~sk for.med part of a lar-ser unit on ~he
expansion and contract.ion of solid., liquids :'l'/,~
saa.s. Students were to tryout a number of
investigations in this area and t.oprepare work for
pupils. The final requirem.nt was t.hatthey produc• .iii.

diasr. t.o ~xplain the behaviour. of liquid/iaa
particl•• when heated.

Gummed paper dots of different colour. and .i~.JII were
made available to JIItudentsfOl repr.Et••nt.tion of t.he
partlolEts. It was int.r.stin~ to overhear their.
conv.raa~ion_ as t.hey ••lected their dotA. It
a~p.ar.d that c..rtail'l aspecta of the mod.l were
h.co~in8 cl.arer to ~h.mas they aaid :

\



nThey ~us~ all b. ~h. saMe size because the
pa~ticle$ don't g.~ bigge~" o~:

HI! you ne.d 10 be!or·. h"at.1z'S1you'll only need
10 after h.~tin& - th~y stAY th. sa.e."

1. Heated wat..r ri.8ing up A cal- lIar';>"t.ube. <As
for que.t.ion one of t.he test. in.trument..)

2. Bubble. of gsul escaping int.(")a bea:ltftrof water
from an lnv.rted he~t..d flask. (As for que.t.ion two
of t.he ~eat. inst.ru••nt)

3. A balloon attached to a flask infla~!n~ after
h.at.ing.
!Aa for question seven of the t.est inst.rument).

The different. illust.rations will be referred ~o
l'H.para~ely:
Stte App.ndix 12~ Paris 1,2 And 3.

An acc\J:N1.~eillust.....-at.ionwould .how bo~h "before" and
"after-"••.si~uations, with t.h. heated wat.er p_:4"t.lcl••
riaing up the capillary tube. Particle ,i~e should
'NUI'jain con ..tant., and un IeaJillwat.er 'W'QrH .ctua.lly
splashing out. of the open end, so .houl~ p8r~icle
nUJnb~n'•

Diagrams 1 t.o 4 illuat.~at.e several aspect.. of
concept.ions of t.he par-ticle modol which are h~ld by
Jl\tanyst.udents. Th. ..k.j·....to the diaS'r,'lmJIindicat.e
both water lholttcules and t.h. int.ermolecular- ..p.aC~M"
Thea. spaces are .stippled in every dialram, iivifiS'th~
i~rre.s..ion t.hat ~h.Y1 in fact, form anot.her medl'llm. ..
OtHt 41tuden":. (GDM - Dia8~am 4) haa oven labelled t.i'.iiI.e.
"air sp.c.s". A. Nusab_um and Novick (19S1) pu~ it.1
.at.udent.s,experiencing difficult.y wit.h t.he ••pt.y .space
concept. appear t.o visnalls. matt.er as • ••• J.ll~
embedded wit.h raisin - like particl ..... (P8773).
Not only welNt t.he apace ..drawn a..continuous m$'t.ter,
t.heir .size was gr-os.alyOV.Nl.!11t.im.at.d.This par-lie-ular
a'.spect. of t.he int.ermolecular sp.c. concept. waJi
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illust.rat.ed in t.h(;init.ial st.udy (See Ap~endix 6l, .and
alao alluded t.o by Dxdver <1985L MiB)."ep'r'E'l.!utnt.at.ic;'.lls
of t.his nat.ure affect the st.udent.s' appreciation of
t.h.. relation.hip hei.\IQan scient.ific models and
~veryday experienc~. Wheeler and Hill (1990), with
reference t.o a textbook dia~Y'am depictina exaggerated
rarticle separation in liquids assert. It « " • t.he
accept.ance of the molecular model for a liquid in
(such a) dia~Y'am at. face value would i~ply that
liquids are far m~re compressible than is t.h. case."
(pg 59).

This comment by Whe.ler and Hill <1~90) would
cer~ainly apply t.o t.he students' diagram. undel'
review. From their diagra~s it appears that. even
t.hough many are careful to writ. of ~.mp~y space" or
"nothin~n4lIu!ln (S •• Diagram 3 - M.1), t.hey do not fully
cc:.llpr.hend the ".mp'tin...a" f and when t~~jed 'Wi t.h a
comple~~ (or unfamiliar) situa~ion, revert. to a
continuous mod.l. D•.llpit..the •• diffi¢ult.ie. wit.h the
int.ermolecu1ar spaee coneept, the diagr.ms of .aOMoQ

students illustrated und.rst.andin$ of' other .le~.nt.s
of the part.icle Invdel like con ..ervat i(;)nof nu.mber and
ident.it.~. (S.e Di~zra~ 1 - DC). Yet others failed to
illust.ra~Q these Cur-c.pta and on finding that. t.heir
capillary t",blu!Iwere too small for whole part.le'.•s,
cut. t.he d~t.$ down t.o si~Q. GDM has also considGred
the ~~Aae~~il2nof some of t.he wat.er.

As may be apparent from t.he.s.dra~inrs, th~lul.four
st.u""tt»t.s..1t. t.og.t..her-,wo't"k t,'Jget.her1 and form a
"~t"'jur•., 'Their diagrams a'l!'.quite simi 1a"", having
$everal aspect.s in common, such as piec~s of st~ndard
tabornt.ory equipment., a key to t.he components of t.he
.sy.st.e11\and t.he "exp.riment.al" and "control" ..et ....
ups. 'Th"y mAY ~.ll have cli"cuJa~.d t.hQir idea:, before
individually p't"oduoins their t.asks. N~n.thelQast
despite thi. possible co-operat.ion, there &r.
difference. between t.he drawings, presumably
indicative of differenees bet.ween conceptualisat.ion of
t.he individuals involved. The.e st~dant.... xe~piify
one of the tenQt.. of t.he COU$truct1vist approach,
namely t.hat learning i$ & hllh_~ indi~iJusl activity,
and that accommodation oceurs in idiosyncratic ways.

The int.ermolecular sp~o. concept. was also used in
oont.radict.ory way. OJ ot.her individual. (Refer to
Diagram 5 NB) ~{':ho wror.<J "1'he space. .• set.
smaller !h!t!£2!. ~! ~~~ ~h! ~!~!tm91!£~i!!



pas. on. hundr.d And ••v.n
~Qn~~a~~.H Thi. atud.nt ••••a to have found theconc.pt d!fficult1 f.ilin. to 111uatrat. the vi4ual
..anif••t.ation of ".xpanahm"', and eh'.wing particl •• of:
vArioua ..i ••••
energy.. a concept r••~lned poorly dev.lop.d.
Stud_nt. ·,et'yoft.n did not.ment.ionthe word. or when
they ~id, it lola.in a contradictory way es•• the ca••
•tudy of At.ud.nt. CvR. di.cu••ed on pase 104, and
illu~trat.d in Appendi~, 13) where en.rBY i.
"applied" and ",iv.n off" at t.he.A~. t.im.. H.~. and
t.hflty·.t t.oot t.her. WAla IS'l1l. .v 1.dane. Q£ .t.ud.nt..
I~.pplins wit.h the concept .nd at.t••pt.inlt.oplace it
in a wid.v context. DC ;....Dialra~ 1) indicat•• that
the "wat.r .ol.cul•• are given en.rlY by the h.atH•

111.!t\1.~r.I.!:.i.2n i CRefer to ApPfindix 12(2»)
;'.1t,houSh moat. of t.h. Group B .tudent. illu..trated At
IItandard tnveatigation her., aUllnyGroup A at.ud.ntiS
cho.e variationa on the theme. The major point
r.~ain. the .ame; n.~ely that ..,•• (in this caAe air)
will expand on h••tin. and this .xp..~alon may b.
f(lanif••t.d in A humber of way.. Her., Ji1tI.tltin,so•• of
the .tudent. had difficulty with •••11 capillary tub~.
and cut up t.h.i~dota. Another aimply drew am_ll.r
p.rti~le. in the c~pillary tub••
Moat .tudent. at. tp~. ata,_ •••m.d to operal8 in a
fram.~ork involvins constant particl •• 1•• , although
there were a few exception.. Two arou~ A atudenta
retained an enlar.ed particle ide. (S•• DiaBram 1.
eT). Thi•• tudent (CT), conaequftntly, did not
illuat.rate an inc~e.a. in interparticle .pace on
h••tin,_ It may b. l'49ntion.dthat ahe 101•• not.preaeut
at the work.hop .0 did not hav. the handa - an
oxp.ri.nee of the other••
It is difficult to determine to what extent the
st.udent. deliberately maintained co~at.an~ parti~le
number even thourh the air, in many of thQae
illuatrationa, wa. &acapin, <Diagram 2. lh', ihl•
•t.udent ha. areat.ly under••timated interpArticle a?ac.
and ha. drawn the p..rti¢le~ in the u~h.at..d Ayate.
almoat on top ~f on. another. Th~. provid•• fu ther
5upport for th* o~~.rv.tlona of Driver (1985).
A fair
pMrticle.

atte.pt to d~mon.trat~ the fate of all
W1US ",.dehy PM <01_«1"•• 3) t but one \>tonderca



about tho.. which are not in the wat.r. Mor•
...riou..lYf ..ome student. htlve d.lib.rately .hown Mor.
particle. in the h.ated £lasKs (MS. Di.,r •• 4). Thia
.student. 'W.o.. clearly very con:Cus.d aa her-add:i+,.iona.l
particltia have Biven th. fu~ther er-roneous i.yc.... ion
that th. int.erparticle .pace i ....maIler at th. biBh.r
temperature.
SOMe .tudent.. :Cound tbe distribution of t.heparticl ...
difficult to draw (and pre..umably to vi..uali...> before
and after- heatin£. An alternative notion of the ter~
".xpan.ion" and "contraction" i. cl••rly illu.trat.d
in the aketch of LR. (01&lra.5). The written t~xt
of thi.. atudent ia alao worthy of ••ntion. She haa
uaed dot..of equal .IIIi..., y.t 1t.l.:!:.fl1itthat th.t'p.a)!'ticl...
expand and contract. She also e.ployed an animistic
explanatic,n1 stllltinl that they nn.t:. to .a~ap••
Unlike the pr.viou~ illustration, involving the
expansion of a liquid ii.e. water), .11 of the
dia.rr.JIJIILn t.......c .... showed the ..pac..... blattlIt.In
oth,r worda, ~h. atud.n~.. did not £tatt&sa~
ifti.ermol.cula".. ..pace .lI con~inuou.. Ali m4itntion.d
p"...viou.l~ with r.t.rence to 1..ak 1, ..tudent. a?pe.r
t.o 1txpel:'i"nceau dU·ficul~y wit.h t.heModell" tOl:'JU
of ,.....than with liquid ••
Novick and Nu...bauM (1981) ~ave aUII ••ted ~hat aom•
..tudent. W may think~that t.h~pa)!'ticl.mod.l
hold. f'Ol' ti....... And th.t liq~id. <.nd pNu,umJlbly
.olid.} are continuou. mat.t.r.~ (p~ 193) It ia
po...ibl. thAt. .inc. liquid. (and no doubt .~lid...a
well) ..re ..ct'. tan.ribl.t and Jtlort. £... 1lial!'in flv.rydliY
experieftc*, ~he not.ion of ~nothinBn ....H in their
make-up i..p.r-~icul..rly difficult to ~••l.il.t••

~. this i. .. clo.ed .yst•• , unlike the pl!'.vioua
; 1lu.tr-.tion.e, eon.taftt pa)."tiel. number before and
aft.r- h•• tinr 1.. .. prerequi.it.. Only t.wo.tudent ...
from Group A •• l.cted this 1llu.tl!'ation, one of which
is iapo.Aible to Qv.luate ~.. there i .. no "b.tore"
situation depicted. The oth.r .tud.nt in thiS group
(JT. Diasra. 1), produced an adequate dia,r.a, but
for the o.i •• ion of particle. in the balloon before
h•• tin,. There i. • r.f.rerp~ ~o "heat' lnd "no
heat.", whQr. the words "heat··cI" And "unh••ted" »AY



have b.en more appropriate. H. was ca~eful to ••nti~n
~nothinan••a~ in ~.l&tion to int.~pa~ticle Apac., but
.l...wh.e~. in t.he diaaram h.... eqwat...dbi"S-»~ .9pac:e..
with t.heexpansion of pa~ticl....
In G~oup B, about t.hr.eof t~~ dr.winaa were accu~..t.
in a11 Nuap.c:t.... Two 'Of' t.he..'lud.nta who ••I1.ct.d
t.hir il1u.t~$t.ion appeared t.o .xp..~i.nc. ..om.r...l
difficult.y_ One .t.t.empt..dt.oshow incr••••d inter -
part.icl. apAce .ft..~ h.&ting, but. did &0 by t.he
removAl of pArt.icl... AM (Diagra•• 2) .1..0 indicat.ed
.. decre.... in part.icl. numb.r .ft..r h••t.ina - in
cont.rAdiction to t.h.text whi~h read. » • • • the .is.
and numb.~ of pa~t.icl.s r•••in. t.h... am•. " In
addition, ..he apparent.ly was .i..led by t.h. t.erm
"cont.~.ct.ion H.

The variet.y of re..pons.. and diagrammatic
r.pre••nt.at.ion.. produced by the st.udent.. provide
support. £o~ an • .1111411: r-t.1on of NuaabauM. (19SB). a.
points out. t.hat.the propoaition t.hat...tt..~ ia
particulate i. t.h.moat..l•••ntat·y one in the paroticht
l1\ode1. He it0e. on to .ay thai:.frVeD·wh.n atudent..
spont.aneously choo.. to ~.pre ••ht ~.t.t.~ ••
part.iculat.e, it would b. pre.$tu~e to a.au•• that.t.hey
have ba5ic und.r-st.anding of other a.pect. ot the
mod.1. Ev.n thoush the .tud.nta of the pNUUtnt atudy
••l.ct.d th.i~ part.iel.~ with care, •• prev!ou.ly
d••criJ:h1td,many at.!11 ..howed inco.pl.te \.\nd..r..t.andin8
of ••veral aapect.s of the mod.l.
Animism playa a aisnificant. role in t.h•• lternatt
.~plan.tlon. o£ youn, children. It.1..cl.ar £rom 'lh•
•t.udents' di.~r.m. that. it also f.ature. in 'lh.l~
.xplan.tionA. T.4Ch.~. (and ethe~.) are inolin.d to
u.. colourful picture. to live life to t.heoretical
explanation.. Inde.d. primary acheol te.ch.r t.rainw••
Are encouras.d to ••ploy auch atrate,i.. in the
cla••roo.. Althourh cr••tive t.••ching is not to b.
Jiacoupa$.d, care .ho~ld b. tak.n l.at auch
explanation. confu.~ t.hel.arnep.



2.2 Individual Ca•••
In a piece of work of thi. natur., it i. not f ••aibl.
to include the work of all 41 aubJect. in the .tudy.
For thi. r••.s6n, the ca... .t\ldi•• di.cul'aedon t.11e
followinB few p.ie. have b.en .elected quit.
arbitrArily. In photocopyina the .tudent.' vork,
e~ery attempt haa b.en made to r.tain aa Many featur••
o! the ori~in.l a. ~o...ibl.. At ti...., however, I1n*a
have b••n redrawn And &0 •• text rewritten. Wh.re AO••

irrelevant t.xt wa. loat (like labelling of .tandard
equipment), no .ueh rewr'U,in,wa..attempted.
It i. hoped that the diasr... provide exaMpl•• of the
diff.rent way. the student teach~rs concept.uali...d the
molecular mod.l and how they &ttempted to pu~ it to
u.. in .everal contexta. Althou,h there are oommon
alternative conoeption. evident in the work of the
atudenta, each ca.. i. unique in that ·t repr••enta
t.he at.t.••pt.of an individual to com. to term.awit.ht.h.
unf~miliar or mi.und.~.tood.
Grou~, A \n. rat.her more homog.1Ul4Itou.sthan ,roup S, it.
t.hat.all the .t.ud.nt.. of t.h. forllflr had ••l.ot..d
Biolo~ty ... .......Jor .subject.at JCE. Nonet.hel••• t t.h.
peopl. involv.d all have diff.rent. background.,
hi.t.o~~.a and experience.. Dap.ndinl on theaa, and on
t.he p~ior concept.iona of t.he .stud.nt..in queat.ion,
accommodation and •••imi1at.ion t.ake ~l.c. in
idio.,yncrat.ie WAY., a. t.he followitlS' P"S'.. will
illu.tra:t.e.
The fir.t. t••k, it.will be recall.d, va..oon~uct.d in
S'roup., ..,hilethe ot.her. were indiviau.' d't u't)'t.••
(S•• pal~. 97 t.o 109). Thu., alt.hourh the di&l~all.
for Ta.tde 1 are ment.ioned in the dillcuaaion .."hlch
follow.., '\:.h.y.r. not analysed t.ot.he.all•• ~tf.nt.".
t.he ot.heY' dt.lra.. •• .. part.icular .t.~a~~t.'.
commit.ment to the repr•••nt.ation in qu••tion i. n~t.
c.rt.al.l.
The first. t.hree ca•• .st.ud!•• are taken from Group A,
and t.heot.her..fro. Group B. A. w.s.t.h.<~... e with all
ot.her .tudent. work r.produced on the•• pal•• , only
co~m~nt. pert.inent to t.h.~••u. of Q.c~i~lt.will b.
discu•••d in any det.ail.



It. sho\.1ld
connect.ion
rep",•••nt...
Jlub,htct..

b. not.ed t.h.t.
with cour ....

.. half' y.",r
a m9d~l! (r.f.~red t.o in
und~rt~ken by st.udent.a>
cours. in t.hAt particular

Student.:
Cout•• :

M. O~
H. tHp.ltd.

Mat.hs It (SQ)
Physical Science C (SG)
Biology B tHG)

School Record

Math.. MIA
PhysicAl Science MIA
Biolo,y 6 .odul ••
MIA

Th. ~roup .ffort. for t.h. first. t.A.k .howa all t.hre.
pha.... aa non part.lculat.el with t.h. gaaaOU$ pha••
appearing t.o .xi.t. Juat. above ~he wat.er lov.l. No
atm¢apheric water vapour i..repres.nt.ed, and t.here are
no .igft. of condensat.ion. In t.he followinC t.aska,
thia particular student.'. work i. di.tinct.iv. in t.hat.
sh. provided many lab.ls for her eli.rra... One ia
tempt..d t.o .\lag.at. t.hat. hex- ••nt.al ht&Bea were not..
cle.r, so ah. us.d worda to bolst.er her diagr.~ ••
In T.sk 2. t.h. aolvent ia atill x-.pr•••nt..d .a
cont.inue-us, but. t.h. ..olute i. drawn ". Ir;anu!ar.
Ther. ax-. ..veral not.abl. cont.x-.dict.ion. in t.h•••
diAgra... Alt.hoUlh there .~~ no wat.er p.~ti~l ••
drawn, t.h. 1.0.1 informa the ~.ad.r that H ~Qla~&1.~
1!2!.!.£~1!.!. Cal:'.) £1.2.I,!" S:.2.at1hl:t." \1 and .la.wh.~e W. "1".
t.old t.hat. "•• • ~~:t.!. !~ n2 &l.~~ Q!.~~ltn~ £219
H&~l£.2i~~~i~.(~~ ~h~a&lt~l.£~itaiQ ~2.iint" .
It. App••r-. t.~..t. th. .tud.nt h.d ao.. pr.viQU4
exp.rience of t.h. lnol.c:ulArMod.l, hut w•• unawal:'.()Y'
unJlure of' cel:'t..inof it.. •..p.c'l..tiI. She ..nt.ioQ.~
eneray •• • factor her., but her not.ion appear. quit •
•xal,.r-IIt..dfaa aolll..of t.he h.at.ed wat.el"i. t·... c.pin'



Aa ..t.a.". (S•• not.e *). In t.h. h...t..d .ay .. t.""u",..h.
specified t.hat. " ~h~~~ ~~~!g!c.~~~~~!!n~h! ~~~mgl~~~ fo~ ~h~ 4!li ~!~~i~lt§"but. did not.
r.pr •••nl.t.hi.. in t.h~ diagll'a.••
In T.sk 3, t.he .i~ i. ~.pr•••nt..d .a pa~ticulat., but
the h••t..d air particle. are drawn •• ri.inr to t.he
top of t.he packet. Thi. not.ion ia reinforced by the
label H h~~itQ~~ .21~~lt.~l.1nai9 ~htiQR". In thia ca•• there ia no cont.radiction between
text. and di.sr... In t.h. final t••k, the atudent.
•••••d to b. U4ina the model corr.ctly. Part.icl•• are
evenly diatribut.d; when t.he ayat.~ is heat.d, t.h.
int.er part.iol•• paoe i. enlarged (diaBram backed up by
appropriate label>, and the air .ac.pe. from the
fl~sk. Unfortunately, aa waa the caa. with .any
at.udent., the particl.. w~r. made ••aller to fit the
capillary t.ub.. Clearly the atudent atrugrled with a
.ixed conc.pt, probably hinder.d by half - re••mbered
"fact." from .chool.

St.ud.nt.:
Court. ~

A J.
H.Dip.l£d.
Math.. N/A
Phy.ical SCience MIA
BioloBY D <HG)

Mat.h. MIA
Phyaical Scienc. MIA
Biolo~y 6 mudul••

School R.co;('d

N/A

*~2!:!rhi. "Allor non." vi.w i~ fairly co••~n.
St.ud.nt.o t.alk of Hno .n.r,yHJ or ~no .pac ••", and t.ond
t.o t.hink of he..t.injQa•• ynonYJl\OUAwith 00:1.110£. Th.r.
do... not. .e.sa t.oh. t.h.not.ion of .it."~!.laL,,,hanll..It.
ia po••iklie t.hat.t.hi. loo~. t.r.inoloiY hAa much t.Qdo
wit.h .v.rciay lan,ua,.. In co~on parlano., people
ref.r t.o"boilinl water f-:>rt.ea" 'When t.hey r.ally •••n
"h.at.inor"wat.er.to



This .tudent'~ ,roup produced a mos~ unusual
r.presenta~ion for th~ first task. On. susp.cts that
preconceived idea. had more influence on the diagram
than had their observations. The ice is totally
.Rubmerged (i t.. is Vek'Y .st.rangethat t.he.estudent..did
not consider the everyday experience of an iced dri.k
in a glass). Water vapour, viMuali ••d .s particul£te,
appeara directly above the beaker and not in the
atmo.phe.e. The condensat., as it 1.8r.~r•••nt.d by
dots, was posaibly thought of aa gaaQoua.
The second taak haa littl. explanatory value and on.
gle.n. more fro~ the written commants than from ~he
sketch. It is atated that in war. water, molaculea
are both » aigg~£!ng !~t~h~£~~~£~", although there
is no .iln of t.hi. in the diagram. Ment.ion i. 141.0

••de of '>t!.t.!.!.!::.!.~ !!gl!.9.~!.!' !.l2.!.£!.", which could be
t.akan t.o .ean int.erllolflcularapace - a,ain with flO

visual repre.entat.ion. This appell'a t.obQ yet another
inatance of acientific knowledl. being .0 jarloni.ed,
t.hat.t.heX". ia litt.le meaning .behind t.h..wordAl. The
stud.nt, in addit.ion, has indica+ ~ t.he .olut..
"m.1t.in," in t.he¥lat.eX"- ..!onfuaina;t' .r.. m.. l!::. and
9.!.!!9.1!!!.·
For Taak J, no partiel •• were drawn, hut.on. of t.he
oomm..nt.s provide.. "CII". in..ilht. Th. .t.udent
illuat.rat.d t.h..packet lift.inC due t.~ "t.h.'Q~~I.of
t.h•• 1.1nl hot.air." Pos..ibly t.h.ail'pJl.t.icl.awer.
~houaht. t.opuah t.hepack.t.upw.rda, •• 101•• ropre••nt.d
in ••veral ot.her diAsram4. Th. £:0&1 t••k alt.houBh
car.l..aaly put. t.o,.t.h.r, ahows "l~na of conceptual
und.raJ;.8::;.dinl'.Th. unhe.ted ..y.t..lllahaw...p.-rt.icle..
cl()l'r,ttog.t.h..r ~ wh!1. t.hca h.at..d a:ya~.. .howa
mOV4tm.tlt., with incN.A...d int.er particle apace.
{Drillwn.a well ....xplicit.ly mentioned>.
UnlU(. MAny of the ot.het".t.ud.nt., .he ment.ioned
.nerSY1 and uaed colour quite creatively to
diAtiniui.h between heated and unheat.ed part.icle••
Unfortunately .h•• poke of a&.!:.i.£ .nerry (ah. may h...ve
m....nt potential .n.rry) which .eem. to i.ply that.the
fl••k .t room t..mp.r.tuX"e i. without .ner,y. The
h••ted flask, t.oo,cont.ina not only he.t..dwaterl but
wat..~ which Q211a~ Unlike many of the other student..
in t.hia group, .he haa not. cut. up t.he eacaping
mol.cul•• , preferring to allow them t.obe too larl.
fo¥'t.hetubin,.



School Record

C.v.R.
H.Dip.Ed.
Math. D (SG)
Physical Science N/A
Biology n (HG)

Student:
Course

UniverMity/CollegQ Record Math. N/A
Physical Science N/A
Biology 5 modules

Previous Teaching N/A

For Task 1, thi. grouPt unlike moat othe~s, took
cogniscance of Atmospheric water vapour, showing it .s
particulate throughout. The solid and liquid phases,
however, are repreaented as continuous, except for the
water cond.nRing on the _ide. and this is
represented __ particulate, but different from the
liquid And gas, apparently a fourth phas.. In Task 2,
how.v.~, it i. the undissolved solid which appp.ars
particulate, chAngi~g to s continuous .treak.s it
dissolves. The diagram provide. little el•• in the
way of information.
The work prepared for Task 3 shows the common
portrayal of individual gas particles rising to the
top of the pa~ket. At this point it appe~r. clear
that the student, while familiar with ~h. term
"particle" and quite able to depict a ~article in a
fairly £tandard way, had almost no experience of the
aspects of the p~-ticl. model under differont
conditions. The work produced for the final taak
supporta thi. cont~ntion, as th~ mod.l appear. to b.
us.d in atranJe and ¢o"tradictory way.. The student
pointed to both ~!~!~and ~!t!~!21!S~i!!(.lthou~h
thi. may be of little significance). The heated
system containa many more particl.s, no concept of
inter partiel. Apac. havin~ be.n incorporated. She
mentioned energy in a contradictory way - stAting that
it is n!d~~~n at the ••m. time .s it i. "al~~nQ([".
Even at the
particl~ model
this .tud.nt.

end of the methodology cour•• , the
was not a valuable conce)tual tool for



Ca..e F'OtU'--..- ----
St.1.H:lltnt:
Cou),"... :

S.8.
B.Fri ••Ea.
Matha C (Sill
Phyaical Sci.nc. MIA
8io10llY C (HGl

Mat.h,s MIA
Phyalcal Sci.~ce N/A
~iolo£y 8 modul ••

School Rltcord

MIA

At. the out...et., <Task 1.> th•••• bera of this st.udent.'a
group represent.ed only t.he gaa.oua pha.. as
part.iculate, The at.moapheric wat.er vapou~ ia
included, but. t.here are no indicat.iona of cond.n.at.ion
in t.he diae:ram. Aft.er exposure t.o t.h. idea ot the
part.iculat.. nat.UNt of ftutt.t.."r,hOWeVfirl",SB .t.ill
illn..t.rat.ed liquid w.at.er all cont.:lnuouAI,........n in
ta.k 2. Sugar while y.t undiaaolvecl ia a Iu.p,
poa.ibly cry.t.alline, becomina continuoua as it.
dia.olves in the wat..r.
In '1'a.k 3, while ttlent.ionin"t.he word part.icl. l'lnO
~orr.ct.ly at.at.ine: t.hat. he.t.in$ will cauae their
mov._ent. t.o incraaa. f .. h. did not draw any par·l:.icl••
anywhere in the ayat.em. OnJ.y in ·.ra"k.4, when au.u,.d
dot.a were pre ••nt..d t.othe atudent.. d~rine: cla...., did
p_rt.icle. appear on thi.. .t.udent~~ di$gr.m. She
..ccurat.ely verb ..li..ed t.hat. t.he pArticl.. ~.pr••d
furth.r apart.», but illu~tratod thi. by decr ••• lnl
particle number quit. markedly. This i.. .. lood
illu.t.ration of the value of Wh••ler and Hilla' (1990)
aUi".at.ion t.h..t. .t.ud.nta ahould b. liven the
opportunity t.o p1"'ovid. t.heir own diJl,ram.. V.rbal
d.acript.iona or .rren .xplanat.ion. alone de not.
n.c.....rily give on. • auffici.ntly cl.ar indicat.ion
of how the conc.pts are taking .hape in t.h.mind of
t.he 1.lilrner.
Cl.arly, tho part.icle model 14.... an .r*_ of great.
difficulty for t.hla part.icular st.udent.. The
wo~kshops, follow - up activit.i.... nd disculd..ion. did
not. appe.r t.o help h~r formulate a coherent. concept..
In fact, {rom her performance on t..he firMt. three
t.aska, one i. inclined t.o believe t.hat. .he wa.



pa,. one hundr~d and .ixt.~n

avoiding any idea of pa~ticle., possibly finding it
v.~y th~eat.ning. For this reasony there was lit~l.
or no opportunity-to conf~ont her ~rior conceptions -
as t.h.... w.re J&uppr&"ssed or even negated. He~
phyaieal ..clenc. backgr<:>und waa weak, but this is not.
.lway~ a .ajor fact.or, as will he a•• n wit.h aome of
the ot.her cas ....

St.udent.:
COUl"IUI:

T.D
B.Priftl.Itd.

Mat.h.. C (SG)
Phy .. i,~al S<:d,enceNI A
Biology C (HGl

Maths N/A
Physical Soience N/A
Biology N/A
MIA

Tbi... .st.udent. Jiutlttct.edt.he natural science .m$thodology
cou~s., expreasins intereat a. well as some ooncel"n
about her Abilit.~ t.o OOp4 aa ahe had not .t.udied
soienc. subject. aince ac~ool. Her troup'. first.
effol."t < TlUlk 1.) indioat.ed pa:<-t.iculat.ewat.er VQPOIllt',

and the oond.naat.. al.o repr ••ent.d in t.he taaeaua
ph.... The arrow., which diapl,y the "direction of
water vapour" lead on. t.o i.ma$in. t.hat.t.he student.
were thinking in term. of h.ating the oont.~nt. of t.he
b.akel".

In T .... 1< 2, h..vinli b.en int.roduc.d to the concHtpt.of
part.icl•• , ah. ••••• t.o have vi.uali ••d, and indeed
rep:<-e••nt.d, w..t.:<- p..rticl.. aA g~~2l~l!'The •• are
the "••• 11 blt..ff of water vi.ible to the nak.d .y.,
And it. ia po •• ible that her r.pr ••• ntal lon illu.trat ••.0.. of the way. in which .. learner ••crib ••
macro.copic prop.rti •• t.o mol.cul.... The diatribut.ion
of t.he particl.. i. fairly unifor_, but. onoe a,"in,
the not.ion of .~Q&~.i~nv... r.pr •• ent.ed in ..cro.coplc
terma, •• the moleculea of warm wat.r ar. diat'nctly
larier than tho.e of the cool.r water. CI.arly, no
concept of int.r~ol.cular .pace has b.4n utili ••d.



pa~e one hundred and s&v&n~&.n

The ~hh.'d t.a.k shoW's ..mixed molecular model in t.hat.
particl.s are uniformly distribut.ed and .qual in
number, but. when heat.ed, ris. upwards aa do•• bulk
air. Int.erest.ingly,heat.ed.ir particl~. are not. s~.n
t.o expand as heat.ed wat.erpart.icles do. That.~tt.er
expand~ when heat.ed was apparently not.a major i••u.
t.o t.he st.ud~nt. in t.his ca... The animation of t.he
rlravinga ia also of int.erest. Th. heat..dpart.icl••
are clearly uncomfort.,bly hot (alarm&d) and are movinl
upward. "ia 2~g~~ ~2H ••cape the flam.. 1~ Task 4 ,
t.he st.udent. haa maint.ained t.hepic~ure of equal .iJUI
and .qual humber in bo~h diagr_m.. Uniform
dist.ribut.ion is adequately repre••nt.d in t.heheat.ed
flask, but t.h. partially d.flat.d balloon i.
appar.ntly ~uit. empty. Despit.e this, the st.udent has
made a good .ffort to underat.and the Molecular model,
t.he more so when on. consid.~s ~he ~elL+ive Ab...nce of
soi.nc. in bell' Academic backzrc~n~

Stud-ent:
Course

L.S.
B.Prifl\.Ed.

School Rftcord Math..B <HG)
PhYSical Science n {HG)
BiololY D (HGl

Mat.ha 2 module..
Physical Science 4 module.
Biolo.y 4 modulqa
N/A

In Task 1, t.his student.'s group appears to hAve
recogn i...d on1y a ..mall p..~t of t.h. .ltmo.pheX'icw"t.er
vapour, correct.ly X'~presentin! it Aa part.iculat.e. On.
a,{.,aum...that. t.he "vapoult""on t.h.aide. of t.heb....k.X'
is t.he cond.n..at.. FoX' Ta~k 2, both solute A~d
solvent were drawn aa part.ic1e. which represent. t.h.
mat...ri~ls in question, i.e. 1it.t.l.drops for wat.Qr and
little cub... foX' ..ugar. This may not necessarily
m.an t.hat. th. .student is unawa~e of t.h. mol~ou1ar
at.~uctur.s of sugar and wat.er, hut a young child t.o
who~ th. diagram is pr.a.nt.~d as part of an
.~plan.~ioni could be misl.d quit. easily. Sh.,
unlike many other .t.udents, has utili••d the concept
of .n.~gy, but it.is unfortunat. that..the cold wat.er



molecule~/-"JlPP~uu' t ';)have no en.~8'Y. This energy - no
energy dr~hotomy h.s been noted in the first ca••
atudy. An a.pect of the diagram which is difficult to
decode is the bondin, or joining of pa~ticl •• ,
represented by oonnectini line. between partioles.
One is unsure 4;lxact.lywh.t. .ort of "bonds" t.he at.\ld..ut.
had in mind.
Task 3 is quite at.ran,. - as there are nO part.icle.
r.pre ••nt.d at. all. It is difficult. t.o decide wh.t.h~r
the st.udent.was t.ired, in a ~urry O~ wh.t.her, in fact.,
she deliberat.ely produced a non - part.iculat.e dia,ra~
ai.lQ't)1y t.o avoid a confl ict. .1t.uation. Wh.at..VfU·t.he
reason behind t.hia lep.e, she .appears t.o have overCC.IIIl.
her difficult.ie. and produc~d a pict.orial explanation
for Task 4 which is quit.e in k.epinr ~ith ~he
Bcient.ific explanat.ion. One would vftnt.uret.o BUgg.at
t.hat. alt.hough t.he $t.udent is On. of t.he few who has
studied BOMe phys.cal science at tertiary level,
cert.ain a$p~ct.. at: t..h~model wer" unfandliar to her .at
first..

~<?t\fll~w g2.!Hllttn]...§
From t..he st.udie& d,fiflcribed above, it is po.sible to
gain some ideA of the co.ple~iti.$ of c:onc.ptual
ch.nge. Prior oonctlpt.ions are \FiU"Y r.sistant. t.o
extinction, and t iJ!l difficult ~o assimilat.e new
infcrmat.it.)o whil. auch not.ions r:-revail. One e8m
und.rstand how ~oanin~s become distorted under .llah
cond! tiona. It i •• 1$0 clear fl':'o1\\.0Rt. of -che 'W(.IX'K
described, that. the ~tudent.a weX'e not. slways
consistent. Fot' inst.anoe, althou,gh at.Rto.Aphericwatltl':'
vapour is repr.s~nted as p.r~icul.te in one t.aJllk,air
rulLU, i. represent.ed a. continuous in anothe'r.
It is .1.0 quite underat.andab1e that. what Gilbert .t
al {1982) t.erm "children's scienc." is dominant., in i:.h.
ohild'. (or .tud.nt's) mind, while "teacher' •• cienc.~
i. hrouS'ht.. out. at. exam time and other .uit.a}f;-le
occasion.. Therefore it i•• uig •• t.ed t.hat the.e c~ae
at.udi(uilcan be interpr.t.ed in t.erl'ftSvery shailar to
those of lilbert. and co-woX'kers. FoX' ~t..acher·.
science" t~ b. brought. out., however, it i. kept in
.torar~ a meaningl ••• mi~ of imperfectly r.~ •• b.~.d
warda con.t.lt.uting; t.h. ja-rron evident in much of the
work .:X.l'I'lir;.d.
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S~v.ral aspeo~s of the issue of language (or JArgon)
have been mention_d during ~he.se C&UHit .. ~udi.s. These
incl1ld.: ~h. influence of common word usase on "lh.
int.end£'d .scien~ific ~ellilning;':.Iiagramand wri~~.n ~ex~
wi~h con~radi~.:~ory meanings; incorrec~ use of a. word
<like !M!t!.~ for g!.!'!'91:t~). Thes.:!tfindings will be
.labora~ed further during ~h. discussion.

As previousl~· .a~a~edj~h. ct'I.\Q.s~ion'is~h!lSlun4il as ~i'\a
one us.d during the init.ialstudy ~~d was taken from
Nussbaum (1985). (See fppendix 3)
From the result. presen~ed in Fig$. 2411 and 24b. it is
clear thal most. of the .st.uden~.sselected the correc~
alt.rna~ive. As.was the case wi~h lhe il'li~ial.t.\ldy,
Gr,oup :s st.u4,~ntson aver-age,'\Jeremore s.ucc",...:1ul ~han
t.hJ st.udents of Group A. These comp.r~.~ns are
summarised in Tabl. 17 below.

INITIAL STUDY L"OllOW-UP STUDY
Groups

A :s
n == 23 n;;: 28

ul"OUpS
A B

n = 23 n;;: 1S
ResponsE"

Jiitan
Pa~t.y
Randy
Jeff
tUm

57
17
~6
o
a

68
10t5
10,5

4
7

43
35
9
9
4

61
17
11
5'IS
5,5

Al~hoUih th~ .ci.n~ifically aecep~able r.sponse,
(Jean's answe~ - involving int.rinsic mot.i¢n)WaS moat
frequetl~ly .el4tcted, i~ appear$ ~ha~ many a~ud.n~.
atill experienced difficulty, as the relatively hiih
frequency of some of ~he other response. would
indicat.. Many student.s 4~ill s.e~Jd to ~hink in
t.ernuilof air between air par'tic-Ies(R4lndy1,l11 arlswer) or
i.nterm..of repUlsive fo~c.a (Patt.y~..anawer).



Patty
36

~-------------------Fi~~re 24a tT ... t Que.tion - Follow - Up Study)
P.roQntag~ Diatrihut.lon of @~e~a~ Stud.nt R••ponaea

Patt,
17

Figure 24b. (T...t Questiun - Follov - Up Study>
~.ro.ntaie Diatribution of g£2~~ a Stud.nt R••pon~••
[Key to Figa. 24. and 24b. (Randy) Air b~tw.en
partiel•• ; (Ki#1) den..i ty of .nil" ia QJI\aU; (Patty)
repulsive forc«r.s; <Jean) con..t.ai\t mot.ion; (Jeff)
More particle ..in t.he.paoe•• J
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As Novick and Nussbaum (1981) point out, both Randy .-
and Jeff's answers (there ia ~l~in the apace.; the~.
are ~~~~i£i~~in the spaces, respectively) imply a
continuoua view of the ..t.ructur-eof llulI.ttel".St.udents
who select.ed Randy's response may hold a pict.ureof'
par't.icle..embcadd.d in another rutdiuM which pr••umably
is non - particulate: while Jeff's an.swerm~f sugg.st
• continuou$ .rlr-Sate of part.icle... It ia worthy of
not. that in the present study the latter was not a
str'ong contender. Although to~h answer. May .sugre.ta
.similar view of ~att.rf rt~hdy'. is 1••• overt; in
other 'HoX'da, the Gt.udemt.e May have rejected J.ff'..
Answer' be~au.e it did not ~.ound rightW, but ••lected
Randy's ~ lC,f"UJUt th. m.ntal image it. invoked va..
similMr' to theiX' own imag•• of particles suspeod.d in
$lOme ot.her m"tdlull'l.Kim'. :nawer (t..h.density of air
is ••a11), may alao signify a similar' image. It i.
plausible that this response was rej.cted by most of
the stUdents b.ca~&e they exper'iencQ difficult.y wit.h
the concept of den.ity.
FX'om the above, it ia clQAr' that the notion of
lnter'p.~ticle space is a clifficblt on. to a••i.ilat••
De.pi~. the activitie. incor~oX'at.ini the particl.
Model with which t..h• .students hAd been engag.d, .0..
wer'e apparently not able lo apply all ••pects of the
Mod.l to a~ unfAmiliar aituation. InheX'.ntparticle
motion ia al.o not a firQly held conc.pt. T~. fairly
high ~roportion of At.ud.nt& ••lecting Patty'. r.s~ooa.
(there are ~~pul.jye fOr'ce~b~tw••n par'ticl••) would
.augg••t that. ..static vi.w i. quit•• oO.lI\on.
Th... findings are &imila.r -1:.0 tho.. of Novick and
Nu.a..baum (1981) who can" ,.:'t..& III cro.......g. study wh ich
includ.d this qu.stion. Th.y report that althoulh
with incr.~.ins age, there wa. a .t..ady incX'.a•• in
the .election of the accept.abl. r'e.pona. (Jean'..
answer involving con.t.ant.Motion), H •••• v.n at
th. a.nior' high and university level., t~. firuX'. doe..
not r'each SOX" (pa 191).
The finding. of thi..study with the var'iou. iX'oupaof
atud.n~ t.gchora would Sur8.a~ that even aft.~ MOM.
inatr'uction, many of the student. W.X'*unable to apply
the model to an unfamiliar aituation. It would appear
th.t aap.cta of the par'tlcl. ~odel are diff.r.nt.ially
internalia.d. Amon$ tho•• aspect.. Moat tenuou~ly h.ld
.~. t..hv•• uf interparticle .~ac. and intrinsic motion.



lllS.CUS.S.lON
!!!IEQQ!!£IIQ!!
Tho teaching of science at eler.enta~y level remains a
per$nnial p~obl •• for various reasons, one of which 1.
that p~ims~y school teachers in general fe.l
inadequately prepa~ed to t.ach sci.nce (de Boo 1989).
Th. acience methQdol0B'Y cOUX'''Chas belit.,.identified as
a mediAtin~ factor in th. development of content
knowledge, skills and Attitude. for primary teachers
in various countries. eeg. Ginn. and Foater (1983) in
Au.trall. And Lawren. and Cohen (1985) in the Unit.d
St.t....J In thi..country, the m.thodology COUl'''.i.
crucial in that, at the pra...~vic. atage, it i. the
only post standard .even experience Many primary
teachera have of science.

~!!tltlaayQ[~QR~~QM~!!£IE~
The pre••nt atudy sought to deterMine the knowledge
and understanding of a specific concept - na__ly the
par'Hcle mod.l of Mat.ter amonEE a pOpulAt.ion of
pre._t',;ice .stud.nt. teachers. At the .AJ«e time, this
work has tAken ur t.h.chall.~z~ of Duschl (1983), and
haa souaht to ov.rcome Any H.n~agoniatic dil.m••"
(P~ 750) which may b. exp.ri.nc~d by the .~ud.n~
teacher$. To this ~nd, the .~ud.nt$ were asaiated ~o
.ain a better understanding Ot acienee cont.n~ while
simultaneously cleveloping A range of .kill.
appropriate ~Q ~he teaching of ~ri~ary acien~e.
Th. study haa alao built on and ext.nded previous work
in the fielda of particle concept.~ and of elementary
teacher ~duc.t.ion. Informat.ion gained from previous
work on pupils' underst.Anding of the particl. concept.
haa guided ef£~rt. to det.ermine t.he levela of
undeYAtanding among stUdent teacher.. Where
a~propriat., compari.~n. h~ve b.en ~ad.. The
conceptions of primary t••ch.ra and pupila a.
d.scribed in the literature were ••en to be .imilar t.o
tho.e of t.h. pupil. and atudant l••ch4rs ~)Amln.d in
thiG atudy. Th. educalional ~mplication. will be
discu•••d further on.
Similarly, preliminary work in other countries
investigating teach.~s' scientific cone.pta, .uch aa
the reaearch conducted by LMwrenz (1986) and by Kruger
and Summ.ra (1989), i. aupported by the findings of
the pre.~~t study. Ilement£ry t~achers ~2 experi.nce
difficulty with ••veral scientific concepts, they !t~
found t.ohold alternative explanAtions for a number of
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phenomena and £r.~u.n~ly are ~~~ able to u.. a
molecular model 1n a conaistent, coherent manner.
The pr....nt work also d.scrlb.s at.t.empt..t.oovereOM ..
stud.nts' prior concepts by placing ~h. learners in
.IIi tuationa whe'N~ t.hes.cc,nc.pt..could be perceived .a
inadequat.e. Thus teaching st.rategies reported by
Nuaabaum and Novick (19B2) Rnd tho.. suggested by
Wh...ler And Hill (1990) were incol:'poratedint.ot.h4t
methodol~gy program... The constructivist perspective
was applied t.othe development. of the programme which
aimed at the students overcoming their difficult.ios
with the part.icle model and reaching more
scient.ifically accept.able explanation. for natural
phenomena. Aa th. st.udy t.ook place over .everal
months, t.heconcept. d.v.lopmeu~ of individual atudenta
could b. monitored. This .apect of the reaearch
provided further insight. into the t.ypes of
explanations provided by pre.ervice primary teachers
who..e gr ....p of the mol.culax· model waa yet.developing.

IliIiRER~I~IIQMQ[R~~g~I~
Wit.h ref fU't, _c.t t.o t.h.
p~.viou..ly, the findings
clarifi.d •• follow ••

re••arch problem..
o~:- thi.ll.st.udy

stat.d
mAY b.

E~i!!~£hEt2e!.~&
P):'obl(UAOn.

1.1 P~iot' t.o.nt.rin~ t.h.tlhtth..odoHJll.Yeour.fiHUlatJeE, the ..tud.nts did not demonst.rat. adequate
conoeptual und.~st.anding of ~h. pa~tiel. Mod.l. In
both t.he initial and the f~!low-up .studi.a, each of
the Sroups involved scor.d l~.s t.h.n SOX on avera,••
es.. tAble 4 on page 56 and lable lion pase 95 fo~
detail..)•
Answer.. to individual t.••t item..reve.led that when
giv.n t.he oppor~unity, the student. t.each.va provid.d
or ••lect.ed. non-particl. explanat.ion of phenOMena by
choice. When speaific~lly required to provide a
"particul..t.e» explanation, it. appears that cert.ain
••p.cta of the model ~.r. grasped by t.hemajority, but
othe~ detail~ wer. poorly understood. In caa•• where
th... other d.tAila were required, the mod.l waa
~on••qu.nt.ly in..ccut'at.ly applied. SI.ilar
ob.ervation.. ~"elaY'din8 a!.r.:!:J..!.!. compreh.naion of th.
model h."e be.'nmade by Nua.sbauM (1985) and by Osborne
and CO.Brov. (1983).
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1.2 On the whole, there are areas of conceptual
difficulty shared by a:1 the stud&nts. It would b~
premature at this stage to make any general claiMs
regarding similariti.. or differenc.s between the
achievement of the two sub•••ples. In the initial
.tudy, although Grovp B scored on av.r~g. higher than
did Group A, this difference w.. found not to b.
significant. In the pre-te.t of the follow - up
study, the average acor.s were almost identical. (Se.
eable 4 on page 56 and table 11 on page 95)

1.3 In the follow-up study, dl.tinct trends
tow.rd. improvement were not.d on the po~t-te.t. of
both .ub.ample.. Even in the abaence of a control
group, it ••em. fair to sUigeat thAt the interventior.
represented by the methodology program~e was a major
contributory factor. (S•• table 13 on page 9S.>

1.4 The percentage incr.a•• in score for Group A
was 14X on the post-t.st, while th~t of Group B wa~
20% A t-test on individual pre- and poat-te.t acor••
between groups indicated this differ.nce not to b•
•tatisticAllyaisnificant. (SG. table 14 on pa~~ 96 ).

Probl•• 'I'wo
:2. 1 Conc4ill'pt.ualw....kn••4u.. d1u\onst.X-At.dby t.h•

•tudent. in the te.t. were ~.fleeted in the t.eaching
material. they prepared.

2.2 During the me+.hodolog;ycourse, <i. •• during
inte~v~ntion) aome .tudent.. became famili~X' with the
model uaing; it con.latently in their explanation. of
various phenomena. Many, however, even after
int.ervention, were clearly not cl....r about all ...apeata
of the model. Some atudent. war. au£ficiently
confu.ed to produc. diagram. At odd. with their own
aceompanyini written text. (Se. App.ndic •• 9 - 13 for
illu.trationa of this point.>
Once a$&in, the value of students' own diagram. ia
illuatrated by this point. Withou~ the•• , (or wit.h
writ.ten t.ext alonel it i .. possible to b. mi..al.!!.f{ A.3 -1:.0
the level of conc.ptuali ••tion of the learner.. Thi.
i.auQ of language having little r~lation.hip to the
meanins. •••ociated with it, haa been rai••d on
••veral occasion. during thia atudy. It will b.
developed furt.h~r on in thi. diacu~aion.



page on. hundred and twenty five
2.3 After intervention, many students were able

to apply the model to a nQW situation during a test.
In all cases, the highest p.rc~ntag. of the student.
seleet.d the acceptable alternative, but those who dld
not still compris. a sufficiently larse proportion to
give one cause foOl"concern. (Se. Figs. 12a £nd 12b on
pa~e 64; and Figs. 24a and 24b cn page 12Q for
details)
Similarly, Stavy (1988) has cbserv~d that .tudQnt~'
reacticn. toO e••enti.lly identical prcbleMs are cftc~
different. In other wo~d. the learners have nct ••d.
the necessary mental ccnnections between apparently
disaimilar events. The conditions for meaningful
learning hav* therefore not been met.

Prabl.tIlThre.
The majcr focu. ef 'this part ef the

inve.tigation was the heating ef air in an enclo••d
system, .a represented in Appendix 3. In the limited
cross age study of school pupils that was conducted,
the result. ~ugl.sted that alterna~ive conc.pticdS are
remarkably con.i.~ent acroas age ,roup., frem
standards 2 to 10. <Tahle 6, ~a8. 67). The .od.l ia
taugh~ in $tandard G at school, but this instruction
did not, in this inatance, appear to initiate any
mark.d increa•• in ita correct uaage. Work conducted
by Stavy (1988) gave ri.e toOvery aimil.r findings.
Of additional inter.st, was that the pupile'
alternative aonc.ptions were similar to those of the
student teachers investigated. The.e findings would
auppcrt the contention of Holliday .t al (1985) that
more work ia n••ded in the are. of alternative
conception. held both by pr••ervice primary teacher.
and by pupil. At elementary level.
In the pre.ent study, the pupils were required to
.elect one of fcur poaaibl. particl& explanations for
the phenomenon illustrated <See Appendix 3), and the
student teachers to draw th.~r own dia,rama <S••
Qu.stion 4 of th. 1989 qu.stionnaire in Appendix 1).
Nonetheless, hec.us. the principle. involved are
ea.entially the aame, it is possible t~ make
comparisons. For instance, whil. about 40X of the
.tucients d~ew the air part~cl_s movins from flaak to
balloon, 35~ to 6SX of the pupil. ..lect.d the
alt.~nativQ showing this movement. Oth.r aap.ct. of
the questicn, involving size and number cf partiol •• ,
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showed similar trends. The outco.e of this pArt of
the study corresponds closely to results reported by
oth~r inVestigAtors, as discussed in the following
r.Joint..

Prohle. Four
The findings of the present study are similAr

to those of work conducted ~l.ewhere. In Agreement
with Kruger and Summers ~19S9)1 it would appear that
pre.ervioe elementary t_aclers have inadequate science
backgrounds. More specifically, they do not usually
resort to explanations in terms of molecules, and many
apparently hold continuous views of matter. The
misconc~ptions identified by previous researchers
(Doran (1972), Novick and Nussbaum (1978) and Bradley
s.nd Moodit!' (198""')J Were apparent in t.hework of the
p~esQnt subJects.
Aspects of the conceptual framework with which the
student.s appeared to experience most difficulty are
thr.. of empty space, and intrinsic motion. Alao
prevalent were explanations involving a ohange in
particle size or thos. where bulk properties of matter
w~~. att~ibut.d to individual pa~ticlQs. Th~ ene~gy
concept1 too, is demonstrably poorly understood.
The .·$$ultaot t.his investigation a~e .similart.othose
of earli.~ work conducted by Novick and Nusabaum in
I.rael, (1978, 1981) by O$borne and Cosgrove, (1983)
in New Zealandt by Glasson .t &1 (1987) in the United
States and by Driv.~ (1985) in the United Kingdo.. !n
all these cases the subjects p'r'ovid&d alternativQ
(i.e."non sci*ntificW~ ezplanations for thu
behaviour of moleeul.u$ in relation to the t.hreest.at••
of Matter, the mechanism of condensation, solution
formation and the expansion of matter on haating.

CONCLUSIONS--------_ ......_Generally, this study indicated that the particle
model was not.well understood by the student teachers

the misconceptions of today's pupils being echoed in
the futUre teachers. Unless the.e conceptual p~oblQms
are recognised and reM~diated1 they will Almost
cert.ainly b~ perpetuated. Support fo~ this womewhat
gloomy prediction i. provided by the teaching
materials produced by the student +.achers. T.ach.~
educators, therefore, need to be aW$, I of ~he proble~s



.xpe~ienc.d by the B~ud~nt teachers, .and~lso to be
aware of how to overcome them so that this cycle of
perp~tu.tion may be interrupted.
Unfortunately, one cannot assume, even after some
instru~~ion, that prior misunderstandings will b.
rectified. During the initial study, when students
were given the opportunity to resubmit a pieee of
work, many did not seem to make the necessary
conceptual adjustment to produce an appreciably
improved .ffort Only during the follow - up study
(with different studental, where the particle model
waa incorporated into several contexts, did the
concepts appear to develop more fully and correctly -
but this waa no~ the ca•• with every student.
There is thus no guarantee th.t pr.~onc.ptions are
overcome ev.n aft.Y' .!Iust.ainQdint.tlrV'IHltion.One m.ay
tQk. the Hhot air packet» item a~ an example. This
que.tion appeared in the pre- and poat-t••t., and was
.1..0 a workshop topic where .8tud.nt& provided their
own eKplan$tory di_g~$ms. reven a£t.r this
intorv.ntton 1 including ot.htu!'di..ou....ion.. in1tolving
particl.sJ barely 50X of the sample ..elect..d the
JIlcceptable mult.iple cholc.. alternative on the
post-test. It is acknowledg.d, howev.r) that this
i tam ia complex and may hav. baen '1:.00 confusing: £'0:\'

t.h.stud.nt......
From the for.Boins, thore ar~ clear indications that
t.eachers of primary acience could be handicapped in
terms of background knowledg.. Their experienc. of
science at. high achool (or .v.n during college
training) has not n.c~ssarily equipped them to
und.rstand or to t.~ach ~any a..pects of sci~nc.
S'enc&x'ally. Previous r...eau"ch Bugge..t. tha.tJlchool
pupils find i~ diffi~ult to abandon their prior
concepts, and a similar situation exist.a with the
student teacher. Many opportunities ne~d to b.
provided so tn.t learn.rs are confronted by anomali ...
in their thinking, and thus become committ~d to
finding a more appropriate conceptual mod.l.
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Ih~£2~§i~~£~1~1£~~~~~2~£hAs mentioned previously in th«rlitara.ture Y'eview,thi.s
pep~pective places thQ learner at the centY'G of
knowledge construction. Misconceptions or alternative
conceptions are associ.ted with intuitive ideas
acquired prior to or in spite of school instruction.
The present res~arch has illustrated how a saMple of
student t.eachers construct.ed explanations ~volving
th. particl.i mode:' using what.Gi l-Peres and CoIolltY!!I.$Icosa
C199Q) t.rm a »~ethodolo.y of $uperficialityn CPI
534). The students' accounts for a number of natural
phenomena were thus based en qualitative appeaY'ancQ.,
like the infla-l:.ionof a balloen, fer instance.
Naive conception.s of this nat.ure are di!4ltinctfrom
simple mistakes as they are often confidently given,
appear to. be firmly held and are almost always
resistant to ~xtinction. In ath~r werds, since the
learners const'ructed t.h.Et::<plllnatiof'\$t.hem.sel."e., they
aNt partioularly committ-ed to them. Hany difficulti.A
pupils experience wi~h $oience o~iainat.. not only in
t.he.e preconceptions but also in teachers' i~noran~~
of them. For this 'reason, ..ny :i.nat.Y'uctionalprogramme
must.t.akeinto account. t.h(li'Uiprior conceptions.
The cognitive conflict strategy (Posner at al (1982»)
dO.$ acknowledse tht're:::d.atenceof prior ~onc.pt..ion..by
placing the learner in sit.uations which challenge
pre-existina ideas. In t.hisway A conflict situation
is contrived. Crucial to successful resolution of the
conflict and consequent. censtY'uct.ivelearning is the
commitment of the 1t~Ln1Lto.finding more sati~factory
explanations than tho.e pr.vieu&ly ha i. This
appeared to be achieved in t.h~ case reported by
Nussbaum and Novick (198!).
However, as DY'.yfus.t al (1990) report. the intended
outcome is not always accemplished. In their .study
with 48 high school student.a, th~y observed that .many
of thQm particulaY'ly un.uccessful ones - avoid a
conflict situation, are threatenQd by it and morQever,
arQ indifferent to scheol knewlad~e. They sugg.at
that the success of the cognitive conflict strategy
fl may tharefor. dep.nd not only on cosnitive,
but .1Ao on affactive pArameterQ." (pg 568).
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The lack of c~nfidence many priMa~y school teacher5
have towards their own knowledge of science has been
discussed elsewhe~e in ~his ~~po~t. Fo~ them, and
indeed for many other students, this attitudinal issue
could b~ crucial.
Scientific Models
M;~~;I--;~d;I;:-'like the particle theo~y, are difficult
for people to unde~stand, simply because they are
models, or explanations at an abstr~ct level. They
are not obvi~us concepts. Osborne and COMgrove (1983)
observe that scientific Modela often have little
bearing on everyd~y experience. As an example, they
cite" the particle model for many pupils
implied that liquids would he less dense than solids,
yet the only eXAmple of a liquid/solid stat& change
with which they are familiar (i.e. water) defies that
rule." (pr 836).

To come to terms with such ideas, students need to go
through the prooesses of attempting to provide
explanations for observations, and testing th~s.
explanations in a va~i4ty oI eonte~t.. The work by
Nussbau~ and Novick (1981) is an excellent practical
il1u$t~ation of this point. In this way, the learner
participates in the human activit~ of science and is
not m&~ely a passive onlooker.
The particle model is a pow$~ful conceptual tool; but
it would appear that its potential is being lost. It
seems that th~ students have heard about particle~,
they are familiar with the wo~cl 'molecule', but the
hypothesised behaviour of these particles is
unfamiliar to them. ThiM imperfect conaeptualisation
could be due to the students' haVing had insufficient
time or opportunity to MBsimilate the info~mation
required to form a workable montal model.
In Israel, research flndin~s of Sen-Zvi et al (19BB)
suggest th$t alth~ugh many students (average age 15
years) were able to think in t.rm~ of symbols and
models, the mental pictures they ua~d indicated the
existence of serious misconceptions. The researchers
report that a number of students appear to hol.dan
intuitive view of atomicity, $imila~ to th. anci9nt
Gre.k model. Thes& findin$~ ar~ Mimil.r ~o ~hose of
the p~Q&ent ~tudy ~,er. stud.nts A•• ~ed to conaid.r
p.r~icl.s as small ~tl. of the whole, with .11 the
properties of the who~~.
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B~n-Zvi et 8.1 C:9S8} ga on to make the point that ~hQ
conceptual d&maAds the miera aspects of chemistry
placg on Btudent~ can be over~helmin8. They argue
that. tf •• .students do no't,usually hav~ enol:.ght.ime
to 'get used' ~o functioning at the atomic-molecular
1evel ")0' . Under t.hes~ conefitians it is
understandable th,;x...many student.s hold inc.:)t4plS't.eo!'
distorted views of the particle model.
This incomplet.e pict.u!'eCOUld also stem from the type
of science teaching which" •• continues to be
cfmteY'&d on declarative kno<'ledge (knowing ~h&\·t.')an~
forgets the procedural ~ype (koowing thow~). n
CGil-Pet'e:;:and Carrascosa <1990} pg535J. T}lismeAns
that the model is not taught in terms of an
.~planation of the structure and behaviour of mat~.r,
but as a series of disconnecte~ 'fact.s'. Unclerthes~
circumstances, the learner has not.partlcipated in the
,cr-ee.tion , of t.he model, but rat.her, has been
pleseni:.ed with a 'fait accompli'. As aucht what is
learned may be meaningless.
The model then cannot usefully be applied t.o~.w
situations. In iact.1 when the student is coni~onted
by new situations (or 'instances'), s/h~ is essily
distracted. Visual miscues, like a balloon inflating
or rising when the air inside is heated, lead the
st.udent.to provide an ~l!::.~r.!!.~~!.~~!.~R.!..~n~d;:l_St!!..In the
e~ample just cited, the common miDconc~ on involves
at.t.ributing macroscopic propert.ies t.oth,.micro wO'r'ld

or to molecul~s. Thus t.osuggest that.particles
t.hemselves rise 01" inflate is ~nlirely logical to t.he
student., Who is l:'elyint;,no't.on ment.al models 1 but.,on
sensory perception.

1~~,!,g~~g!.
It is of note at.this point that what<Cltveris percQived
by the senses and then interpreted is done so through
t.he medium of language. This issue is not.a major
focus of t.hest.udy, hut has been raised on a nu~ber of
occas~ons to Warrant. some consideratiQn. Language is
t.he l'II<'Idiumthr~ugh which informat.ion t~ pa.ssG'dfrom
00$ t.o anot.her Qnd may often be t.hemedium of
t.hought. and cognit.ion. In any teaching/learning
situation .shared meanings are vital for mutual
understanding. When this is not the case, any numbe~
of misconnection.s can be macle1 and misconceptions are
easily developed.
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In ~ciQnCQ the issue of language is very relevant for
a numbe~ of reasons. Duschl (1983) has pointed out
that ~~ch of the science taught ~y~~ ~~ ~h~ ~l~B~nt~~y
l!.y!.l ... • . demandS! t.hat.the t.eacher have at. hjs_'h.r
command the language of science." (pg. 749i. Much of
t.his " languagp of science ff is, t.o t.hs scientist,
simply t.erminology. To ~he student., it. is often
simp~y unintelligible.

In the pres.nt .tudy, several reasons for
misunderstandi~gs involving language were identified.
The first. invol"es ai..t.achiilga :~m~gt.o an i.~',n~ or
~h!.!l9.~Q.!lf!u.wi·,;.hOlltatt.aching t.he !'!!.!.n.!n.a of t.hE>',.,ord
t.o anyt.hing. eSee OSlborne and (;osgro',e (1983) J. As
Gerrans (1986) has arg\~ed, t.hi$ is frequQn'l:,lyt..he case
when rot.e learning i. ext.ensively relied On. In the
present st.udy, it WSiil cle~,;;·t.hat .man,ystudent.s used
the term "oondensat.ion" in Just. t.his way. Their
oomprehQnsioD, part.icularly in terms of -partiole
behaviour, was very foor1y developed.

Secondly, som. wox'ds are USEU:i in science when t.hey
have very different. meliming t.o 't..hejI' everyday usa, •.
Weight, field and mola are examplest but of X'elsvan~e
t.o t.he present. st.udYl a~e t.he words ~~~i~and eVen
e!.t,:!::.!_2.1~ it;2elf. As St.avy (1988) t has pointed out, in
Rome count.ries t.he word g~~ does not. always mean a
st.at.e of mat.ter. For pupils and ot.hers unfamili~r
wit.h science t.hese dual meanings are ve~y confusiog_
'I'his L, .1usnoe of common parlance ha$ been rlsmarked on
in one of t.he oase s't..udle-sof th(l!pr·ssent.work.

Finally, and of pa.rtit.'mlar reIQvs.n~e t.o prizuary
te~ohQrs, is the languag~ involved in animi$~ia
explanations. In .som4l1 of the -iiagx'ams produced by the
student.. , t.here were implications that part.icles
behave in a particular way becaus~ they "want. to" do
so; or "in order to" ao~ieve aome obJect.ive.
Anthropomorphic and teleologioal descriptlc~s have a
way of oreeping into one'$ speech, and int.o the
learner'~ conceptual matrix. Even a~ the primary
stage, such use of language is highly undesirable as
it may cont.rib~we t.o alternative explanations whioh
are difficult t.o dislodge in futUre year~.

ItlP'bI£~IIQN~ E2R I~A~fU~E E!H!£;h!lQN
Alternat.ive explanations of various types from primary
school pupils are understandabl.. Indeed, a$ Gilbert.
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et al {19S:.!} pcin+. out1 "'children's science'· is
invaluable to the t.acher as it gi~~s an indication of
a st.art.in$pcdnt :tl:'¢m""'hlchone Jl\Jtyproceed. HowG1ver,
iden+-.ical ali 4>rnat.ive expl anat.ions from s·t.udent
teachers who may soon be teaching scienc~ are in
~not.her cat.es,ry. thay are caUSe for concern. and
require att.en·t.ion b_'{o:t-et.he .at.\dhlt. embarks on All

t.ea(~ling career. Con~dquent.ly, & ~edvy responsibilit.y
rest.s ~;lit.h$1"' ,hodology lect.ur..r.s in t.hat.t.he prior
conceptions o~ t.heir st.udents need t.o b~ identified
and rernediat.ed in the short. space of t.ime .v.ilabl~ to
t.hem.
Recent. resesrch int.o pupils' alt.ernat.ive concept.ions
could be of value in the identificat.ion of st.udent.
t.eachers' concept.ual difficult.ies. Onc~ the p~oblems
are kftown, designing course3 to meet. t.hese nOQd~ is
t.hat. much easier. Concept. t.est.ing before and during
m~t.hodology COUYSQn should ba rout.ine proe~rurQ,
forn\ing part. of an on'" going ev.aluat.ion progrlimme.
Do);'an (1972). sugze.e:t.loIt.h.Qt.t.his t.ype of st.rat.egy
•• ha.:B conSliderabl~ pot.ent.ial fo¥:' m.ast.ery
learning and individualised inst.ruct.ion." (PI. 136).
However, as ment.ioned p~eviously in t.his
~e~ort.,ident.ificatiQn of areas of conceptual
d!f£1cult.y is but. a st.ar~ing point. PreservicQ
st.udent. t.eachers need t.o.'undergo ceurses which are
designed for th.ru as Stefanich and Kels.~ (1989) point.
out., speciflc~lly c~.r.es which address t.heir possible
sho:t-t.comingsin co~t.ent knowledge.
This cont.ent., t.hen, becomes the ne~t consideration.
Nat.urally, it is dependent to a large extent. on lQcsl
needs a~1.1 condi tions. However J as suggest.d in t.he
int.Y.'oduct.iont.o t.his repert. unclerly:l.ng t.hsu'Cle"s..'ld
principles are of mere value thAn iQolat.ed facts.
Thus cemprehensive ideas like 'anlm.al', 'ecology',
'respiration' encompass much of e!ement.ary biolo~ical
sCience, whi 1e mat.erial quant.it.ies, thei r me.a,Qurement..s
and in~er-relat.ionships are of rel.v~nce t.o.phyelcal
phenomena, and t.he concept. of ..a:neYrtyis vit.aI t.e
scient.ific disciplinas at. all levels. Thes~ t.hQmes,
and ot.hers, could bit)·the bases of l\tet.hod<f11o~ycoult":.;tes
wherQ st.udent. t.each~Ns are gi·.tsnt.he ()/~pol·t.~.tnit.y t.o.
I:?xplore the prlnc.ipl(.ls invol',eci, :."eAch!:norecompl.t.e
underst.arding of scien~ifi¢ t.heori.s and become
familiar wit.h a variety of t.eaching skills And
st.rat....gies.
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'h. value of 4tudQnt teachers' explanations and
lagr.~s haa b.en illustrated on 5ev.ral occasions in

thi£ repcrt8 InforMation proc••sin, or tranafurminB ia
no~ only a vital teaching skill, but also provide.
valuable insights into conc~pt develop.ent. Suoh
actiuitles form an integral part of any teacher
education progvaMme.
In South Afr~c. where a 5iinificant nUMber of stud.nt
teachers und.rio their training i~ a aecond language
(i.e. Engli£h), awar.n••~ of the language {••u••
involved i. of gr••t importance. Educatora at all
levela ne.d to he aware of the role of language in
learnini1 and take care not to .aSUM~ that ••aningB
are always in acoord. Ind••d, it. is often the CaSd
that ~2 meaning is attach.d to a word.
'[helleCOl:!u'A4int..s apply .'{uallyto th. furt.h.'t'.ducation
and tr~ining of in.~rvice teach.rs. Conferenc.a,
workshoplI and irlfornual discu....iol')irouPlilAll have a
role t.o play. Many of ~h••• Aotiviti •• , however,
fOCUAl on 1.tAshing mrl:h£!s.l anr ~,J.:. on contttnt. Having
conducted an in-••~vio. ¢our•• f~~ eleMentary teach.r~
in C&~ad., Davi. and Sp••r \1990) r.por~ tha~ th•••
~.aeh.r. » ••• lacked a ruclimen'ary und.X'$t.andinlof
the fundaMent.sl. of Phy.ies, Chwmis~ry ,nd BiologyH.
(pg 498). It i. likely that & aim (ar .it.ua~ion
.xist. with many practicing te.ohQra in th1. oountry.
It ia therefore propos.ci that an aim of in$ervice
caur... &hould be the improvement of teacher.' b••ie
under.tanding of sci.n~ific concept. And pvincipl*4.
Similar ob••rv&tion41 hw". b.en .l\uad.by Millar (1988)
&1 ~eg.rds in-••r'vic~ cour.... for non-.pecialiat
••condary .oience teachers in the United Kingdo.. H.
too, i. of ~h. opinion that ~he £e~!~t~g~i~l!~model
shol.·ldb. adopt.d :ia d••igning l.n-sQrvic. physic.
eduoat.ion for te.cherM.

R~£Qtltl~~~aIIQN~[QR [gI~ft~R~~~aRQH
DUl"ir.g~h. pr•••n~ a~udy, .everal .sp.cta of aoienc.
education wer. lnve.tigated under A single cont.ext.
The.. include prim~ry t.acher .ducation, conc.pt
devil-lopment and .xplanation. involving the partir ....
model. In _.ch of thlll•• areaa, ••parat.ly ar..t in
combination, qu••tiona have b.en raised where £4~ther
re••arch may b. Indicst.d.
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Thi. study waa conduc~ed on a ••al1 sample of atudent
t.eacher. in a. .ingl. inatitut.ion. It.would b. of
inter.at to extend t~i. work to include teacher
traine.. from var!ou. coller.. ~cross the country.
For purpo.e. of comparison, .~cond.ry student ~each.r.
fcllowing aci.nc. course. c~uld .1.0 participate in
auch an inve.tigat.ion.
Of furth.r pertin.nce to education would b. a aurve7
involving primary teachers. Aa regard. th••• teacher.
at pr4.ent, there i. littl~ reason to ••sum. that
their grasp of the particle mod.l is any More
comprehenaive t.han that of the .tudent t.acher.. Th.
finding. of the at.udyby Gla••on et .1 <198? and the
comm~nt. of Davis and Speer (1990) tend t.n.upport
t.hia contention. Nev.rth.l ••• , more quantitative
information a. t.o the extent of t.~ch.rs' .cientific
knowledge ia required.
Several .sp.ct. of t.hepre.ent.at.udy would l.ad one to
propo.e ~hat the particle model i. imperfectly
unciel.tood at. .e~ondary ~chool level. Fro. the
outcome of the cro•• - aBe study, it may b. inferred
thAt learning about the particle mod.l in Junior high
Achool does nOT app.ar to .nabl& the pupils to us. it
correctly. MGre work in t.hi.Are. i. cle.rly req<,lired
&0 that. ..better id.a of the .ffect. of instructional
variabl.e may h•• at.bli.hed.
Furthermore, teacher. n~.d to be mad. aware of this
problem and a••isted t~ find ways of overcoming it..
The shortar. of qualified .ci~nc~ teacher. in this
country i. w.11 known but not U!d.ctl.. [Millar (1988)3.
It ia po••lbie that many teacher. involved with the
partiel. model in standard .ix ~r. ~on-.p.ciali.t. and
_r. unawar~ of all ita implications. Th. academic
backgrounds of. t.h••~ t.acher. could .lso bear
investigation .0 that one would gain .om~ idea of
where be.t.to start in an upgrading programm •.
The pre.ent atudy, aa previoualy .ention_d, was not
experimental in d••iBn, but rather .ought to ••tabli.h
the extent of the students· conceptual und~ratandins.
Suitable l.arning programme. ne.d to h. d.v.loped and
*v.luated. Where f.asibl., such re".arch would
involve experi~en~al and control groups, randomly
••lect.d. A. it i. not posaib16 <or cl*~irabl.) to
withnold a m.thodoloiY cou~•• from £tud.nt teach.ra,
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1nservice teachers could
as.iatanc. in this rea.rd.

provid. .uch

Work of this nature n.ed not focus entirely on the
particl. Model. For instance, A. indicated hy the
findin,s of the pr•••nt work, ••pects of the .neray
ooncept appear to b. i.perfectly understood. Further
research could well reveal conceptual difficulti ••
with other topics.
Aa far .a curriculum d.v.10p••nt ia concerned, it
..... clear both from the literature CPosner (1912);
Nuasbaull (198S}J, And from ...pect..of thia ..tudy that
~onc. off" instruction is not ad.quat.. Pupils,
students, t.Ach.ra And others ne.d to confront
.~pl.nation. and sctentific mod.ls ac~oss a number of
contexts. Th. procedure. descrip.d in this p.per, and
o,t.h.r" of .. ahailar nsture would pr-ovide suit.bl•
.. tart-in,1 pnint.... Other., appropriat .• to local .ruuedJII
and oonditions oould b. devfollop.dwith tim...
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Year and Group
Major subJect/. at JCE
Methodolo8Y

Standard to which you atudied e, alY at .chool
Standard to which you studied Phy§i~~l Sci=nc~ at .chool

WherQ diagram. have been dr.wn, car. ha. b&en t~ en to repr ••• nt them
as .1ccur.t.t?'ya. po•• ible in tttrm .. of number an, ..izr.t of item ••
Pl.~~. takQ Iiol. of·the •• v.riabl •• when .electin, or formulating
your answer ••
1. App~r.tu. i •• at up aa indicated in the diagram below.

·--le..x:J ct ,,'...:del" IV"' ~1A6e.
I"!IIi'--do'Pf'e:r

The fl~.k ia placad in a container of hot water.
,) Wll.At. wi.ll happ.n to the 1ev.1 of water in t.he tube?

b) Provide aa full an explanation •• yOb po•• ibly can fo~ thia.



~~... ~~- .. ---. --~.... ----_----- ..- ..._---.. -----.--.~..

pas. t.wo
2. A flask contai~ing not.hing hut air is attach&d to a PUMP, aa
$hown in the di.gram.

SO!tllt of the air i. pumped out.
Which dhgram below do you think iss the 9!1!:. Ntpr ••• n'l:.ationof the
rftntainder of the dr? ai~k the one ,you aelect -/ ).

3. An inv.atigation !a conducted uaing the apparatu~ in the diagram
b.low.

-_<OJ

THt HrlSK. I':> tft.Ai"t;D
(Continued on followtn~ paga> ,

; i

---------.------ ----- --------.

....~-hct;d-
! \( )
, I

" /
t

~.bbl~..$



..,._ ...._---"'-_._-------

page three

a) What are the bubble. composed of?

b} Where did they come from?

4. A flask containing .ir is connQcted to a rubber balloon. The air
in the flask ia hested and the balloon inflate •. In the diagrams
telow, u•• dots (o~o) to represent the di£tribution of air before
and after he.ting.

A-FTC:R..

5. The folloving app4ratus is ~ft.n used in Achools to illustrate
how br.a~hlng occurs in Mammals.

when ~h. plastic she.t i. pulled clown, what is the i~~~~l!~!result?
(HD~~tl!n~the best answerl

'A The "1 ung,s; " inflat ..
B The gaSl pad.]:des in the b.ll Jar' exp ..nd
·c Th .. a{'U; p.olt'l!cl.s in th;a belljar space thems.lves out
0 Tb~ gas pa r t.Lc I ...£ in the "lungs" pr-es.a clone tog.ther.

----------------------------------------------



,--------------------------------------------.------------------

6. A child's party balloon i. filled with ias. It is sealed then
released and allowed to float up. Aft~r it reaches ..certain
alt!t.ud02, it buIt'Jllt... The re.as.::mfor this i.

(y.!Ho!!!tl1.n!t the be..t. ans wer)
A Th. number of ias particles in lhe balloon incr.ase.
a The gas part.icle. iocr ..... in size
C The gas particles gel hot and become hollow io lhe middlen The space. between the ,aa particle. iocrease in size.

7. A Jar iA filled with iCG, .aaled, drIed and placed on the tabl •.
Aft.r Ii whi 1. r droplet .. of w,ater "'1:'& ob•• rv.d on +.he out.ide of t.he
jar.
a) Where do th••• droplet. come from?

8. Two identical paper bais are .u~p.nd.d from a beam balauce ••
indicated below.

A flame is then placed bene.t!\ baa A, and the following i. ob••rved:-

a(Continued on following page>,

iv

._--------------_.- ,----------------------------
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p..g. five

\,'\',

9 A .Ampl. of ..i~ in ... y~in'Q is com~~~~ ••d

---:-;>

Which mod.l ~!!t explain. what happen.?
(Circl. the b.st alternativ.)

A B

c.

\.



10 ,Water is carefully poured onto M certain amount of sugar .s
.indic~t.d below.

,

\

If thh mJ.xt:.urtllill atirred, ahalutn, h•• tjfa or 4illlply left to ax·and
for long 4Uiough. the lIugar dislIolvits in t.he water. Draw III. di.i~·iUI'I
which you think provid •• an adequate explanation of what happens ~Q

the .ugar a.. it di~.olve. In the water •

.~,._----'----_._--------_.;.__,
'/I



Appendix Two
(or),€)page only)

Test Question One - Initial and Final Studies

Tile air pariicies hI the lIask drawn In the mlddls of tl1ls page are plcturod as dots.
The air particles are :teresd out uniformly In the flask,

The following quesUons werE'!asked In a sctence class:

, , • why don" ai/the air palticles In the flask faN down on each other snd stay
at the bottom oillle flask?

• , • why do thtl pI/utlc/flS remain spread out even though there Is space between
them and they don '1have anything to res' on?

rive pupils suggested different answers 10 Ihe86 qUesUons··

Taak
Circle the name of Ihe pupil whose answer you think Is best. II you have .8nnUler
better answer, don't circle any names and write your explanation

Jean



(one page only)
The following apparatus is placed in a bowl of water;-

(Jrl--
.:

If we represent the

balloon

flask

and the balloon inflates

air in the apparatus by dots:-
befQre the flask i. heatedt
which of the diagrams belo~

is the ~~~~ drswin2
of. thG! air

after the fl.sk Ie ~eat.d?

c D



Appendix Four

Marklng S~heduLe for Questionnaire - Initial Study

Please answer the questi~ns ~n theA. page~ as instructed.

Year and Group

Major subject/s at JCE

Methodology

Standard to w~ich you s~udied Biology at SGho~l'
Standard to which you studied Physical Science at school

Where diagrams have been drawn, care has been taken to represent th.m
as accu~~t$ly as possible in terms of number and size of items.
Plaasoiltiilk~nota of· t.hese variabl.as when $u.llect.ingOr' formulat.ing
your .answers.

1. Apparatus is set up as indicnted in the diagram below.

·--Ie.0cl 01 v.J::.".l,_Je(, IV' .1l.,A,t ..e.
Yltl"lill,--~ to'Pre.:r

The fla.k is placed in a container of hot water.
a) Wlult will happen t.o the level of water' in t.he tube'?

L) Provi~d as full an explanation as you possibly can for this.

l'#'tor"o;s. tn klnstic fI'ftffrIlY, incrao:"".
t.,.. move11'1.41.",t ot pa,rti,cl(J.R, cotti.3'tl)11ta,
t,o;rglf1lri.At.,..p".,·tit:it:. "'pao., inorea.:rfl
in volunt.. ..

_ .... •• _., ..__ • -.- •• - .. - 1' _
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Marklnq Schedule for Questionnaire - initial Study

Plea~e answer the qu~stions on these pages as instructed.
Ye21r'and Group
Major ~ubjectls at JCE

Standard to which you studied Biology at school
St.andard to which you .stud!ad Ph,ysical Sci encl'llat .IIchool

Where diagrams have been drawn, care has been taken to represent them
as accurately as possible in terms of number and size of items.
Please take note of, these variables when selecting or formulating
your .anSWers.

---Ievcl ~1W?,.,!e('" 111"\ -Iv.be..
'1Wlr---~ tefft!.('

-I
It w~tt r'i,.

The flask is placed in a cont.iner of hot water.
aJ What Will happen to the J~v.l of water in the tubQ?

b) Provide aa full an explana~ion as you possibly can for this.

111,0..,.,,"$(1 In 'kl,-ndio e.,.,,,.,. " .-t.,..,C,.lIa88
i'fl. t'no""",,,,""'t of parti.er." J:,Io'ttls'iof't,S',
t.arg.,.. .;,.,..,t.,.por.,..1i'lc'tt15 Hpa"., 'inorflctil<l
in, lI'olu1'n •• 3

.i

---.--~.,---~.~---~...------------~----------------------
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page t.wo
2. A flask cont.aining nothing but. air is att.ached to a pump, ~s
shown in the diag~am.

So~e of the air is pumped out.. 1
Which diag~am below do you thlnk is the e~~~repres~ntation of the
rQmainde~ of t.he 21r? <Tick the one you select y/ l.

o 0\CI 0 0o ()
, '. 0

3. An invest.igat.ion i.s conduct.ed using t.h~ aPPllu"atU.Slin ti,. diagram
below.

} FI",,' ...,,,tl-, C"r

../tAL'V13

-?
rue FLnSK. I:J Ht.Ait.:.I>

(Continued on following paiS),

'i-- -0
- -f,~. ()bble,:.;

----------------------------------.----------------------~-----------------------------------,
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page three

al What are the bubbles composed of? 1
bJ Where did they come from? 1
c) Why do you suppose this happened?

1'11.0"...a.1.in 'kin.tio _'I"WIrgy, 'f'I'l,O"'.
,,",o'Vemenf, grsa.t.,.. tnt.""pctf"tict.
8:J~:U'(iI,air #l80a.POI. 3

4. A flask containing all' is connected to a rubber balloon. The air
in the fl.sk ts heated and the balloon inflates. In the diRgrnms
below, use dots (O~ 0 ) to represent the distribution of air ceCere
and after heating.

Equal nze
Eq'Uat num,6.,.
.EVIIA ,U..rtrf,'6utton.

AFTCR. 3
5. The following apparatus is often u~ed in scho~ls tc illustrate
how breathing OCCUrS in Mammals.

When the p.lstic sheet is pulled do~n, what is the i!!!~!~~~result?
(underline th, best an$werJ

~ The "lungs" inf1.[;-------
B The gas particl~s in the bell Jar expand
·c Thl? gas p.r-ticl6i'~in till'!bel1jar space t:.hemsalvesout
D 1'1.... g..l~p..lrticl&-£ill the "Lunga " press close t08Qther'.

1

Jil



-----.----..-----~----------

6 A child's party b.lloon is filled wi~h gas. It is sealed then
rele ••~d and allowed to float up. Aft.r it reaches a certain
~ltilude, it bursts. The reason for this is(yed!rl!n~the b~st an.wer)
A T~~ number of gas particle. in the balloon increA£.~
B The gaii particl •• increase 11'\ siZtif 1
C The gas particle. get hot and become hollow in the middle
D ~ ~eaces between the gas particles increase in SlZ ••

7. A Jar is filled with Ic., s&aled, dried and placed an the table.
Aft"r a whi Ie, dl·opl.til of wad...r IH·... observed on the out...id. of the
Jar.
a) Where do t.helut dr-oplet.a come from'?

b) Why do.~ thlQ happen?

Wa.f.r tnol!lout .... ""'"I.t,,ot ootd Ja.t',
'Alief tOIl, lilll. fH'Uh 'kY, 1..,1
1'AO'V81'n.nt, faw".,· cU>Ui,l.oAI, cto....r
tOk.th.,.., oher..n-J'8 of .rtt£t ..

3
8. Two identic.lI papttr bl',. ar. suspended from a b••m b.lan-;:•••
indieat.ed b.low.

A flame is tb.n placed b~neath bag A, and the following is cb ••rved:-

, '.v



.._-------------------_._-------------

paz. fi".

If lhe air particl•• w.~. r.p~.a.nl.d .a shown below 2![Q~!h.ating,

•

of the air

1-\ o 0

~o 00(\0)
~9 A ••u\pl. compr.s••d

--'7

Which Mod.l ~!!i.xp~ain. what h~pp.n.?
(Circl~ lh. b••t slt.~nativ.)

A r..__ __:..!) €§§3E;]
b.:..r,,· ~ ~ ·rl,.;e'("

B [o",ti:Yr) E-§3~6'"D
b"-i.:)y<:" ~ (l;er
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10 Water ia carefully poured onto a certain aMount of sugar .s
indicated below.

I -'''''''''''·--7

I-----j
- I_-1-- 1..'c.~1::::,'("

If t.hi.cmixture if" stirred, ..haken, h•• ted or .hAply len, t.o.t.and
for 10ni .noulh, the sUlar dia.olv •• in the wat.er. D~.w a di~lr.m
which you think provid •• an adequate Qxpl~n.tion of what happen. to
the aUiAr a. it diaMelve. in the w~ier.

Pa.Mioutc:6t. solute a.nd. ,olventt
4f'\7..nt;:y dtltr-l'6'Ui.4.
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Studen~st Diagrams - Heating of Air - Initial Study
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/\ppend 1x Seven
..-.-,--------~-

Quesdcnna i r e for. FoUow-ufJ St:udy

Veal" and Group

Major subJ&at/s at JCE

St.andard to whil;:h you .....udi ..d Y.liolo,f:-r .t. ,Ichool
Sts.ndard +.0 which you st:.!~dl.d Physical Scien::: • .at. £cho!"l

hh..re diagra~s have b•• a drawn, care has been taken to repr,r:.~L them
... aec1.1rat..ly lUI \=,o&!sible in t.erms of nUMber sod aisQ of it.'4I'IUlI,

Pl •• " .. t.aka not.e of t.h •• <1 v_~itl.blea wh.,> .. elect.ing or- torl~ul.t.i tiS
your an.wera.
1. App.u·.at.Ul; ia set up .at. ,rOOM t.eMpell'at.ure as indicated in t.h.
diagram below.

t.l-- J41Je.1 oJ ~ In at,...., :v.1thB
'\!I.'1... ---:si::¢ppcr

:'~l- -- -_,-" - _\

--

When the flask is placed in a cont.ainer of hot. water, the level of
t.he water in thw sla ... tuhins ria •••
PY'ovid .... .r& !u~ 1 an explanat.ion aa you po.aibly Clln fOl' thi .. blth.vi our
of the wat.er in the t.ubing.



par •. two
2. An inve.tigation i. conducted usins tb. apparatus in the dia&ram
below.

a) What. are lh. bubble. compo.ed of?

3. ~ J~~ Ie filled with ice, ••al.d, dried and placed on the table.
htthr • wril., droplet. of wat.r are ob.e~v.d an the out$ide of the
Jar •
• l ~h.r. do th••a droplet. come from?

------~--'----------------------------------------.--------
i i



_._--_.

Which mod.l g!!~ explains vh~t happen_?
(~ircl. the alternative you .el.ct)

B
0===--:::F.f3: ::s::t::) O=gZg :FEE

-----1 ..

b~r e, i:f+..o-

A
G=-~I!e"-: _J1t

bc.for-e.
~~t§••!-

----:)ol!-.

:D
~ G 12!flr¥§l!m!&:

---)100Il00

c.

5. A child's party balloon ia filled with ,... !~i ••• aled then
released and allowed to flOat up. After it r~ach •• a certain
altitude} it bur.t.. Th. reasoR for thia 1.(in~ltltn.th~ b••t an.w.~)
A The number of g•• particle. in tre balloon increa •••
a The aa. particl •• incr.a.~ In .i.e
C The ,a. particle. get hot ,d become hollow 1n the middle
e The .pac •• b.tw.~n the laa particl •• incr •••• in .t••.

iii



page four
6. Th~ following apparatus is oft~n us.d in ~cll001.to illustrate
how braathinE occur. in Mammals.

~--h,.oo~IIJa.( l'~G ~I~)
-bl~ ('Iuntf)

"Then t.he pla.tic ..h.et is: pull.d down, the "Iun, .." infl.'t~.
Underline the alternative which you think provide. the correct
;xpr;n;t:!I:m for' thi ...
A. The gsa parlielae in the bell Jar .~pand
B ThIlLg ... p*rt.icl... in the bell Jar becomc.>inore widely ..paced.
e The ~a. particl •• in the "lunga" .xpan~
D '.th. a.... partiel •• in the bell Jar becom. ::.<'\1('. closely "paced.

7. A fl~.k containing air i.. connected to a rubber balloon. The air
in t.h. f'l •• k i. heat.ed and the b..lloon inflate •• In t.he dia.,qit'ama
bolow] u•• dot. (o~oooO)to repre.ent t.he distribution of air before
and aft.r h•• tin,.

-----



Appt? ,dtx seven
--~---.---........---.----.-~~...---,------_.-----------------------

S. A flASk containina nothing but air l. attached to AI pump, a.
~hown in the diagram.

1IWIO~---~pp~---~~

Some of the air i. pumped out.
Which di.sram b.low do rou think ia the m2!~
r.pr .... ntat.iotlof the ,'em.ioder of the .Illr'?
...lect ).

!l?et211£1!l.!::!<Tick thQ one you

A.

c. :b.



---.----------------------------------------------------------------------------------

q. Two id,mtical ",:p.r hili" are ~u.p.nded from a beam balance as
indicated b~low.

~~----
{ \

LJ
~-J.-.

A flam& is th~n pl.scad bQn~ath ha~~t and the following is ob.served:-

Which •• t. of diagrams 0,' pai_ ... ven (opp~':).I8it.lt\ {~ltl£'_ extJlAin. the
heh..viour of the dr particl •• in.:;!: and :lr.:;!.iS:.!:r;., the fhm. was
applied?

---------~------..-""'''~,..,..._....-'' ..-...,,~,-,__.-,.~-- ......,---'vi



'i) (continued)
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"ppenu.l.X ::>even
--~---.-----------.--------------.-- ......._.------._..------_...._..-.....-.------------~.----~------------

10. When we add a aub.tanee like aUiar (or aalt ) to water, after a
~im*f the aolid (ez. the .usar) gi!~p.l~!'in the water.
IE w. r.pr~a.nt thQ water particl.s and the .ulsr particl •• aa
indicated below, draw, in the .pace provided, your r.pr ••• ntation of
t.heliar..ar-tic14uJ att.er the sutar has di.solved in t.he wat.ar.

W.ter Particl ••---- -.----....._
"0 0 \

C> 0 00 \
o 0 0

SUfft( eu,d .ti.bt1e.r-
sdu.ttOY\ •



Appendix Eignt--_ .~.,"'" ,-......-_._--------------'--------,------------------
t"larkinq Scnedule fGr Quest. ionna ire - Fo Ll ow -up Study

Ple.s. answer the questions on ~hese pases as i~.~ructed.
Veal' an.:! Group

MIllt.hodolol1Y

Stan~ard to which you studied BioloSY at school
Standard t.o which you st.udied Physical Science at.school

Where dia,rams have b~.ndrawn, care has be.n tak.n to repre.~nt them
a. accurately an possible in term. of numher and size of item•.
PIe ••• take not. of th••• variables when a~lecting or !ormulatinz
your answers.
1. Apparatus i•• et up at roo~ temperature as indicated in the
diaaram below.

H-----141\Jd of ~ It"\ -at~ eu.b'Y'l3
.. '1F----:;t.oppoltf'
::

When the flask is placed in a container of hot. w~t.r, th. level of
tho water in the gla •• tubin, ri••••
Provide .a full an explanation •• you possibly can for this behaviour
of the wat.er in the tubing.

1nc"tIIKt ...... ;.,...,kin.ti.c 1If1,i/i,,:;Y, '1,.".,,0,..£1."".
in m.oV.m.811.t of p<:t.rtiolc8, Do'tl-i",ioftl,
'larger int."pa.,.tiot. /S'P",O., "11.0"'.a",.,
iA vatu"",,,, 4



page .t.wo
2. An investigation is conducled ~siQg the apparatus in the diagram
below.

a) What. ax-e t.hQ bubbles compolled of? At,..

c) Why do you t.hink t.his happen*d?
InorfJ"lI'fJ tn 1rinBtio 811."""8:1, ,,",0,...
1'nO'P"""'tl/H'\t, "f'".,at • .,..l,.",t."'I'~rti,ot..
"'pa(.'uilfa;t,..~(Jap.$.

3. A Jar is fill.d with ice, aealed, ax-ied and placed on the taole.
Afte~ a whilQ, droplet. of water are observed on the outside of the
Jar.
a) Where 00 ~~••e droplets come from?

At1'no ....p'h.r.;,o wate r- vapour

b) Why does this happen?

W",t.,.. 'tnoleoul .......contaot co1.d Ja.r,
h.a:t 'lO..TS, tess ..",ergy, t.....$
fnov.tn«.nt, f awer oott'i.l'ion..s" t otOJlfflW"
tog-tither, cha,n!l1{J of 8fa,f.,

i i



4. A s~Mple of air in a syringe is comprossQd

befOre.
Which model a!!~explains what happen.?

(Circle the alternative you .s.lect.)

Ot AS----J,."'"
IJ!.fter

o . ;:109°9°9 ea.· (g.~?}-
---ill-

be.[6re.

8
~ [}--t:E§-~

----1 ...__ '.

C\fier

c.

1
5. A child's party ballpon i$ filled with gas. It is sealed then
released and allowed to float up. After it reaches a certain
altitud~, it bursts. The reason for this is(gn9~~1!B~the b.st answer)
A The numbQr of gas particle. in the bAlloon inc~.sses
8 Th. sas particles increa •• in sia.
C The gas particle. get hot and become hollow in ~h. middle
D The space. between thw is. particle. increase in size.

1

-----_ .._-
iii



page four
6. The following apparatt~s ia often used in schools to illust.rl1t.e
how breat.hing occurs in l1ammals.

When ~he plastic sheet is pulled down, the NlungsN inflat.e.Ya~!rl~a~the alternative which you think provid~. the correct
explanation for this.
A. The g.as p.!lrt.icl.sin the b",ll ,l.!lrexpand
B the gas part.ich!s in the bell Jar become mOl'. widell..,..!lIe~cftd.
C Th~ gas partIcles in the h!ungs" expand
D The gas particles in th~ bell Jar become more closely ~pac~d. 1
7. A flask containing air is connected to a rubber balloon. The ~ir
in lhe flask is heated and the balloon inflates. In the diagr~.s
below, use dots (ooo(l'oO) to repNiI$Emt th~ dist.ribution of air berfor.
and after heatin$.

Cllt"'---.,..
/

Equat .nlG"
E9Ua..t. nU1'fib.r
Evtl'n, diJrlr'l'6ut'ion

1·e r. ,



page five

8. A flack containing nothing but ai~ is attached to a PUMP, a.
shown ,the diagram.

Some of the sir. is pumped out.
Which dis.a;rllllt1.below do you t.hink h t.he 1l2n ~e.li!l:iitf!d.i!£!
r.prese~tation of the remainder of the air? (Tick the one you
select. )•

B.

c..

1

'I



pag(i six

q. Two identi¢al paper hags are suspended fro~ a beam balance $S

indicated below.T--·_.....---
Gj
-r-- ___.

/~ -_
C:J
8

0
J\

°°"0
o 0 0
/~

J.L
Which set. of dia,tl"Jilms on page sev&n (oppo~J.te) e!§.!:._ explains the
behaviour of tha air particles ioX and:n:~f.!:.!IH'_ the .flame was
applied?

(Tick the s.J} ,'",'nativ" ot' your cholq.~)

vi
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.,. ...---~------.--------- i\ppendix Eiqht

10. When "". add A sub.tane. like aUrAr (or s.l~ ) tc w~t.r, aft.r a
time, ehe solid (.,. the .ugAr) ~1!!21!!! in lh. w.t.~.
If w. l:' ltp~liUhilntthe ",.aterparticl •• and lh. sugar pArt.iel .....
indi~at!d b.low~ draw, in lh. space provided, your repr ••• nt.tion of
th.... ! lr'tiel•• Aft.r the IIU,AlI' haa di•• olv.d in the wilter.

Po:,..trio-utat. lotutll tt11,d ....ot"lI11.f,
tllV4IIftty d-l,rlri:6'U,t."d, t1.O jo'i.tt.'l'lt,g of
purt'lo't ....., ttro 0"'"11,.1'8 ~n tctcnHty,..

...,._--_ ..,._-_. .- .~--..".._-..._'--\,....,..\ ""1""'1---

I
I
LJ

-I-~~( CUIld .t~r
.:Sdv.;b.OV'I .

3

__--
~5
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Students' Diagrams - Solution Formation - Follow-u:PI"'S't'uay ._ ..
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