INVESTIGATING THE LINK BETWEEN TEACHERS’ USE OF
REPRESENTATIONS AND LEARNERS’ CONCEPTUAL
UNDERSTANDING OF ELECTRICAL CIRCUITS

ROBYN DIANE HARRISON

11268442

Submitted i n fulfil ment of

Magister Educationis
i n the
FACULTY OF EDUCATION
at the
UNIVERSITY OF PRETORIA
Supervisor: Dr C Coetzee

October 2024



DECLARATION

‘o decl are thatnvtelsd i dakisndBgt @ éibemic hdJs s 6 of
Represent alteiacd m®&oriscdel pUnudeelr st a fklde o tgCi iw dcauli ibhsi ¢ h
I hereby submit f or Stchiee Bddeagrag @ o Ma qit s ttehre iUn

Pretoria, is my own work and has not previou

this or any other tertiary institution.

Signat %%‘W%[WWW

Name: Robyn Diane Harrison

Dat e: 22 October 2024

ETHICS STATEMENT

The author, whose name appears on the title
research described in this work, the appliceé
decl ares that she has observed the etdiitcyal s

of PreGomdd adfs Et hics for researchers and the

research

Signat u%g”‘/”%[ww”

Na me Robyn Diane Harrison

Dat: e 22 October 2024



ETHICAL CLEARANCE CERTIFICATE

2

PREVIEBITEIT AN PEITOELA
ERITIMEITY BF FRITORIL
L IR T T T T

RESEARCH ETHICS COMMITTEE

CLEARANCE CERTIFICATE CLEARANCE NUMBER: EDU007/23

DEGREE AND PROJECT MEd

Investigating the link between teachers' use of
representations and learners’ conceptual

understanding of electrical circuits

INVESTIGATOR Mrs Robyn Diane Harrison
DEPARTMENT Science Mathematics and Technology
Education

APPROVAL TO COMMENCE STUDY 17 April 2023

DATE OF CLEARANCE CERTIFICATE 25 Seplember 2024

CHAIRPERSON OF ETHICS COMMITTEE: Prof Funke Omidire

A )
) —
R

Mr Simon Jiane
Dr Coréne Coetzee

This Ethics Clearance Cerificate should be read in conjunction with the
Integrated Declaration Form (DOB) which specifies details regarding:

« Compliance with approved research protocol,

« Mo significant changes,

» Informed consent/assent,

» Adverse experience or undue risk,

« Registered title, and

= Data storage requirements.



DEDICATION

This study is dedicated first and foremost to my
support and commitment have berdhdeanealprabhé!l yht b
one. Amidst the challenges of emigration and my

me through this challenging but exciting time in

I met you.

Then, |1 dedicate this study to my newborn baby w
i's published. May you be inspired by my absol u:

investing in yourself is the bestu isnovensutcment you



ACKNOWLEDGMENTS

I would |Iike to thank the Lord for walking aheac
this whole journey. You haveYoheétpbprmpnpetVeundavi ag,

not for a moment.
I wish to express my sincere appreciation and gr

T My supeDodtsméneCoCoet hegentfloe gui dance, support
throughout this study. | have been inspired [

T My mo-i hamw, El aine Harri son, for her constant
unwavering encouragement throughout this st uc

T To all the schools and participants who sac!
success.

T To my ,[fbaomiihl ynear famdalfwmays foll owing up, s h

encouraging me to keep going.



ABSTRACT

Th
co
ai
us
el
we
i n

e X

—

T v 9 o -~
—

o X

is ekptHdvrhées bkt ween tienaccohreprasif a trieopnr e siennttbaetiiron s
nceptual teaching strategies and | earners’ con
m of eddaraght hor oughkegti ghbhk bhwedetermining whe
ed and applied the represhdtitenhkbng aadgheabygni
ectric ciwtseuivise Tlrraederrs, two from Auasstralia
| It haes | ear nregspeailt dsheeeisr at t he time of the rese.
the study. DhyacwanduaHil hn@gct eded interyviews |\
minindnestsai pl anni agd dad mimain $d8 earginmogghi cht ebe,

a
seaccbhated specificdlhley glbal w©hi sosndwdy i ng i nte
ssontso weavssalowatve bk hedrse pursees ent Blthe omesr pose of adm
e

di agno gteivca |l tueastt s iweaoewd g e .

s baskbygwnttthiea udief fogepnesentnateileercs i n€l oencast
s hkenrowl edge and .wrdei git manthhi enrgt e n t mi swa@ipl i cat
resentations can have artshiegmd & ri sctaanrtd inregg aan ov er e

o T ©

ut el ec,t riadtimpmicsI¢c dscepti ons. Furt Besit hart e, t
arheeguemtlggl e to effectiwalryodrssdpthng,ui shpdei
osfe current daunrd nwo Itthaeg el gesasiThii g gdtphgehti mpoft ance
a c'hoenrgso i @ il ceacntd mpr ov e me ntth eiyn uhscew and present re
rthgir teaching. The findingsenoftietabcihse rs teudduyc actoi
d-senvice professional devel opment , encouragin
rengths and weaknesses Adfli thenalelpy,estthhits@ath&bund
isting body of knowl edgdedagd ddectatmitivbedge oh
arner ouscppebe s onenpceecpfticpe dafogi cal content Kk

Keywords: t eachi ng electric circuits, representat

mi

sconceptions, pedagogi cal content knowl edge.



LANGUAGE EDITOR

Marike van Rensburg Robyn Diane Harrison
Accredited Text Editor (Professional Editors’ Guild) University of Pretoria

082 820-4716 Student Number: 11268442
Po Box 11823

Wierdapark South

0157

https://www.linkedin.com/in/marikevanrensburg/
marike.vanrensburg@gmail.com

11 October 2024
Copy-editing certificate

This certificate serves to confirm that the following thesis was copy-edited:

Investigating the link between teachers’ use of representations and learner’s conceptual
understanding of electrical circuits

Copy-editing included:

e Checking language in terms of spelling (UK), grammar, and punctuation.

e Checking consistency of terminology and style.

e Checking adherence to the provided guidelines.

e Checking the style of references and citations against provided guidelines. Note that accuracy and
completeness of source information remain the responsibility of the author.

The Microsoft Word® track changes functionality was used to make the author aware of changes. Itis the
author’s prerogative to choose whether to accept or reject suggested changes.

The thesis remains the original work of the author. The copy editor has not added any additional information,
rewritten sections, or changed the structure of the document.

Sincerely,

8

Marike van Rensburg

W

in a word



LIST OF ABBREVIATIONS

CAPS

CoRe

cPCK

CTS

DIRECT

ePCK

RCM

PCK

PhET

pPCK

Curriculum Assessment Policy Statement

Content Representation

Collective Pedagogical Content Knowledge

Conceptual Teaching Strategies

Determining and Interpreting Resistive Electric Circuits Concepts Test

Enacted Pedagogical Content Knowledge

Refined Consensus Model

Pedagogical Content Knowledge

Physics Education Technology

Personal Pedagogical Content Knowledge



LIST OF FIGURES

FigufieTRr-demensi onal model with pictures..l8f the

Fi gukeThRe RCM of PCK ( Ca.r.l.s.a.n..et...al.....20.119)

FiguBeTHRe grand rubric..(.Chan..et..al...,...2.0.212)0
FigudesSection of the RCM situated in the persona
P2 O 1 PO OO PP PP PPPPPP PP 2 2
FigufieTHe -$i @ research proc.es.s..f.or..each.2tbeacher
FiguRel t3em 2 of the diagnost.i.c..t.es.t...i.n..t.RéO Googl
FigufieSeiries circui.t....Ca.l.a.u.r...co.di.ng. ... 42
FigukePa&arall el circuit: Cal.owur..codi.ng..f.or4d3Rout e
Fi guBePa&arall el circuit: Cal.our..co.di.ng..f.or4d3Rout e
Figu#deCWHrrent flow at differ.ent..par.t.s..of.48 par al
Fi gubeCdl our to show how voltmeters in the circui
(o3 o T N G T T o T o T o T PR 44
Figubel tdem 2 of t he...di.ag.n.as.t.i.c..t.est............ 45
Figui7el t4em 4 of t he...di.ag.n.as.t.i.C..l.eSt ... 46
FiguBeThMe rules of series circuits wused..i4B8 Teach
FiguPeRuWul e 2 as presented in the c..r.cui.t..4ul es d
FiguLi6-V4ddeo extract of..r.es.i.s.t.ar.s..i.n..s.eri®e26
Figufig-V4ddeo extract of..r.es.i.s.t.or.s..i.n..par.ab0el
FigufiaR&sistors as pl a.c.e.s..t.ao..pay..money....50
Figufia&R&sistors A and B as two..pl.aces..wh®0e mone
FigufiéeOhe resistor for yel.l.aw...peopl.e.to. P&y mone
FigufiBtl4aem 7 of the..di.ag.n.ast..c..t.est. ... 52

Figufié 4The rules of parallel circuits.us5dd in T
FigufiégR&Il ati onship between r es..s.t.or.s...i.n..parall el
Figuig8V4ddeo extract of..r.es.i.s.t.a.r.s....i.n..p.ar.a%eé el
FigufiBl4em 5 of the..di.ag.nas.t.i.c..t.esSto........... 57

Fi guR6E&«ample in the circuit rules documghts mac

Figukeé&Shide 23 of Teacher A’'.s..PRoweur.Pai.nt.6@resent

Figuk&adS4ide 40 of Teacher A’ .s..Rower.PRai.nt.6present



Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi

Fi
S i

Fi
S i

Fi
Fi
Fi
Fi

Fi
W 0

Fi
Fi
Fi
Fi
Fi
Fi

gu-28&B&ginning of the circuit rul.es..daoc@ment me
gukéV4deo extract where Teac.her..A. . .uses.6flhe exp
gukB6V4ddeo extract showing whet.e..Teache62A uses
guk6S4 andard reduction potent.i.al.s...t.abl.&@3 used I
guRé&S4ide used in conjunction wit.h..st.ad3ard r e
guR8F4o0ont page of the electric cu.rcui.t66&i mul at
gukBC4o0ze passage in woir.ks.heet....(Annexu?T@ E)
guBB&Ca4rrent in parallel connecti.ons..f.r.oIn wor ks
guB&D4 fference in brightness of |ight.. D2l bs as
guB&l4em 3 of t he..di.agnas.t.l.cC..l.eSt ... 73
guB8&l4em 4 of t he..di.agnast.i.c..t.est.............. 74
guBé&l4aem 7 of t he..di.agnast.i.c..t.est.............. 76
guBBl4em 6 of t he..di.agnast.i.c..t.est............. 77
guB6l4em 9 of t he..di.agnast.i.c..t.est............. 78
guB&Dodmi no effec...wi.t.h..a..s.p.l. .t 79
guB8-Question 1 and 2 in War.k.s.heet..3..0f80Teache:!

guB8C4rcuit

diagram in

Question 3,

L IO T = TR O T o T o TR 81

guA6ClArcuit

diagram in

Question 4,

Wor ksheet

Wor ksheet

L0 TT = T O AU o T o TP P PP PPTPPPPP 81
gudAé&Question 5 fram.War.k.s.heet. .. .3 ... 8 2
gudAadQuestion 6 fraoam.War.k.s.heet. .. .3 .. 8 3
gud8dldamage 3 from. . Wor.ks.heet. 3. 8 4
gudédl4em 5 of t he..di.ag.nas.t.i.cC..l.eSt .. 86
guAé&-FHl ow di agram showing the outline of conc
L ST A T = S~ PP T TP PPTRTORRRROt 88
gud46-S4ide 6 of Teache.r..Cl.s..pr.es.ent.at.i.ad9
gu#A&S4ide 11 and 12 from Teacher..Cls..R8&er Poin
gu#48S4ides in Teacher C’'s presentati.on9sed to
gu#é48l4em 3 of t he..di.agnas.t.l.c..l.est ... 93
gubB-l4em 2 of t he..di.agnas.t.l.c..l.est ... 95
gubé&l4em 7 of t he..di.ag.nas.t.i.cC..l.eSt ... 96

i X



i g
i g

ubaQuestion 3 from Tea.cher..Cl.s..wor.kshoeet

ub68F4 ow chart showing the | ogical sequence o0
........................................................................................................................................... 100
u-bé&Carrent and resistance rel.at.i.onshil@Oofrom t
ub6l4em 11 of the..di.agnos.t.i.c..t.est......101
u-b6Questions 3 and 6 on..Teacher..Cl.s...MdOr3ksheet

Q@ e «a@ «

u-b&S4ide of Teacher C's .RPower.Roi.nt..prleds3ent at i

ub8 QUuestion in the worksheet about voltage d
I = T o B o 5 R 104

u-68S4ide 26 of Teacher C's...Rowe.r.Poi.ntlO®resent
u-66Question 3 of the wor ks.heet..i.s.s.uedOlfy Teac

ubd-@uestion 11 of the worksheet t hat menti o
T o T = T PSS 107

ute-— @uestion 12 of the worksheet t hat menti o
T o o = 107

u-68S4ide in Teacher C’s .Pawe.r.Ro..nt...prledsBent at i
ubdél4em 5 of the..di.agnast.i.c..t.est.........109

ub6&Tawo slides in Teacher C’'s Power Point pres

u66-l4em 9 of t he..di.agnast.i.c..t.est.......111

u6&F4 ow diagram showing the outline of the ¢
n resources: Power Poi nt...ptr.es.ent.a.t..i.o.n..lall2d wor k

u-i eDi5f f erent paths that electrons .caul2lfollo
u-eeDi5r ecti on of current as viewed..by.12%®rners
u-8Bel rbcorrect information in one of Teh26er A’
u-iel téem 6 of t he..di.ag.nas.t.i.c..t.est............. 146
u-eel téem 7 of t he..di.ag.nas.t.i.c..t.est............. 147



LIST OF TABLES

Tabl eParxticipating teacher .s..bhi.agr.aphi.ca27inforr
Tabl e-—Summary of sources of each question, key
mi sconceptions i dent..f..ed..pe.r..gue.s.t.i.on...30

Tabl eeSaa.mmary of representations..us.ed..by.1Tlebacher s
Tabl eeSaa.mnary of answer selection..i.n.lt.eml® of 1t}
Tabl e-Sau.nBmary of how Teacher A addressed major ¢
her | earners’ responses to diagnost.i.c..t.els2t2 quest
Tabl e-Ssumdmary of how Teacher B addressed major ¢
her |l earners’ responses to diagnost.i..c..t.els2t3 quest
Tabl e-Stumtmary of how Teacher C addressed major ¢
his |l earners’ responses to diagnost.i.c..t.els2t4 quest
Tabl eSaa.ménary of | earner responses t.o..eadB4item i
Tabl e 5. 7 (.COnt iU )i 135

Tabl eeL6.mitations of representati.ons..useddlRy Teac



TABLE OF CONTENTS

Educa

DECLARATION ...ttt e oottt e+ e e a bt e e e e e a bt e e e e e st b e e e e e mtb e e e e e nbbeaeeanbneaeeannens i
ETHICS STATEMENT ...ttt e e ettt e e e e s sttt e e e e e sbt e e e e e amtb e e e e e anteeaaeaanseeeaeannees i
ETHICAL CLEARANCE CERTIFICATE ..ottt i
DEDICATION ... ..ottt ettt ettt e e oo kbt e e e e bttt e e ekt e e e e bbb e e e e anb e e e e e annneaeans iii
ACKNOWLEDGMENTS ...ttt e e e et e e e e e bt e e e e anbne e e e nees iv
AB ST RA CT ... e oot e e bt e e et e e et e e e e e nnr e e e e anees v
LANGUAGE EDITOR ...ttt ettt e ettt e e e ettt e e e e at et e e e e bt et e e e e nbb e e e e e antaeaaaans Vi
LIST OF ABBREVIATIONS ...ttt e ettt e e e et e e e e e entaea e e e nnaneaaeans vii
LIST OF FIGURES ...ttt et e e e ettt e e e e et e e e e e anta e e e e e nnteeeas viii
LIST OF TABLES ...... ..ottt ettt e ettt e e e ettt e e e et e e e e e st e e e e e e anbbeaeesannaeaeaans Xi
TABLE OF CONTENTS ... ..ottt ettt e et e e e st e e e et e e e e e nnn e e e e e nees Xii
CHAPTER 1: GENERAL ORIENTATION. ......cooiiiiiiiiiiiii ettt 1
1.1l ntroduction and..Backgr.ound. ... 1
1. 2Probl em St at @ mMe.Nl e 3
1. BRAT I O a .l B 4
1. 4Concept Cl.ari.fi.Ciatl .0 e, 5
1. 5Resear Ch QU St i 0. .S e 6
1. 6Summary of Research Des..gn..and.. Met.haod6l ogy
1. 7Structure of .t.he..Di.s.s.er.t.at.i.on ... 7
CHAPTER 2: LITERATURE REVIEW............ooiiiiiiiiiiiii ettt 9
P2 N T O G o o B o AP O o 1 TP P PRSP PPPPPPPPRPPPP 9
2. 2El ectric Circuits as a..lo.pi.c..i.n..Sc.i.e.n®e
2. 3Pedagogi cal Cont.ent. .. . Knawl.edg.e. ... 11
2.4CTS on the Topic .of..El.ec.t.r.i.c..Ci.r.c.u.i.t.s13
2.5Theoretical...l For.amewaO.r. K., 18
2.6Conceptual . Fr.ameW.0.l K ... 20
P A O o T o B o B = 0 O o 10 ¢ DTN 22
CHAPTER 3: RESEARCH METHODOLOGY ........cooiiiiiiiiaiiiiiia et 23
I S O I A o T o B U o AP O« I ¢ PSSP P TP P PP P TP T PPTRRRRTRRRRRRTN 23



3. 2Research PRar.adi. g e 23
3. 3Research Met.n0.d.0.l. 0.0 ¥ 24
3. 4Re s ear Ch .. D e S e 25
3.5Selection of Research..Si.t.e..and. . RParti.cZants
3. 6Data Collecti.on. .. l.ns.L. . UmMen.L. S . 27
3. 7Dat @ ANal .y S S 34
3. 8QuUAl T T Y el de e B e B 36
3. 9Et hi cal Cons..der al. i 0SS 37
I N (o I o R o = 00 O o 10 o D P TP T PP R PP PP P TP PTRRPRPTRRPRRRIN 38
CHAPTER 4: RESULTS AND ANALYSIS ...ttt 39
R I O 0 T A G o o B o AP o 1 o PO OO PP PP PP PPPPPPPP 39
4. 2Resul ts of.. . Teach el A 41
4. 3Resul ts of..Teacher. . . .B. ., 6 5
4. 4Resul ts of..Teacher. . .Co 88
CHAPTER 5: INTERPRETATION AND FINDINGS...........coooiiiiiiiiiiiie e 114
ST O o I o o U o AU O« O ¢ PSP TSP PP PP PP PP PPTRRPRRRRRN 114

. 2Summary of Represent at.i.o.ns..Us.ed..by..Tdddher s

.3Addressing Major Conceupt.s..and..Mi.s.condé&ptions

5

5

5. 4Addressing Limitatiouns..of..Repr.esentatllédns

5. 4Teacher s’ PCK Regarding the Effect.i.vd2Use of
5

.5Analysis of Responses to..ltems..i.n..t.hé&2bPi agno:c
5. BC 0 N C 1 U Sl a e 133
CHAPTER 6: CONCLUSION ...ttt e et e e e aee e e e nees 136
Lt T o I A o T o 0 U o AU O« I ¢ ST TSP P TP PP P PPPPRTRRPRRRRRN 136
6. 20ver vi ew Of...l.h e Sl ... 136
6. 3Answering the Res.ea.r.ch..Ques.t.i.ons........138
6. dEmer gi N g .Fiindidl.g.S i 144
6. 5Limitations..of.. t.he. . . St.udy. ., 147
6. 6Contribution..of. . t.he Study. . 148
6. TRecommendati ons a.nd..Sug.g.es.t.i.ans........150
6. 8Concl uding Remar k.s....and..Ref.l.ect.i.on.....151



REFERENGCES ... et e e e e es 153

ANNEXURE A — DIAGNOSTIC TEST ... 164
ANNEXURE B — ANALYSIS OF DIAGNOSTIC TEST .........coooiiiiiiiiiiiiieie e 170
ANNEXURE C — TEACHER INTERVIEW QUESTIONS ...........ccocoiiiii e 183
ANNEXURE D - WORKSHEET 1 FROM TEACHER B..........occciiiii 187
ANNEXURE E — WORKSHEET 2 FROM TEACHERB............ccoooiiiee 189
ANNEXURE F — WORKSHEET 3 FROM TEACHER B ... 195



CHAPTER 1: GENERAL ORIENTATION

1.1

The
wor
sci
und
i nv
at

on

nd

n
c
SCi
a
pur

Introduction and Background

re i s an i ndi spuscakhea cloaslt leastujliojmige it h astt udent s
I dWi d & ar ai{ tL ©Pshcliteendceep’ust tad i baur fundament al f ec
ence knowledge often fails to offer a satisfas
erstanding, l eaving many |l earners dissatisfie
oteesnstmaxniimipsatida | ayer of compl exi ty. Thi
ure between sci engxteedaskncoowlleedcgtel veerl d/ sacicence @
fusi on a,ndmalo veenra tkee ameanneyr s . Finall ynutmlee calsstr
entific ctomenhptl $ e mcgoknepgr etwde il ohuet ucsrei toifcal t hin
andlansiGendrepodhad fewer Seashakfoosiang to
scuhea | | esncgii enngc e , technology, e n giurbg ercitaslgu dainndg

physisciaépnacse el dcue vteo t he di fficult ywarnldd gdwealcwed.v e

Sou
or
Thi
abs

Abs
dev
sur
el e
bou
|l ec
sch
Bei
t he
Gai

I n
t ea
Nk o
sch

str

th Afritchat shtoavelseen maoc iimead d seMiud bfeemdstob r s
poor nei,gbdewhaddB Bf 1&raaroleosese physical sc
4 airgpe Ity itbou thnehdae roaurscept s wit hi nt g@piylksadatc arl e gsweii ree
tract thinki(dhiamad.ire29ddi)ng

tract conscepgthseslassat it opri €deartyi tospportunities for
ehopermatinceor r ect asndadeépmpetyi otnrsy t o. uihddet st and
prilsatngt here havgl obsedelndd segV ealathegr n@teiabe ut
ctwhicbhyreeveal ed a range of mi sconceptions a
ndaries. These misconceptions are held by inc
tgBersdge & Wil hel m, 2020; Coetzee eNMumdr.ous2022
ol ar s h a vaen d ¢ | caasesdi gf di rii@bsnemom s c on c e(pEnigoenish ar dt &
chner, 2004 ; Senwhioltéh eErr sy i H anvaer autszeQdd 4t)ihieedseen t i f y
mi sconceptions that contEempiogargt | &larne282%t)
gher.,, 2019)

Sout s eAfesrtadhi, es have investigated the differ:q
c h érianbkout concepts i(nHedlmectlr97c8 ; c iMocoudiltesy & G
pane et Rdcent20sltladi es have shown that many |
oolhsavmits¢dncepti ons r algaudd ienagtnrciem tici rpcdurhitéiysc ul ar

uggl & f & obeenttweaetre cri ti cal i eal wdes ganft ealnec tvroil c



(Coetzee et al ., 2022 ;. Thveo 022 BBN a& i @aniad h €Sre,n i 201 e

exami nditdgmosti cGrapmrl1za Soutnit |[tAlideei t adilsgo gvé 1 gi on
for dimpghevel ectri coaihgrywsitc squpeaspadro:n
Al t hough the pri npcairpalledselofcisrecruiietss aamde t aught
basic principles haveedonbtaneblVysedhandr ipriaca
obBeries and parallel c{ibepatsmehbudd Basrei BA.u
2020, 2021, 2022)
Givenhathiedentriecalmmendagpperairredt he diagnostic rep
consecuti vevyeathat el ecrse qdiuredat @& uwiatsgisaurb j. Bltd
guoted text almotihtmthl sSghnd dchrceptuair eaedhdéc migng
effects on | earner performance.
Sever al fatifmew Icaar ner se csomiceemttiufaild i deas. Amon
include indi'pidoal khewreege, experasenweesi| tacso ghi t
and societal influences. Addtiheé opaltplyise atoliles dno,r e
waynformation i s pr esleenatrepde rnsapye catlisvoe ss hoanp bsec i ent i
teachi sg tsgdoyHhmrei ques, and strategies employed by
a significant rolesimhismliapabmguthowd Ceeapinegi & Mei ¢
2011; Vill.aeaaobeh®RiOle8)of instructionall enet mMeds’ c
accesstidondi ¢gmprehens(iPastodr ®pond®e)ntially contr
devel opment of altehatt mv g hnpiesrceopnactdt Pitavisadse s s |, 2018
I n teptheslasctric circuits where misconceptions a
to provide quality instructionamiyactordenobytheéeski
|l earnefTli s approach helps establish a solid cor
advanced and complex electricity ideas can be ac
| nt he fieclikenoé sducation, t eachers ar e encour ;
under standing of di fferent scienti tioo c éguteem s p
described as ment al pictures with all/l the essen
that all owsast hemgart eegmptrial clamowkedgseual i sed as
web of interacting relationsh( Hhuwr rbeltRwereth® & rhieosree ,d
wherceonceptual iksnowhedgpeoondeptuahigst eabd process
encourages undcamnneaamt@wmdgnfoygr mati on to previously
knowl edggwnami ¢ andmaeaoneiSucdusa process of teachin
described by Shulman in 1986 as the ability of t



t hat enables themThios uinglercosmamcpeydageirécthédt t o
knowl edge( ShPrudKma n, 1986)

This study uses PCK ast hkcbheckphsat hteag@T@&bi shr a

teachers are analysed since there is evidence
performiazebe et A&Aldd,) ( BSdhhdwd)mlani ntlr9d8dYyces r.epresen
suchilalsustrations, exampl es, anal ogi es,,asmada del s,

mo sftr equeselddy forms of representing and for mul ¢
comprehensible timsotrheepibagprstudthimmamtse | s, anal ogi
met aphor s, aardeodnmognd gtides pr omote conam@prMa@Ealnehang

studegl agctirriccui t s

Theur posesbhbdiyddentthirrfeypr es e nutsaetdit dgsher s and how
uscet hem when teaching the Grogp@el odifird®mespeccaklyc
i mporatsanGr ade @rleedrn mertsti mfeurnoddaunceendt atlo i dd&ae i n t |
stualyso seadek®rmone wheat Hemkt tbeerteveiesn t he represe
theffect on | earners’ concepthhailtnagungdhetr.s tlatn disn ¢ og
the outcome of this research wild|l contribute t

pr ogmeadndorotphiseer vaincdesenvi ce teachers.

1.2 Problem Statement

Sout h Aferaiscmam e under pemiod hmmima g scicise ndomerl.b r dti meg t o

2019 Trends i n I nternational , Mauhéamalfed smarnd {
consistently r a&mokdatbhmaene ngourmteri es in various as
(Summer,. 220 2r3e)p &St tatf soimcs i ou2dh2 IAfdiixcal osed t hat
academic performance was t IGe agirdi enmasryedcappgiend oo u 2
schdq®&ummer, 2Mh23)ef aetcemalr i bpuddrn gl dar nerwepreer f or m:
menti,@aséedni ficansevsthwa tiagget tod qualified,and ex
coupl ed nwidtelguat e training and pr oifme sf soitr dre anl dev

( Mmekwa,. 2023)

Teaching is a dynamic field, with the needs of
i nstructi osilad ulnmbdtdapgdbdcsc or di ngly to ensure that | e
and they are provided with (Rambasai opolHitans wvae
South Africa is particularly in need of special.]

camprovefdfeecti ve theecalgpdngssandhe current i ssue of



amolnear geSsuth Africa’s EducatiomBySextdemsiso mCrsios
necesstarydenandlyyeaamadhi ng tshameegifdecti ve in bri

conceptual change for contemporary | earners.

Of particular focus in this researCh$Setudgchsthh
complex science topictbhieplecitsisochbbsturfast, St pe
a wide variety of repeesentcanicepsist ®ai heachlthe |
complex scientific topics is commonlymuleviepn ei n\
represent Aigiwame , 201%hepstady aimewttoeacohemss i gan
di fferent representeaarinoenrss 't ou nidneprrsotvaen dtihnegi rofl el e
and how these can be traced to | earners’ under st

1.3 Rationale

Research has Iltdhmgseaptdapmwmdonst udeagar chiarveg el ect
(Cohen et al ., 1983; Hed nmd sHledcre8rt | Syh i rpesvt eoanlee, d 1t9h8e
in primary s(chroodt demadhtkth®) r persistence through

uni versig¢Villleavreilisber 018) a <cl ear connection bet
mi sconceptions and inadequate conceptusadchinadsr st
el ectricsciienBuwr.de iamd Wi klepdbdnh@202n0)scadoreanapttioons
deveheoslpearners are introduced toroéeet ematrrheapt si na
preventing the formation of mi sevep@@ptacocnusr aa red
conceptual understanding of abstract ideas is d
science to their | earners.

Reseahat bdeoenne on different teachisntmo shelap elgé @1sn ¢
under st and ab Dtert.edHetwe ¢ @snicgenpitds rctaindm ecfe atritihs pert ai 1
high dehoheged 16 and above) and tertiary studen
(Metioui & Trudel, 20%8RncO®O®gmgbooprteptiiiogn20d4d9¢ o
created at a time when new conceptcondsiemilndamod
research, specifically at this cruci al sitnag e . I
reseacrocnhduavti ¢ chi d ut thleer educat ipdmqeGmdzt kewani g 1«
Ramnar ain & Monadsma ,sexdele/mt t er t i a,bwittendoutepast si voanl e n t

i n dgemeppbmse (Grades 7, 8, and 9) . Since |l earners
critical feature&rafetlddae@tiprairda meinrt ¢ wift Baasti ci tEd u ¢
is worthtéeploninegti on between CE&itnermiwsndemset ar

education journey.



This research studytheepseseshatiaéhehbdbensha
fundament al i deas ofcielcewmittGsPadepr apdsel Rerper esent
useads a | anguageefoffecwtciwvalce da@ammuniat @l § @aodvey :
scientific ideawhilasar comigieplisng tlocalra etdesrisdlamd
(Carol an20e0t)salphpysiscalence ,t élmchempaorwatde variety
representatdibags ams, moamceci@gmp maere ss i mumatti@eamchi n
Howevler habe e rtvheat nhtesechnileplweds a true under st a
conceptautboePeesbpnwha@80hd) eadithilpematsame represent e
tea@hparticultar |lecacnejsts f er ent doges ogqurodupywsimel d t h

out cames

While the scientific communi tyunhcaosv em@eey i soiugni f

repr es e netnebteidodresde ac hTrS$ occompl ex i deas iin electri
remaans essenti al need for c@gntviemeo wWsy naens € a rncaht u
education. 't is crucial to identify which strat
i mpact ful in facilitating conceptual <change in |

t o r ehvoevhleachemnusfe different féprteae mteatsi’ onsona ey

under standi ng obfy erleevcetarliicn gcitrhceuittesacher s enact e

1.4 Concept Clarification

Conceptual teaching strategies: Teachi ng strategies that are fo
understanding of concepts with (Magshemgpha&i Robhr
201.2)

Electric circuit: Th & ade 9 Sout h Afdreifd aare sc warnr ied wetctonsiecd ci r
path through which elbtast sbasotanma woatalge source
resistance, fixed in one position, conducting w
out put devi(cleo h(nrseosni,s t200r2)0 )

Learner: 1 n South Africa, a | earner is referred to a

children that participateadreehet hed tarasnteaeBen

Representations: As d e s c rLiobuegch rbayn e tr eglr.e s(e2nlnlel )uodmes di agr a
anal ogi es, exampl es, computer simul ati ons, vide

subject matter in ways that are understandabl e t



Student: | n Sout h Africa, a student is referred to ¢
institution. I n other parts of the worl d, the te
attending an educational instituti omd wheircch at y

institutions.

For the current research study, -Q hteh astc hpoaorlt igcoiipna

the study have been referred to as ‘learners.’ H
any |iterature reference, reéeketiiang pespli e¢uthans
as i s.

Voltage as an energy concept: | n t hivso Isttaogdep ciespduabepeesent ati on
energy, despite its measurement in volts rather
coul c&amip.h aisd sp | atcteed oomnnecti on temeatr gwo lctoange rhvad i tc
transf owlmia¢ holhedmpner s to better understand the

circuits.

1.5 Research Questions
The research questions aRlrdirmeasrsye dRd sne @arhdhs @u eusdtyi on

How do teachers use and present representations,
Grade 9 |l earners’ understanding of concepts with

Secondary Research Questions

T How do t he teachers enact t heir PCK, as r e\
refledwuromg i negavidewmguse of their represen
concepts in elGeatdei ® tkemncnets?to

T WhatGriasde 9 | earner s’ understanding of el ectr
been taught as revealed in a diagnostic test

f How can the GrauwumrdeY staeadnegs of the concept

representations that the teacher used?

1.6 Summary of Research Design and Methodology

This study adopted a qualitative research met hod

to explore howatremepeesentseeti ons when teaching
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rcuitsnulWegpde atudy design, the research focus
acshetreaching strategies 'anpdcebetiunl efffaspsodbnel
ree teachers from SoutphirAforseedbuddyddAhAuEhipaltica w
uldggcaubey were teaching Graddeal @ ccEcricgmicteshg ear ne
s e aprecrhi Tohded atcaol | ecti on fioms ttrhuihse ot tsu dedt rsuecmiur ed

terviews wi t h each of the three teacher s, | e
achbademsel aed a di dgnebgtye d bteecsataodempl ey etdhe

ar ner astsheesismncept ual umfd btes gaidctidhiandg been (Tdhweght

terviews pr PICKby t taokeng’ | earner s’ test res,|
presentations wused in itmostpruacntiidieept h Meddst udy
demsding of the usieh edc hriempg esstefne tad g gdeasseat atihlaetd

cuses on the experiences Tapprteacheust eawblttlt d ea
alitative research strategy.

Structure of the Dissertation

isection outlines and describes the contents of
apter 1: General Orientation
aptgirvds a gener al over vi epw aatfdr st hset urdeys eiarr cho rst

scribing the background supported Whi thesprobs
tivate and direct the sdteufdinmepsbtt antl odedept see
e research questions that serve as the footpri

apter 2: Literature Review

aptperrovzadesmmary of the drnM¢aechitnmgeekeasul ¢tedirc
ucatnohihaoiwregac PeCriss eveal ed in the | hdwmpeoti onal
atcth spi dddi tionally, it discusses both the con

udy.
apter 3: Research Met hodol ogy

aptpresSents the research approach that was adc
d motivates the use of the rese,armnadh dearcadibgm, t

search site and sample chosen in this study. T



data coll ectionas nweéetlrHuemadnitfsf eurseend t echni gques emp
data. The «chaptlaidtetsdpednlei ty criteria and et hical

Chapter 4: Results and Analysi s

Chapter 4 presents the results of the analysis o
ar e presented according t o each participant (
representations they used in their tieacshiarsg aampdr
of their teaching approach. Additionally, the 1| e
of the diaignoalis@eusest in this chapt édr uascec oafdi n

representation
Chapter 5: I nterpretation and Findings

Chaptpredsents the summary of the results of the

di scussing some important findings and implicati
Chapter 6: Conclusi on

Chapter 6 provides a final summary and answers
questions. Addi tionall vy, t he ' i mitations and il

recommendations are made for future studies.



CHAPTER 2: LITERATURE REVIEW

21 Introduction

The previous chapter introduced the research st
statement, and purposepofovihblessr @atyyeamhlfibahheshapt e
studyguaindense analysis and interpretation. Since
fundament al i n san e @rcwesse dau ccart ui coina | topic that b

knowl edge and practi cadt erptpdeixqd toirda m,g ttthies sd lgap tf @
circuits in sTcheewienwtiioaddey | tlod €& el ectimdhecircu
South African e®htsftoildnowsystbeym an e@xoamitmathihcen o
Australian educati aoWwaghosheenc aluhsies tahpeprdoat a f or t
study was <collected from sehp CKs time bkort chwlceodugnet r
unique toi sebchefsyginésctisaeter knowl edge direc
research. Building on this foundation, the revi
through CVU&r iThhes expli@wes ment ed mi shangragpwaloenrst i n
electriandfirenigsi de instrué€fnahél,iapkEsddigédteesr

userepfresenit@Tsonespeacitdlel xontext of electric cil

2.2 Electric Circuits as a Topic in Science Education

El ectricarcei rcammaen!l ymi gbl sstehiddeonnce curricula beca
widespread application in (mBAwnrydeas& eWilshealfm,evaedy
Kotoka, 2d2M0l%)ducatitomelt dediecet@fi ar ey and el ectric
schools andhalheeenmt ensies®lay ched and examined. Amo
of t he most widely researched aspects about t e
knowl edge and beliefs ab@etr maevadc hi, n@0Q&12e c Mo iod | @ iy
2019; WebbhelOd92)of diagnostic tests that provid
of elect(Engel haudt s & Beichnehe B8664pf HestfectR0
strategies to inform |l earner un@BalstandRa@g50f Bre
SalterledfmBbbsonceapoalb acsctirrigHietlsm, 1978; Sencar &
200.FZpachingcied ewit ot 90 pii c t heaxtt ehnassi vbeel eye estt 31 da et r a ct
nat uwhe grhesengsai fi cant conceptual chdardolsdnuges tand

and teachers alike.

The abstracetl ercaditrieccentodpt st hmaskpeisc di fficult to ur

teach. In a study probing teachers’ awareness of

9



mi sconceptions abGatgkétecé¢tddhpeéachénrs,t hemsel ve
al i mcoedept ual understandi hg eftppweteduct andcilrt
(20wWNh)d ounhtdat stcihghol l earner s, uni versity studen
degr eebysincshavmt Bt bnc eapbtoiedtnesct r i cThics r d wigtilst.des
conceptscsuckenasand voltage, whicbl afjidiestpeésgen a
t he st ucdoenncte pttouhael sies ec mmateepmasy, be i nfluéemdeédi dwat h
experiamdeisnt ewiadt itchres physi cal wor leds.urTehitsh ama kt ehs
individual paradigms held by students aklhowth camp
result i n t hoef dne vsecloo(pdBermidii mmgs & .Met z, 2011)

2.2.1 Electric Circuits in the South African Curriculum

Il n hdat ur al aShcdi ethcyes i cay |l ISabesncef the Curriculum
Statement (CAPS) curriculum of South Africa, | ea
and voltage at di fferent stages of t heir educaea
introduced heflcawrefstdtamaee i br enghgyg) copdincd oy

Grade 8 baegithhdywvestigating the diff erDeenptarctomepnotn €
of Basic EducaGri ahnecr@2@amahasheerel ationship betw
and resistanceui thow irredlinddliamegnce ftactens thdt a
resi st{ddepar t ment of Basi.c EHdwdatiiconpot2iltliaa)l el
mentioned as an exampGead®ugpmltye nrtda@patndeswiiyarien

its defitmedrlasdone pert ourcirteac.leaAvdpditta Genaadel vy, i n
|l earners are introducedn tsoerviochss'tabgeer ¢qoutaadt i v aaltti avged
téd bat tterey siaasme as the sum of the voltages acro

considering intkemarlt mersti sdfanRaesi ¢ .Edlheatcihom,no2 @
of concepts in the Grade 9 curriculum starts wi
systems, followed by the concept of resistance.

of resistors affects vahtdagperahdekcucoemeci noms®e.
voltage as an energy cocnscsepin itoenontr oG uwpdicomgr gt
t &raf@g of el ectrdiicsccriempeaanicsys. n ®Bhuiedl ebywnd Wi.l hel m (

2.2.2 Electric Circuits in the Australian Curriculum

Education in Australia is consistent across th
i mpl ementation of the curri cGuladm.anSe qpamdeareyd ss d hc
t &r ade tlytpi cal llyeawrcédgweesl3 to 18. Science is a ¢
Gradeéehr o@Grgdnd®andtasght in two Grnad®#83: aBdadbe ade (

10



(Grad®el0fJ Australian GovefMmmercturr2@24um outlines
required for each sgpgagéeeval herScibaoe eashdivide
sciences, scd leenadercdaihd s pace s cpiheynsciecsa,l . asred eatsreisc i t

taughtghry siscia¢ nce.

I n St ageeasha@ar e introduced to energy forms and t
electricity and simple circuits. They study el e
they |lalamowo construct and dArttawi scigtcaug &, dti gy aarse
t ohe conccueptemotc dnf erisetfol ow of el ectric charge. Tl

to vowhiagdei,misl ar to the CAPS cAusr rpiecde wuhi®oiun hS Watl le s
Syl l abus, i ouStmgleateeldectriicnealavweny i fying the el e
compl et e circuit, constructing coinrtcuimmtlstg pdreaw
componerntld ugthreatfel ow oifraetempftet@&ngci measwuri ng a
comparing voltagear apaisnctusr riemt s ertci iersc vaiktds ttpejresa | | e |
|l easnenay be intrsduawdtbod®bmen their understan
prerequisiteskihmcwlqgrticangeNEW/yr 20Rd)t hese curriculur

| easaecereequi oedescri be voltage, rcedrattéiotn, eabdgyesi
i applied, transmi tAtdadd ,t i mheultdcdyogdecsg ey p dd mEglaagsi s

on practicalheskeisltlasb| @ wamteinttatoifv eamoenvgati abskbpgd n
cCircRiidst.on ethiaglhddit(hZed2OmMportance of fostering a
e

|l ectric circuiGraferom as early as

2.3 Pedagogical Content Knowledge
2.3.1 The Construct

PCK refteheesxcttawsi ve knowledgbahaséiobtteathedsced
in l19B8etegarackcedan academi ¢ fclomosnttreunctt kmhoewleedge of
(what should be taught) and pedagogy (how it sho
knowl edge bassusteh atto tmeaakceh esrubj ect mat(tSér nagc eds ail |
201.8)0Over ti me, schol ar s have modell ed the cons:

ent ail s.

AccordGmgs $ man,P(CKHO®0Qur <centr al compoardenmtss amamelg
t hpur poseteaicrhdlnpdi ng knowledge and beliefs abol
di ffgradtevel ©ravikinyowl eabgpait sttihekeintcsl udi ng their

perspectives,,asnadver dtneansduibndgetr st andi ng of specifi

11



mattehavikdpwl adbgaurriculum ictpsnpgnesttshoeat andal s
required to teach content hwivtikmgnwl tehdep @¢iceuarcrhii cnugl u n

approaches, methods and represkentatihensuforcsgpenc

Thered&ttaerand MaKicmasttsgdrt h@9eponstruct intio three
(lggener al PCK (what al/l t e;ac@®mas pkencoiw i acb oPUGK t(ewahc
science teachers know abou@) ftsoppriekx &mpl €&,CKp i wdi

physics teachers know about, for example, electr

I'n the s &@&GesNgwaocome (296D pwed modeX sltahhen ori gi n an
devel opment (blh)e PCKHtegr ai ew€Kmadelthe connection
educational , di sciplinary, amaddgd 2pn#esgt aaima tkinvoew
describes PCK as the combination of pedagogical,

Theredageusson etleael opad98he of the most cited

as five intercon(ectoad emampdmerst s:oMakdewkedegeace
and bel i etftss cd leawcte GUYr)ri Enbwmedge and beliefs

understanding of sp@¢i fkinowsedgecantdompieds ef s abc
scieanaaé) knowl edge and beliefs about instructic
Ot her s,chiomhaPadkngnd Olamnw#av h(uzZnOgpaORah | ni,dkat@2012)
refined and devel oped the components tepdestricbe
PCK.

Thmost rdeecveenitopment I nwdaespriclsieimg eBEWONd PCK s umi
2016Car |l son et lanreh@®iWwda®) consensus model (RCM) ,
appr oahcat “represents the contributions and col |l
researchers in science tTehadcghndtrihfreieles crad a Jomd a képl. P TR
coll ective PCK, personallhP€Ki aedlesatied €CKpone
var ikonuoswl e dge biadsiefsf eurseendl h sed the tnigssal fr amewor k fo
research study was bas endanoen yt woe rosfo ntahle sPeC Kr eaanl dmse |

2.3.2 Capturing and Measuring PCK

The PCK consextucemebam hsef ul in defining the pr.
of an educraotiviirdedn be captunedzabe, m€Castrzeea, et
Met i oui & Tr wHbeMe,ve2x(Ql1l2)he recordi ngamplet ntel ar kb
chal |l grlgeihraghe & Bedu e atnmf t2d0eh 6 paecriston @ad ns ttrhuadt i s

12



unique to the (Bdrendsah ®eBehethi ai®d»ausnschol a

have designelltendatsee met hods and instruments.
is the CoRe (Cont emntolWReripcle swas dtbaugihyy mend elhy al . (
CoRe regeacksers to identify the mawhhmi cihdearse ttoh e

analysed wusing differentfopapmpt s naogt RPRi€teeercu i emnest |
(Mazi be, Coet zee, et al .;o0b2dardmgnMPair kke ,& @d e tvzeee,
202@analysis of(BagBamobsaes;oal ham@0oiLe6h questionn

Chan et dlve(2@k®e&mdbhrei c, an i nsdaomuaneroatchudse gl ufbari c
that evaluate the | evel at which eachRCMmponent
PCKrL.he rubric includes five componen(t2klnowlepdkeowl
oCTS$Sincluding represen(t)t ilmaewlaandgl@nndad rosgti acisdinmn g
scienfade knowl edge of i ntegrati;amd bkénsSoweleend greCKo fc
pedagogical reasoni-qwal iTewch@K smavy tdinllyowdi spl ay
of the five Oampbrentetaerm el & ngiatl i tlayr gPhCakb ea c h o

im wawnat daspliayh comprehenisfionbtof hbmofst ve compoc
(Mavhunga & RoTlwoniocfk ,t h2e0 1cc2gmponert usiend tthi gamvwler
guality of PCK aimommigs tdher n emtc hetr sdy.

I n recent studiessomelddriGkc s mpanehtusiemdnuobwn c¢cs t o

assess the quality of realms of PCK of teachers
For ex &Maplide et uasled (t2h0r2e3e) of the five componen
| ear'ruenrder st anding ofTSorcdapgticng aredresentati ons
quantify the enacted PCK of t eTahceh ecrusr rienmn tb irge siedaera
occasionall yhrerebeiManiced et tal .as(s26x3)t he PCK of
focusing on their use of CUV&rnipduwsyheedag@a elsiemd ad li @ats
circuits.

2.4 CTS on the Topic of Electric Circuits

To have an accurate understanding of clonkteoptes t h
found in el¥ctracisborg@gee8) mportance of having s
knowl edge to bring about concept uaHurdreevliell op e 2 1
def icmemdcept ual ktnhdemloemd geed geels yf ocr omendeocntcienpgive i ch ar e
il deas that encompass all the essenti al featur e

assocwatbdrelated concepts.

13
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termining and I nterpreting nBRées icomiewlealekEhect r |
dent s’ Unddeirrsetcaan dd wnrgrueadititse y t hatundcdtudents had
ermaniragul ti fdlge yveoll itepdy ®credur al knowl edge to s
t e@aa@nmdct i nigd eraeswhtaend aisspect of condMpgthwallt kano
ong, concept usatlu duaratiedriistt \wa ntdo nQ ull i ya bysrtarsgc ta ntdh i«
omes lismupedrt §hibkbe arBgumrentanmda d\d Wihe o mnd{ 202 0)

that “a(n) introduction to the topic should

erstanding of circuit behawsimpurcqrMaeapsttyd!l (kno

@

' p learners bmdJvidng t ®olcionpfi exngabicedur al th

(7]

evc qrRtOrditpu tt dve t Howghbt Ban@C2Ale) and Wibphel m (2
Chkansg adgpgogi cal approach that focuses on |
nsohlgitted of iAxfcoorrndeEtsigeent.@a and Pi,usemgoTES20:

weceiaaclhi ng el.echthiiesc dasisrec wintder st andi ng one co

=

T = 0

i ng anotdheearrsnpeursst nt er r el attoe acdeiaess empr ehensi v

—_

standing. Additionally, the formation of mi
s0¢ gurhe nabsence of Ecspies aagpPoatkerson, 2019)

Misconceptions in Electric Circuits

conceptions have frequent!l gombeeindeasp otrht eetd d
rel ate wihihnkstnidgeenrt i édti c@dodi n2g0 1&nd Mefind@011

conceptions as a uniqgue setuonf nmeasdienvdaalacksp ed d

often reinforced over ti me. Schol ars have sh

the minds of tea¢tBGaerghand 2@ad4neMcsodblenkad& Gai

Eryil maz egd0®4)ectric circuit misconceptions

( 1)Sink model: St udents believe that a single wire co

from the power source to the electric compone

( 2 )Clashing current model: St udents believe positive electr

suppl ypositive terminal and negative electrioc

bef meeting at the device to power it.

( 3 )Weakening currentmodel: St udent s believe that current f|

a circuit but gradually weakens agppiotmemmvfes

the current
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( 4 )Sharedcurrentmodel: St udent s believe the current is th

and that al | devices receive equal current,
but |l ess current returns I eiftt.he power supply
( 5 )Empiricalrulemodel: St udent s believe that a bulb wildl |

the power source.
( 6 )Local and sequential reasoning model: St udent s believe that ch

circuits affect only that part of the circuit

(7 ) Short circuit preconception model: St udent s believe that wire
devices attached to them can be ignored and ¢
( 8 ) Power supply as a constant current source model: St udent s believe tha

supply releases a fixed amount of current to
( 9 ) Parallel circuit misconceptionmodel: St udent s think that adding

resi stance to a cirssuadaveri alclr erasssissttahrece.i rcui t

Engel hardt and BkdadiperpdXi0t0idgo t 6@ amidsdsarmgcoefpt i on
modeThis a misconception where students believe
the brightndMasy obf buhdse mv a&eemc epstsiocnsattead wi t h

basic qualitative understandingneafl udiimpmpl € uelrenttr
(Burde & Wil hel m, 2020; Meti oui & Trudel , 2012)
Traditionahdsy, bienaiirtoalgie ed mat hematically to | ear
provide a theoretical gualitative @dhisonseptsakr

with concepmgtug reuwmdh oa(sBruersdies t&a nWiel Ahcecl omr,d V2n(g2 GA)ioi n o
(20x8)e connection between the concept of potenti
is often whiechoon«kemitpbeeatngghat ed t o the cauaéehef t he
thamltage.Bulrmred aWitl, helimm Hidski2@) a “qualitative un
voltage as a potenti al di fference should be at
Researchers have been continuously exploring te:
instructionfadr smalisreggaes concepts such as volt:
accesandl easi er t(oAlumadserris,t an0d2 2 ; Baptista & Mar:
Veer mans., 2020)

2.4.2 Representations as Part of CTS

Shul man f(ild®s&86mreodw! edge of representahisnsehser pat
knowl edge of the most valuabl e f orfmse @dteanuedgphyte.s e n
Theref drhee most fedaf ¢ @ icphreersganttj ecti smbad rtmeulitant e
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way thatbe aaxrcccosmperdehen thesd ubdyent s. These represen
“the most power f ul anal ogi es, il lustrat?t(om.s, e X
9)Ngwane @(fadlthler ddepcesbatations as multiple we
concepts or situations can be communicated. Ex a
teaching are extensive and range from graphs, pi
simul ationsgngdemomspmradt iSchaillnmsax p&B Gjodrehnatts .t eac her

should have a veritable ar mament ar.ittdhmato fora lgti enran

in the wisdbd(m.of9)practice

Besides bei ng efpamisleinaratwiotnis , teachers snhiorul d al
theGTrSin a way that can prevent the formation
mi sconceptions. Teachers should consider which i
wi || result in the conceptual under st andgieng of
instructional strategi es, are fundament al to tl
Shel l
point of several different representations, a fu

@

y andcKieidmyat 2'0@i8) hout cceorcsoindceerpitmrsg fsminent he

and |l earning oppof(tpnizli%®)s. are reduced

Science education relies heavily on represent at
el ements such as | abelled diagrams and graphs ar
and processes that ar ¢ Ccohoal, | e2idlidn qi s taloi oderntsihcowmlaa t
model s tse physalkial concepts is a popul ar met ho
di sci pBalntes., ARdAOclbidirryg@dtio and Pujgitmmghiwsic$20@0g at i
technoPhoegsyi mul ati on software enhances interactiyv
in scientific processes. While the ddela oifvercse

range of reprelBentiaei o0 neft agddetd thrhivca scti rscpueicttsr um o

representations.
2.4.3 Representations Used in the Teaching of Electric Circuits

Var iroeupsr esent ati on st bheaaréhelre en cuse d Sevesoammperci fic
technif pueeassc hi ng el ect rtihaes®iarodd iotgd eisn c ldu daggr a ms , (
simul ationsglj mendi ohpsétuvecamsdelcs i t kits.

Anal ogies can relkt dtaani dbbhatrr actverdgeday phenomena.
thawbhen apgplrredt!ly i n educat icamael eddtetcitnge, |ian alr

l earni ng exiemp lecnécyepsin ebxy ¢ asmtcuedpet st s arhdcomh el po mg
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their misconcept i o(nChiouf & hLeishen caoBnOcBepprtisy st udy t h
use of two different analogies t Gemehprcamde Gena
(19813i)ghddtchhet i mportance of choosing the right

concepbiheyt s ®ewdl d be chosen based on the conte
exammlhda e | owi ng water, mwdekchoktbepbacesi curyent t
of water thr olaglhe o tpeersei suali se current as a con

a teeming cr owhdi cnmo détetl mp amoeyee ment of a crowd thro
focusesndanwi duagl i bar jpierodptéegad coht i nuo mshgeli § nmonr e
benefiinciccdmpl ex scenarios where the i n(dGevn tdnuearl b
& Gentner ,HAWS3r , |nmnyge see arecccheenrt®diil n- € vamk e a(n2ad0 1 9)
Hungwe et ,amphd®RtiORed)dedfbkbenature of anal ogies in
that when t hese anemltiad d morded rsr @aactel y, t hey have t|

mi sunder standi ng.

Vi sual representations are cruci al in conveying
features that may be difficult to ’'exxppaierh ewisti b nw
and l eading t o a fuller uhdeolst adisigwidfh tvlea |
communicati on, il lustrations, graphs and diagr a
communicating the acompgor dearienTdedl £ cit svhemltée r cui t
cCircaudmpenents and cosnabéedondnaealeg shody tthoe det er
effeftol ouring variables in a circuRdi sdsilaegirnameton
(20f46und that st udermticsodesdarceniirnegu iwti tvharciodbol es (bl
current, and black for resistance) scored highe
those with bvafcikabl e SBanlitlaard @94dt5huct ed arhd-e®ompart
di mensicomaluit di agr ams t o demonstrate el ectric
di fferendegga,owddicent s’ usc&i gi2d)e.di ng (
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FiacgdieThr-demensmmdell with pictures of the

Digital tools and simulations simplifAgwaid etnh haln
2024)They provi def rae er eelnavtiirvoeninye nrti sftkor exper i ment i
difficult to replicate in traditional | abs, offe
students to analyse results,itroobdkeshantdi ngsut€l
been many studies on the use and success of si mtu
an elect(bar idd. retita2 1 ; Gadzi kwa, 2018.; IRm mMmm arred ean
study to exami ne tbhaes edf fleemtranggfhlge T ob |l eaml ati on on
hi gher | evel stmdh tan d kdhehigo, ( L2tOrhabtteedd d mBEsconcepti ons
about electricbyiredeimheocomeapt ¢ hat dir ewblt Vdrese

scenari os.

However, this does not mean that the use of phy
beneficial. With el ementary school student s, Wor
| ower cognitive |l oad and more eedjsaywnmemtt sofwit e

opportunity to gain prarccteéx@e(rRedknsdsdl =itnh@kaoiggh .har
and Chana@al (20 h4elei plenef i ts of usoi rhgeltph d seea rcnierrcst
the connectionhkgt wveampewhatadi t iaappleiads | i f e.

2.5 Theoretical Framework

This research sittihey RiIC®Kioatfi @reched a bviho rt,hd evasr i bed
byCarl son et dahis(moti®) was designed as a compre
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conceptualise the idea and provide a |l ens throuc
be investei gROMkediel Tihs pKieg@mh@ @adr lisnon et al ., 2019

'.‘l’.,[" ™
Y,

“.(HVE PCK -
(.9\::\:\mf « Topic . “Mf:l.’(k

NAL PCK -
Q@so PP,

&
g
-
2z
2
T
-
2
)

& TEACHER KNOWLEDGE & SKILL

& STUDENT OUTCOMES

£ TEACHER CONTRIBUTIONS

£ STUDENT CONTRIBUTIONS
OTHER CONTRIBUTIONS

4 KNOWLEDGE EXCHANGE

FigeeeThBCMfCIKR Carl son et al ., 2019)

The model separates teacher knowlhegeegeriaht & nowd e pl

base (surrounding circle) that includes knowl ed
students and pedagogy that all/l teacherstipatssess
feeds i nt ol hteh esierc omMG@K.pawhi dls itdheapPfKrti oned into
firsaileol | ect(isveec®PCK concentric circle): knowledg

of teaching a topic orligloensieps) whehomgithg domah @
second pealwmnias uRCKue knowledge that the individ
and prior teachlheg féxpéeiremtdendwilBCKh i s the know
instinctively displayed andr cowdgh eptangi ngy, ttheeacd
i mportant to note that enactedThR@GEl i ss at sabsteheo
does not enact RCIKavehBor t dtelgenpiloey c her s present
durtchgsis basidard ad mpgtnijpemsonal teaching experience
part of the syllabus. The RCM forms trheptdoesomted i
t heni que teacher knowl edge t hradpri ess earctcaetsiserds btye ac
and deem most téddehitngecwbieoOhelagéctcri c circuits.
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2.6 Conceptual Framework

Wheaet he theoretical framewor k consi gtrsamocfl aanmeidnt e
schol ar s, t he «c onsceerptewma l b efgriacnad woprlkan of the res
research(groaogerpavhixT®@18)nf ormed by t he Atclteorde tnigc a |
t&friburyheE2kdin)cept ual framework guides the res
var i amldeesmvest  That isomdy iwovecsampgoanemnst st of PCK t he
been ustée gnandCharmretc dlyTgn@rOidi)sc an assessment
for C€Koef Psci enc.e alptp dtcakisfrfskoems @fso PtCIKi ned i n t he
including the iI'peisdp#itdkr temnahteBCR)CK al ong wi t |
collective PCK (cPCK) exhibited by a group of sc

Data Source(s)

1 PCK components Lowest level Highest level

Knowledge and SKills
related to Curricular
Lesson Saliency

observations Sclection, connection, and

coherence of big ideas;
accuracy of content

Knowledge and Skills
related to Conceptual
Teaching Strategies

Artifacts from
teaching tasks ¢ ;
Sclecting and using
appropriate instructional
strategies: using multiple
rcpruwnl.umns

(What a teachel does )
ePCK

Teaching actuons (knowledge + skills)

Knowledge and Skills
related to Student
Understanding of

Interviews Science

achers know)

Variations in student
learning difTiculties and
misconceptions

Tntegration between |
PCK Components

Knopvledge
pPeK/cPCK

Tests/surveys/
questionnaires

+

!

Interviews/tests/
surveys/
questionnaires

|

Fi g2BieThe grandCharbretc al ., 2019)

Monitoring and adjusting
teaching practice based on
student feedback and
classroom context

What a teacher kjrow:

Pedagogical reasoning

Providing a rationale for
teacher decisions and
actions within the context
of their teaching situation

S S I D

Capacity/skills

Fig2Behows the Ilgapauwhr iod drhde hs géddidginptosniemwese d

(the seconldi saRn@kl tchoimmdnemt t he we ospe)l etchtaetd as var i
(Ikknowl edge and skCT3xndr 129t & otwd etdlyee and’ skil |l s
under standi ngChoadn secti e&lcteh d @ T)omponent s have be
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strategically within,they carnetadsubdemedf PR p

realm ofeaR@se these scfoompothleeetv e al andt heift ect
knowl edge and skills relat thet o nhotr matféeradethdomg aa m
study wi ||l be organised i asagtgleesttegoa md mhemreint s

Toassdashse first, ctompwlhesmde and E€KRlalta mwel dt b tcwol
byconductteiancgh e r inteeviewasangonnd pl anni.ngl ndothengat
mat er i &les c hdeernso nvsihlold helseepr esent ations as na part
bottheir teaching and | esson planning. This info
Research Question 1: “How do the teachers enact
planning asdurehg¢ecmneé @awnvdidheewgufs et heir own represe
teach concepts i GBraeBetenroecsRPtuits to

The inf aoremgatridiengsecond whimpl niemvkond ovvelse dtighee and sk
rel at ed stuondleerasrtnaenrdi ng of scibased,hcewialnisrwesriseeal u e
by eardertshg diagnostic test and from sty tmdgerp
teachers in the i ngreawiicdvds .l ¢ hien etslitesetwaddr ead o

Research Questi oGnazle 9Wh atarin®ertsheunder standing o

after the topic halsedeiem a adiigeahgn oasst irce.vteeast on el

The explanation that the | earners provide to the
obtained from t hsewitle acbhee rusiendt etroviaerms wer Resear ch
t h@Grade 9 'uemaemesetanding of the concepts be | inke

t eacher used?”

Fi gadiel | esat rseetct i on of the RCM that vieswue®CKY repr
component @rraonnd b t Wwiet hi n t he farlaoomegwowikt h t he cor

i nstr unneartl d be used to collect data pertaining
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Framework Instrument Component of PCK as Secondary
selected from GR Research
question
addressed
1. Teacher interviews Knowledge and skills related
0 captured BY to the conceptual teaching
o 2. Lesson plans strategies
accEsr’ed P
» Teach
- \ 3. Learner tests
/ a. Answers to learners tests
I ¥ iged Y Knowledge and skills related
- . owige - 2
o T - & e il b. Explanation of answers to to learner understanding of
. . <, - learners test science
3 s ~ y O assessed through
4. Learner interviews
N o Icons in diagram Explanation of icons
& TEACHER KNOWLEDGE & SKILL Enacted PCK influences learners
& STUDENT OUTCOMES ——————— ynderstanding of concepts
TEACHER CONTRIBUTIONS
& STUUEV\T[ONTRIBUTIONS—-_\_-’ Personal PCK is influenced by interactions
OTHER CONTRIBUTIONS from students (physical work, verbal
4 KNOWLEDGE EXCHANGE responses etc.).
Fi geAieSectadafont he RCM situated( Adapgthed pferemn@dr Irean met

2.7

The

teachereas

can

The |

studying

t o i

fully

Conclusion

iterature

nvestigate

tnrecerdo u g h
grasp

revi

and

t he

undersiandingdof Thhe

topic an

ew has

l'iteraturses emipd adienefi ci al

comprehensi on

of

el ectric

concepts,

d that

i mpact of

teachers

further i

topiccofcelestibBcconcgebpitahl mg diod tabrentegisngand

watt shelp

valtious

can

highhetgheeds dwhieenp er s i
el ect rimat c vreacneyd trse.s eTahrifcsh ehsagsi @éndcuechaet i o n

and negative infl uencesmatyh eesxeertte aicnhilntge cnicitdheosirso
examining the-tpomenetfifeelct ko ng the misuse’ of re
understanding of electric circuits. Mor eover, t
correlationas!| obet weerance achi &®P@Knenand ttelaec hese

-

epresemmnat ihen sCalrst e x t

of
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CHAPTER 3: RESEARCH METHODOLOGY

3.1

re
oV
de
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- a —~ 4
>S5 S5 O© 9 N T

Th
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do
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of

&
0
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Introduction

ver de20itnsesdear ch approach as the plans and

ge from “broad assumptions to detailed me:
erpretdtni ammi(sp.chla)pt.er, the details Thfe t he 1
phbegins with these broad assumptions by di s
mes the study, followed by an exmpéamtaen ,ont lo
earch site and participant sel eatiden apl ede
rview of the daThae csoplelceicftiicon ansettrHhuonuedntds g huts e d
aihlow athe coll ected information will be anal
pr.évingétiye chapter addresses the quality <c
ensure that the integrity of the informatio

Research Paradigm

t uwdayappr oafcrheemi nt er paretidvgeaas peauvumnvder s and Tos
H2Y iinnetder pretivism as a philosophy adopted by
hering rich, meaningf ul insights instead of

er al iIKg§ atuingrms and aKsuywedlaly (aBs® 1 @ hd Medadk mawl(€ddad

erpretivismtaattlkeadpavadwigtnnt ot hiel ysnutbnjfegcrtpr et |
or wat ilbainats or Thddtuemmgxreeti ve paradigm holds a

i s believed that the s,jamdatatobhhhel dsumbrert he
st r-motte dl i sewhvieachedresonates with the study.

exploratory nature of the study allowed the
a particular situation without searching fo
estigpeprdesent at itomrseel et ebyt eachers when t eé
cuu@lsi t atwave daltlhecotueggdst s @mit ured i nterviews al
umenwhi ch wer e pr oviadse dadbdyi tti loen atl e a elsdbrne c e s .
earcher to invenutlitgat,be edhmiditsthiss er pget shi ng c¢ha

interpretivism.
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3.3 Research Methodology

The study foll owed a qualbietcaatii&veel grneesde afritcthhi bnett eh 0 «
of the ipaeadkanmd ved d(e2sOchdijbee cohesi on between th
paradigm and qualitative i meswhamehh r en€ e & mnd Isv o0 raks C
(paradi gonshtewippeh of da(tcuealoiltlaetcitwead3 el ¢at epaprei ¢ V[
whaeacholtcheir own Vviews alrcewsteargateiqmsa,l i aadi véaed,
through processes that require deep gtOtasmrcteiav &&n e s
Punch,. 2014)

This stutdy m@mranxiddrepr ehensi ve descrwhpot ihvabveed f bwow t
original views of whatwair sroapsrde § esmwin&ttecamcihdi encgt iev ee,c t
circhhéest apipteselet hodg att tmatm umer i c al data that

precireeloyded, thoroughly analswxeidrmtsandi diwscusbed
i s humanistic and intGédpr et iawdgdiield 2bdedd8t) rree s avahri cthe
qualitative met hdheds .stBulysdpudntsisy,cooncerned with
trend in the data and more with being able to c

using specific teaching wsvhitheeeghiersg amldacterpied beinn

aswithe outcome of the use of these strategies ol

Onctehe thapieetnhaughhieear wergesi v@nsummati ve task in ¢t}
di agnos,idiecigesetd and anal ys,eodh hspetcidrnicesearn hlaer t

t eacchoewved edt hgt period. The researcher and the t
|l earners completed the test to ensure that the |
the diagnostic t esti.ncT hadsendsluatihmmpaltceevhadad tsséos kr e qui r e
| eartner svhirdieexfp | anatsioones ofthhibohees. The outcome of

incldaodhe | éaxplkaséotrioenisr answer selawdiiloahltelas m
teachers before and duersienagr cthheet duwdsteedr |viidseewa ss Tdli @ r

di scugdsiretmhge i nterviewespegeiadert iadenti fy and
variations, di fficulties, and misconceptions t hj
teachers wéwmecponakedi nrde@momepeci fic represent al
used to teach a Asacaebdishdekbarhotwhdey pttaughitnctlhued itnogp i
their en®@cCtKmeathggbdvi ded insight into their perso
| ear'n@osmrhacewlsemr esente@idf werndint r e rTeésseend.atT hoen s
teachers gave piemtme rstwsoi e bpdetdhe
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3.4 Research Design

I'n line with the interpretiwudttcpbheadiagrhy tlkeses:s
desiHunn.zi ker and Bl derkenadbelcaasied Pstt) updiy® dreessi eganr ¢ h

met hfodcused ondathabmst wg or mortdadi sthiamestt chas et
havieey di f feerraebniciensgy deeper cbmpadesomusndandt andi
phenomRonel i sj  Rdhili5d) eus e of icears ei mstteurdpreest i vi sm p a

claiming that

The emerging natur e of research in smal | en
interpretive qualitative approach that can yi
by minimizing the distance betweeéd thbhe resea
devel op practical and theoretical under st andi

theories ands38)ncepts (p.

Thenul tcpte study reseahembstdesughalwlsesifroiwleet hi s

researcher was specific about t hédadhaiioadthevrei st i
persosal egted the teacAhAerpanndelr tshiudgressanachkhe
regarded teacher as a castepndefoehtowedpmguaeat hvs

3-1f or emad ihvciadsuea |

Teach Diagnostic Test Analysis Interview Content
est y Analysis
Teachers taught the During the final, The researcher The teacher and The researcher used
topic of electrical planned lesson of analysed the test data researcher engaged in provided teaching
circuits according to teaching the topic (as for areas of strength, a semi-structured resources and lesson
their own teaching decided by the misconceptions and a interview about the plans from teachers as
plan. teacher), learners display of the teachers’ teaching period, use evidence of uses of
individually completed representations in the of representations and representations.
the diagnostic test. explanations to answers test results.
Teachers Learners Researcher  Teachers & Researcher Researcher

FigdfLieThe §ie@p research process for each teacher

Firgtteachers taught the t opThe afe seahaericattiedrre ncdiedc ui
noabsertved e |SFescsomeshy a means of concluding the t
the diagnadobti dilcye,esaad .l the | earners had compl ete
analdgy e r Eoul,t fitlhye t est results together with th
were discusseding esdierputcht ur ed interview. Finall vy,

analysed the data collected from the inteTlve ews
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aim was find a |link between the representations
teaching time and the | earner s’'4fumate tvaaurgeh d i g t o f

the uswaompresentations.

3.5 Selection of Research Site and Participants

Mc Combes empohzadhow powbability sampling techniqu
qualitative research. Among ot hers, these incl.
sampl ing; bweé huescefd whitchin t his study. Convenienc
select a sample that is most addMecLoimblees. Jtu® 012189 r
before data coud dr ebsee arod H eerc t eendi, § shahtes di hteg t Al threa Is|
and | ewhpanrgsiciimpae e smteurdehr o sfernosnme hool s i n &mdit h Af

Austr alwi aaectcheasts b hreeeseadaoahenmerniheddata coll ecti on.

Purposivewaampldi n@ selvehcavo ulednolbe r sfsoar€ mi etvhien g
seab¢rRct Mwv@smbes, 2022)i.wafo rr etqhuiisrheanteundlye s el ec
achwédmsarti ciibpoatbfredt h Afri cat amghi®uatdeabi &ci ence

ritrhge yewahri ¢thhe data wafsolrealr Inedrdsetdi onal | vy, | ear

-

® ®©o 9@ < @d D C

t
d
participants, theade ttoealteher &’ Gr adaotOhe3ciiemrer tc
requirement was that the same fundamerGiral@ei deas
l earners in both SoutlhcAferiscaveamd i Ad sorbmaedi tai.fv etsh |
prior to teaching the relevant section but were
met hods, ensuring no alterations to their instru
stullge resgavehelmeher s adddegxnotsdtitchde scommence me
of the r esaesamacahn sstoufdywv eri fying whether they had c
in thAl teshe teachershadnfii smadsedat hbbheyideas w
at some poi ntte aculhil mdy.d thégleicont ent i BaB8ght hatf di ¢ & «
times of the yearhdtish & ed iiedn arkd telicsitaulrdiegys ul t s .

I n thienseadlyer from an independenwbeablheiomi n Sc
the same independenwersehsel ectnedussor phr.taiTchiepat e
bi ographical information of Takb3l®hree teachers i
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Tab3lei Parti ctepatibinggr amiiooganati on

Name Location Years of Teaching Home Language Language of Teaching
of Experience and Learning at School
School
Teaclt Sout 10 Af ri kaan Engl i sh
A Af ri
TeaclAustr 6 Engl i sh Engl i sh
B
TeaclAustr 37 Engl i sh Engl i sh
C

3.6 Data Collection Instruments

Sevedata collectioncdisinst e umieatmmg,nbe,stand resourc
documénitkse Power Point presandt avtpideervosh,gtede rkabelee ss
wereemp | otycedgat her i nf csrtrogleyr obncf pamt she

3.6.1 Teacher Interviews

Gi |1 et mddeh(@aazoot8hye purpose of the research int
experienmesivamnidons roefgairsddeéensgi dual matters by bein
for richer descriptionsemitranct weé esiwe euns etdhet ost u
examine the teachers’ envaxrtiecdupsPEKebhy aana&ifySs uns g dt
of the teachers aensdt actmidiesshbmopeci ngntlbet ween some

di agnosrtésalhtésst he r epu ®edtnittea ttiecancsher s .

Each of the three teacherts uwedrug edp tjnometmepd ettvd oan s
ot eaching el Antnreixa) rJai mSchueidt s(h260rladc)tt ehrei ssebdmiuct ur e d

interview as a controlled conversation in which
in times of deviating away from the main issue,
subject” (p. 87) . The mesdartceheri eovA sl iu@a octiH e e 0 |
Meet, which .waBs irretceorvieadws wTdadc@emacdhlerplBaaeadi n

antdheudi o recorded.
3.6.2 Lesson Planning Documents

Teacher seweeted esshhreeesouused in their instruction
such as |l esson planning documenésr PewemBcasat s,
as evideéheeprods e retngtl ioytesdtl @eaching ,thecpodioges,

di agrams, @hnids vpirdoevoisded t he i sitta&ndtvisrege spsoiionnt afnodr atnt

27



of t h
t his

e representation as the researcher investiog

pl anning and reflection of their teaching.

3.6.3 Diagnostic Test

3.6.0utromes of the Diagnostic Test

Adi ag
Thees
ast he
Eryil
scien
t hese

mi sco

The t
coll e
commo
oppor

examp

nostic test twasasishbeesscascaptwal under standin
earcher iqrsd atuaenee ntt h € ArdragXxguree tA)o nbsy fsruocmh sour
DI RECT test (Engel @aadtd s c &n Beep tcihmrer mo 2104 ) |
ma za,s 280 Ay carsp D d abhassnegtpber sonal experience or
ce TebXZseaurmsmari ses the question sources, th
topics were covered in both the South Afr]
nceptions that may be identified depending

est was completed el ewhirfdicladldmveandi @ nGo aaqlt
ction and iamcall jpydsé ted.p dTigwee stteisarmameh i chcl uded
n mi s c oanbcoeptt d cotnrsi ¢ ci mcdii ¢t rcaocntcoerpst.s Ther e
tunities for hpawhemrs tqadersetxipdge@i2mr tolve idres an

|l e of one question on the Google For m.

The questions in the tksbwlhesdgssaddthadéearaed:i

circu

it conceptiey dGwda Odeol envoetl .molvte i s beneficial

t @r a®pat uscalence | earners in South Africa cl osel.

Graf@science | earners in Australia.
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QUESTION 2

Desc

ption (optiona

Light bulb ¥ blows out. What will happen to the other light bulbs in the circuit?

Iz ; ®—®_
X Y Z
Light bulb X and Z will continue 1o shine

Only light bulb % will shine.

None of the light bulbs will shine.

Please give a brief explanation for your answer:

FigdRielt@mof the diiagndst iGo otgd =t

Form
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Tab32i Summary of esaocuhr cageuse sotfi on, key ideas addressed, and possible misconceptions
. . Documented
Question Source Kev Idea Topic Covered in CAPS Curriculum ;L?sptlrilci::nvgfrdrilcnufluqfn Misconception/s
y (Grade 9 Natural Sciences) . within Option
(Stage 5 Science) Selection
“Cel l s are a s o(Departmentoof
Basic Education, 2011c, p. 74).
Question 11 DIRECT oridin of “The lighting system Des_ctrlbe vc_JItrf[\ge, curfrent, and el
1 (Engelhardt and h”g'” 0 connected in parallel. If one light bulb fuses reT,_lsdance !ndermg 3. enertgyd" l fe ﬁare a source
Beichner, 2004). charges. (filament breaks), the rest of the lights remain on | aPPle Ng?/\r/nezdzadfn és;lpae of charge
because they are each connected in their own ( ' +P. 53).
parallel pathway, to
(Department of Basic Education, 2011c, p. 74).
Own teaching Current flow in “A series circuit prov ar?gr:[?&irgatt?oen?sh;‘rzgféfgiz T Sink Model
2 . . I the current p a(Bepartmentof h - S 1 Local and Sequential
experience. series circuits. Basic Education, 2011c, p. 49). parallel electrical circuits” (NSW, Reasoning
2024, p. 53).
L u . “Compare the characteristics .
Combination of own . The current is the s S : 1 Weakening Current
. Current flow in . ) ) . and applications of series and
3 experience and that of . A c i r dDepattnient of Basic Education, 2011c, - R Model
. series circuits. parallel electrical circuits” (NSW, s
other science teachers. p. 49). 9 Empirical Rule Model
2024, p. 53).
“The current is the sa
Combination of own point 1n a given ser|l
experience and that of (Department of Basic Education, 2011c, p. 74). o § Weakening current
other science teachers. | cyrrent flow in “Resistors in a circui|  comparethecharacteristcs model
4 ; series and electric current fl 0 and applications of series and 9 Empirical rule model
Related to Question 17 liel eircuit Department of Basic Education. 2011c. b, 48 parallel electrical circuits” (NSW,
in DIRECT (Engelhardt | Parallel circuits. (Department of Basic Education, C, p. 48). 2024, p. 53). 1 Sh?jreld current
i . . mode
& Beichner, 2004, p. “A parallel circuit pr
111). for the current (Dpparsreitof
Basic Education, 2011c, p. 49).
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Tab32(continued).

Com bination of own
experience and that of

other science teac hers.

Related to Question 29
in DIRECT (Engelhardt
& Beichner, 2004, p.
114).

Current flow in
parallel circuits.

“The total current in
each resistor @dparamgnt of n
Basic Education, 2011c, p. 74).

“Compare the characteristics
and applications of series and
parallel electrical circuits” (NSW,
2024, p. 53).

9 Parallel circuit
misconception model

1 Local and sequential
reasoning

Question 15 from
DIRECT (Engelhardt &

Beichner, 2004, p. 111).

Voltage in
parallel circuits.

“The voltage is the sa4g
connect ed (DeparimantodBasice |
Education, 2011c, p. 74).

“Compare the characteristics
and applications of series and
parallel electrical circuits” (NSW,
2024, p. 53).

Own experience.

Relationship
between current
and voltage in
parallel circuits.

“The voltage is the sa4g
connect ed (Deparimant ol Basice |
Education, 2011c, p. 74).

“The total voltage acr
as the sum of the voltages across each of the
r e si s(Departraeht of Basic Education,

2011c, p. 73).
“A resistor is a condu
contr ol t(Departmentof Basict ”

Education, 2011c, p. 73).

Relationship between resistance and current.

“Compare the characteristics
and applications of series and
parallel electrical circuits” (NSW,
2024, p. 53).
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Table 3.2 (continued).

“When cells (of same v
parallel, the voltage across them is the same as

Altered but based on Cellas a f or o n(Bepasteent of Basic Education, “Compare the characteristics
8 Question 3 in DIRECT system of 2011c, p. 74). and applications of series and _
(Engelhardt & Beichner, electrical “When cells are conned paralelelectrical circuits” (NSW,
2004, p. 108). energy. voltage is the sum of the voltages (potential 2024, p. 53).
di fferences) o(Departmentof i
Basic Education, 2011c, p. 73).
Altered but based on “A short circuit can “Compare the characteristics
9 Question 19 in DIRECT Short circuit current takes the pat and applications of series and 1 Short circuit
(Engelhardt & Beichner, | understanding. . ; parallel electrical circuits” (NSW, preconception model
2004, p. 112). (Department of Basic Education, 2011c, p. 48). 2024, p. 53).
Cellas a “A cell is a system i “Compare the characteristics
. system of reactions can cause the flow of electricity and applications of series and .
10 Own experience. electrical through an e XDepantnest bf Basic 1 parallel electrical circuits” (NSW, T Sink model
energy. Education, 2011c, p. 73). 2024, p. 53).
“To measure voltage, al . .
) - Describe voltage, current, and
. be connected across (in parallel) a resistor or . X
11 Own experience Connection of resistance in terms of energy

voltmeters.

battery”. Suggestiong
activities. (Department of Basic Education,
2011c, p. 74).

applied, carried, and dissipated”
(NSW, 2024).
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3.6.The2 South African Curriculum and the Diagnost

The CAPS doouaumém&scontent tGo alde etass@®PRpatr o ment o

Basic Educati on, 2011a)

1. Electric cells as energy systems
a.A cell is a system in which certain chem
electricity through an external circuit.
b.Cells are a source of electricity.
c.A battery is a group of cells that are co

2. Resi stance

a

.A resistor is a conducting materi al sel ec

useful energy transfer, such asenisn thwlebs
di odes, LEDs.

3.Series circuits

a.When cells are connected together in seri
voltages (potential differences) of indiyv

b.Resistors can be connected in series in a

c.The tot al voltage across the battery is
across each oifa trteessirsasirstwdirtsh hi gher resi s
voltage Tfaxzrmesi d9ttor with | ower resistance
across it.

d. The current is the same when measured at

e.The tot al current decreases with each res

4 Parall el circuits

a.When cells (of same voltage) are connect ec
is the same as for one cell

b.lnvestigating the effects of connecting
[observe the brightness of the | ight bulb

c.Resistors can be connected in parallel in

d. The voltage is the same across each resis

e.The tot al current through the battery is
through the resistors.

f . The tot al current in the circuit increase
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g.The lighting system in our homes is usual

bulb fuses (filament breaks), the rest of
each connected in their own parall el pat h
3.6.3.3 The Australian Curriculum and the Diagno

AccordN8W (2024, tth.e 53) |l owing outcome is to be
(acréGrrade9 andsdiognti fic understanding of curre
technol ogi cal devel opments designed to improve

electricity?”.

Learners at that stage need to be able to
a.Describe voltage, current, and resistance i
di ssipated.

b.Describe the relationship between voltage,
c.Compare the <characteristics and applicatio
circuits.

d.Outline recent examples where scientific ¢
involved specialist teams from different b
technolog¥emiesgonlsowl ectricity generation &

pol l.wti on

As can be seen abawvwe,i ctuha mMwattrldlniessn si gni ficant |
outcomes for etlheatnhei cCA®IiSr cdwictusme nt . Consequent|
confirmed with the Australian teachers that the
been taught and ftddadstmftohd abéleecdmegmaorovi agmpl et e t he
Annexure Blclhentq@ueasti ons from the diagnostic tes

and the dominant misconceptions that may be reve

3.7 Data Analysis

A variety of strategies and tools were used to ¢
was coll ected. The researclartheccaod Herc't e dP QKa,t at h eh @

understanding of science, and the relationship b
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3.7.1 PCK of Teachers as Revealed in Interviews and Lesson Plans

AccordCagl son et al tsped&d®haclonsdKksts of the know
skills that they individually posswsesr gaegatrald ng
PCKkefers to the type of knowledge an,d nsHKiuldlisngt h
the planning and refl ectthetmdygf dolhpinebheasseedgyg. V
or measure the cur'eeattedat &Egfaiitmesa cghhetrss i nt o t he
odi ffaspactt s oft htrggtuhree fPICKct i on of their teaching
|l esson pl ans. Specifically for this part of the
connection between the represent dRGk.ns used and

The transctreiagpcihsetrefr vi leaw s nhwaed nuessetthhge mat i ¢ anal ysi s s
met hod is mainly used to understand experiences
according to themes that are eithdKigetri RelWar o
202.Fpr this stuwegriedtemd itfhemMesas the two selected

i n grhaerdbrfiooneasuring sci @C&Ke ntaened lye r(sl’) knowl edge
relate€TSomctlhuedi ng r egpmdke s(enh)t aknowmlsedge and’ skill's
understanding of science.

I n this part of the analysi s, the representatio
determine precisely how the teacher used and p
information was gathered from interview ¢éeékxpl ana
teachlkee. way terawhech used and presented the repr
provided insight into the |l evel of each teacher’

The quality of wase dwalaumeti agidheceP€K di fferebty repre
app!l yhiaorgacct eri stics of componentsi hcomMdizapieo ed r
al . (a2n®@x%X)i be, Coet z eweh,o0 ectonadluc t(e2d0 2s0t)udi es on ass
and personal PCK of teachers in various physics

3.7.2 Results from Diagnostic Test

The | earners participating in this study compl e
concluded the secti ®Wntbntkebéeat di of ciMicuiotso.ft E>
analysed by determining how many | earners sel e
explanations they used to motivate their specifi

which concepts weoed WwWeglll eanders andweihe cmost sc
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eval gretaf tetie lexgprd rmemrags i ons of their reasoning f
re analysed to evaluate their conceptual under
ditionally, these da»pleamatico mchoewrhae@®t iucsre de xiost s
eir thinking and the representations that the
item in the diagnostic test was addressing.

nature of t hied eanisnwseirgshtt o npmoovt he | earner s’
ntitative outcome of their performance. The t

e
e
a
owl edge) were compared to determine how the te
derstanding of c on-<cae ptesanisn oefl eacntsrwiecr icnigr ctuhiet L v e
e

stion.

3.7.3 Relationship Between Diagnostic Test Results and Teacher PCK

Qu
t e
re
de
mo
re
f

Q@ © d® O C

3.8

Th
fi

alitative content analysis was used to invest
st results (learner under standing of science
presentations CRGKi crleugdarndgi nrge flihkes e amabhnoers) al

fdogueal it ative content analysis as a mwhamch ofs cl
st oftemavilexincbutde verchaant)eorrtntvd scaatlt egori es deoc

searfohert he paunraployssei saf Tchoempam ®ldyg didexspsi’anafi ons

ndament alt dcecarrtmespstgsonses in test i t emss adnees i gnec
ncepnesat egdewntwihfeitdnddr t he repeéfeatdaaebnsviwaepge
arners’ accurate casceptfldalct erdd é ms tdad maytinimert i ¢ t

—

e@exrami ned iwhceanhreadtthreepr e s e motraantymiosmbenr st andi ngs

e

sbeyid h ewre reev i diehnetar nesponses in the diagnostic t ¢

Quality Criteria

e trustworthiness of a study involves the amou

ndings and determines whether the study is of

(Connel .y, Th20%&)ust worthiness of thi s trsdluidab iwlaist v

de

we

pendabil i tygaiamgt vap el fteycs wrre ttelrdata t he study

re made for the data collection process to be

1 Diagnostic test: Thi s summati ve test was compl eted

conclusion of the topic duri Ggaletiemenalblsedr:
AustralGradand® | e®dmomuaehs Afroma complaemeedkt he t

their teacher c o nrcd luedcetdr itdh Rauisrteacuhhblittiossm, @ | as s e s
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weraes cl ose together as possi bldki fsfiamseaddt he t e
t heir tpdantsi ng

i Teacher interviews: Teacher s were probed in similar wa:
happened to be the same as their coll eagues a
came up as similar.

1 Interview schedule: Al | three teacherdur Wwenge sianmaemnwei eekwe

whi they completed teaching electric circuit:
|l easneMhis timing ensured that the materi al

their mi nds, and it made it easier to recal
experience with | earners during class ti me.
The dependability of the study relies on the pre

the interviews were transcri bedt ercmithreaige snahnidc hc at
includedotseel ected compohecst sdohg PCEpresentati ol
understandi niheoft racniseméeti ons were made avail abl
checking and feedback. This ensured that the re:c
and fmudmamdleevertife i nter Mreetd@@damome lolflyfite QODsLHgr vy,

t htteeachers werad teotmwmbdabafiydetail s that were not

i nter.vidceawsrd of tWwas keperaction

Heal e and Twydeafoisuseldi 2001 %) as the “extent to whic
measuf(pd 1). The validity of the datTé eiad i duapgp oornt
of the diagnoetiftaltt & sanfa htylees quwme ¢sthi ons come from
t he exviasltiidnagt ed eBHIRECET i agndstdicmott e tbhud iemr ma |

scorleesarners had no reason to cheat. Additionall
their |l earners to complete thertpesérosn Theiteawh
hel p in expl aanndlnagr igfuyeisntgi oinnsf or mati on from the d

3.9 Ethical Considerations

Et hical Cl earance and I nformed Consent
Ast hstsudy involves homamXaomiwaattisoon def t he i nf or ma
anal yistteadgs onduonéed teetrhi c al cl ear abgteh ewalsn i gvrea nsti et dy

Pretorcanawmaldbt aifmedbaared of ofi mecserscted indep

schooltseadlhevs,lanadleear ners. Additionally, all | e
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mad

D

aware of the purpose of the research and

process at any time and for any reason.

Privacy and Confidentiality

To protect the identities of |telme,nenmE®| mathe s chbd
participants were not disclosed in any way in t
anonymous. Al l information progsededebyheh&npaet s
of Pretoria and wil/ only be used for research

Do no Harm

Thi et hical aspect, often termed beneficence,

l ves the mor al obligation to ensure that no

re of t he school , teacher s, and | earners 1in

s
o

attempting to maximise theBbawmel & ng, TolRd 0o myemsecw
nat u
0

throughout the research project.

3.10 Conclusion

This chapter described the strategies that were
part of the research approach. The interpretive
determined the research methodol bgytgpeqodal daani

collected. The researamul deéegpdenst sdyucwas eedx plsaian
the instruments us,ednafimerk wdravtiae wso,l Ileecstsioonrn pl anni n
the diagnostic test. phessiietmeriempoheaobapber maim
and addressing ethical considerations. The next
collected from all three teachers.
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CHAPTER 4: RESULTS AND ANALYSIS

4.1 Introduction

This chapter outlinegwhi ok aeeuptesehtetleastadygin
of the threédotewenkersi ewed. Using the informat
i ntervi ews, di agnostic test, and additional r e

representation,CTd&@shaat ptahret toefa cthheer s uosne i $ ot bpiach
was examined and analysed. This analysis was ba
mentioned in the c,onrcaempelawalikento wh melgies tod | ear ner

understanding of science.
ReseaQuehst i ons

The pri mary research qu®otwi odho ftoeracthkeirs gstswedyan
representations, as a displ @yadd 9 hleda ar reemraxc’'t eudn P
of concepts wit h'iTho ealdedcrtersisc tchiirscuddacWwr at el vy, t hr

questweorhesr mul at ed:

f How do the teachers enact their PCK, as r e\
refl eduwriiomg iméeg@gandiieenwwguse of representations |
el ectricGrcadeud tlsedroner s?

T What iGsadkee9 | earners’ understanding of el ec]
has been taught as revealed in a diagnostic t

T How canGrathe 9 sl emmdhenrstanding of the concep

representations that the teacher used?

Coll ectively, these questions guided thes' ' expl ol
knowl edge of pedagolgéezarmnmuedsr at agdiesg aind t he con

circuit educati on.
DatSaour ces

The data for this study was obheifnierds tf rdantha hsrceuer
teachHerrdback in the interview regavhaddadirgeddihei r i n
first resepamnd tgqhueeisrt ipear cepti ons of how t,heir | «

whiadhdredsbBe second r esTehaer cshe cqouneds tdiaotha. sour ce was
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provided by otehlee ctteraicehltecrishcaidds essed t he .Thier st r e
third data sour caess wees ld Xged atmesdwressnsssweorfs provi ded |

I
t
e

c

—_— -

—~ O

® d® d = S

e
h
X

o

O 9 @O =

wa

—

O O € O 9 o —+ T

-+~ S

arners in thewtiabdnastdiressesdttbdeeasrchagduenntdi dr
i s anal ysi s, i nformati on from the i nwasVvi ews,
tracted,andnadéygaendi sed based on the two key ¢

nceptual framewor k.
mponents for Analysis of Teachersd PCK

e first componenktnoiws$ ed dreCTHi@lcth ea s 'speci fic f

presentations. I n the conteketeaBvytovohssgsalktusymba
ngi bl e mean, met hdhad owlgpihqpptheneamehens present co
arner s. Teachbype susef r e,pirnecsleundoidnegl ens si mul at i
agrams, a hadmoannga lodtghiedrssc i | i t ate | earning and hel
d complex content in a more aaceslhieblweayand nurm
ese reprweeussteadt iiomstohii gifamedy he teacher inter:
sson planning they provided. The interpretatd.
achers’ PCK and their pedagogi cal strategies i
arner s.

second compronwlingagdde afhel earinreal uudnidnegr sk rmovdli end
sible misconceptions in the topic. I n this st

knowl edge. The source of the teachers know

e
s

s specificawhychnvtelbeeirrgaateidl ity to grasp funda
w

pic was tihret etrevaiéelwesi g t h e s et eianctheerrvsi erwesf,| etchtee d
rceptions of the ability of t,hedgsadldeelalrfneadbd ok
gyvceived during teaching. Additionally, t he |
agnostic teswi twerae paratliycsieldar emphasis on the
swers as this provided a more det aThlee da nianlsyisgihst
t hese elkkgpd amadtriavmilsd/ied i nsight into how and wh
derstand in electric circuit concept s, but has
refl eatsssanghbher eprwhsdehatmigbasr understanding

ncepts.
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Anal ysis Strategy

Theatda collected from ewabnafysbd ahdeest paehenst.
For each of the teacher s, t he anatllyeiirs weasp eccotni

representht hdwant,a from the teacher interviews and

,_,.
o

describe how the teacher usedorac erpetpuraels etnd ad |

—

rat etgy teach a spkatéldiedtoroincnegtth e us esond part

Q O»

[
- o n =] =]

al ysi s, 'st hree ftleeatcehaeorn e r o kannodw | lerddyer rsd vaenali eddy i n t

terview andxphanaeiaomegrsor their answe&aereel ect
ed to avtrseasserkBé knowledge of the specific con
e representation. The third part of the analys
how | earners may have wused this spencg ftihceirrep!

c O

35 35

derstanding of a particular <concept in the di
vestigation of whether there is a relationship
during teaching and how | earners used this to f«
in the diagnostic test. The fisdohgsharewpr eempbd
Knowl edgdg&  mho@W! edliggaradieder st addii @agc o f

4.2 Results of Teacher A
Teacher Description

Teacher Aata emrciheast e school in Pretoria,sc8eutchk AfTr
for just gqardhtledagihteass fer s ecqgwidh bk a nlgaunaggueeg en g
Afri kaans. Teacher A taugdur tthhge ftiomalc towo eweeecktsr ic
202Before the commencement of the yearly final
TeachAetaught aGch@ss$ eceaifm2Blriduicad i onal Tagghhei hoc
with the interview, dddcheondlfpreaslofide hPeient
presentasuppothe@d presentati on of odhoenrt etnd;acahnidn gs e
synopsis creabtaedel ®ircfthiewnlpat she refers to”as “ru
and recor diemh ivaoldde ¢ c uesxseemspl es i ssued as homewor k

the teaching period.

What foll owgpairsg tameltylsiesefor each significant r e
in her teaching of el ect,rwhca bdivrec udétesse u sTsheeds ei nt ht
conceptual fpamewotkd ander the two components c

knowl edge of :
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i Conceptual teaching strategies
o What the representation is and how the te;
bl Learner understanding of science
oLearner knowledge about electric circuits,
o Whether a connection exists between the CI
| earners understand the concept of el ectr|

4.2.1 Representation 1 — Colour Coding

Conceptual Teaching Strategies
TeacherscAl e hi ghtricght diagrams in her PaswepPesn
drawn on btohaed dvohm taen exercise in her Omnpyg of gitthal

pl at sthiemuses a s marhteopéest ohataeéectrons take ar
physical resour ce, l'i ke her sheyxhbogkt ers whi t evh
mar ker s. TeachscoAomai clogyi ngeto help | earsners v

el ectrons move ttho osuegeh whheer eenttrhcéusctt oget her and w

I n the first part of herstrhec occridecdui i dde oa,g r Taenmesc hpel
|l earner textbook to expllaounm comndemt d.n $the dearn
explsahe solutions t o aswda gtnieadn sa stFhhagt gdveebroda s
snapshot offrdaahmheecitdeoa whileir @hfehgeb bpeart hA on t he <circ
andaywshe foll owing:

Now the reasoncwliyngdmheol our
pat hways i s because it shows me
is flowing, so wherésare the cha
therebds only one pat hway here.

FigdfLieSeri es:Coil roauui

Fi gu22es hovas moment i nj ubheef owviedeToreachesit hdA duseus sal
solutions to questionsShien fihetsltehaet neidruatuei xtt bloayk
highlitchhet idng f erent paths that the electrons can
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Question 16 is anopvar al |l el
instead of the charges onl
path on which the& are goi

Fi gdRiePar al | eColco uwrrc déo@du ng

| mmedi at el ys hteh stascedf f EErent col our to reveal ano
could take dmidgweBerti nues

éat some stage the current
splSiot .t hat s why 1 édm going
colour s.

Fi gd4BiePar al | eColcourr déo@du ng

To teacbontcdfetcurrent flow at different pgadts in
same ci recxupiltaianisde t b@atr ent through the ammeter in
@0)is the same as the current through the)ammet el
since there are two cFoilgourresh erwsin rai rsq atplsrhaou g o fi tt.hi
the video with the corresponding audi o:

Here, they want to know w
relationshiipndet Mewni f |
| ook a&thashisagth of the co
throud@hast both of the col
through it. So, since the
amount of colours through
must be the same size cur

Fi gddieCurrent flow at differ

Pagttehoipatelhat TeacbwhihAeghollilgpt i ng t he circuit
always referring to thehée mpesetmbme s mirddHi ¢gdhter ons”
pen whednventdi neatciuam emft. Whil e tchaiussleedagheér 10t
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respondorrect bwt hteo diitaggmmso st iicn dti @satg,api ti nddsdhe t e a

knowl edge of | earSoenet hndgr atsapd impdtei aloluyy dcause ¢
| atoemr regarding what actuplhytmeees hiamgae oirr elbiefct
representation | acked this clarification, her P
concept in sc(iMazxiebd setl iali.t,ed2023)

Teacher Mscaolloaurudeor anot her, Tedchbar eaadtded menént
of ci rctuniatt rsuunmndae i dsiefsf erent rubfsrandt.r alhmttylsen s
docum@etcher A used col oumnder sheodwpdame re gluead ri menr
mat hemati cal Wiyaitise fbred shgn tda csiprl cawietd dinagmamie ler e,
speci atoetfodtuce inverse anbrdugbcmepnepoftéoguat
di agrams, colour, aor gldomsmgdd-bMathgplwe ¢ h(e col our s
vol t mefwéarnséi n the circuit diagram match the col o
given below theShkhér aosewerdalagsaenh representatior

document .

Learner Understanding of Science

Rule 3: The potential difference divides according to the resistance
of the resistors: The higher the resistance, the higher the potential
difference across it. It is a directly proportional relationship.

o

1v 2V 3v
T=Vi+Vi+V;
VaR
Fi gdbieCol our to show how voltmeters in the circuit d

The dahtaat uwaed to assessugdihegliommprachi gohfl i ghting
under st aemlde ctigrriedo n ¢t evatssour ced and analysed from t

part idd uwlganro sitti edmgpeegtiteoi current flow in both serie

I n the interview, 9bkackhereerwA eauwarchadrrisehdeotdhiastt r i but i

current vtahhrn @wegbui t connections. Whil e they may
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scientificwheahremicmadolbogy what current meaftd, st hey
one plus this one gives yoxwodMati somenncert,e rb er ceaaudsi er
same as that one (ammeter) because. Sthhee adoadneed c ol
t h,aatt bbagi nomfi nghe topi cde moenrs tirmikmmaevi ssdgecurrent

i ncl udismgmeiats ur eemmednthow t o connect ammeters i n a

It em 2 of the Higppge2 2t outt @st 26 | earners ( 88%)
option (,Opadedmonsr atticmg at e under standi mags oMeldpen
axurrent flow in a series circuit.

Gluestion 2

Light bulb Y blows out. What will happen to the ether light bulbs in the circuit?

A.  Light bulb X and Z will continue to shine.
B.  Only light bulb X will shine.
C.  None of the light bulbs will shine.

Fi gd-6iel t em 2dicafg ntaésstti c

I n three of their explanatito®hbBe ppavhdetdabebbwect

along in tlaslesaacnee rwady descri beododi ngwirebrkesentalk ot
Once the |lighthebel h sbmealpath iforthdecicucuient
it is broken.

I n a sertbegreiisubnh]y one pat hiwfayt tioatr mwatalmways
broken no charges can flow (the circuit becom

When | ight bulb Y blows out it creates a brea
i ncompl ete meaning there cannot be a flow of
series ¢ihecwint semd only pathway. for current h

Additionally, tdre heesulgsbisdd-me chws4 ohl y demonstr
Teacher A’usndeeaxxrtiaemrasnt f |l ow through components coc
under stand tchumrowegh ddmponents ©O©obhethed2bnl®aracek
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(72%) selected the correct answer for Item 4 (o

sel eatrienal uded bel ow:

Theurrent divides bébweed bhethea®Pchesli stance
Q get t he saasmet hceuyr rheanvte t he same resistance.

The parall el circuit provides more options fo
Question 4
In the circuit below, all the light bulbs are identical. Which one of the following statements
is true? |
=
| A. The current in P is greater than the current in Q.
B. The current in P is greater than the current inR.
a Q C. The current in P is the same as the current in Q.
@—@— D. The current in P is the same as in Q and as in R.
R

Figdriel tem 4 of the diagnostic test

Mor eover, some explanations revealed that many
resistance are related to each other, with one

bet ween those two points as wel!/l

The current wild/ remain the same throughout t
with Phasd dQJubl e the resistanc.e, the current
P will be the same as Q as they are connected
wi || burn muchbbobtrh ghetert mes ¢ hmeg energy but ha

of resistance
4.2.2 Representation 2 — People-Charge Analogy
Conceptual Teaching Strategies

TeachfeouthMdat t heolt opige of p o tweardtiifafliooduiéftfl @erae mee s

understand. Every year, when assessing their pri
course for electrised ctihaztui velt sadhe asscagnener gy

unf amiGriaa@elteoar ners, wunli ke the idea of current
the circuit pathway. To help | earners understand
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energy that charges have wheacithmeyi ta,r eTseaatrc hceirf fAe
anal bgythis analogy, she comparmasvtehhre ugha rtghees war
of a circuit alooope aplse ema \Bihreg paph@wegenehagty t hat

charges collect from the celli and use to move th

€ is like money. You get money from the <cell
wal king? Where am | going on that coloured 1|

Then, in order for the charges ( peosppleen)d tnoo nneoyv e
So, the cell is seen mectheepmdoenwwhersi peopl &s
wher e psepoepnide or use. Atdldeitn omehetyodisdes dea of ene
conser ahowmigtnhwahlear ges distri bute enelrhgy® nehyr ough

nergy) I s reca&xwadgesomotvjeedrnnd biutghei spent or
go through al/l of t heéelf @shi@s tcohrasr giers trhed up aat it wa yt h

more money (energy). TeachaeMhaA erveepedt sgotthi d ihdhevee

| Teacher A's Power Poding c ptshees ®nutlaetsi oonf,onsiteedcjud ¢ 4 B &
starwiimlegr i es ci r cpridgr ehsged migh 6 re | circuits. For s
on a separate sdfioduer, . FsugjetBede spharpwl es as they app
slides in her PowerPoint presentation:

M Rule1:Current strength remains constant.

T Rule2:Resi stors split the voltsaddgpopeptndamtailaldi
di fference across cell

T Rule3:Resi st orpotcainvii dad —tdhief fheingaehnesree si st ance, t he
vol t meter reading.

T Rule4:The higher the total resistance, the | owe

Teachersakodmewdi ng technique Who!l exRudaien 2Ralna Rul
relate to voldthagrgethmaspepyplueed to explain Rule
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Series circuits

Rule 1: Current strength remains constant

C

@ o @

05A

—m—X

Rule 2: Resistors split the volts = potential
difference dividers - adds up to pd across cell

® “5y G ®

(A ()
R B>

Rule 3: Resistors divide pd - the higher the
resistance, the higher the voltmeter reading

Rule 4: The higher the total resistance, the lower

the total current
R=2Q

1
| I | S—
I=1A | = 0.67 A
(&)=14 o™ Oz
—_ (the current is

V=2V
R=10Q
—

| IS
Adding a resistor to the circuit
increases the total resistance

The current in a series circuit
is the same everywhere

smaller)

Fi gdBieThe rul es

of us @diieaass heirr AWist Power Poi nt

prese
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I n the document of circuit rul es that Teacher A

same four rules are prkisegddsehdo wsn htohwe Rualnee 2o rwdaesr .|

to Il earners in &ifrfcarnddonctuufle@ard msmaidne tbhye Teacher A.
and full sentences, second ,wntdhthi cd!|l wurledacmat
equation. Since this correlates with tiWweubdme r

have been particul arl yr ascomdifdit|l wiars healupihrntg ilne acrl naesr

t heiomceptual knowl edge by presmehtfimpygmathe. same i

Rule 2: The potential difference (voltmeter readings) across the
resistors in a series circuit adds up to the potential difference
across the battery.

VT=V1+V2

FigdPieRul e 2 as present adbciumeinideacheni A rul es

I'n this instand®€l fwet hoeb steeravceh etrh,e as ds he ek idli Sdli Iny
representations wi,adsinsti sgnbee Feaobpnonece in maki
di fferent ways of c o mmhuan i t eetixchhi gogi utadlaiatsly.y RH@¥ien g
variroeupsr esent atiohmesi msCpPpalretariloifeorws ntgo n ¢ @ phfag en t

di fficult @MaainWerest aald., 2023)

We wiléx amimoer Teacher A presents tassheamalad gy etsc
Cirduihtes vi deo sthhee immhedpee Tdbent st udy.

a)The cell as a money (energy) source

I'n this analexgpl, aiTrelaecthteak IA i s the place where th

This idea is used in conjunctienemwéndy etnreatgyt tea
collect from the cell every time that they move
all the resistors every time that they move throc
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from theneiwietoh res{Fstgdriand sbei esher with

(Figdt® to demonstrate

FigdiaVideo extract of

In your mind, potential difference is the amount
of money that | got. So, if one cell is 1.5 (V),
then three cells would be 4.5 V. Now, your aim
in a circuit is to take that energy and use it to go
through your circuit.

b)Resistors as places

her strategy:

Figddl#&Video extract of

The yellow people for this whole circuit, only
went through one resistor. If they used 4.5V
they must have gotten 4.5 V at the start.
Because whatever you have, you have to use
to move through the circuit. If you only have one
resistor in your pathway then what you got was
used over there.

where money is used or

resi

spe

Figul@Fi guil@and&i guslddar e snapshots of moments in

TeacherdtArpes glhaaragbeal ogy t o explain how resistors

needs to be used or

spent .

Figd4lad@Resistors & Fi g4l &8 ResisAt arnd Fi gd4flid One resis

pay money t wo

pl aces wher ¢ yel |l ow ppeaoyp |nmeo nte

€ can you see that there are three  You put your fingers like that, and For the yellow people, that is

places where you have to pay you will see between A and B, the only place where | would
money? there are two places where | paid have spent my money.
money.
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Af ew crucial factors require careful considerat.i
that simplifiessachbelagdterxi calncpepttent i al di fferen
i mportant that teachersthekpéivhmpdgelhtahagnaliongyt at i
overl ooks the important idea that at cdinfvfean erdt
rat heuseha&dditionally, while it may be acceptabl

as more at one point (at one end of -etnherdalgl )t ha

cel l), the tkacthéy s8heutbarges ahruetandberRlrehiagg e
points of | ower el ecstomeadf piot elnd $ abetelmearsgyv er t ¢
suchhest or | ight. This specific analogy simply

t hrough sparielsl ealndci r dutihes GAPS equwimied@el emrmnenr s
(Department of BasicM&decwaéeir onbei2fdlaple to sim
make it more understanadabteocompldnarctcesti WRICKeias he
Howeveaggchert shoekdr ebwéayawnootver si mpl i O oenaotti on t |
accurrnefetl yettrut h.

Learner Understanding of Science

| b hwei deo resoalirrceyi tahbhdiaddganadsdi swuesdhed p-ebpl ge

anal ogyeftewol t &WgeneVvVemrners were asked about re

vol t meters connected over cell s or resitsher s, i
analogy. Given the frequent use of this analogy,
it and wused it in their explanations to items in

Leus -eramiFnguwyldPay particul ar attention to the

ment i“oonescause whatever you have, you have to use

In Item 7 of thEi g#d§ nooduifc tthest25( | earners sel ec
option (,@pdi bewD)earners explained hteheidreaamdwermnl

as energy that is gained and needs to be “used wu

éthe voltage pr ovmusetd hbbey eussloedd Ibaytatne thy

€ both branches have to have a voltage of 12 b
themusewhtch is between the point Q and P and

eéthe voltage received from hdae tcelbe howsdadeupl
the circuit.
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Question 7

Read the five statements below, describing current and veltage in the cireuit.

|1zv
L
||
P Q
R S

I. The current between points P and Q is greater than the current between points R and 5.
ii. The current between points P and Q and points R and S is the same.
iil. The voltage between points P and Q and points R and 5 is both 6 V.
iv. The voltage between points P and Q and points R and 5 is both 12 V.

v. The voltage between points P and Q is smaller than the voltage between points R and S.

Which of the statement/s is/are correct?
A. Only ii and iii are correct.
. Only ii and iv are correct.

B
C. Onlyiand v are correct.
D

. Only iand iv are correct.

Figdtdi&ltem 7 of the diagnostic tes

Addi tionally, someekephbboowartshmbemeeldadbfye va@l ues acr
resi stor sweresquda@r it dhe vol tagevhaethogietshheheebdhal ogy

€ inseri es,tdier cvwoiltt ages from ot her components
resiatddrep to thevdrottaHe vodltla/gleatt ery (t he sou

éinsearies, ctirecuvial tages of aldddfupgltéeo odmpone
the battery/ cell

€ insaeries, ctircuvaol ts acr agdgd ttubpet ke rcaf &al must
(voltmeter reading across the battery).

't is evidentc htalrgygte tamea | palyplsgiegdni fecantkgesstoansd
in a series circuit f unrAdttihaontigrhgu nacse rp catkehrethiba |t hdait
| ear havecoanceptual undewotl dimsgiengeoth encki f f er ence i
energy that charges have betweent & wol gari nt somn
explanati ons thhaaste | tpheids tehreal oughyder st and t he quant
division in a series Griar@euligdar nfenriss dts tehxipse citretdr o

el ectri cnactiuscade t ®e par t ment of Bas.ic Education, 2
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Af tfeurrt her anal ysSriesspdngsade Ftl g@ditthem a7etnfrere muh e r e

similar incorrect explanations were used.

| Teacher A’ s Power Podhnsc ptshees sernulaeas omnf, f csthreparir al ha
circuienash on a .Begdt &ti e pd laigseel es as they appear

her Power Point presentation:

T Rule1:Current splits in p-asruam loefl b=r acnucrhreesn t= dtiovti:
T Rule2:The higher the resistance in the branch,
T Rule3: The more branches, the | ower the total re

i ncreases.
T Ruled4/5:The potential di f fiesr eengcuea lo fa neda cahd dosr aunpc ht c

di fference across the battery/ cell

Attention is to be made to Rule 4/5 featuring he

parall el circuit

Even t honuugnhe rvibckaul e sdiiamgadom r r e é ad marc cAlerxaptleaiyned
thahe voltage values on the voltmeters aaxg o0oss t
being teogutahe t ot al voltage across the battery.

|l earners used this incorrect idea to explain how

You have to use the energy hastt goaddrepgi vehb.

Each branchesadol tpgtto mubé¢t veol b.atgteerax r os s

This highlights how a si mpflfdeadir sntea k as nldye rtsh ea ntde ancg
her di agram values are correct, hwi i cwho r d® n fcuosnevc

| earner s.

Additionaldrnyd Rwl RkRul3 e Teacher A uses anwhqual (=)
may al so be conf ulTseinmabfidri tlysearorhesr esc mpgac t of suc

demonstrates a | imited PCK quality.
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Parallel Circuits

Rule 1: Current splits in parallel= current
dividers - sum of branches = total current

Rule 2: The higher the resistance in the
branch, the lower the current in it

ol

Rule 3: the more branches, the lower the total
resistance of the circuit = total current increases

12V
Rule 4/5: The O 6V [Hi
potential difference 1 _l Rule 4/5: The potential
of each branch is I difference across each
equal and adds up branch remain constant 12v
to the potential r()—|5" and add up to the O
difference across — potential difference 4v 5V 3V
the battery / cell L across the battery / cell
6V
|I_I |

Fi gd-i 6The r upeersaclolfeclui t s

used

n Teacher

Abds

Power Point presentation
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4.2.3 Representation 3 — Shop Analogy
Conceptual Teaching Strategies

Teachersamousheer anal ogy to hel pt hlemamrhemrsessiuisdamnst
circuit decreases when resistors are adtdkd in ¢
br ancohee sparal |l el ciamw uPitck of cwRing rermdsjproeat a ihlae r

selflood, c¢clothing and gener al mer sthaw dti lsee n inmliSeru t
open tills (counters) affects howHawimokdpemeopl!
tills (branches adailn oawspearpahbpell @atceeracduyi ti)nwit hle que

charges or current flow) to pay for their goods

—

he queue moves is related to the flow of char
(movement of people through the qdueuewal) eirrsgr @aa e |
in pabadil eignt devi ewacKkeaaowhedatktddhebhebashi s anal ogy

to help her | earners understand t.he concept, the
I spoke about htatwviisngcamdenmts dfn paral |l el wi ||
because the resistance is smaller because you
do not ésyreaph,i tt hat concept every year, | have 't

So even though é thayesanalggdgiees

FigdL@i spt aRyoswer Bdiitmleat TeacsWet hAheseshop anal ogy

how current is affected when resistors are conne

Rule 3: the more branches, the lower the total
resistance of the circuit = total current increases

Figdil@&@Rel ationship between resistors in parallel and curre
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I n t her evsiodueroc e , there was no question that speci
what happens to current or an ammeter reading w
There is one monkingd-did when viedaecohe(r A uses only
this analogy:

I& | i ke a queue of p
fat queue and only h
from each other befo
together again.

Figddi&Video extract of

Teachebhsdrtvhead her | earners eapplyi aadd nog ed nsd llamgly
in retla@tdwmrent and resistamtcexpphapaed!| hdbth di scu

cl ass. However, when they need to apply this kn
di fficult to understand howcaddéeng: resistors 1in
Because if | say to them, do you remember the
They can explain it to me. They can@tel]l me €
take that and say, oK, tot al resistance is go
i ncrease so where that l i ght bul b i s, the cur
It is necessary to pause the analysis here for
down. I n this speciefxipcd adamaslengy ,a sTetalcehegspded at v

moves. Cohmeadmdmf t he amount of ¢ haplgeepl(d)n thheat
movsggast a point per m®iegodmrdf usléh es mmel logagrorudrds si |
assumerahavimmg e branches i meas updrdaglihleerla ccyitrdreaeumitt f |
havimpg e counterwi silldeanbhopead to more people i
Al t hdhwegh anal ogy may serve as a valuable repres:
resi stance and current in a parallel circuit, c
understand current as a gquantity of scuhgagrdgdetadr at he
Teachery Ahamwae | i mi t edhoPiCKe regeardi nghiasf frdegirrsesent

| ear'meder b hrgengdartdhiengef f ect of a parall el connect.i
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Learner Understanding of Science

Question 5
In which circuit would the light bulb shine the dimmest?
|

&1 e

L =

X Y
Z
A.  Circuit X.
B.  CircuitV.
C.  Circuit Z.
D.  The light bulb will shine with the same brightness in all three circuits.

Figddidltem 5 of the diagnostic test

Out tha&i(X24 %) |l ebesredrescted the correclt empti oam (b
di agnostiguwidédst three explanations revealed an a
connectiomnhieemwernof resistors in. wadrekpelanandomn

connedchi s idea to current as wel |

é the more resistors you have in parallel, t h
current will split evenly and go through the

The more branches connected in parallel, t he
current to flow through meaning there is a gr

Howevoeudf the remaining 19 | ear ner si,ndliOc a(tdion%) tshee
the parall el circuleamhbBicepkhcepbit on hahaubaded riersi s
parall el t he hi.ghMeaantwhanleeeaersi 8&%ncaeael ect,ed Opt
suggesting thaycthaengevientthlmae parall el connection
of the bul b.!| éeahrenxebrd B hawiew @ Opadcngon D reveal s an

conclusion about hwewdTaagemerptA ssn choasoured t o a mi

about the effect of resistors connected in paral
€ no matter how many resistors are added, the
because each pathway only bhualsb osnce irtesiisttolne ag
through all thé& pdtfhescts d.hiet bddegshnt ness
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This is an important finding since it reveals ho
mi sconceptions in their | earnersusiunagleamsrtkseisdi ng
it easier for | ewnneppastshtso tvhiastu aelliescet rtohnes BwWake as

cir,heil tptitmnegmder st and how charges distribute thei

their pat h. However, when it comes to understand
parall el has on hteheovmagnilt wdie reefnt-co@li hget echougt
actually creates a misconception: si ncesiegsatcahr ct

regardless of how many mor e iamadadtde otfh e ihmeeaatatd | e
and thus the brightness of the bulb doesanndot <cha

wasot able to relate this idea to current either

The electrical charges |l ost the same amount o

bulb. The I ight bulbs thus all shine the same
Some | earners have not made the connection bet
connecting resistors in paraldceduldah ase caru stéh €l erae hite
has not <clarified the I|imitations of her repres
representation is effective and where it falls s
of this beoademticher A is not fully aware of t h

communi cat etdhd hleamarAme rasTe @achiea i oAl d continue to d
PCKvhen it icoemetsi tywing the strengths andSWweaknes:
should be explicit about bringing such | imitati

mi sunderstandings as revealed above.

While it was cl earartgleatwatshefgecplieee in helping
circuits that they had in front of théamhophere
anal ogy had the same effect. The ashepeanhadoagy fw:

ti maws tome opportunity Fgigwe2n® thoe faoprpel yi ti twa(s addr e
di agnostic test . oBtalsee ddiommg nohset irce studsts and t he ev
use of t-bbdapgepheal ogy and col our <codrienppeatietd c a
usef a representation directed at one specific
conceptual understanding of l earner knowl edge t

t wi ce.
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Exercise:
1. Calculate the total current in each circuit, as well as the total resistance.

v

124

ORuGE

h

Figdea@Example in tHhHecaimeoadiet bryulTesacher A as pr a

4.2.4 Representation 4 — Definition and Corresponding Formula

Conceptual Teaching Strategies
Teacher A bledamwelsotlhédthave a solid, foundational
concepurrent, vol t ag-er,epaneds ernd ssi sitha ntchee cont ext (

exploring the quantitative (prtchpoceret.i olrealc)hemrelAatsi
that i s important to i nttdé bmruacppeorlteiaamaelr sr eélna tGroandse
resistance ,anndwelurrantedieswaene (alhap awrotinteangte of B
Educati on, HoOmMetvhaepr , specisfi th-Heptnht i ender standing
relationships between curr emhy saaisaiaévnoclet aagse amn e lhe
i ®radésince they only adGdrdés Oimmilss d keaatv lwieto s

cho
ot h

ose t phypsuiscsaubence widdpedreliviet o how t heesaec hconce
er, aligning with their el ecexhviebiptrs fRekehn cgeusa |
regarding the place of.Shenei & ogphlce itno tlhegicaalrliy ud
a
c

ideas and justify how they are all interrelated
or our se.

To reinforce understanding, Teacher A uses a te:
reiterating t he for mal definitions of current,
mat hemati cal representation of thesaegefciomacriedpdrs t h
correspondeamge fwrimud @an on t heaaodndemto aird avhemes s
topic:
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Every time | talked about the concept, [ put
words next to it. So, energy for every charge
in one ésecond

Figurkramd 2Fi gaisleow . 831 i de 23, raensdpe$loifldesmalch@r ' s A
Power Point preséhusatiranes how she atugnsnt hand
vol tage with their corresponding mathematical fo
mat hemati cal representation simply presents t h
therefore unifies the formula and definition.

Current (1) Potential difference (V)

Looks at the amount of charge passing a specific point in a circuit in a second The difference in the electrical potential energy per charge at two different points
in the circuit

l=Q/t V=W/Q

| = current (A)
V = potential difference (V)
Q = charge (Coulomb - C)
W = energy (J)
t = time (s)
Q = charge (C)

FigdRa&aSlide 23 of Teacht FigdeasSlide 40 of PewehmRoi Mt
presentation presentation

Teaces use of these formul ae, whil ehdmaowil regl gtehat
of |l earner understanding as a component of PCK.
|l earnender sgthandvoltage i s, awhielneeamgty icso nchedhiges pe
knowl wddyres tarne accur at e understanding of the diffe
a | ater stagephiysisclaénteajaerséey t hr oaveén stcthowdh
she gives the concetpiten omnd yt Sy asndehdrasdeamtpr esent
iitn such a way that it benefitaandtipe elpaarset $i'e mo V¥ ¢
l earning., Ahean PEKulh this component of Kknowl ed:¢
curriculum and how they are rela({®&dzi beeathadt he

Additionally, the two formul ae, including Ohm’
beginni rtg rafuidtchcauurtelnat Tedaicshterri MAult eeadss fE¢org -2 § .
This suggests that, in following a systematic

di scusses and explains the formulae and then app

throughout the worksheet.
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Important electricity formulae:

R=

R = resistance (Q) Q = charge (C) W = energy (J)
V = potential difference (V) t =time (s)
| = current strength (A)

~I<
W
~ |
<
I
SIS

FigdRaBegi nnt mg rocfuidto cruurieens made by Teache

I n the video she made for her |l earner s, Teacher

across the resistors in the very first circuit d
appears in the matchednataindalt heaou atsiesanr yfeer apead wlgey

emphsesiresi stors as mpiog dBdsihaclvasds i elemshot of t hi

diagram with the corresponding audi o:

—

10 Consige, %
f the fu!hm-mg WO circyi . A
Circuit 4 3 Cells of 1 Now, for Question 10. 2, i

potential dif feemreegrmgoe peirt
chargd i ke wedve been t al
(then analogy 2)

0
0.7 4
" which Gireust

FigdRdVideo extract Awhes et Teaekhplkanat

Learner Understanding of Science

I n the diagnostic test, when asked to explain ha
|l earners were able to relate this idea to energy
in a circuit, responding with:

Vol t ageanosuntthe fswemelrigeed earc hl edtecttoiimcad char ge
circuit.

Vol tage is the ddff femremgy pheat wenmaurngevo poi nt s.

However, there were also responses that reveal ec

understand how voltage and current are two separ

Vol tage is the difference in.electrical curre
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Vol t age is the comparison of the current be
di fference).

Vol tage is the amount of current/energy a com

Despite repeating and reiterating th'@§e)efainnditi0|

volt@age) (on a regular basis, the actual formul ae
due to it being beyond the scope of the curricul
to help the | earners remember the definition of
Resi stance, and atl cael Meag-eava®nt he only equation us

in this topic (although al spanndotevieang stahwiigssn f or
primarily wused nvditieen aap prluileed ctooulfd ndeachemeAi nat e
that this approach provides a sense of security
they may feel stuck. She el dbdr aytoeus caam 'tthifs nadp psrc

a rul e, t henV,yyBU. go over to

Fig4ylé aptures a parafi tel wihdkeaHmegmart A repeatedly
the equation to ¢rab)d wl ateenomdakir att etralt@ effasce @ams t ha

affect the tot al resi stance of the circuit.

Y

ato the magnitide of the
1 ":‘ laht buib (Ry)

-

v

FigdrBVideo extract TehotwengAwheesg e
4.2.5 Other Representations

The following representations that Teachee A us
categorised as seco,sdarcye rderye sweerrteatniootnsused as
ones previously discussed. r ®whialtdhieh bceornen eicst iloi nmibtee
the use of these represent atti lommosn cempd sl eardr ers swerdc
di agnostiEgmperstantitto acknowledge the variety of
empl oyed by Teacher A.
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Abr i

repr esentgaotnidouncst e d ,

ef

di

responses

Di

Teacherst Aeusde andar d

of

SCuUSSI

her

ng

SCuUsSSsi

(el ectrons)

Half-reaction

Li* + e
K"+ e
Cs" + e~
Ba® + 2e”
Sr** + 2e”
Ca®* + 2e”
Na* + e
Mg** + 2e”
AP + 3e”
Mn?" + 2e”
2H20 + 2e”
Zn®* + 2e”
Cr** + 3e-
Fe + 2e”
Ccd®* + 2e”
Co*" + 2e”
NiZ* + 2e~
sn?* + 2e”
Pb** + 2e~
Fe® + 3e”

on

on

t he

n

t he

di

agnost.

Re do x

React

ons

C

test

as

an
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t

t eachitnog iprtargoidduscgeee as an energy differet
have when they move from one pl ace
E°/volt
Li —3,05
K —2,03
Cs —-2,92
Ba —2,90
Sr —2,89
Ca —2.,87 . ~
Na —2.71 I told them itds themedox r
Mg —2,37 A
At —1,66
"~ ] ~1ee el ectrons are goimmgeto movV.
el To7e (metal) gives away electro!
Cr —0,74
Fe ~0,44 than the others. And | say
Cd —0,40
g To5e have that, it givés the ch
sSn -0,14
_E_:_ 2853 energy per charge.
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The inside of a dry cell

Two electrodes (cathode and anode) made from different materials

Electrolyte (solution / paste) that can conduct electricity because it contains

ions

As soon as you put the cell in the circuit the reaction take place
Charges move via external circuit

Chemical energy is converted to electrical energy (moving charges - so this

includes kinetic energy)
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de e ceéepe famntitative nature of |dDletpagde memts ¢
Basic Educatihos, md@dela)was solely wused to int
cept . Tchhea r pyeco pavted lcdghpk ed vol tage to the amount

ious points al,pngvedjboarhaye (pambh)le substanti

-

tanding than this exphBapatisomoofdiaectedexi

tic test t hat i ndi cht € sr aprceosnaretcati ioomn bean

T Q o

S
S

s
0
nses related to voltage. Based egrarhddiw gi nsi
e

> O S

-

rs struggl edvowittalget tehrooamgbept mefhbeuplead hi n
h the prevalence of responses indicating con?
tention that the early introduction, or indee

fusion or created misunderstanding.

s is another display o86i hdlee tieractdregtsdn PLKt h at
eive their electrical potenti ailnsinicber gcye Iflrso,m sti
i evetshe hapt i mal. sAlatrh o uwmwgh poadcaour ate, her PCK b
knowl edge of |l earner lwwkdhasnt ahdanger At h v a
wl edge of redaexX rad aommten dtnhgki fffaecrte nt chemical r
yamgunt s of enerbgeyc a tAdse sa exepsludnati on was used
rgy part of voltage, | befumnerstmnoneddaoags wmdiaat ¢ ot

h vtoht @ greeacdhearlil negroghiceegpdémo rceo mpl i.cat ed
ng Electric Circuit Kits and PhET Simul ation

i mportant part of developing a solid conceptu
ol ves engagi ngoni nacptf(iBvaiptiiceasl e Fbanhtdlsi 800 6pi c, t
olve using circuit boar ds ,armokigt spttdhiecsnwi r ast
ferent arrangements of series or spar alhleel
ni ficance of exposing | earnermpyetvobeab@d phactt
rners find tehefopverr&tiinaggnawi tshi dci.Mltius ti Molau dles
ding meters correctly, ,anodnwotknggcwmpbneonompo
faulty. As a result, this year, Teacher A op
same investigative pr ocddnoe epwhaysshitchael |ceiarrcnueirts
asve found that “if you want to do rules pro
faster and it wil”IThdo whaast ay oguuhi edecedt Teakcatcilvenrt dy
t up a whole exercise where they had to follo
n | ink it.Swiet diedacnhototphreorvii de evi dence of thi.
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Teacher A stildl provided one opportunity for her
practical task, her |l earners investsiugaht ecbgt he f &
type of mat er iaan ¢ h itcekmpecarba}t mamreé ct ed an ammet er |
obsehww the current changes in each case. The d
exhibited a more thorough understanding of the I
compared to their undeirp tbaentdwenegn ovfo Itthaeg & ed mad iroenssi
|t i s possible that this discrreelaatciyn gnaey fboer meet
relationship both t henhridithighdtilgphteshtde ptriacenead | g
approach.

Conclusion

Overall, Teacher A demonstrates a soundi kg otwHe dg
essenti al c olnecaerpatmesd sfuonrd elresrt andi ng the i nterconnec
grades. However, while her use odwoe@ipmng@seathni g
was an effective aid in getting |l earners to unde
parts of a circuit, there are some notable | i mi
was not explicit im iodermteirf yiepg etsteatlait miothnast iammd d
idea how this influenced the understanding of

understanding andCHl 8 ppergas e retdaetviad rod eeesn t .

4.3 Results of Teacher B

Teacher Description

Teacher Bsctieaclked @atal eparinveartse s chool in Collaroy,
Engli sh, she has six years of sekpBcCceéees®aecimalie
Grade a&rdhdé&hemi stry. I n this scho&lradkRiGpladec hool

10 are placeklkased bhecragerder and academic perfor
year. Teachel aBei gddtptBtee asnai t h mi dd|l e atboi Iliotw easc,a
al ong with .otThhea tcdpadscceaemfc wiltextwds t aughwedko t hi s
period towards t he Adndnh doefg bTEBw ama Wa ri enh f02WBt. c o me s t |

she neeaehi,gawsehe did not have a formal dklRewsloh pl

doi mach | ®&us dotmhge i nt er vi evd,hoswh eaHdieosticbrdi bleear ner s
responses to |l esson activities guide her teachin
she said she was able to instantly identify t
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connect ihoandso shtei Inmhade, which she then addressed a

i nstructi on:

Wel | in a way | ditdhé&e havVesaohegpsan pkaho t
going fda hi s ,gdesn wrhdamg i s my backup pl an. I ki
guide me as to what | needed to inform them i
what bridges in their knowledge they needed t
When prompted in the interview about how she wo

she considered both the behavVieauhefisdeashdemodoomma

to a particular teaching strategy:

Because | have the boysé cl ass, fhdlawe this a
knowing the kind of calibrelithatt e hegnatrruatnd
do things. Iltés possible that theyodébve done t|
wanted to do it in a different,lwagyyt Atnhde wi t h
slightest thing go wrong with them, because o

Shepted fteeraching strategy in which the tasks th
simple (making it easy to succeed by wunderstan
attainabl Byuawndde rfsu mpilrdcianmgaed show t Regchemar B, di spl a
the application of one of the sevenGAwetrmnalkeinan -
20)8 asawet he us@K.afPt hef Phi s kmncovslteodr essithnmguot vens
basedl ecanr’nepgrsi or knowl edge, wmeéebocpmeerpali ohsyelsndi

make it more accessi IPar&knd& dcOd.mpreaheRRdiO®I) e

SIMULATIONS TEACHING RESEARCH INITIATIVES |DONATE| Q (&

bl

===t

Circuit Construction Kit: DC
4 ] [ f]¥]

FiguR&8Front péaekeofric circuit simulation

The data sources for this analysis include the

Teacher B, the findings from the results of a d
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additional mat er i al sT hper oavdi dihetdi eobnjad Tea ¢ med uBe t he
online simulation t hat she | 8 adte PWhETn It netaecrha contgi
Simul ations: ACircuit CBhngHLBctainan t Kirteee VO r Rishe
worksheet (Annexure D) was obtained from a websi
(Twinkbdpdntde)ot her t whonneAxireewer € Hramwed from res
she had gathered thcav@emautpehsronta¢dyghiedgted to
this |l esson structure. This was the first time
entdcn @nce.Douarritetegr i n,t esrhvei event i onedt has&iphgyhsei dheell i e
circucoulkd tssrmate dtcbeaarpHiirveimaeaoBehwsed onal y
representation(a oanbi nat i on of |RMETNtard omompk sheets) apar
drawn on paperCTowhean btoaadhiarsg t he topiG@r aofe el ect
l earner s.

What f oatl lomwpeserits analysis of how each worksheet we
simulation as a representation that Teacher B us:s
three, pwhhavwe been presented wunder the two ¢co0mj
di scussed in the ciomclepdea akndwlaenkgve r &kf :

1 Conceptual Teaching Strategies
o0 What the representation is and how the te
1 Learner Understanding of science
o Learner knowledge about electric circuits
o0 Whether a connection exists between the C

the I earners understand the concepts of e
4.3.1 Worksheet 1 — Interpreting and Drawing Circuit Diagrams
Conceptual Teaching Strategies

Duritnhge i nterview, Teacher B described how she
mentioned how she wanted to keefhehetantwidtdlubeolt
a worksheet that enalkd etdhd msalneeas wiot hf aanirl d wirti
di agrBynsdoi,ngih#doroduced them to Whatndciurseuwi ttshirse
toget some ideas [and initiate] a ot of 1ike di

of ci"nrcui ts
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Teacher B mentioned a wshiempelaer nneartsc hhiandg taoc tmauvicthy t F
of an electric circuit withHoWwevVerrestrohweassmotndi ng
presehbed he resear cthied. plevecrilesaesRtevi detnftee f or
introductory pati tlbnEtdehreprr ett @ amghiamngd Dr awhiincge Ci r ¢ U
preseinhednneXbwer Rsheetrluedretder $§ a bvaalr i polust s of a
circuit di agcraend treenidr tchvem di agrams using scient.i
pictures of different component s. Teacher B fou

wor ksheet with success.

As part of t his introcdcduwditeorr yl eaacrtnievrist yac cTesasxs heh e
simul &tiigei2@( on their own ,ahdbgraoei ¢t heéewisoene t i |
make a few discoveries about how the simulation
exploration phase involved getting | earners to
circuit di agr ams t hat appedred ward stchuest sheedy r k shhee

observations:

Well, | got them to play with it. And | said a
construct those diagrams and what can you see
end of the | esson.

Teacher B has identified a suitabl e rShmase beretnat i
able to oudfli kg somecepts (identifying circuit

di agrams) and sequence her ideas to fit within
accessing |l earners’ prior knowl edgagea,nd duesntnigf vtihreg
to inform her future instruction, the part of h
under st astdiemg eofc an b e usad(dahRtoyais ehti gahl ., 2022)

Learner Understanding of Science

Teacher B found that the | earners already had a
di agram besides that of a resistor:

The majority of my class could do those reall\
with was probably the resistor.

Il n the interview, she mentioned that Grha®&e basic
Lear neerdeami | i ar with series and parall el circui
have involved resistors as opposed to |light bulb
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Since there is no opportunity for |l earners to d
teachers were given the freedom to tel]l the | ea
circuit di agrams given in the deéramgimdeettihddi sest ,
worksheet as a representatiearhaspandedetcd t Ime aic

the diagnostic test.
4.3.2 Worksheet 2 — Electrical Currents: Part 1
Conceptual Teaching Strategies

After covering the basic ideas of <circuit symbo
concept of current iai botiht ser &l ad uveraoianfgp rtmeaidsl Ethian
l earners wer e each gi ven their Blwnctecopgwpl ofCunr

(Annek)ame were instrpers@htectudemitchaievi ces to af
simul amikcoonmp | et e t he wor ksheet . Teacher B has
worksheet in a wahfeotuhatelyi ghlnicglptt s about curren

|l earnerwender st and. The structsesadk wof dshbeWwWowk blue e

mostly presented in the format of <circuit diagr a

Wor ks hy®atr tazddr essed the following concepts:

Concept 1: Current/ brightness when more | ight bu
Learners were instructed to: Use the simulati
a l i ght bul b, cel |, and ammet er, and anot h

observations on bulb brightness and current

t heiskkeas.

Concept 2: Current/ brightness in series vs paral
Learners received the following instructions
and parallel circuit with two |ight bul bs, E

compare brightness o fcloze pdsséage,s uarmth royo nopf | edtief faer

bet ween series and parall el circuit connecti c
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Concept 3: Compare current at different parts of

Learners received the following instructions
circuit with three I|ight bul bs, a cel |, and 1

record these readings on the worksheet

Concept 4: Compare current at different parts of
Learners received the following instructions:
circuit with two | ight bul bs, a cel |, and t hr
in each parallel branch) and record these cur

Write conclusions about current in both series

formul a.

At this point in the analysis, it is appropri at
worksheet. First, FigdeRe whezeapassagei (esd t o su
their findings of t he mai n di fference bet ween
(Con@2ept the use of the words “side by side” as a

may create a misinterpretation since this could

IN @ e circuit, the COMpPoNENts are .......ccoeeeeveveeecveens .... Side by side. Jhis

gives the current several different .....c.covcveecieeiverceieens for it to flow around. If one bulb blows,
the other Bulbs Will ue.eveevveevieeeeieiiierenanns lit as the circuit is still complete. In a series circuit, the
................................. are connectedendtoending ..........ccc.ceeeeeenn.nnoo.... If one bulb breaks, the

whole circuit Will 20 .occveevie e and none of the bulbs will light as the circuit is

out parallel remain loop not paths connected components

FiguraCloze pawosralgehaeame x()Ae E

A second error can.lbarseens ineedomhoetpd nviagr@itrotussmme t

of a par aldledleranimeuihtowt caurrent FsgidB®s iTmeapparcaln

of ammeiteerin the main branch instead of the firs
i s assumed that, unl ess Teacher B i nf orwoeud dt he |
not be able to fully understand how current spli
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&. Set up the circuit as shown below. Write down the values on the ammeter.

A &
X
X

FigdB&G Current in parallel connections from worksheet (Anne

Duritmg interview,ededablempl| @8madinegdbdiars\adpr oach by
using a comfmbimasi wor ksheet and the PhETgisviimud at i
themdifferent ways t o actual I'yanldoo&kx patessbngt rt
understanding blywhi guabi dawnvebgef(vations) and c

at the ammeter readings and constructing formul a

Duritrhgg intervi eawdt hehenamentpiuoamose of the workshe
descahere role in this strategy:
I't was all i nquiry based so | actually didnot
fiCan you actually fioAmudemputoltdet pathemnwas t |

ask me questions.

She el alborearne er stoafnldeianrgreentt r ed | esson:
I think everyone gets confused. I think Aingu
it is student focuyeud hava tway ahea et ¢ddaher, Kk
what s going on, to build it off their discus

it out of the students as wel |l

Duritnhge i nt erfviineam,| yohmoi hhatd her | earner s under
connecmucdired t er t hcainr bpeacrhaglelecilesmzk e cmote sense to
andhey ewesrieer to constructt hagmartdalel £IhEJdi sc¢cmut et i Ad
simul ation made iotbsetrivei dhtf ftehlewbgHt hessbwlfbd,he |
especially i rFigarBigees circuits (
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FiguBa&aDi fferkenicghimedbdsal 0 hkhisghROER s$inmul ati on

Duritrhge interview, T et ahcolr earungBe rrsetvaenad iendg aof sequen
i deasetionpitcle aocfleil egt ri c circuits. When discussing
emphsegdi how she purposely decided against teachir
consi deomioomgpli ¢Gr afoer She bel i eowesd trleasterivtedi § or se
More i mportanteldyhashbkbehi bbhrgbhts havgraepe@aroper
nature of electronshamds¢heolr pragned,f owhilkdér to

following the instruction on electric circuits.

| don hink they actually know wlhatl oaonk ealte ctthreo n
atom untilYetdbrachemgdbetyausé@ et abput to do it now

Her e, Tedemens tBrsaotlidndo wl edge of the concepts that
understanding of current electricity (sddiheiel ect
foundati onal i mportance in the curriculum. As a
it demonstrates her ability to sequence -key id
relatedness of con(cM@gzisbevidthial .t,he2Q23) c

Learner Understanding of Science

Eight | earner &ria@sclTieamarccherclBdss compl eted the dia
used to assess the impact of the representation
on | earndeerrsst anding of conwaepbvtsrcedebrdtanal gsedu
responses to specific items in the diagnostic te
Wor ksheet 2.
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Concept 1: Current/ brightness when Coorcee plti dht bu

Compare current at different parts of a series ¢

The results of Item 2 of the diagnostic test ref

the conditions that need to be met in order for

—

o determine what happens boneectrant nwhhewmriresse t loi

ut . Al | but one | earner i devausfied bdadause®neheoi

o O

reak in the circuit and/ or the circuit i's no |

n the cloze prlsshget of hathet ve | earhnhbgs| ttlmadEtonho c

covecedrteompti cAsddi ti onal |y, ctlhae i FdideTd isttifineun at fi @m | i |
t o s,hisnuemh cdosedimniceceivter y diuridititth et hweotr ktshheeye t s |
them to have a closed circuit with shining |ight

On the other hand, the diegar icbouspiomnre natfs coufr rae rste rti
i s not understood \teenh .3 Tohfi st hies FdrigadgeradDsetdiyicir it ee st (
of dihghetarners (38%) selected ,wheé hcomid gconanswet h
for this selection being partly accurate:

The electrons are already in the circuit but
circuit is completed they will start moving a
Question 3

In the circuit below, all the bulbs are identical. Compare the brightness of the light bulbs

the moment that the switch is closed.

P
\ 9 — A. P is the brightest and Q is the dimmest and P shines
before Q does.

B. P is the brightest and Q is the dimmest, and both light
bulbs light up at the same time.

C. P and Q have the same brightness and both light bulbs
light up at the same time.

——-

Q

FigdBa&ltem 3diocafg ntabsstti c

The r enfaiibm@anrgner s ( 6 %) @Gpstel loen® pAe Bgn where | ight bu
brighter than | ight bulb Q. Learners understand

to flow but do not regard this current fl ow as
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Additionally, some of the reasons that the | earn

t hat their understanding of the difference bet\

reasons included:
This is because the voltage is decreased aftei
di mmer and P wil/ turn on before Q does as th
The bulbs are in series. Therefor e, P wi l |l be
Whil e it i's not i ncorrect twi tachornrneerctt (tehse omoen c @
understand the concept of electrical power), doi

the worksheet that Teacher B provided contains e
it is uncertain whewehreer itnhveesset itgveot eed nkcye ptthse | ear r
or in two di.f fHowendte else spstoonvsi de i nsi ght into a p

confusi on.
Concept 4: Compare current at different parts of

|l it em 4 of the Higgfidsteiveht eshtglhdar ner s ( 88 %) co
identified that the current through two | ight bt
one | ight bulb shines brighter tihtaenmTthhies onmehaenrs ats

|l earners are perhaps treating current flow and b

Question 4
In the circuit below, all the light bulbs are identical. Which one of the following statements
is true? |
I
| A. The current in P is greater than the current in Q.
B. The current in P is greater than the current in R.
z Q C. The current in P is the same as the current in Q.
@—@— D. The current in P is the same as in Q and as in R.
R

FigudyBaltem 4 of the diagnostic test

Duritrhge interview, Teacher B connected the inabi
format to inadequate sci emnttihfaivee ribiatl é rya dy egkiclalns
when it’s writteandthlegt retbatfy shoultd be better
|l earners how to explain their ideas well in wri
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tempted to use the PhET simulation while compl et
in selecting thiet cwauledt ag@aisrwemo't all ow them t|

scientwhiichkhlily a skditd eémaosursdhge wi she

|t i s important t'so avwaree ntehtast a slteaamchhreof Bsci ent i f i
reflected her knowledge of | earner unHBEKPsottandi ng
et al .dgxda2idhee characteristics of sowsadc PrCKe @mtss t
and skills t hat |l earners find challenging, ass
suggestions for i mprovement /s MK tfltoegs et hri esa saocntsi, Vv

deemed sound.

4.3.3 Worksheet 2 — Electrical Currents: Part 2

Conceptual Teaching Strategies

The second part ofEIltehcet rwiocrakle c@Hwsrer gorott st edi a l di ff e

voltage in both series and parallel circuits. Te
way thatediiwphlnaghnt i deas about voltage in serie
i ntediddr | earners to understand. Thesesdt wactsare o
bel,bwt was mostly presented in the fB) mat of cir

Wor ks h®atr ta2dBilr dsbe foll owing concept s:

Concepdpol bage distribution across components conn

Learners were instructed to: Use the simul at.i
Il i ght bul b, cel |, ammet er, and voltmeters <co
Then, add a light bulb in serieshttobulhb.s Reé croc
the readings in both circuits and any observe
Concept ©6: Vol tage distribution across component
Learners were instructed to: Use the simul at
l ight bul bs, one cell, and an ammeter in the
each 1 ight bulb and the cell. Recordthdéde vol

wor ksheet .

Write conclusions about voltage in series and pa
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Learner Understanding of Sci

To determine how the worksheet

items in the diagnostic test

aboaeeompared and anal ysed

Concept 5: Voltage distribut

Sin

acrtr

e there were no items

> O O

connected in parallel coul

rep

-

Concept 6: Voltage distribut

The idea that the voltage across

vol tage across the battery

the diagnostic test, howeedymr otcleeiur athhlies sitast ruft ien
evident in Item 7 FafgdtBhde. di agnostic

supported

accordingly.

acr oss

S S components connected

esentation used (worksheet

acr oss

Question 7
Read the five statements below, describing current and voltage in the circuit.
| 12V
I
| I
p Q
R s

ii. The current between points P and Q and points R and 5 is the same.

iii. The voltage between points P and Q and points R and 5 is both 6 V.

iv. The voltage between points P and Q and points R and 5 is both 12 V.

v. The voltage between points P and Q is smaller than the voltage between points R and 5.

Which of the statement/s is/are correct?
A. Only ii and iii are correct.
. Only ii and iv are correct.

B
C. Onlyiand v are correct.
D

. Only i and iv are correct.

i. The current between points P and Q is greater than the current between points R and S.

FigudBd |l tem 7diofgntabsstti c

| earner

t o

component

agnosti
onl
anal pbeedveandt hee

Ssimul ation)

component

resi

under stood

(
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Whideveh ¢ihghetarners (88%) chose the correct opti

a |l ack of ability to reason scienheiff@a@adhiynagnwi f
voltwge concefdhedr responses wer e brief, wi t h

explanation altogether.

(i) is correct becauisw) tihee aersriesd¥anltcec d 18s d eists

Less resistanck¥al tmoge icurtrleentsame in parallel

1 and 4 were both right.

The same responses are seen kFingdB&M Ve odihgihte di ¢
l earners (63%) selected the correct option (Opti
a conceptual understanding:

Because itds in parallel

Removing resistor B woné6t affect the voltage

A and B are in parallel; thus vokeshagtorswdl bkt
not i mpact the potential difference.
Question 6

What will happen to the potential difference between points 1 and 2 if resistor B is

removed? |
L

A. Increase.

B. Decrease.

C. Remain the same.

FigdBB& | tem 6diofg ntabsstti c

Duritrhg interview, Teacher B revalaé¢ egdormodvi sthien ¢ pie
bet ween currentSheecd!| Veldt apat her | earners, and m
she taught the same topic to in the past, strug:
di ffer from each other. When prompted about how
to hemelrsa s hdd hcee S orlil mbevi ng moment in cl ass:
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[I'n] the next | esson, \iRiaghtl, &liigledawatslhetd alclt ual

Now tell me, what did you notice was the diff
vol tbtage t hey were | ike AThey were very differ:
t h&t because the current really is a measure
moving in time while the voltage is really hc

t hose electrong to start to move

Addi tional ey tsihme rwltearld she used an acting anal

pushi ngofedlfteacge :

Le® preté@rmdaycurcuit. And | said one person wa

was the voltage in the battery. So, they actu

|l i ke doing it, kind of |l i ke a domino effect.
It is important to note that describing the rocC
fundamentally incorrect and fosters immediate n

represents voltage as a force exerted hleyn tthancdle
the force to the next elscatboemph segaekoewl ddg

mi sconceptions through the use of this represent

a representation to creatt,e tahimd srcofnlceptts o .| iAmi fa
PCK Mazibe et al., 2023)
I nterestingly, the effect of the usse eosfpotnhsiess rteop

ltem 9 of theFidjgaBHpostic test (

Question 9

Consider the circuit below, with Two bulbs A and B with resistances as indicated in the
diagram. Select the statement below that is true.

A. When the switch is closed, light bulb A will not shine.
A B If light bulb B were replaced with a copper wire and the

® switch was closed, light bulb A would no longer shine.
— C. If light bulb B were replaced with a copper wire and the

=

60 24 switch was closed, light bulb A would still shine but
{ slightly dimmer.
L. If light bulb B were replaced with a copper wire and the
switch was closed, light bulb A would still shine with the
same brightness.

FiguB&@ltem 9 of the diagnostic test
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Fi wd ¢ihghetarners (63%) selected the incorrect Og
made by |l ight bulb B would not affect the rest

related to the short circuit preconcepteidonbyand
Sencar and Erwhémavi ¢®68049hrough the | ens of the

behind theelhsannegs becomes apparent. |t i s poss
that the dominoes moving towalrld, liirgrhets pbeud tbi VAe wmfu |
made t o | iFghgtd-Bbgu.l b B (

FigdB&@Domino effect with a

|l expl anations provided for a var idetiyn otfhe pdiiagnoa
teswthicdquires knowledge of current and voltage

distinction between these two ideas:
I n a series circuit, voltage is constant and
éin series, each component receives the same
This is because the voltage is decreased aftei
di mmer and P will turn on before Q as they ar
Again, while the confusion between {EBegel hawodtoé&

Bei chnerand20iTkda) hebbs 8ritdad oughout her teaching cal
that her teachibregf fSendglait e gyndenusdandi ng as wel |l
wor ksheet, if both concepts are introduced toget

that each concept is wel!/l understood individual!l
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4.3.4 Worksheet 3 — Resistance
Conceptual Teaching Strategies

The third worksheet t hat TeacherReB iist Winielde t ot h €

focused primarily on the relationship between re
cirgcidiltso included two seettiooms imhlgernt d es h @ eatst erhp «
and resistance together. The sgerduaonti urhe wofr dish e ewc
was mostly presented in the format of circuit di

Wor ksheet 8t hedffelslsewi ng concept s:

Concept 7: Rel ationship between current and resi
Learners were instructed to: Construct a seri
a cell, and an ammeter, then record battery

reading on the worksheet. Add a setclhheadsamght

circuit and record the same measurements on t

Her e, the | earners should notice that the more r
tot al current in the circuit, while the voltage
the | i,ght hbwilglh not required to FiegdB&E&.orded on tt

1. Satupthe circuit as shown below. Record the following.

deta,

[T, -1 J—

Voltage of Battery:
@ Voltaga of Battary
( E i J [ : ) Voltage of bulb....... “ @ Vollage efbulb. ..

Fi guB8i Questli athdin Word&kfshEBedcltBer B

Concept 8: Rel ationship between current and resi

Learners receiveaedst hectfioolnsoowi Ggnstruct a p e

simulation with two |light bulbs in parallel,
with an ammeter in the main branch. Record
voltage across eaceh wourlkbs haenedt .t he cel | th
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FigdyBe& ompares the instruction given in the worKk:s

the simulation.

=N -~
St IR e
< 2 R
| — =
Current (A7) coveevvninensennnne g
o
C t (A1) =
urren
1, Qﬁ, =
Current (Ag): .ouveverierencuenens a’ 5. Cument /)
, r . [0.90 AJFA S
Voltage of Battery: ..........c.c.... o) r
“ Q Voltage of Bulb 1: E
Voltage of Bulb 1: £ r
P r
..................... 9 Y N o
o4 Sommrmre A S
—_ @ :

CIRCUIT DIAGRAM SIMULATION

FigudB&a&Circuit diagr aWorn lns RQaedsotndpgeor €¢d rcuit built in PhET sin

A further instruction was to add one resistor i
branches and record new readfFingerddcm mpheed ht de

instruction given in worksheet with the resultan

4, Addin 2 resistors and record the data from the circuit below.

Current (As): .ooocciiiininniiiiadd

* — Q [olT111-T 7. V) F— :

Current (Az): .oocnecniiceninnend ‘5

CIRCUIT DIAGRAM SIMULATION

FigddaacCircuit diagr aWor lns RQaedontndgaor eéd rcuit built in

This is where the representation coh&ddeolsdve tlsee
direcWhiiCrenceptas®k 1 in Worksheikhv &8s {(tiAgem teiexraupraec t F )o -
addi ng mor e resomttomes t ot aslerdc ersr ent , Dds kt hz icn r

Wor ksheet 3 ,(sAmmuddurse gqhi)entt laeflfyemidrdv enggt impatee r esi
in paomltlhed t ot al current of thecacbretween thet etw
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circuansihnscsreheseréasi stance bofaneBMih | pantalilselst i | |

decrease in the total current of the circuit, it
happens to total current when more resistors are
As a resul t, it can be PEE@GToSAhHatr ephesdretaathieans
devel opment . The c ursr elnatcl kei apgr @ s epeutrapt cdosoene agandd r
refinement hmai liaded yand i ntended .unfdhesss pwioldti n g
conceptual development as intended (Mazibe et al
Concept 9: Current and voltage of resistors in s
paral l el

The teacher instructed the | earner as foll ows

series circuit. Then, on your worksheet, wri:t

ammeters and voltmeters.

Unl ess Tdadhbhedrd Ber | earners to add a voltmeter
ability of resistors in series to act as voltage
construction since there is no voltoaoRieddconnect
5. Set up the series circuit below and record the voltage and current.
Current (A1) e
Current (Az)! e
Voltage (Vi)i wnninanmnn,
Voltage (Vz)! e cvneeesannns
Figdda& Question 5 from Worksheet 3
Then, in the simulati on, construct the foll ow

down the readings on the corresponding ammet e
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Question 6 in REihguda@woaksbeptrefdents a simhear [

voltmeters are positioned across the baitltlerrnyotanc

emerge unless an additional voltmeter is added
bul b. This omission ssnglermi nes Ohmee qumersd ,i olnear ne.l
how current divides in a series circuit.
6. Set up the parallel circuit below and record the voltage and current.
|| ®
(T2 =0 7 E—
current (Ag): e eeereneeeeee
1 '@' CUrrent [Ag): v
Voltage (v7): ..
'®' VOItaEE (Va): womervenrereeessens
Voltage (Va): meeesnns

Figd4dad@ Question 6 from Worksheet 3

't is important to acknowledge that while Teache
struggled with di stinguishing bet ween voltage

opportunity to address these concepta bogaddarr.
perspective reveals a systemati c aadpdprreovasclht:@ o e ,r st
and finally demonstrating how these ideas inter
Teachsr h-Bghl ity PCK in ilfiusesnraficgnthpt $napdr s
wor king thrwhiigdhh tdhreen some i mportant characteri s
descri bedi bg et. al. (2023)

Concept 10: UsY ng@f@hoe cfadrcnuulaat e current, resi st a

Learners received the following instructions:

on your worksheet to calculate resistance, cl

This is another attempt at giving |l earners an o
voltage, and resistance together, onl vy Ftihgiussr et i me
4-4 3 .
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TASK 3: CALCULATING RESISTANCE

Ohm’s LaW V= v = | . R (volts = amps timas ohms)

V = Volts IR
1= Current (in Amps) V
R =Reslstance (in Ohms) \I’_ I = = {amps = volls divided by ohms)
I= R R
_U R = ! {ohms = volts divided by amps)
I =R |

1. What is the voltage if a resistance of 25 0 produces a current of 250 amperes?

Figddadal mage 3 from Worksheet 3

Duritnhge i ntervi edw,d Treatc h enpeendBiifoncathdw or when she
wor ksheet . However, when asked to confirm whet
resistance as concepts in both series afndurpar al
50mi nute | essons in total, i ncdiuglhtn,g mew, tlakti'ng

through them beforecel pgriovhel eymosu s ome pract.i

Additionally, since Worksheet 3 mostly covers th
it is important to highlight how she also used a

this relationship:

Wh at | do with circuits is | do a | ot of anal
things |like traffic when | ex®laaypy thkeerwei s
t hrleeenes and al | of a sudden two o8 & hose | a

roadbl ock there. How doasd tthtaey Grfd elcit ka h@Ols,p e
sl ower 0

I n this analogy, Teacher B explains that a highe
current (cars moving slower). This analogy has

current (coul ombs pemetsrpaess n dc)e cwintdh) samaed akes a
essential idea that <current i s the AMOUNT of <ch
anal ogy might help illustrate the difference in
it | oses ewhfeenc ptulwepns s s ot . c lUasManzgii beed, Gaigher, et

as a guide to evaluat€TBertPCK €wvirdeht stbhpechefic
l i mitation arises because the concepts are expl

not fully clarified.
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Learner Understanding of Science

To deter mi ne how the wor ksheet supported t he
under standing, items in the diagnostic test tha

concepts oublteeommparaddvaend anal ysed accordingly.
Concept 7: Rel ationship between current and resi

The relationship betweemenwenwaalhlty wamde rrsetsa osdt amy e
When presented with items in the diagnostic te:

relationship between rlesims4ltaema? @awdr € srpevvesatise(d i k

an accurate understanding of this idea:
The greater the resistance, the | esser the ¢
resistance is blocking electron fl ow, and t hu

decreased.

Resistance restricts the electrons passing th
current.

The current woul d not be the same on both bra

in the branch with P and Q.

I nterestingly, r ebslpoocnksiensg , meonptpicosniitheggm k e ot he as ame

i mage as TBeatcrhaefrf i B anal ogy for resistance and

| earners applied her classroom teaching in their
I'n I tem 7 of the diagnostic test, | earners were
di fferent parts BfgdBé. pavhal keelhoti m¢bi of ( the re.
correct selection of the voltage distribution, é

correct relationship between current and resista
correctti 9@l ef ai l ed to include the vel scaugea enel at

relationship was present:

()i s correct becaus(ed)lismegsiostramdte bvex aluses it is 1

Less resistanceVombagecusr émte same in paralle
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Concept 8: Rel ationship between current and resi

ltem 5 of theFdgagdosteivee atl edt s(ome i nt etrlerseéé ng f
l earnerwhg¢8Beétted the corr éewnf otpthrearas pOQBteiso h aAl) ,c
incorrect or incomplete reasoning for their sel

under st ood:

[ X is di mmest] because it has |l ess resistors.
X will shine the di mmest as it has the | owest
Twof dihghtarners (25%) mentioned that the | ight b

the total resistance is the greawlkieteshle cpart alelyel
circuit mi(seomcceerpt& obir.yi Fimmaal, | y2,0 0thyeeeca e mai 8i 0§ 8 %
selected Option D with the following explanation

€ the current ©Cbotksaveiktl imgveasnttibubbghi tée 1ng
all circuits.

€éthis is because the rbeuwlibsst oy talreey adrteeraltlh es
the same place with regards to the power sour

These | ast two responses reveal t he |1 ocal and ¢
| earnersk that changes in circuits have | ocal ef
(Cohen et. aThisl1lO88ylt is similar to how some of
this item in the diagnostic test.

Question S

In which circuit would the light bulb shine the dimmest?

5 i %H;_ ﬂ%

X Y
Z
A.  Circuit X.
B. CircuitV.
C.  Circuit Z.
D.  The light bulb will shine with the same brightness in all three circuits.

Figddadltem 5 of the diagnostic test
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Duritrhee i nterview, wh e ns lpa ddrpd sede da btohuda ihdeva of t
adding more resistors in parallel has on the to
TeachdresBdhbobw she used the analogy mentioned e:
movement acsft ltearmore resistance you have the mor e
t he cuThien,t "however, is |limited to resistors in
A concsepht aat seen in Item 5 was not explicitly
according to the wobDksheiegt § nd teeg vptreemdthiad drdt.had midte a
resi stance decreasing the more resistors are add
l earners to uuwmmdlemaswiamgé ga,n driesvceoanlcept i on t hat s he
regarding resistance of resistors in parallel
So, if we | ooked [at] it in parallel and they
that was a parall el circuit with little resis
seen ith wwavaenhad any eff &d@cect add iotnh Hkeéaeaews eitfl
circuits.
I f s omeit hmivlagr di scussed ¢xisn@e Ityhiisn dcdd@assnot appe
the worksheet that she issued to herfdrearmers, |
selien®pti on D.
Concept 10: UsY ngf@hoe cfadrcnuulaat e current, resi st al
When asked in the diagnostic test to describe re
|l earners used the equation to do this, showing t
the use of this representation in class:
Resistance is an opposition force to the curr
can be rearranged to R=V/I
Resistance is equal to the voltage [potenti al
matter of how 6easyd it is for the current to
the current if voltage remains constant.
Conclusion
I n Il ooking at the overall structure that Teacher
the wor ksheet & otgleavth eshh @ hies essd mul ati on foll owed a
out biediogw-4 B
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= =

nBasic Circuit nCurrent nVoltage nResistance
Components nSeries nSeries nSeries
nParallel nParallel nParallel

nCombination
nResistance and

Current
nCurrent and Voltage
— — —— \ Y
FigdAaB Fl ow diagram showing the outl i ne &o fwocroknscheepettss cover ed
Teacher PBK i s stsreovnegr aalc rcoosnsponent s, though there

further devel opment and redndvemksheetHer wirtelpr 8 5 &
created opportunities to address misconceptions
based, -demtrmed environment . She was able to ide
|l ogically sequenced and interrelated, and was ab
in these worksheets.

Regarding teacher knowl edge of | earner under st a
chall enging concepts and underrstl ehdmneettse@ bmeon ¢
results show a good general understantdongonvVeyhe
despsiagmnee details that st iTlhle nfereede dtoon bfeo r g reaascphe do f
relationahiraweédeiwdltoncl usi ons had an overall posi
understand the concepts being taught.

4.4 Results of Teacher C
Teacher Description

Teacher Csci eaclkes atl paivat® school He ICofjareryt
i n Engrnda3hlyears of experiencecieawetjhn g tsipehcisadha
i meol pagsy weE&r tatsenayn d on steinegnitles pehby eatrsachinnd he

Uni ted Kamdyaionhehnde r emai nder of his expecaéenoeae i
system. In this schoolGr aldieto asid®h @a le ulpedron €l @ sfsres

based heenr gender and academi c perlfnorandadni diet ofnr otno |

cl asses, Teacher Cl4mal@ha dPdechexzd messdh ot rong acad
capabilities. The topic of electric circuits was
the end of Term 2 in 2023. The data sources for

from the intervi ewvandd ftrhoem ftihned idnggsgndoest i ¢ t est t
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Additionally, Teacher C provwhiedhome Poeedr £Ditnlte

tdi s | pasnsdo nas s et of worksheets dbhritnthiembatsued to

Théoll owit hgpeaert analysis for each significant re
whetheaching el ectric cir gvbhiacvbe. bTeheens ep rtehsreenet epda rut ns
mai n component s of teacher PCK as di snabkedd i

knowl edge of :

1 Conceptual Teaching Strategies
o What the representation is and how the te;
il Learner Understanding of science
oLearner knowledge about electric circuits,
o Whether a connection exists between the CT
l earners understand the concepts of elect

4.4.1 Representation 1: Building Circuit Boards
Conceptual Teaching Strategies

Teacher C used his PdwersRaiurctt up reehsaeandttastaigchne nge o f
var icoounsc elpursitrhge i ntervi ew, he mentioned that his
circuit symbols use.d T i bteheea sdkiea g ndoesnttiicf ytiensgt and

symbol amweaéhe first activities that he did with I

€ we had gone through the symbols that were u:
kids had actually copied it down and they wer
symbols other than those; so voltmeters, moto

Figddeai splaysftdmashedeC’s presentation that hi

Circuit Symbols

Ammeter

Battery
Motor ) ‘I I—I I_
S

G Buzzer

oXeXe

Voltmeter

H ——o— Switch closed
o @ Bulb

-o\)— Switch open

Cell

m

ThereaTdaaeahernsCruct ed tr

|l earners to draw basic ¢
Fiodgda&8S|ide 6 oft Deaech
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using these O0iyr adhteamnwy giboorbrsal rul es or cbnmenti ol
For examplidg interview, ThheheronQ@edesoni mdd put't
sour ce o'nThihse apopplsi s dtdiwoynd-4 &

Exercise 7: Draw a Circuit Diagram Exercise 8: Draw a Circuit Diagram
for the Apparatus Below for the Apparatus Below

(Q
re
N

P\ H

FigddadsSlide 11 and 18 fProovmrTPedacnhterpr@s

Duritimmg i nfTeavhewplCained thatorlktienggeeheners, groups
time buil duisnignlygyisi cailt £i rcuit .Whears prmo mphteehde | aabsosu:

structihesecofilcedesosi bedehbwdbeRower Point present a

his | earnersgat hcoiomscguhi tt hceonnecti ons that they nee
kits:
What we did was | actually have a slide set t
and it goes through al/|l of that. So, we actua
circuits and then we | ook at inserting the ar
theysmea what they measure and things |ike th

Figddae& hows the four different circuit fowmestiga

presentaatdihan guided his |l earners through pract
response to questions about the reliability of 1
“not working” is part of |l earning:

The® eno point in going: AThi sTr &ai mutblbe skhildd 6m

say 0iOK, this is not working. Véh afti artehdrm.e p
Let check them.one at a timeo

Teacher C added that anot her common mi stthaakte whi
| earnecerrectly connect the voltmetehi sanldeammer s

back to their dieteuvwmiyeti agirmamsonmecti on i s incor
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And then when you go andWvehackualtlyyoaoat fime a&ri

wired in parallel an@d tjhuestv dlitknedst egro, ibna aske rnioe, s
and | ook at the diagrams that we started with
and try and actually coach them to actually i

I't is important t o cogasiifedami he piparioSsdcinermati nogan b |
drawing, and understanding giondbstmagditabl amsoomahg
connection between theory (on paper) a(nRerprriacetti c
al ., .20h6» connection is a valuable skildl that T
moments of frustration adc egliugbarrinci ntgo ogpPegsunand e
enacted PCK of teachephy sfiMas,iab es pectca & la rca @dlba@a &k e n
exemplary displ &fT StoHfatPCKf feexctavel yobyemgageagilnegar
di scussion, mskiagd qureseti @di ng ekpbahatGiomsn tthhh at
Teacher C employs all these met hodssednashio$ &acuygi
qguality.
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Slides used for brightness of light bulbs

connected in series

Slides used for current flow in both series

Slides used for ammeter readings in series

Investigating Circuits 1

Set up the three circuits below. What do you observe?

MRS

In which circuit were the
|_| bulbs the brightest?

In which circuit were the
bulbs the dimmest?

What can you conclude?

and parallel circuits

Investigating Circuits 2

Set up the two circuits below. What do you observe?

]

b

In which circuit were the bulbs the brightest?

In which circuit were the bulbs the dimmest?

Unscrew one of the bulbs in circuit A. What happens? Why?

Unscrew one of the bulbs in circuit B. What happens? Why?

then parallel

Investigating Circuits 3

Set up the three circuits below. Record the ammeter reading for
each circuit when the switch is closed. What do you observe?

AR

Reading = 2.4A Reading = 2.4A
|—| AMMETERS are always
connected in SERIES. The units

of current is the AMP or
AMPERE (A). For a SERIES
CIRCUIT, the CURRENT is the
SAME EVERYWHERE in the

Reading = 2.4A il
circuit.

Results 1

Brightest Dimmer

H

The MORE BULBS you
have in the circuit, the
DIMMER the bulbs are.

Dimmest

Results 2

[

Dimmer

When you unscrew one bulb,
the other bulb goes out. This is
because there is no complete
path around the circuit. This is
called a SERIES CIRCUIT.

How are the lights in your house

connected? In series or parallel?

o

Brighter

When you unscrew one bulb,

the other bulb stays lit. This
is because there is still a
complete path around the
circuit. This is called a
PARALLEL CIRCUIT.

Investigating Circuits 4

S A e

@ shown and record
69 EE) the ammeter
readings for each

circuit. What do you
Reading = 2.2

conclude?

Reading =

Ig
__I_

I 5\ | I 6\ For a PARALLEL
circuit, the current
N flowing IN and OUT
e o < of the cell or battery
EQUALS the SUM of
N N the CURRENT IN
N oal), THE BRANCHES.
Reading = 1.1A Reading = 1.1A

FigunAa&asSlides

i nd Tpaebent Ecioostused

Ttorcuits
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- O oS 9 O

o 9 S 9

arner Understanding of Science

i ncleleearners had no opportunity to drawtbercuit

achers were all oweditviemegapthaiinteéme istymbolshall
et heacher C’'s teaching apwhcboavhehrt eidrc uti he sfyimbot s |
agrdimsect | y i rhfilsud rneceershpedrmsivbidt ¢imshe di agnostic t

urteen | earneGsa®aea Stéanker cCass completed the
ta used to assess the impact of this represent
derstanding of concepts in electric circuits w
specific items in the diagnostic test that a
nvestigat iFi g 4@i8r cluti tiss" iimportant to note that
ught exclusively Duriougmhéd wiceuw,t Tohecaacrhdesr. C  me
alogies to help |l earners grasp sechatlkdy praeas
sks. Thus, a combicmatciuon dfoamanadsti vities and
the Heapoersess. The specific anal ogies are dis

vestigatindg2e@idr c Liitghrt bul bs shine with the sar

nnecstsedaeeé have the same current running throu

Il tem 3 of the HiigddnBo,s oL&f tledstl garners (93%) sele
option (Option C).

Question 3
In the circuit below, all the bulbs are identical. Compare the brightness of the light bulbs

the moment that the switch is closed.

P
4®_| — A. P is the brightest and Q is the dimmest and P shines

—— -

before Q does.

B. Pis the brightest and Q is the dimmest, and both light
bulbs light up at the same time.

C. P and Q have the same brightness and both light bulbs
light up at the same time.

Q

Figdaaltem 3 of the diagnostic test
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” -

Théeoll owisponses correctly mention “brightness e
which may be r eliamheidc it ol rdaedoenredostdi sciatmymemn ter r eadi ng
durthegir practical task.

Becauseuthent is the same
The same amount of electricity willhenter eac
same br i gbhuttnensost, a bright as just one bul b.

I't dioematter where they arethe $admecamcunt , of t
brightness

The resultsl eadnermns ehahata gawd rwemderfdtoavndinn@a fe
It is worth mentioning that Teacher C approache
strategies. Thdisnigrrcaliudebd a(rld)s to practically de
flow through ammeterussiinmg ser iansal ogy to compar e
Christmas | i ght;san(ddi(s3c)u sisnecdo rlpaotreart)it rego rrkeslheeteegeds ¢ w
which | earners shouldseeopomrseveThils tednpmcaining wtr
Teac@Ges PCK with that ohehiugedaraptdgr g siepcese
explain i mpof(tMarati beoretcept s, 2023)

Only one | earner selected amhemn8oprreveabphgon
mi sconceprtamdley weakening current( Sminc@aoncé& pEriyinl 1

200:4)

The electricity flows from the big end of the
and Q wil|l be |l eft with | ess electricity so i

(Other explanations provided by the | earners to

l nvestigad, nlgte&€mhmfcane ofseheebhlgbbws uomt t heone of

wi | | wor k

The results oflttelme 2r @S p @ mheeliigadgbnda p tp ieqaurittees ts i(mi | a
to hosfk em 3whwiacsh di seas.lOedarf t he l1dahbeoaorkndrmMms8 t est
(93%¢l ected the,whodmleypy et beseilemaerhedi ncorrect optic
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Qluestion 2

Light bulb ¥ blows out. What will happen to the ether light bulbs in the circuit?

A.  Light bulb X and Z will continue to shine.
B.  Only light bulb X will shine.
€. None of the light bulbs will shine.

Fi

Ou
fl
p h
cCo
t h

Du
of

w o

So
t h
be

guyb&ltem 2 of the diagnostic test

ttbEk3¥explanations to the correct responses, ni |
ow due to a break, hole or incomplete circuit.
rases | ike “serieWhicliectuhese nmaryp | rpoata tail & ved & | s
nceptual, rtehaesyo rhieng el dte@ad oeoasbowed these same

eir practical activities.

ritmg interview, Teacher C mentioned how he dir-r
current no | onger flowing through components

rking and connects this withftbptieasonnfoheth

We actually addressed that part i& uplraorb achilryc ui t
why the results are so good on that.

nal |y, the explanation provided for the incor
teresting result:

Because the Iight bulb still completes the ci
, thidokesanaerundenstandohhbet ween a bl own | ig
e circuthe | sstessadt,he | i ght bul b simpsygi ldlake
cause the |light is stildl connected to other <co
nly) Il earner that seltemtd&dotf he hiendormrmgeaotstopgt it @
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I nvestigatingre@Sucuens ipsardailvliiedledciirnc ua t

Il tem 7 of the Hiigadgbngdo,s teiecl gghe stthe( 14 | earners (50%

correct option (Option D). Despite this, none o

entirely complete or correct. We turn our attent

the | emahreneelresct ed t he corr eshtotdptviodn atgleatanmde rctuir o re
The current i s aff etche dv dblyt.a chee irse snott or but

Al t hough wWhrelotl eeax mleai n wkynatimesf et adeby the resi
i's not entir edydarcrcauatdlithye)arpylifgecyuo t. Thih sl pydisd ent

the volmajlme same across each branch.

Ot her explanations prbocmedentarr emt samdiestebdBt 3

ment vohtlaggdes equenlthlryee | earners did not provide
|l earner explicitly stating:
I donét really know. |l 6m guessing. |l dondét ex

Question 7
Read the five statements below, describing current and veltage in the circuit.

|12V

L

|l

P Q

i. The current between points P and Q is greater than the current between points R and 5.
ii. The current between points P and Q and points R and S is the same.
iii. The voltage between points P and Q and points R and S is both 6 V.
iv. The voltage between points P and Q and points R and 5 is both 12 V.
v. The voltage between points P and Q is smaller than the voltage between points R and S.

Which of the statement/s is/are correct?
A. Only ii and iii are correct.
B. Only ii and iv are correct.
C. Onlyiand v are correct.
D

. Only i and iv are correct.

Figdbd&altem 7 of the diagnostic test
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During the interview, Teacher d ereernateidosnresdt aunsdi ntgh
role that voltaggevhdlcadissidluls sbeecddidrplduabimnat , using ci
boards, theywsleacdakedy athe* ammeters and the voltmet
they measure antiThéiogbyl ekéedemae t hat |l earners
voltage distribution throuphedeihf edlearti mt &€ cwii & w

Teacher G dnew hleeoanr neestednmol t meters and took me

t he worpkrschweiedgleedac her C. The same cannot be said
since there i si retvardwinevw timatt htehi s was thoroughl
boards, di scussed with the <cl ass, alnads epneprh atsh es e B

through the worksheet that Teabéeaudfle | abrceplrou
current was given more teachundet smavmtybemirentelr &t
|l ack a thorough understanding of voltage distri
compl avel g expl aiicheagyg. rel at ed

4.4.2 Representation 2: The Water Pump Analogy
Conceptual Teaching Strategies

Duritihhge interview,edamadhnher t@arcdifilngc tetdr labh & glyad nd |
hilsearners physically construct di f fer eAftt eai rtchuii

actjvheyddestchea beoocepeéest ofvoltage and resistance

[ actually wuse the water pump anal ogy where v
the water through. A resistance is where you
thinner hose and that sort of thing, and the

Teacher E€Edehxet eanndal ogyedhoav ¢ hplsaiamal ogy rel ates &
toget her :

[ use the idea of stiffening your @&lkumb over
constricting it to actwually maintain the same
becaus@®eygat a constré&ctgot aoem MmMoeeerddstler t hi
constriction point, and that pushes the wat e

velocity.

Before the use of this representation is invest:i
t hree | iohihtea taindollsd ;ayg.e i s a&wanpeamr egpumm pushing wat
the circuittghatswisitamcaeffects water flow (like t
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stiffening of your thu,amdowetnbriedndr setned atf whhiec th ows
through the pipe.

Firgtiinantahl ogy, it i sast heeb&veat etcleapundpet er mi nes t h
watfelrow tthhhenselpi pwat Ef pbmp i s made analogous to
breaks. dbwneoshbel i eve t hat the same flow rate w
number of batteries (since they all still functi

in the circuit.

Secondl vy, the number of restrictions in the hos
through t he &hévisepipedetermined by the water pun
analogous to resistors in an electric circuit, 1
woul dhaawdae any tedHd ecwArlrbehmti.ghi s true t hat partial/l
hose opemdmgi ntheas@eed of tihnee boluftiepeu ta nwautnetr of  we
fl owiempt mase s ame. sWhitlesrsetmdirbtsiirnecloyf oectr esi st ors in
circtuhddirg f(t speed of el ectromghthiyod quigdtal eeynitsitadlrlsy
causenfusl ear hehfsutimrkeer e, VvieWeamrmer 3s t he speec
fl owihnrgoailgdhsepi paddiomgn resi st or two ual ds eirh teese acsier

overallcontreamghtapp ehetnot al resi Bhainnreaas esderi es ci |

Finally, this resistance concept would not apply
Teacher C's analogy may serve as a valuable rep
over all role that resi stance, cicrucuietnt ¢ caanude icvoonl ot nas
should be taken to ensure that | earners under st

affects anot hew ad iidoifursa weintt lsyo n me d thieo n

This reveals that Teacher C may have a | imited
representation on | earner understanding. Il nstead
circuits, the representation clTawlsct bpat & mteiqaulelnyt |
bee highlighted (PAY i gar iedusalaut h2ar2sl ; Moodl ey &

201.9)

Teacher C's main reason for“jusstngsda htilsatpatrhe clué a
S movi nQurtitmhge u g Nt ¢ d & k ecor w | ceutk gt € d

anal glyulkieass e chi ®sn e x p, e rhiee Mmaitsh laféoarnnde r s t hdpastiaonwl! ar

i de a of what

analwaglyl . Addi iitentalkdetgd, morey riedeas i n electricity
as possible.

938



Agai n, while there is value in usingiaealtdgises i
el ectri,moceraacéessi ble and easier to understand,
to further confusion if the | imitations are not

that Teacher C was not able to edphtéetgobdei ht exn

The worksheet that Teacdheorw G epormopmmrdeudn hdtiyd tnoo twr i
t heir own version of the definition of current,

opportunities for | earner s t ocurrentaesbisistanaet fort he r e
exampFlieg4b@s hows question fromhatheér evds&kd helee r el a-

b et weuwranta n resistance:

Q3 A dimmer switch controls the brightness of a light: turn it Ingide a dimmer switch
clockwise to increase the brightness, or anti-clockwise to
decrease it. It works by using a variable resistor to
control the current in the bulb.

— It is illustrated in the diagram opposite.

a) Draw the path followed by the current if the lights are
dim; medium brightness; and bright.

Below are three readings of current and resistance Passage of Electric Curren
taken from the switch at different settings.

b) Complete the table using the same descriptions for brightness used in part a).

©) What happens to the size of the current Brightness of Lights Current(A) | Resistance(S2)
when the resistance is increased?

1.0 6.0
d) What happens to the size of the current 20 3.0
when the resistance is decreased? s 20

Figd4bad Questionledcfthrewowwr Késsheet

Figdb&dhows a flow chartephasensofusedsegpesncaddr e
whititeaching. There is a possibility of an inte

explained in these concepts.
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more light total total current in

bulbs resistance of light bulbs

. . . the circuit - .
connected in the circuit shine dimmer

N . decreases
series increases

FigdbaF|l cawart showing the |l ogical sequence of thi

The Powem®lb@astonnecti on between the number of |
and the brightnegef coFi gdide® | | Otha ibrutl drsmddahbath con
aids in explaining WHY the InioghtdibwlcWliylsdaididlree d i
teacher may have explained t he relationship Ve
intermedi ate ideas from the Power Point presentat
thé ear'ncearnscept ual undedérnsctoa mpdirhaggsien 8y mal | yet S
connecalioamigt he mai n lceoanrcmezptes h|l e t o b ethtee rr eeaxspolna inng

behiwhd things happen.

Mazi bal .et(d2e0s2c3r)i be characteristics of basic PCK

full expl @wmlaysi dendcherrBaéed uBEK t h)jii 3 & otnisvaidtdye e d
Il i mjitfedhe is wunable to select and cohmecbnlby g
evidenced opportunity that the | earners have bee

in the cloze passage that comes f rFoing db6hge: wor ks he

Q9  Complete the following, using these words: decreases, dimmer, up, increased, smaller

If lamps are connected in serieg the current goes through all the lamps in turn. The more
lamps you add, the they get. The ammeter reading because

the current is . This meang the resistance in the circuit has
When we add more resistors to a series circuit, the total resistance goes

Figdbd& Current and resistance relationship from the workshe

Learner Understanding of Science

To asis#escsonnection exists between the analogies
the ideas of current, voltage damdgnrosdit swdmeesd , al

anal ysded etranfi reenayl ougsike 6 rcetloatiedeas of “force, pust
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represent voltage, “fl ow” pand f“lroens trraitcet”i otho orre po

represent resistance as described in the analogy

Vol t age

Only oneddsamirddetdage as a means of a force or so
(in the form of a push) that sends chacgesedtlow
me nteid h‘epush” lItiadmall nof t he FdigadBowhteire tl eqtr nler s
asked tot aeefaflefadtnenect i ng a voltmeter in series toc
of the bul b:

€ the higher,tthlee moolet pgsh there is in the circ

I't is possi bl esbhBhntghtehivsolltemnaertneerr wi th the role o
energyefNaxgl anati ons the | earner s, piooywigueeds tiinon
reedto vghadagesektlage as a force, push or pressur
Question 11

A voltmeter is connected in series to the circuit below.

—

O,

What effect will this have on the brightness of the light bulb?

A. Increase.

B. Decrease.

C. Remain the same.

D. The light bulb will no longer shine.

Figub&ltem 11 of the diagnostic

Current

Current as a “flow of <charges” ot ethifhew iod &l lec
responses that reqei aeéeceudnriledmnits] d rsa teisprecii eaml ¥, evi

Il t 8maintdedm as preedoruisdiegd in the analysis above.
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Resi st ance

Resistance as a phenomeanmnyntotrihcdtrsesogpsesses™he 1l ow

charge is only partiallytemnbi ohedhéndioagnoesipon
Al | bluilgbhst wi |l Il shine with the same brightness
i's resisted, the same amount of current stildl

Based on these few explliatntaltei ornesf eprreonvcied etdo, tweirtnns
there is not sufficient evidence to suggest that

way t hat |l earners understoaddt hesi deasacef curren

4.4.3 Representation 3: Christmas Lights Analogy
Conceptual Teaching Strategies

Duritrhe i nffleaechew, C Idtismu3 sfedom t he whiiacghn ofsotciucs etd
the effect on the rest of the .Blerdesthiisbeasdmee 06f
string of Christmas | ights to expl aed hcaur rtehnits fil
the easiest and probably one of the only practic

encouinim etrheir everyday | ives:
Wel |l , we actually used the adaahogyh wist hustuhail 4 y:
about the only series <circuits that mo st kid
everything else is in parallel

| n the worksheet provided blFi gTudraed h eorf f €7 t war g

opportunities to explore the concept of current
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a) One lamp is unscrewed.

b) One cell is turned around.

Q3 The circuit below shows two lamps. Initially these lamps are of normal brightness.

Work out the brightness of the lamp(s) when the following modifications a) to f) are carried out.

— Choose from: off, dimmer, normal or brighter.

c) Another cell is added the same way around as the others. I i

d) Another cell is added the other way around to the others.

e) Another bulb is added. AN N
f) Both cells are turned around. L=

Q6

Christmas tree lights are a shining example of lamps in

What happens if one of the lamps is removed?

Fi gdb& Quesstsl3 omndTéaohewor&&ssheet

Teacher Cedadthpéesese

presenfFagddi@g Wwhere |

and
ear naaisr chwidt

incomptil méde dei i oauihti s

iPro wa
t ws ibrugAlltdhheoiurg hc i r

the analogy makes no reference to vodttwabgiet hdi st |
di scusdSlse ngnal ogy involves series circuits and Te
for t hlhe iPbeve.r Poi ntprperseegngiotr auinomni es f or | earner ¢
di stribution of current in both a series and a
di stribution for either of them.
Circuits and Switches
Set up the circuit below. What happens when you close the
switch? What happens when the switch is open?
Switch open Switch closed
Electricity will only flow if it can go from one side of the cell or
battery to the other side without any breaks in the circuit.
When the switch is OPEN there is a BREAK IN THE CIRCUIT
so electricity does not flow and the bulb is not lit.
When the switch is CLOSED there is NO BREAK IN THE
CIRCUIT so electricity can flow and the bulb is lit.
Fi gdbd& S| i dleeaocfther C' s Power |
I n the worksheet, |l earners are abkgdbB8o interact
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Q13 Look at the circuit opposite.

Calculate what each voltmeter,
V., V,, V,and V, will read.

2

=
I 24V 0.5A

Figd4b&8 Question in Bbewdalr&kgde@itstri bution across component s

Learner Understanding of Science

As mentioned previously in tthém 2anaff yshe, dl agnao
(Figdgb® assessing learner understanding of how a
i nclhosed, serpgesteiwebit with 93% (13 of 14 | ear
correct option.

A similar result (98% mcd@r roefc tt)h ewddsi qpsfrehd®ns wvihrer € e s't
| earners were asked t o c obrmuplabrse ctohnen ebcrtiegdh tinne sdsi foff

inchosed, séri ®©F dihrecwei t13 responses provided foc
option, three used the phrase: “break in the cir
C's Power Point presentation. iNogvmatetagntiiean iwa st hg
the correct responses that the | earners providec
board representation. However, of the 13 ercégspon:e
option, three interestingly cited voltage as the

They are on the same circuit and the same cur
They receive the same voltage.

As the voltage is the same al/l round.

Additionally, four of the reasons provided made mention of energy and how this energy is
equally shared between the light bulbs:

They both receive etnleg gyyame amount of
The el eateniigygasihar ed t hroughout the circuit.
The same aemoeupHys s t hrough each |l ight bul b.

The same amoeupHys ds t hrough the circuit.

These explanations are interesting because there

voltage as an energy concept in the interview ol
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anal ogy of force providing energy. Since the wor
to voltage distribution that the researcher i s a

ideas through the worksheet oralclianssst rdu cstciuosns i com s

—

he Power Point or through the use of another reg

not distinguished between voltage and current,
exampl e, in the four rtehaes oumsd emdairnrdadnpepde nantso vteo, b e
used interchangdaemdy cewent be made accurate by si m
wi tchur fiemteach instance.

4.4.4 Representation 4: Classroom Light Connection
Conceptual Teaching Strategies

I n an attempt to explain the main feature of par
a practical aecxtaunepyl hetisslfiastshreoom t o represent how cl

a series Hopiurncduitthat his | earners were quite comf.
I n the classroom we were in, we could actually
gl obeanodutso the others were working&eAnd | sa
got one &l fbmnthaodonal and everything else is
tell you what sort of circuit it i s?0 And th
actually wunderstand that step.

This idea i dibsxpwerBacient i pFriegsdebn®t at i on (
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Exercise 11: Circuits 3

1. What type of circuit is circuit A? I—l

A series circuit.

2. What type of circuit is circuit B?
A parallel circuit. A

3. In which circuit will the bulbs be the brightest?

Circuit B.
4. How are the lights in your house connected? I—l
In parallel.

5. What will happen if you unscrew a bulb in
circuit A?

The other bulb would go out. B.

6. What will happen if you unscrew a bulb in
circuit B?

The other bulb will stay lit.

FigdbaSlide 26 of Teacher C's Power Po

The i dea was hevwsqprr lesissaireil d 4-6 8 :

Q3 The circuit below shows two lamps connected in parallel. Initially these lamps are
of normal brightness. Work out the brightness of the lamp(s) when the following
modifications a) to d) are carried out. Choose from off; dimmer; normal; brighter.

a) One lamp is unscrewed. || "
b) Another cell is added. e
¢) The cells are arranged in parallel. (/§
d) Another bulb is added in parallel with the first bulbs. X

Figd6688Question 3 of the worksheet issued by Teache

I'n his Power Point presentation, it is clear t h
di stributed throughkhiugdydéhewlpanmn athel |l earcali ¢ Kad
circuits and cofhnescdl sdoonmet éms .t heThweor PetveePoi nt
pr es e nthatwieodeorerso t address how voltage is distri
Addi tionally, there is onl yi nonteh ev ewtolr &késnhaelkld r @ & 1S te
voltage distributiFomgdibg .a parall el circuit (
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Q11 Match the statements a) — e) about parallel circuits:

@ Heads Tails
a) The voltage is the same across each branch in parallel. |
b) The total current is less than the smallest resistance of any branch.
c¢) The current in each component depends on its resistance.
d) The total resistance is the bigger the current.
|_e) The lower the resistance | [equal to the sum of all currents in separate branches}

Figudbé Questiothhe lwor ksheet that mentions voltage di

Further mor e, itrhcel wgoersksstah eeentc b b atbhgee sl ear ner s t o i nt
the idea of current being dividedFbegdutw@enSt heebr
this concept was addressed in one of the practi
an opportunity fonhleéar nuemd® rtsa amaetiiamfgohad ei thh ec | cacsrsc

Q12 a) Look at the diagram opposite and complete the following:

Use these words: less, branch, parallel, A, and A,, more, A, ev
If lamps are connected in , the current in the main | l""l |'—®_
part of the circuit splits up and goes through each :

The brightness of the lamps stays the same the lamps
you add in

;AT R S lamp 2
The ammeter reading at is lower than at (A) but —@—@—
is the same as those at A amp 3
The total resistance of lamps in parallel is than the —@—@—

resistance of any of the individual lamps. -

lamp 1

Figudb6ad Questiominhd2wor ksheet that mentions current

As previously seen in the analysis of Iltem 7 1in
t hat current in a paewdn emotcleatsaiitt diiwiides ando
resistance i h heaachi deraanwahs addressed in three

(t)hrough the wuge)ofanc;iamdu ipt8yki nst he wor ksheet

What | earners f i nd omoornen ecchta lnige nrgeisradsftidoshtes omepal b
resistance oWhetnheproimpd weidt .about whet her @e taug

expl aduretdhg i nterview:

| e@&ildde col our ed t hteh@g@ oabcetsu aslol  htante t hree i n s

one is brighter, the second one is a I|little &
very pale yellow and they str@&gtghe ds avme hpua hfat
around, Wwhtyhayeall| the same? | said, fAWhat hap

i@ been on for 5 minutes?08 ahdt oneAwmd Kk heai dve
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what are we doing with the electri@ety?d6 and
converting it into heat and | ighto

Figdba&i splays the slide that Teacher C is referr

Results 1

H

The MORE BULBS you
have in the circuit, the
DIMMER the bulbs are.

Dimmest

Figudb6asSlide in&TePaocweerrPoG nt pr

't is worth notdiimdpttidatr etTedgygheams®Wer tahbeo ugtu etshte o |
effeconmécting resistors in parallel the overall
refedo his |l esson on connectinduries@sioter vinew,e

added how wi tlhe asrameagtsie b pl e t o grasp such difficu

So, a | ot of them were not able to intuitivel
work it out once somebody Raathegi védmant memgti e
I

t hem, try and get them to come up with the
Teacher C's technique in addressing these diffic
is no evidence in the Power Point presentation th

decreases as more resistors aree padeded si rhipsarlealalre
their existing knowl edge, along with guidance
challenging concepts and apply what they alrea
demonstratesAq WAISI tiy R GKehri gchelnyt rleedaramnd supports
by providing |l earners with an opportunity to re
(Mazibe et al., 2023)

Learner Un doefr sScai nedni cneg

The explanations to selectwedruestdms$ oi masshesdt Agn
understanding of specific concepts taught about
circAidcadosr.ding to the results Foifg d-6tge,m tS5hteahrma ldeshae di
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mor e r easrieothnmrexct ed in parall el , wihlel |Jbase rs otnneet htion
t hat the | earners stn@ggloendke tloeaumeer sstedmedcct ed t

( OptA)onbut pr ovi deexdp laann aitnicoonr:r e ct

Circuit X has the | east amount of resistors
therefore it will shine the brightest.

The 13 incorrectspreesmadngyet naeexesstiaagge. Three of
(21%) selected Option C, revealing a(8eccamented
Eryilmaz | A2®04) he explanations tothaei anbdies@er s
resistors (regardl esssmofr ec arerse csttiamrc et.ype) mean

Question 5
In which circuit would the light bulb shine the dimmest?

@lg i /21@ I* ﬂ'ﬁ

L) =L

X Y
Z
A. Circuit X.
B. Circuit V.
C. CircuitZ.
D.  The light bulb will shine with the same brightness in all three circuits.

Figdbdltem 5 of the diaagnostic test

The remaining 10 | earner.bpdamad)y ssienlge cttheed eOppli aom:

accompamtmiséed ect i on, it was possible to categori s
t hemes:
1. The | ight bulb wild]l shine with the tshemmebri gh

amount of currenittwaWlhdpmpmpaevnd hbofugthe opot after

af fietcd bri ghwmesassponses include:

The resitmakedantdhefleualglhhteecei ves el ectricit)
[ Thian iisndi cation of the | ocal and( Sseenqcuaernt & a l

Eryil maz] 2004)

Li gohutl b wi | | shine with the same brightness be
resi st ed,anohuents aonie current still/l passes throug
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2. The same amount of current will flow through

same brightness Raoagadd!| ¢edhs eef chowumdamsy resi st

parallel, the charges wil/l always flow throug
bul b. Therefore, there has been no change in
| earner s, this bisitsegenf ashe hel actrons to “c
resi stSaomecee "of the remaining eight responses in
Because it takes the easiest rout e, and for t
through one, and only one.

The electricity will flow through one single
As the voltage every time has to travel throu
(More evidence of | earners wusing current and v

Because the electrons take the shortest rout e

Dur i nignthérsvi ew, Teacher C justified why his | earrt
‘because we had justThdgynasetomh aenatogysto descr |
resistance idea for short circuits.
And we said this is why you get electrocuted
And they went: AWwWater! o and | sai d: ANo, not
water?0 And again, o8 ec hodmitchaelns sian dy.o tirOhh o dywo .
yes, and many of those wild/l bring up electri

resistance.

Now, in this response Teacher C dvdhedhrl diees a mo
succelstsdéugd earners understand the application of
in everyday sijtusdtteicams,c lcayamud ttsr.u Bantd iwhitlheati t mar
|l earners seemed to grasp the ciohecteptvhendi agoame i

thewegre not as ewndadgs afpylltydimdy si tuations where it
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Short Circuits Exercise 10: Circuits 2

Set up the circuit below. What happens when you close the 1. Study the circuit below then answer the questions.
switch? Why? a) What will happen when the

switch is closed?
Electricity always takes the N
H EASIEST ROUTE to get from one The bulb does not light.
side of a cell or battery to the other. b) ‘Why?

When the switch is closed it has two

Electricity always takes

choices. It can either go through the the easiest route and it
bulb (the hard route) or it can go is easier to go through
through the wire (the easy route). the wire than the bulb.

¢) What do we call this type of
The electricity takes the easiest route and goes through the l—l } circuit? P
wire. The bulb does not light because no electricity is going o
through it. This is called a SHORT CIRCUIT. A short circuit.

d) Draw how the circuit should
be set up so the bulb lights
when the switch is closed

Even though the bulb does not light, when the switch is closed
ENERGY IS STILL BEING DRAINED FROM THE BATTERY.

Fi o6& Two sl iTkaassh&mnm PEwer Poi nt nresent ¢

This is made <cl earer in IFigu6® , ofant hd edni 4 dhhrad s te
addressed the i dedfywfbudhorhecl4cu28%) | earners s
option with al/l of the explanations i ngculsuidnigng a
the same phrases that Teacher C used in his Powe
Sixuaf 14dearners selected Option D, indicating t
circuit precohSepcaon&madgi Winlee &r ROt0O4dve t hat W
connections without devices in the circuit are i
Question 9

Consider the circuit below, with two bulbs A and B with resistances as indicated in the
diagram. Select the statement below that is true.

A. When the switch is closed, light bulb A will not shine.
A B If light bulb B were replaced with a copper wire and the
® switch was closed, light bulb A would no longer shine.
—_ C. If light bulb B were replaced with a copper wire and the
60 20 switch was closed, light bulb A would still shine but
{ slightly dimmer.
D. If light bulb B were replaced with a copper wire and the
switch was closed, light bulb A would still shine with the
same brightness.

©

Figdb66ltem 9 of the diagnostic test
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I n suynmahe results indicate that | earners do not
on components ianheVYetarledctocepgpbycthlyg Contept
diagnostic test and usedabbudpicotrorstd gnmwdetne d eis
ltem 5. As discussed earnl ihdars, t Tnedaecrhvesre e crnoeurrtaigeerse
l earning for coaumpbhasrecne@mbp, but the results s
teaching migrhdr eh aevfef ebahteinvneay Heereed, tPoCHKilyseélkapi migs
teaching strategies that appropri,atespyonvgeuppodrt
representations to accur dtMalzy bex eltaian . di 02801 t

Conclusion

Wheaxaminhegover al l structure and sequencing of
electric cappaitédhmthei mawasi deas heuempmdsifd @dv wen
series and parall elFi gudr6€efui ds ceowninkdendieoas by t he

presentation. Vol tage distribution and tot al re
regarakcedudi ndeaeas that were addressed in the wor
same | evel of significance as current.
Main ideas T Addressed in the Addl'tlonal EES (gmong others that were not
3 ; : mentioned for brevity) that were only covered i
PowerPoint presentation and confirmed h ksh hat Teach ; d 1o hi
in the interview the worksheet that Teacher C issued to his
learners
Circuit components and circuit Voltage in series and parallel
diagrams circuits
Current flow in_series qircuits (circuit Total resistance in series and
kits and Christmas lights analogy parallel circuits
Current flow in parallel circuits
(circuit kits and classroom light
connection analogy)
Short circuits ]
Figuw6d Fl ow di agram showing the outline &@ftwhemaiomcepssurc

Power Poaierste nda mdoirokns he et

Teachg@RPCKHKs commendabl e for esnguadrealr nreg ass drys .e nkeo u
them to think criticabst giammeditafttfddeyi m gl easrsnimsg @ nc
moment s o fwhsitlrduagdgstl eeeopear under st anding. Additiona
a variety of teaching strategvhexcht oxrlcaayhviegead anp c

through multiple perspectives.
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cCo
Ho
mi
t h

wever, ¢ bhmaree aasr ewher és TRG@GK hsetabudldd v el oped further
gahat requiliestattt edtfieean | vEe aiclrestod ®@ladmat egt Bat
alogies are clearly explained and their | imitesea
rthermor db,oobéscP@Kdproving the comanienctiadoehasbhet w
termedi atwehiacdnovdpdtls hel p | earners build ,a bett

cht mese in electric circuits.

nally, there is evidence of how the representa
arners interpreted, understood, anmdhexdzemdnaodd
I 8f |l Weanfdemenigear ndosmeti mesedemdiamccomprbeditemsi on
mpl ete and i n,caosmel ét Brsrcenmtcuiftew in ser.es ani
we yviear| saccasilbaetdd | mi sunderstandings or incorrec
sinterpreting the conkeps$s, ofhehertscarcueas. cé
e representationsguasgd ahdt hbaecbpraeptss
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CHAPTER 5: INTERPRETATION AND FINDINGS

5.1 Introduction

The previous chapter pres,avihtidcdcd ttheée sr edhalptt £ rofel tal
interpretation of the results and the findings o
to explore the different repcCadasStemt amponaosge t kbaah
under standi ngebéteddrctdeappgtcs circuits. Data for this
secondary school s, aneo iim SAosdttrirgadfieanictau medl i nt er
document ,amadl g sdisagnostic test. This chapter beg
reresentations employedtihe tdé&cdcledres hatpd krexepltoart e sc
omddriensgj or concepts and misconceptions in el ect
addresses the | imitations of some of the ,repres
foll owaend ebvyal uati on of theaehhE&Kessi ngnebemof Fit haeal

chapter concludes with an item analysis of the d

5.2 Summary of Representations Used by Teachers

Tabblesummsersdand contphma essari ous representations wuse

in the current study as they taught the main top

Teacher A used separate representati amsodfimrg/ eac

highlighting techniqgue to represent angdeaoplsecuss
charge analogy to explain how voltage is distril
parall el circuit. To describe how resistance <che
and its effect on oveaxhsdp @wmalregy fl ow, she used
Conversely, Teacher B adopted a rseipmpelseerntaapdroma cf
three concepts. She used a PhET simulation with
current, voltage, and resistance. These wor kshee

hel ping them explore tbeipaettaehnsoaceéptel ati onsh

Finally, Teacher C usedThavofs m&idnhveo Eps e sefnt @it n o uwis
examine the effects of series and ,pardaltelt]| gon:i
resi sfheceecond repr esenthatsieqpn pien vamlav eody yu stion g eas ¢

of current, voltage, and resistance in a circuit
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TabB3lei Summary of representafAjoBsande@ by Teacher

Teacher A Teacher B Teacher C

Circuit kits to explore
current relationships in
Used colour pens to . . . series and parallel circuit
highlight the paths that PBi%LS'VT:rIE;'ﬁQe\tNt';h connections.
electrons take around a 9 . . . .
Current circuit while discussin explore current relationships | Used Christmas lights and
the quantitative nature? through series and parallel lights in classroom as
of cgrrent flow circuit connections. examples.
Water flow in hosepipe
analogy.
PhET simulation with
analogy used to describe the quantitative
describe the nature of voltage through Water pump in hosepipe
Voltage quantitative nature of series and parallel analogy used only to
voltage through series connections. describe concept.
and parallel Described voltage as a
connections. pushing force and referred to
a domino effect.
PhET simulation with Constriction in hosepipe
Shop analogy used for guided worksheet to analog}[/ used to describe
) - ) i concept.
Resistance | resistors connected in exlpk_)re rﬁ_ssta;]nce h seri _ . _
parallel. relationships through series | Resistance relationships
and parallel circuit addressed as part of
connections. current relationships.

5.3 Addressing Major Concepts and Misconceptions

5.3.1 The Start of the Teaching Programme in Electric Circuits

Al l three teachers begeeunsi hgi ma tsé andé hwemi gchp ri engvreog w
assessing |l earners’ prior knowl edge and then ir
circuits. Teacher A started wiéeéasaedbassadidsogsses

previous years, askichvalmdas iicc qu satnitl@#rsstc iirsc wiutr® e
and what i's i"tTemedxur eéBd ailm began wilédaknedi scu
background ,lkuntowd sedjet he énéodrimadimonhigatacti vity
direct her teaching for the remaining teaching
|l earners were not yet familiar with the symbol
i ncorporated thiw®sngiddaeatheon Bewmnl seaghive her | ear
they had to draw circuit symbols and <circuit d

simul ation before delving into Bhepmaoacbkbonnheot
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instrueatsmgio copy <circuit symbol s, participate i

diagrams using those symbols, as evidenced

by hi

Al l teacheedae T mpent ant component of t heiar nBPCK i

understanding by provViedismgroo pxprotsten {tthhea sr £ bhri anlk.i

2019)This finding is important because this

beginning of thenetesapgphi @egt pe odirafmer ences i

on i nrdspdioveaviei ngmeg olghriasn i s a refl ecti on

n
of t h

i s a
t hei

the general knowl edge tlwma $@M CGRIr IPSCKn aectc oald.i,ng2019

5.3.2 Distinguishing Between Voltage and Current

Responses from the | earners to items in the

di ag

had difficulty distinguishiTmgfyrhed wesdtnd ytoh e atger m

vol tage and curremt tihretier ehx®pd dealbliyvhating

ener g

most expllamanneoms , ment eonnellrequentliyng whdilbkteagear g
documenBeddley and Wi,l hehem (l2e0a2rOner s t hink about ¢

is either seem swwsbsae @ue@motf « ua r e nta tt heen dfso rt eof rbeen't

circuit analysis. I n the current study, there i:
could have an i mpact oarmihyurcdigmr ethdo d nar vwd d ch gy
5.3.2.1 Current Behaviour in Series and Parallel

Teacher A explained how current behaves in series and parallel circuits by using her colour-
coding technique’ to highlight t he p Shehused
different colours to help learners visualise the concept. Teacher B employed inquiry-based
learning by using the PhET simulation and a worksheet to guide learners to independently
investigate the various current relationships in series and parallel circuits. Teacher C
investigated the current flow in series and parallel circuits using circuit boards with ammeters.
He provided two analogies: one using the functioning of a string of Christmas lights for series
connections, and the other showing how the classroom lights still function even if one of the

lights is not working for parallel connections.

The results from the diagnostic test indicate that regardless of the difference in teaching
strategies used, the learners from all three teachers best understood the conditions needed
for current to flow. Additionally, learners from all teachers had a good understanding of how

current is distributed differently in series or parallel circuit parts. However, Teach er C’ s

t hat e
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did not show as much success with current in parallel circuits and provided a variety of
incomplete or incorrect responses, including one with reasons such as short circuits. This
suggests that his use of circuit boards and/or his analogy did not prove to be as successful in

getting learners to understand how current behaves in series and parallel circuits.

Tab3.3d p.9 Tdb34q pl2 ) amdidsd Ad2-klu mmatiheemaj or concept
mi sconcefifeaohgeadBanteac@,erespectthreeplrye,sent ati ons
used to teach , ,dmeskrowoinceptearners performed in
relating to these concephe. | Thktshbeepweesa&anh ahl i ghl i
by the teacher and how it is .able to inform | ear

5.3.2.2 Current as Amount of Charge per Second

Teacher A used a shop analogy to describe current as the rate at which people (charges) move
through a queue. She provided the formula ('O 07Y0) and defined it in words every time she
addressed the concept in class. Teacher B did not use a specific formal representation for this
idea, butinsteade x pl ai ned to | earners that current is “a
mo v i ng iWith tioth oféhése techniques in mind, the learners of both Teacher A and
Teacher B mention current as the flow or movement of charges but do not mention the flow

rate or amount of charge. It is worth noting that current is not described as the rate of flow of

charge in the CAPS document. Teacher C used a hosepipe analogy to represent current as
the water flow rate through a hose. Despite this, none of his learners could explain current as
the flow rate or movement of charge. Instead, they could only refer to current in its quantitative

nature, i.e. the same in series circuits and split in parallel circuits.

5. 33Va.ltage as an Energy Concept

Teacher A and Teacher C both used an analogy to describe the role that voltage plays in
di fferent circuit C 0 n n-ehargeianalogy .involves peopleecollecAings peo p
money (energy) from the cell and spending or using it (converting it) as they move through the
resistors along their path (circuit). Teacher C used a hosepipe analogy to describe voltage as
“the water pump t hat p u s h e,sbut dith mot mvaketae attentpthte ou g h t
connect the analogy to the concept of energy. Both of these analogies have limitations, which
are discussed later in this interpretation. Interestingly, across a range of items in the diagnostic
test, learners from both Teacher A and Teacher C mentioned energy in their explanations.
However, they used energy to describe both current and voltage behaviour interchangeably,

showing that the analogy did not help them in distinguishing between the two concepts.
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Teacher B explained voltage as how much force
mo v e ” aetaddout a pushing or domino effect. Similar to Teacher C, TeacherB’' s
representation made no connection to energy. The results of the diagnostic test indicate that

none of Teacher B’s learners referred to energy in their explanations.

5.3.2.4 Voltage Behaviour in Series and Parallel

Teacher A used the same people-charge analogy as described above to explain the
guantitative nature of voltage through series and parallel circuits. It is important to note that in
the video resource, it can be seen that Teacher A used this analogy while colouring the path
the electrons take as they move through the circuit. This means that voltage concepts are
discussed together with current concepts, making it difficult for learners to understand why
they are two distinct concepts. This is something that Burde and Wilhelm (2020) deem as a

maj or i mpedi ment fconceptudindesstandirglofvpltage at & seapmdary

school l evel since the examples used in class t
Current is addressed first and in greater detail, whereas voltage tends to be perceived as a
property of electric curr entlearndrduses thatérmsczurremt pl ai ns

and voltage interchangeably in their explanations to items in the diagnostic test.

Teacher B continued using the PhET simulation and the worksheet she had prepared to guide
her learners through her voltage rules of circuit analysis. The results of the diagnostic test show
that Teacher B’'s |l earners had the most success
branches, indicating that the PhET simulation had a positive effect in getting learners to

understand this relationship.

Teacher C did not use any formal representation or explicitly teach about voltage, and instead
focused almost exclusively on current and its behaviour in various circuit connections. As a
result, his learners referred to current rather than voltage in their explanations during the
diagnostic test, indicating they were less equipped to understand the difference between these

two concepts and their interaction in a circuit.

I n summary, although there is a connection betwe:
or misunderstanding of cohaeptsegahatess aft sohel

useldeasnset i |l Ht estdiugfigéeent i ate between current an
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5.3.3 Resistors Connected in Parallel

ltem 5 in the diagnostiaddiemmg eaddsestddst baspdea
the total resi st anaoer otilsat heeucrornerncta ihygi somadncepti on
descrficpradaclilrecluResul ts from | earners adrhags talils t
concept was challenging to grasp, |l eadT magrset 0 s o
di scufsisretdleé o w.

Teacher A addresssbdophasalidgw whéhe the number o

shop (representing resistors connected in paral
through the queue (current). Teagdherrt hBg diindt enrovti ea
Sheevea emi sconaleptdoanl and sequehnetrisatll f heagbnir

TeacB@edi d not formall yhealdeneassh al@eass nceoon ceeppp!l y t h
previous knowledge to think about the relati ons
resistance. The responses to this item were so i

the findiam$hzx iwittdh specific emphasis on Option D.

Tab32i Summary of answeems®|efcttiloem dinagnostic test

A. C. D.
Option Selection: Correct | Parallel Circuit | No Effect on Brightness of
Answer | Misconception Bulb
Notes regarding the addressing o o o Most prevalent
of this idea (%) (%) (%) explanation provided
o “The current
Teacher Angzg)étfiggtrr:sﬂllcéea. 2 40 36 anticlockwise, so it
A moves through the light
worksheet. bulb first
“The resis
Not addressed. comes after the light
Teacher B reveals .
Teacher “no eff el 38 o4 38 bulbs in all three
B . diagrams therefore the
brightness resistors d
herself. them”
“Because it
Teacher Legfrgfridrzgztsjzz. to easiest route, and for
C aoplv knowledae to 7 21 72 that to be accomplished
Pply K 9 it has to go through one,
answer it themselves. andonlyo n e *

Total percentage of the 47
learners who took the test 10 32 47
across the three teachers
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Two significant d&ifseovamiad y se marhgidset i tesnporrsesttl g
to expectations, t lcdh o @pijt © oanvt &Wp to if owlhe@rhn dwasu ¢ d

reveadahedcommononcepti par ectigrectudSensgond!l vy, the ratic
choosing Option D proved Itto bhec &@me ne wmiod en’'ti ntt lkea te

instructional approaches, or | ackl elaemeesopfo,n spelsay e

Teachsershop anal ogy, while intended to clarify t
|l edcowofusi on or al t erfoat ievxea nipnteer psriencaed i pecpl e

through one counter regardless of which ene they
el ectrons move through one resistor r,egmhniaddhess o
no effect on the current flow throughout the <ci
the most poorly answered item out of all the ite

Teachewh dBh,d mi sconcepthiedmnm eafhéangealdidi(ng more resi st

wouhoaffehe current in the exurkmawi ndilrycaunicte)d, r
signigarctaindheatrneesdanscoor aleewtd yaddi ng reBasyors i
| earasesamedat the tchieamgeciafd er t heudiisgahgtu ebnulibal (
reasoni nger eéafacdriemp aant i ts brightness.

Conversely’s heafdffenp@lriodwsdadsne®l v appawydxtihet irng
knowl edhigewdea. Thi $nappraeadht hef ri s®amdifteamiartg ve
ways of thinking. For exatheEk et otpe ancchbi ynhge shhaodr tc ocni
many | earners actually used this ideamaS. a reaso

This foinncdeg aign revealisnddaeadconhecéi bs bet ween t he
that the teacher uses and howolnecarpnealse ateraiso nc ial

Thiani $ mportant contribution to answering resear

The | ocal and sequenti alwhree &s dsreiantyi exmki stcloantc ep h & ©
circuits have only anrelfofceaclt eofnf etchieS enahtol eer &tiliEacyuii It
200,4vlas prevalent in the selection of Option D f
Howevieegarner sapvavideg of reasons based on the r

used by their teacher.

The | earneddfrantreavomatter how many resistors are
of the |light bulbs remains the same because what
t he slameal | three circuits, each charge only mov
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(Fi gbf)ee. This meansi ddhtatad lerao wtlewas gad dnitotaiteo nr eosfi st or
in parallel decreases the total ,whkisclstmamfcseotir t
the current of the entire (extreetdoalt)hisi mauiht asTd
of | east breecsaitshteancchear ge soswei lolneonrleysicshtoor (and not
through. Teacher eAdd batlebaherecstrreedasmoves anticlo
to be the same direction in which she moved her
providesdi)ncaendt he change happens AFTER the | ight b
of thleulbghTeacher B'est hee asranneer swayr.eason

il

X Y

Z

Fi gbLieDi fferent paths that electromnemcdbuld follow around th

Tabb%*Tabbde almdb5%summsrithe findings in the discus
the | ink between the representation used by weac
mi sconceptions in electric circuits and | earner
address these concepts

Items Included: Seven main ideas common to all/l three t
summary table for clarity. Il t ems 2, 4 5, and

insights from both the teachers' l esson plans an
Items Not Included:| t e ms 1, 10, and 11 were excluded as th
fitting within the series or parallel circuit c
cel l connections arranged in both seriehserand p
category. Item 3 was excluded because its concep
excluded due to its focus on short circuits. F
responses |l acked sufficisent detail to draw concl
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Tab33 Summary of how Teacher A addressed maj or éroenscpeopntese sagnndo smiu & dtnecset st renatamd heor tlhheasr

Learner responses to questions in diagnostic test that addressed these concepts
Major concepts and

How these concepts were addressed (representations)

typical misconceptions %
Additional notes
Correct
Used colour pens taighlight the parts of a circuit where there is one pathway for Item 2: Current flow in series circuits

Current in series circuits | electrons to travel through. The same colour or combinations of colours were us Explanations included phraseswite r ms such as Ffbr ok ¢

these parts. 88 pat hway, open circuito

Item 4: Current flow through branches in a parallel circuit
Current in parallel Highlighted the different pathways through which electrons travelled on a circ - - -

circuits diagram using different colours. 72 Explanations included phrases wit

flowing through series, more

Shop analogy described current as the rateéhath people (charges) move through t
queue (current). Formul&) 2 with definition written on board when topic was
addressed in class.

Explanations provided across test items display current as a flow of charges, however,
reference is made to thate at whichthese charges flow or to a change indh®@unt of charge

Current as amount of
charge per second

Peoplechargeanalogy described the cell as a source of energy where energy is ) ) . o

Voltage as an energy | used up throughout the circuit. Formula ( — with definition written on board whe E::SI3232;2561%%:g\?vdtsg;?zs():ﬁs;s't(;?Zr:‘;‘f’g;'(j?:é;;?r?grﬁegﬁlz*::g)'(%'ra?ﬁg’;igggE:]egltj
concept topic was addressed in class. Redox reactions and standard reduction potentia voltage in test items by referring to ;:Haﬁges in energy.

were used to introduce the energy difference idea.

Voltage behaviour in Expl anations across questions included p
series circuits battery/cello.
Peoplecharge analogy: People collect money (energy) from the cell and spend ltem 7: Voltage through parallel branches

(convert it) as they move through the resistors along their path.

Most explanations reveal an understanding that voltage across parallel brand
the same as of the total voltage across the cell. The remaining displays how
adds up to thiotal voltage, dividing according to the resistance of each paral
branch.

Voltage behaviour in
parallel circuits 56

. Item 5: More resistors in parallel, lower | resistance; higher | curren
The more resistors tem 5: More resistors in parallel, lower total resistance; higher total current

connected in parallel, the
lower the total resistance

Shop analogy: The number of open counters in a shop (resistors connected in p
affect the rate at which people move through the queue (current). 2 Learners understand the analogy but cannot apply it effectively. Teacher dig
provide an example similar to thgsiestion in a worksheet issued to her learnel
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Tab34 Summary of

how Teacher B

addressed

ma jl oera rcnoenrcsedp trse sapnodn sneiss ct oon cdel patginoonsst iacn o ehsetr

Major concepts and typical misconceptions

Learner responses to questions in diagnostic test that addressed these concepts

How these concepts were addressed (representations)

% Correct Additional notes

Current in series circuits

PhET simulation alongside Worksheet A where learners investiga!

Item 2: Current flow in series circuits

different relationships independently.

88 All correct explanations mentioned a break in circuit or an incomplete circuit.

Current in parallel circuits

Item 4: Current flow through branches in a parallel circuit

PhET simulation alongside Worksheet A where learners investigal
different relationshipindependently.

Most explanations only referred to the branch with P afids@ying that current is the same. N

88 reference was made to the rest of the circuit.

Current as amount ofcharge per second

Expl
mo v i

No for mal representation.
how much the electrons is
worksheet to provide a definition for current.

Explanations across questions make mention that current has flow or that there is movement of charges; |
no reference is made to thete at which these chargiésw or to a change in themount of charge

Voltage as an energy concept

No formal representation and no connection made to ENERGY.

Expl ained to | earners in class
electrons to start to moveo. U
effect.

No mention of energy in any of the | earner s{

Voltage behaviour in series circuits

In a few explanations across questions, mention is made of voltages in a series circuit adding up to that of
or being distributed proportionally.

PhET simulation alongside Worksheet A where learners investigal
different relationships independently.

Item 7: Voltage through parallel branches

Voltage behaviour in parallel circuits
88 Evidence of quantitative understanding only: that voltage across resistors in parallel (only)
same as the totabltage (cell).
Item 5: More resistors in parallel, lower total resistance; higher total current
The more re3|sttcl)1res t%ct)gln;(;t;?awczarallel, the lower Not addressed. Misconception revealed in Teacher B.
38 No accuratexplanation provided. Learners revealed to be in possession of the local atf
sequential reasoning misconception as well as the parallel circuit misconception.

123

gues:H



Tab35 Summary of

how Teacher C addressed

mia ijl £era r ncerscpeopntdse aagnndo s il &6 ttnecseEgt rehatamd t o

Major concepts and typical misconceptions

How these concepts were addressérepresentations)

Learner responses to questions in diagnostic test that addressed these concepts

% Correct

Additional notes

Current in series circuits

Circuit boards with ammeters used to investigate current flow in series cir

Item 2: Current flow in series circuits

Christmadight analogy. Practice worksheet provided.

93 Expl anations included phrases with ter
Item 4: Current flow through branches in a parallel circuit
Current in parallel circuits Circuit boards with ammeters usednwestigate quantitative nature of curre
P in parallel circuits. Classroom lights example. Practice worksheet provid Variety of mixed responses. Only a few (¢
36 [ or fion the same sectiondo. Some in

regardless of resistance. One mentions the path of least resistance.

Current as amount of charge per second

Hosepipe analogy tepresent current as water flow rate through a hose|

Explanations to questions make no mention of current as a flow rate. Only mention made is to quantitative

of current in different connection types.

Voltage as an energy concept

No formal representation and no connection made to ENERGY. Hosepi
anal ogy used to represent voltag
through the hoseo.

Explanations make reference to energy; however, this is used interchangeably when reference is made {

voltage or current.

Voltage behaviour in series circuits

No formal representation used in class or mentioned in interview. One qud
present in worksheet.

No mention of the quantitative nature of voltage. Energy distribution between componeaitgiit &
mentioned, but no connection of this is made to voltage.

Voltage behaviour in parallel circuits

No formal representation used in class or mentioned in interview. One qu

Item 7: Voltage through parallel branches

present in worksheet.

Explanations provided for the correct option selection were either incorrect, incomplete |

50 deliberately avoided.
Item 5: More resistors in parallel, lower total resistance; higher total current
The more resistors connected in parallel, the
lower the total resistance No formal representation used. Teacher enc_:our@gders_to apply previousf One learner selected the correct option with the explanation lacking detail. The remaining §
knowledge to think about this relationship. 7

responses reflected possession of local and sequential reasoning and parallel circuit miscof
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5.4 Addressing Limitations of Representations

Evi denkiet d rsautgureeshtastar i ous representatiboapi as ei rus
sciegnoehelasctri,andi tdhwaitt $d hese representations me
l earners understaBdl daffeoehbt Kdpaei et al ., 20
Representations are valuabbeptomteeshandi agcaseld
their strengths and | i mit atsitoanesg galrijeGiucedRrasaodser ed
2011; Oliveira.Téh eBiomrietnae x 2dRdByg e g a teif ¥ eocnt ss o me

|l earofrsot making the | imitations ,ofwha crhe pwaess & rot

| earner s’ dewdiismestsi on of how this manifested ir
5.41 Teacher A

Teacherddolusedi ng ta hexpl

el ectr didosve mert,he shedeonsc <_—|=

mo vdeh e r hi ghlighter in the ‘ onvent.
cur rkings-fe. There is a pos i s

| attemfheare | ear nveris halt oypte s

really moving (positive o u W e i mpo
the negative effect of th ' 2presen
reflected in the Illeeamnér g

di agnostic test: many re. currer
moving ant-tchleo cskawnies edi r ect = B

C would have us:e)dji—\nrg,eﬂrhecroehF
cu

i gbRieDi rection of
the d ore t

the clhgaeget hrough the 1|ig l earners in
resi sfilod sar meras omleath an gti mey,

resistors wohledbmoghamfesst of t he b ulets.plicBaemidrar | y
Cusitnhgi s r e pr edseemmot nastttimoentvee menht el daont rtchres opposite d
(through ther stk st otaisdndesrosn ntahyat el ectorndonnse tr ave
resi st,bphewaatdlne echange woul d not affect the brig

scenarios display the sequEe®dnadr ré& aBrayiilnga i s2®

Teacher A’'s use of anal ogi es hadc olnmpnaictealtr g@rss as
peopmphes pend money (or use energy) to go through
cell to col l.ecHowtolréees ,eavmaddodyyl ead | earners to thi
constant cuiSemic as 0 &r kg yainldnvaezr,l od&0 4t)he i dea tha
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converted at differ enhteianmgepowhgennt si nrtartohdeurc itnhga nt h e
she should chesael ywexpmpont ant specifications to
thinkinQuianciedhredaes. cleresecqghdr amasiogtyor s c,onnect ¢
required her to explicitly state that opening up
wouhdt l ead to more people in the queue (more c
which these people move through the queue (rate

ma kiet easier for her |learmemtatden oaf h d ¢ (foswt hielycthtae g

did not refer to the rate of charge flow in the
viewing current ashahgespmedeat hwbugh the circuli

Fi nalilsyb s eirtvheadv esnma | pule 4/5: The

2)]
<

errors mad e u n c ¢ potential difference
of each branch is
equal and adds up
reason scientific to the potential
earlier i n t he Ax gl difference across
the battery / cell

teacheamf f ehotw | e &

I

wor di cgont r adwtlcdts 6V

o

di agr ammadtiiscpd lalyye d

POWGI’PS)lIm(GeguSr-S)a, 1 Fi g&Biel ncorrect informat &on
responsce Power Point pileéesestatic

| earner s

di agnostic test that addressed voltage

in parall eli ndo rctreldamtahi soengsueihh ceach an erempermatad t hey
“adding up” phenomenon. Twhaemherhso orsd endy ott dd ebsec r civabree
phenomena in sciencewhatpi mgeahd epnsbeecbhmuni cat €

the most accurate way possible to avoid alternat

5.4.2 Teacher B

JustTeamxcher A’ s choilcearome smomnrdlesr slteadn dtiong sci ent i f
Teacher B’'s minor errors in her wolr&abBbBetbi mayngpg
and reasoning. As ment ipmreads @ ah” ibeyeiada’l ySorrs , r esi
connected in parallel may create a false i mage ¢
do, however, Dbelieve that Teacher B actwually mad
to understand the differeoteadhpetivban ther enthenn
seemed that she gave her | earners an opportunity

the two ideas together and di scussBwgugs ifnogg ut meir
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based worksheets and the PhET si mul atexami neear n

concepts dep ®@xptl elroyjywng hey function together.

While this type of l earning has its benefits, t
especially those ass 6@l mt o d;jsyhioud 2d8 Janhuw aaytsi obnes ¢ o n
I ndependent |l earning has the potential to creat
since |l eaohely aesipotnuwsiftbigwaliwhg o bt ngs happen t he
do Nkopane et. allh.i,e x2phlglian) | velays nteatrr uggl ed to provi
explanations of the mndti fdred emaclet doeee. ween curr e

Teacher B also used an acting demonstration and

showing how the cell exerts a pushing force to
this analogy is not consi stent wi tArs tahiet evdasl t t |
recommetnhdaetd it not be used to desciti lpé awasl tiamga i dd
circuit connections. For learners familiar with
acel | is initially connected to a c¢cwhiciohtturin p
does the same to the followingsemecve momt daeapesrmds

the force applied byhteh s apgplivant thigeegsr € $ eacuttavioani oghh

i tadvantmalismignsui t ebelaecnhg el ectric circuits. Whi |
|l earners explicddnmhiynmw stelde itrh #r etreep@mefe st he adsi agnos
di scussed in Chapter 4) revealed reasoning that

perspective helps to understand why the | earners
5.4.3 Teacher C

Similarly, Teacher C’'s water |puammedsalheijfsedbts va
resistance ohowevtehrent iimi o wti ons of al ways relati
or current to water flow should be clearly stat

examples in el &bt dieadaltbcumiud §i p( 8r mwac&nSaptéeons

5.4 Teachers’ PCK Regarding the Effective Use of Representations

Studies have shown that the PCK components of |
scienceCh&ddofepresentations are most (Begnyfetat
al ., 2015; Nil sson, 20h4;a Parukdy& t©Ohemx,pl 20 2)t he
teachers across condMapi dbei et aibedt PESBEBY)E crsent s

to assess fyantde aggauhaenrts 'o uB® €K .t h €avid ohrreenee nctoinopnoende nt s
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remai nbed sdrmée:arner under standi n(g2) ofGTrscli iedchicreg &
represent dtoicaum $h.e Watthpaurr pfodraii 3t er pr et ati on

I n this swaerdgnsttameres twhaeoahPeGksheegar di nsgpeC€T3$ i cal |
represenwaast @ eormesd mi tiemde eodd eoMfe | o meretciiméll gtti o t o
use of aBatTe@gicdhher A and Teacher C used bairtahl ogi e
significanbDurditdmgt anht ensgi ew, both deachmesw dt med T
anal ogy relates to coHocweweardgiymomprl @wstpdedcd et &cr E ai t ¢
omhow this anal ogyt Weesarpiree ssenn t seBdt otwoh eadg Sal ter (
it is sechphaAsat understanding the comglosertrsnni oifg an
intended meanmitmgl eThlé scusses strategies that ca
anal oBi e&fal,2@©n:0)

l1.Educhéeasnabout t haen anlaotguirees o f
2.Cr aafntal ocgaireesf ul ly to ensure clarity and rel eve
3.Cl early outl i naenalhoagnisetsacéknoweéedfe their | i mit
4 . Use mudnalpdwghieens necessary.

When using anal ogi esi sansp orretparnets etnot actairoenfsu, |l liyt cons.|

wildd presented ttca slce ar n @aaasdh is gtulhsingahlt osgtyr’ esnagntdh s
weaknesses befi dussee.orThdiusr iwvnags somet hing that was

the analogies used by teachers in the current st

It i s sugtghlassrtgeudmetnitatf or di scussing the applliierst p
t@any repr eseFmtrateiwdamupslieng a sci entekplaai admogeptm t

teacher sdishtumststis tirtespngtslueh as accurately asnhdowi ng
i ts | i,miitradwihoahtisaigt ubnea b Idee ptoabhow i tb embisnlitder pr et ed.

Therefore, the sam@r eswmadaredi  2ebtugradtd1 0B nal ogi e

used in the presentation of representations:

1. Educhéeaesnabout t hree prraetsuegshet actfi o n

2.Cr afetpresesctaatifanl y to ensure clarity and r el

3.Cl early outl i nreeptrhees estraitcidaukr reowlfedge their |

4. Use munepmpesemwthani orsessary.
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5.5 Analysis of Responses to Items in the Diagnostic Test

What follows is a brief discussion of howml earne
the diagnostic test, apandmeabpbyetatobntioé ¢hfiesct
i tefl | owi ng t hEabdbigsscuumsmsairdms,es | ear ner s’ response
teacherasch item in the diagnostic test.

5.5.1 Item 1: Origin of Charges

ltem 1, sourced direct(lBngferrdhrmardhe &D|/BRECOmMeesd 2
arners to consider the origins of electrical ¢
e item did notexrpelgahienr e & e kh enocetirestnbteoci tti wea si n | i n

e
h
representation used by the teacher toatsmpaledrne
0 ot heTrh Botvwemspaierstentf atoimoMe ac her Ap raoykeivdi edaescnhceer C
hathey addmhes ceodhcepts ooufr coeesl losih eesndearsgcyher B di d
nclsuudcen i nf or mati on. I nterestingly, Teacher C’'s
whereas Teacher A's |l eaahehsugpkerfbeioefdad@®aigve r stt i
commendabl e. The South African curriculum explic
sour(cBekepart ment of Basi,ovh Eldlme afA il ®nhr al2i0almlagd ur ri c
pr escrriepmtairde@ancgh i ng (tNIBiWs Etdapgiad.i ofnh,e 20t1e8Y i s si gni |

understanding the origin and movement of .electr

Research indicates that many | earners hold the n
bat t(eGuycl uer, 2020; .Yahlgereaf oale.,,, i200i4s) benefi ci a
opportunities to explore and challenge their mis

5.5.2 Item 2: Closed Circuit Conditions

ltem 2 was designed by the researcher for the
teacher s, t hi-asn swwaesr etdh eq uteesgti on i n the diagnosti
|l earners understood the difference choentsweegeune nccleoss ¢
of a mal functioning <circuit ci onnepaocnhéedto.vAe T P 1 ev t w a
presentation orekpteavpgbw thatwdsheosse@dpt. Teache
of the PhET simulation thmememdutt hregr tthea cheiarrgn e
create closed circuits as part of all their inve
Teacher C taugditr dudiilaygs o @ ¢ g waasc henen t he diagnos
t e.dtt wasor ponabedis Power Point presentation anit

Teachelredsomwter f otr me dot her | earners on this part.i
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5.5.3 Item 3: Brightness of Bulbs In Series

ltem 3 was designed by the researchletisntdust bp |
provided significant insights into how | earner s
explanations. Learners frsonc|Tesasxseherwer eanlde sTe® as b e
those fromsTedcalsesr i answering tdReimongutlaéi ng,

empirical rul e and current weakening’'smiuseo mde pat |
colbughlighted path fcoaruskebdacnmomstrmai |lyatcwencl| ude
current is used up by one Li ght sbhubBbrmkre@hcer r wau
reach one | ight Dbulb before the other. I n the <cs
since the PhET simuahati omghe mbudtosatd @ ght up si mit
shine with the same brightnessmi ghhits lkesiWggddtvse |ty
convetyldeht ended concept and that Teacher B could
questionwormks.lBeghdi Ng,ear'metecbiudmd have been bett e
on feat uhersmdntkigonweldi ch can easCbpveeselvelsl Dokehde
|l earowtes f or med alwht dek | telaeT mieasdEbelcya u sde rlhegentd

expl mdidtreeds dconcept in his Power Pacntd lpadesreéonanat i

di scussions about the brighbwnrissg amidsTeEiagther nigCe w,
mentioned that he bselddeeses dn st Hieasrgeestion i s

addresesecomgcaytchgss.
5.5.4 Item 4: Current in Series and Parallel Connections

ltem 4 wasl treéfiatedthe DIRECT test (Emgégthwadt &
rewritten by the researcher ®MBot hbhghpwmbhpoaabdbl ef t
its compl exidti vt maegdrardevres .r pifo&wi ded wasenea wharcahl | e
requknedl eigeurrent Hewé viehtei cpr r et etoeabseweres ci rc
a tdpiad ahadmedegnovered in previous questions. The
revision and simplliéacmei @onf rdmcPpasaehedi Bor med t
mo s tulsyi nigei r knowl edge of serilesaraer suiatl .0 TPeeacdh
i ncorporating elements of her representations [
Teac@Gerl earners struggled with this question de:c
the one shown in the item. Their explanations t
| acked dept h.
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5.5.5 Item 5: Resistors Connected in Parallel

ltem 5 waslteml @80ednt ohé EDDREGArtdes®& ,Beittchwas, 2
rewritten by the researcher for the purpose of t
as it highlighted a range of alternative ways of
challenging items in t hehpdioagpesfioc mbeaste, byehl €c
the three teachers. Teacher A was the only teact
her fl awed anal ogy may have inadvertently <crea
understanding. Teathlkrerco@Qceipd mot at eachmnd since 1
this question incorrect, they were not able to i
—something that he hoped would happen as ‘snenti on
|l earners achieved the highest pertewtaik Thhéwcor
suggdhtag ibrmageidr y earning might be more effective

difficultthamalkegitsass.
5.5.6 Item 6: Voltage of Resistors in Parallel

ltem 6, sourced direct(leEywget bmr dhe &DBRE€dTmersd R
voltage in paHawk@kEscicooocieps wabyavor madcdyercdwesrted

t hug would be more appropriate to replace it W
relationship of-awoletsasgeentiim| s @mruitecesome expected to
teachers. Therefore, the item requamewewetvh i on
aver ageraehso 6&® %) by | earnerBerakce oss eml|l pr oeiaded v
i nsights itnhionKkiermg n&@lbgrua v evaollitnaggeper si stent conf u
concepts of cur.r elne a fannedg siveilttl aygei nt er changed t he
explanations of potential difference.

5.5.7 Item 7: Current and Voltage in a Parallel Circuit

ltem 7 was designed by the researcher for the pu
i tperscetilvaetd t hi s item asked | earners to daddkeress t
itemquli eadnersel ect the option that accurately r
in a ci6Grcadd .9 Floearners who are just beginning t
and how current and voltage are distributed in ¢
concepts at once elomil dgcpaude tmnaesker wam redundant .
evident in their responses as many struggled t

|l earners, for example, either provided partial e
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voltage. I nterestingly, regardl ess '©of apphreo arcehp,r |
l earners from aldoncsliadsesreesce mptrd Xeamiod h g age. Not ab
Teacher B's | earner s petrhfaonroniehde rssi, g diefmocnasnt trlayt i negt
effects -bodfseadglugaryni ng.

5.5.8 Item 8: Cells Connected in Series Compared to Parallel

l'tem 8 wadt dms3di mnt hd EDIgREGR rtdd s t& , Bédiud h wars, a2 G G
by the r.edhddrec btehceept of cell s cbnokottdee Smoupar a
Af ri can o urerpiac ulmem t of Basjict sdnuoctat @ xoml, n c2iOtlledya ) s
Australian(3%Wr Edutami oAs 220aB8galcher A addresse

conclkeypteferencing a question from the | earner te
ex plpaairml | el connectionsduHowevient eshieewdmhat elder
did not fully underTetaxzBe diitd. nDd a afi leee c&ol e etpote e r

teaching, andr egahseo nli emagr nreervseal ed | ittle under st a
connections &l ttert atlhe neirrggyuistuppl vy. I nterestingl)

to have addressed the concept with heorbeathans,
t hosBeadher B and Teacher C.

5.5.9 Item 9: Short Circuits in Parallel Connections

Il temvhd,chawaered bultemaksk@di ont hé EDJREBEAartdes®& Bei
200,4)was effective for assessing understanding

chall enge their thinking on the topic. The over e
teachers, which was e xTpeeacctBeeds i fnacre T ehaecyh edri dA naontd d i
the concept. However, it was notable that despit
as confirmed in his iimsteeromieevwwoamd pPhewrniatihon,

| earners answer ed tchoergreedc tslhyar tMoaieroovieirt, s as reaso.
qguestions: some completely unrelated to short ci
perhaps approachwdyii mit lcaomac e phtehienacagrhcdcept of curr e

kits) since his | earmwdrthosheowedd msare success
5.5.10 Item 10: What Happens When Cells Become Flat

ltem 10 was designed by the researcher for the |
ltem 10 holds is displayed in the connection thaj

ltem 1 focuses on the origisses ehecitmphis¢cawhohe
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becoming flat, indirectly revisiting theamiscon

cel |, can be depleted. This indicates that i f | e
of charges in Item 1, it might resurfackednnktem
performed similarly on both items, confeamhegs t
excelled in I'tem 1 but performed poorly on |Item

the origin of chahgebaandryhe role of
5.5.11 Item 11: Voltmeter Connected in Series

ltem 11 was designed by the researcher for the
African <curricul um, connecting voltmeters i n p
suggested pr adtoiwe atlehtendteir wit taimbdg ntghi s needs t o be
explicit (Department of Basic Education, 2011).
a requirement in the( NSWgtEGUGCani Bag re d2] @eleBrunne r

esponses to this ittheenmrd e rts twearsd aesv i ddierngc ttlhgartl i nk e

-

nothe teacher had t aubéemeftdspee,cohceptrepresentat.i

—

eachers could be connect ele acofetichiids nadtemddreasdh
oltmeter needs to b-ea cpanexickhlea ¢ Mo rptacroanilreg of
omet hing which was r egpdrefcarenda nicne :t hneoinre |oefa rTneearcsh
nd only two of Teacher C’'" ®ut eagneée heTedancsheeer v €48 w g
onfirmed tyhaaddkrhes ad etfHi s c o,maapety iwdietimhg ehdeirr | e a

erforrmenrce,eautnpe sfadolime@mishi s it em. Il nterestingl

0O T O 99 u <

oncept was taught to |l earners or not, a common
was that v 0 'memaestuares t het ef ore have no resistanc
presents a wuseful teaching point t hat teachers
apparatus wor k i n spiercdidliiecs arewhat their

Tabb6on the next patghee sluemamanreirsse s r esponfsoerdaclacr os s
item in the diagnostic test.

5.6 Conclusion

This <chapter interpreted the findings of t he s
interviews, |l esson plans (document anal ysis), a
foll owing chapter concludes the st udcyusbsyi nagn stwheer
i mplications and | imitations of this study, and
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Tab36i Summary of | earner responses to each item in the diagnostic test
Major = Teacher A Teacher B Teacher C
concepts =
cc
T O . : Circuit kits, hosepipe analogy, and
(%] -
= 0 Calour-zolng techmque,and_ people PhET simulation and worksheet Christmas lights and classroom light
o charge and shop analogs
%) examples
0 0 0
L= 2 Additional notes ) Additional notes & Additional notes
no. Correct Correct Correct
Charaes in General understanding. Teach¢ General understanding. No Gg ;zgeigzzrjéﬁg?éngiﬁ i?th
"9 1 60 A did address this concept at th 63 evidence provided that this idea 72 Y
wires . comes from at the start of his
start of her teaching programmg was covered. X
teachingprogramme.
L Best answered out of the 11
Closed_ qrcmt 2 88 Best answered out of the 11 88 Best answered out of the 11 item 93 items. Concept directly
conditions items.
addressed by teacher.
Learners who selectale ;
: X Learners who selectdteincorrect
. incorrect option revealed ; ) Bestanswered out of the 11
Brightness of . . option revealed possession of ; )
) . 3 68 possession of empirical rule an 38 - 93 items. Concept directly
bulbs in series . empirical rule and current
current weakening . . ) addressed by teacher.
. ) weakening misconception.
misconception.
; Best answered out of the 11 item . .
Current in | . f d f | ) terred . Variety of mixed responses fo
series and 4 72 Explanations reflecte use o 88 Explanations referred to series 36 correct and incorrect option
teacher representation. part. No elaboration for parallel ;
parallel part selection.
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Table 5.7 (continued).

Resistors Worst answered out of the 11 Worst answered out of the 11
connected in 5 24 items. Addressethrough shop 38 Not directly addressed by teache 7 items. Not directly addressed [
parallel analogy. teacher.
Voltage of .
resistors in 6 68 Addressed through peopéharge 63 PhET simulation witlworksheet. 64 Not directly addressed by
analogy. teacher.
parallel
Current and Some evidence in explanations Best answered out of the 11 item Explanations either incorrect
voltage in 7 56 : P 88 Evidence of quantitative 49 P . '
o representation used incorrectly . incomplete or avoided.
parallel circuit understanding.
Cellsin 8 48 Concept addressed by teache 50 Concept not directly addressed & 57 Concept not directly addresse
parallel teacher. by teacher.
Short circuit in . Worst answered out of the 11 .
parallel 9 35 Not directly addressed by o5 items. Not directly addressed by o8 Concept discussed thoroughly
. teacher. class.
connection teacher.
Charges when No evidence of directly . . No evidence of directly
cells become 10 60 addressing this except for 63 No evidence of T_each(_ar B direct 28 addressing this except for
; : addressing this. ) :
flat teaching concept in Item 1. teaching concept in Item 1.
Voltmeter
connected in 11 56 Concept addressed by teache 0 Worst answered. Concept not 14 Concept not addressed by
series addressed by teacher. teacher.
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CHAPTER 6: CONCLUSION

6.1 Introduction

I n this chapter, the difniandidngs ufsrsomnpmdy d hies ¢t
This discussion provides an overview of the stu
gui ded t,haen ds tdurdayws conclusions based on the <co
Additionally, the chapter discusses the |Iimitati

future research and practice.

6.2 Overview of the Study

Thi s study sought t o i nvestigate t he Il i nk bet
representations t o teach electric circuits an

understandingheftopis bbpektectric circuits was ¢

recognised in both (iAdtigronetti ardal, 12i0t2€lr, atCworheen et
Beichnerand209cAyt h Afr(i Mlkmpanet eagtat al e, 2011b; Oge
Ramnarain & Moosa,t@@ild)t hat |l earners find diff
existing | iddrhatiwsrceonrcepd aeld rect ab autcfereecquuieamnst |y an
|l earstelrdte a | i mi twrdd ecrosntcaampetli usetgends i pAtld go et al .,

Hel m, 1978; Sencar & Eryil maz, 2004)

DI RE@as designed B@legi frnliesaddrygyetpot i ons and eval ua
understanding(Bhgehbaedt d&aBee tthanoemp, | e2x0idtdyp iod, t he
exXxt enseisveehmch been dconcdxptl @d eavcéi ngust heftfeegd teisv d o
teaching and | ear n(iBirgowrf &I Sealttrerc, c2OrlcOui t&Got t schl
& Eliahu, TROOWOYIpic of electricbatdncimodrt s agdrsdan i mw
further educatphasearmae tSoaitmi "Ad r { Dapacumencubéi mB
Educati onas 2welllla)as ftcthrer iAdiwltum leiaamed8 sGo add&r ade

(NSW, 2282#4png as this topic continuetshsicd elmecevi e
curricul um, there wildl al ways e detnererdi nfeort hoen
effeteaweking approaches. I n the context of this

ref e mseac hpirmge ttilrcaete s u Htear mMewvse | oapni ngccur ate conce

understanding.

Accordingly, this study explored teaching of ele

representations within ttelae humsfg uemprresad leeas naenmd '
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under standing. Science teachers who teach the t
|l earners in Grade 9 were sel dbpadtaci pantisci mant
were sel ecamrdt tbeaslealcati on of the reseasThhrere at
teachers (one from South Adndhkebdrradd |tewovakbe oem AL
conveni eolt hgoeado t het ugypul.d ttGireand,d e r ner s are intro
i mportasucderarsent ,anwlo érteasggened hbepni f bstskeirn es

and parall el connections.

The following methodology was used for this stud
contreenltattehde ttoopi ¢ of el ectric <ci rtoouitthse apcacrarideiinp
learnerAs the end of the teaching period, a diagn
compl eted by whhehll wamsmmerasn,al ysed. Thereafter, e a
was subjectesdrtucataredminterview with the resear
col |l ¢ dtr ®@idmgther vi ews ewi t le atcihes sbtrhdedye us e d hteopt each
at the ti me ,afndthhrespessaschndprexypibdeedatrinenmrs i n t

di agnostic test. To ensure validity, al | | ear ner
|l esson on elwhcetnhieccontenttsas still fresh in the
effectively. Additionally, | earmre rtsh envdrrt doovud q taensyt
additional assireanahee Dromeths.

Thi s me t hwidiod o gy s baisetde ropnr ett h & i st par adi gm, f o
approach since the dmatimercioddle.cit ®Bhlinsaia#p preonadcehd
deeper i hei pgltes i chpant s Teexpye.r i 2e@hatde)tsi onal | vy, a

research apmpredasemh ftwadaef |l ecting on the teachers

applicati € KwlodtnetalcehiirngP el ectric circuits.

Theet hodol ogy wa sc ognuci edpetdu ably atnhde t h,avdhri avthisd aslo f r an
usetdo analyse the data in order HRor atnlsiwer sitthaey,
theoretical frameworCkMtwas kRaoanecdpooathsedR the id
teach€mas | son et Tahle fotRWHEHWOheomer somrialt eRCKer s, w h
i ncludes ulmadtqhlu et tkegawldedbgnre current and priorp teach
by ext eniseinoanc,t etdh eREKc h ar esfuelrssett dof P@lEr andaknowl e

instinctively displayed through planning, teachi

I n order to gdiperismaiadg ht@nidntehdevioh @ gPeCBKCKmEronent s
suggest egr aimdbt(hGhan et wdre @ROLdd®)t o analyse the
These two components include (C7 Saknndo wl?2e)d gken oawnl de d

and srkalldtsed!| & s ftualreeer st andi ng of sciencfei.r stat a
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compomwarst gat hered t-Btoughutkd s$emerviews of the
and any additional resources or planning provi de
whemeaching el ecGraidel eignceurThiss tessentially addr e

Research Question 1:

How do the teachers enact their PCK, as reve.
refl edurong i negavtdleavguse of t heir own repr e:
teach concepts i6Gra&declrliearcnercu?ts to
Datfaor stelceond componéiret conceptual framework (1e
science) was collected, first through the use of
and submijgeeanda,ndt hrough teacher interpretations
t he interviewedmoneempalhaihesi on. Thi s i nformati on

secondary Research Question 2:

What iG adkee 9 | earnersodé understanding of elect
topic has been taught as revealed in a diagno

Inf ormation from both data sets (as for wahse t wo
compatregsit alcloinsskecti ons between the representation
enacted PCK and how these informed the Grade 9’

Circluhitss.i nformati onsaetctdedaimpy ReswarchgQuestion

How cafr ddhe 9 Oduemaremesnsanding of the concepts
representations that the teacher used?

By analysing the data through the | ens of the th

research question is ultimately addressed, there

How do teachers use and present representatio
PCK, t oGriandfeor9m | earner sd6 understanding of conc

6.3 Answering the Research Questions

The study set out to investigate the |Iink betwee

conceptual understandangwefi sgethei toktl owungsrbgy
6.3.1 Secondary Research Question 1

How do the teachers enact their PCK, as geveal e
during imdgandiewgs se of their representations to

t ®&rade 9 | earners?
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I n an early papedPCKaandodbbws®PEKt mmeplies to te
science etMagaubeonon etoakdbdulll@a®9@hile teachers may
l evel s of PCK across diifrfae rsd mtg | o neppammpeomtesn,t mass ti
effective teachiPmg.k lam da OllrdaeceorgdtginZzetednfel)ed f or t eac
devel ogknoweedge of | earner understanding of sci
et er mhnaitng eadmnéf $ cluil hd,aodundaeweri degipdt s t hat neec
hall enged. |t is the integration of t hese ¢ omy

d
c
enhances teacher effectiveness.ddmonas terhastieldd h e wa
quality OHCH et tahceredhe vazoimpwsmients and represent a
t

each el ectric circuits. The foll owi ngsesectio

-

epresentations reflects the quality of the rele
6.3.1.1 Knowledge of Learners’ Understanding of Science
Accesleangreirkmowl edge

All the teachers demonstrat ed ca nccerpdroatl ee dugred e rhsat
their hed@drmeér s he start of this teaclhe aagnqperiioad.

knowl eéoedeor e beginning i mastsregptidon. kfeawtkbdge Aof
Circomguest ilcemirmger ec aapali twha tl ewarheyf ami | i ar with c
ammet,erttheeds | i mited knowl edge of voltage.viSiweid ar

the fundamentals of eltdet ri clvemad enreantisd isd ikmog eqid u g e
knowl eTkqaee hasetéhi sr pknowl edge as the foundation f
Tksame strategyStwiarsg neott ewvahlob ya(s2s0elr8t)ep| ahatdal webk b

““akes into keashedehariacheristics such as their
hence | eading to meaninrngpu.ldand effective | earni
Knowl edge of | earners’ misconceptions

Duritme int dtevyaelwer s were not explicitly asked to
that they L basgpPpbstsbesed. I nstead, teachers wer €
that they knew their | earndghehfeaendeaeldloheidsulhtatt

their sl esarrnieprg luend erhset agoudant i tative nature of wvolt
circuits, tdaspetweaunubenmyg representationd die@asassi
regardlwhhed hekeycareect orcasee®@sracstarting point
teacHowgver, as @asisgehretre d(i2t0ylidg cruci al for teache
concedaptashdierasndrni nd chall enging so that they <can
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teaching approaches. I n this study, the teachers

the areas Iwehaesresttheggl ed.
6.3.1.2 Curricular Saliency and Content Knowledge
Teacher knowledge about the place of the topic i

I n a -stpeeiid i ¢ HFPCK jrnigd d 2@dltidiyat t eacher who demon
exemplary PCK in the category of content sequen
i mportance of the topic (that) include sequentia
I n thishBQGK dgyoafl i d ayc h f totetaccohnetre nt seqmpowandg e

Whil e somes hovecdserrsong ability to justify the or
taughtstrnnuhegl ed with justthdryi adoaepetnse.t dece,of Tea
believedl ¢dmnemley needed to grasp the quantitati
CAPS curfbepmadmutmment of Bas.i cT heedreehftac i @dnd, c e2t0dlilmag | vy
and pl aoneddtroduce the qualitatisweni aspecetasr sof -
demonstrated ghuesrt i dlyi Itihtey sequence ried awdeidec d| tt cogd c
should be taught. However, she also used el ectr
table to intsodamnceneolgly®ge® pasehpet tahditrsh,h elee@asner

did not utnhdies s¢ amahedpitcati ng a need for better al

Teacher TR aalCdrintentionally somhttaedrenbhorpts cur
recoigmghathese bceoohimgnd wer e unnlecersseaamsy'ermtt | ev el
This selective approach reflects strong PCK, as

|l earners to struggl &. a@ad wagrys elfy ,waTeearc \WwheircWC i sl a't
morseui t abl e fdrhei ctornackpdiGoda dBed argrn dsnesse med mi spl ac
indicating a | imit@mdrntinculnamias P&€CKt for this

Contlamtwl edge

I n a receohdsdctubadhibey i ng dtexapll.or(e20t2h3e¢) r el ati ons

prseer vpltyesi cs 'ttoadckets knowl edge, teachiamigeierx per
proficiency tlhe&wyedgd d@hbtPCKent kheosdliegdkegd bDmfl uence
teachers’” PCK and use of selected teaching appro

in the way that teachers either employed certain
altogether based on their contenttoknewlhegphe, offe.
demonstratoemdy ansgitrstanding of the origin of cor
opted not to t eaclhe arhnesr ssioanggreiptt atso thoios conceptua

However, TegecchelmerA lWrnowliedge of cells and the e
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anal ggisailc hpaegthtag ge and isdho,p tamahemgmplt ebhendr sow
energy is distributed throughout a circuit, des
facilitating effective conceptual understanding
knowl edge of specific contepantliyn iedfelcuanacedcitrt

instructional approachkPeGGK thereby reflecting the
6.3.1.3 Conceptual Teaching Strategies and Representations
Sel ectrieopnr eosfent at i onke &rasedisfofhii amdilatt t o under st anc

Duritrhgeg interview, Teacher A il eéamhiefoinesd sttventd yn cd
with based on her recent .anfchepamdresttetdaasmd ingg exelet
an ener gy ctohnec espeteoatnédr is$ andi ng how the resistanc

decreases tot al resistance instead of increasing
anal ogies, one for each of these challenging ide
Teacher C also used analogies in his teaching, t

The &nabbgy was used to explain cwhirkatthkeoweth
was utsoe de xcpurariennt f |l ow i n tplaghailride It oc iirlcluuisttsr,a taen dt

bet ween current, voltage, and resistance in a ci

Thealwaf@siamal ogi es in science seedaDOghgr.i sTO® B! )
way that t edatcoh emask estcrornvteent mor e da chceritsirso bd e P @ke.mo
However, this is only effective if they apply t
Il imitations of the analogi es, explaining them w
foll owing secti on(,DaarheelrcagitileOse agr eb ef liunitder pr et ed i

which can some¢asmmedéi sdendi ng.

| nabtid itegcogni se the | imitations of their repres
The inability to recognisewabeuvuhfomitanabpel pfcom
teacherseag&haeit some point in their teaching, us e

thhatdo be explained to | ear ne.or sAst odi sipa babyimeudn iumn d
Teacher A used a var,baty dafdhridlsr eosvienBbib o B @ amp | e,
descrtibe ngr oecneesrsgyoft ransf or mati on through compon
coulledad to | earners conceptualising enerT@lyi as so
hi ghd itgledgetdo detwvbéopeRCKeregarding their Tuhsies of r
findisngignificantevb edldaoc sseu gtigheasdte scusbésg | i mitati

canaumesunder samandgmgner s trheegacradncnegpt s Dweiimg t au
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t h
di

e i

scu

nterviews, none of the teachers acknowl edge

ssed these | imitations with their | earner s,

in theiTab®P.EXKummsersi t he representationandseHdeibry

Il i mi t.ations

Tab6.leiLi mi t ateiporness eonft ati ons used by Teachers A, B, and C
Teacher A Teacher B Teacher C

Direction of c({Wor ksheet rle sdess Water fl ow ane
(.

circuit path inparallel as bejieffectively i
current witho by sideo. |[of voltage in t
explanatio confusion.
Analogy 1 descr The sequence in
Afused upo inst e on current an

transformed thi| presented bl ur

in a circu bet ween t hese

Anal ogy 2 desc|Presentation of

speed of elecl was wuncl ear, C
resistors conn mi ss the po
mean more char (

Vol tages of br
fifadd

up too vo

It

i s

clear tIICatS eneny vieedaehmpm'gy | sy enbianibd i P K

mo rper of itchiamstntewhen using representations

6.3.2 Secondary Research Question 2

Wh

t a

Fo
mi
cu
t h
cCo
el

cu

The

Ma

at

ugh

sun

e
nsi
e

ct

ny

GCsatdbhe9 | earnerso6 understanding of electric
t as revealed in a diagnostic test on el ect
earners in both South Africa and Australia,
derstandings of concepts in electric <circu

nt as the flow of electriatliey andcui $sshehayv
hi ghest scores on items related to curren
st ehebsverntvwayBuonode and Wi thaetmmaada@2e@urricul a
ric circuitwsrndmtoulgehf ame decdAsealemouedbt &0ga

nt easier to understand than voltage.

t @emomliemet mbat | evagsi ntghe effect of resistors

|l earners showed a | i mited U nsdeelresatra ndgi snvge ro r
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t hat r e vienail secdo ntcheept i on. This ,wptleiar inerisritghattneept
resistance decreases the mo,wadroecuinatngresn caarre aanddd e
Eryilmaz (2004)

Furthermoregxphlecbefiluseenas bet ween, cwhirelfftlieacnde dv o

their reasonings provided for selecting certeae

arners frequently reasoned in terms of current
|l tage, suggesting thmarygufroewms. r Emias nfeidndihmedg ra
rforBaddleyand Wi,|l hwehlindbh(h2a0e2a08)n e f t en c® nce@lptt aage i
a property obtbakecthao aesrmaentdi screte physica

w d® O ®d S5 C

o T <

6.3.3 Secondary Research Question 3

How ca@ adce 9 duemademstanding of the concepts be |

t hat the teacher used?

The avamt o demonsitmmaet té@ferebentati ons useadheby t h
responses provided by | earnerwa®n thal datgngstvh

these representations | ed t o utnhide®mg thget diagug hor mi

Al l t hree teachers dedicated significant i nstr
compar alteddvdedhg r e s,iasntda necveetni rhees s ol t age. Teacher /
colooding technigue as her primary representatio
whicéntred around the concept of current. Teache

with a worksheet that focused on current and use

bet ween current and resisttlagd es Teaaclcairr r@ nus e d nte
another for parallel circuits. Mor eover, the cirtr
the relationship between current and resistance.
The results of the diagnostic test revealed a go
cl asses. Furthermore, many | earners referred to
of items, indicating that g mepgrad Nnendt. ahtbitm rss hii it
the use of t hesceonrterpitrioeustetnet altreichae mse troatnudri rnegnt in el e
circuits.

There was significant evidence indicating that
representations, it influemespohewsltemeneF®r sexe
one of Teacher A's PowerPoint slides on the distr
stated: “The potential di f faedrdesn cuept dhfe e@adle nbrianc H©
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across the battery/cell?” In items of the diagnc
phrases | i lkdd"“twpltthaeg etsot al voltage” in their res
l ink between the error in Teacher A’ d eawxmleanat.i

answers.

Teacher B did not discuss voltage as an energy

described “Nowt mgehaborce is being used td push

and even got |l earners to act out this pustding ph
voltage to a force more than to energy, none o0
responses. Thi s condfoabes weabhdrearnehser e, i n
regardless of accuracy, voltage Whehaedaherd B'os g

| earner smednitdi omotvol tage asi madi ceahtaetsgyfeaomerepB di
empha®otrsexiplssau alheg adhienrg | etaod mter e racsei vle it

6.3.4 Primary Research Question

How do teachers use and present representations,

Grade 9 |l earnersdé understanding of concepts with

I n the curr ertprsetsuedhyt,ateiaocnh served a specific purrg
grasp particular i deas, whet her it was understa
bet ween different concepts. The effectiveness o
intandgeoal s refl eenactled PEKché&Ewust her mor e, t he s
l ink between how t wesweseadpardemowt i wvehs | earners
concepts conveyed. Whet her dthredersprae&édtitgatoron
mi semdédtandiwmags n dteirccerarbd teet ween t he two. This fio
existing literaasurtehe hrael aetmpohnasshi'iepn alt ¢ tew e ePnC Kt eaance
|l earner 0Atoomes& Kim, 2016; Walter, 2013)

6.4 Emerging Findings

Two i mportant findings Tamef g & dvtaf$érfhoam d tiffig st esatcuhdeyr. s
address the Iimitations of their r epmwaeys enetsautlitons
mi sconceptions. | df @ ugt unday nt ftatu sied earofoi rdigi iesecnocnec e p t
l easnSeurpraptodi(2d0dde t eaccchrer snadvecemttemtoluy e t o
formation of misconceptions through theiwasexpl an
clearly demonstrated i nfitdeael lyurwietnh Bdacdhyer sA'e
hi ghl itgohtterrasce t he path of electrons through the
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ef fectivd eians nhgeibspuitinhge movement of el ectrons thr ot

it
pa
Co
pa
t h
t h
to

i n

i nadvelr¢amndn Iméd uhdeerl :stcarebhnaswleen encounteri

rall el resi st easner8&mecitfoi chadlliyev e t hat , when
nnected in parallel, electrons alwhAyghthghbhsted:
th indfmiewvek)y el ectron encounters only one resi
at no matter how marmyarrad diedt,ortshearreated ddd eilne c
e entire circuit remains unchanged. ITehesmerpeat
overl ook the fact t hat adding resistors in

creases the rate at which el ectrons move throu

TeacRhAes use of analogy reqanothBerc|laxamplcatodnhow

t h
an
t h
en
t h

at are noitn atdedacecklsisregd can | ead to mi-sbadgestar
alogy, she ‘wseditwphdeeserimbe energy distribution
i sedexlpp ain resistors as potemthicealmi dicoindemps j on

ergy is lost bet bheemgposhodosmeat hiet atshtelncehro efdor m
i s misconception iagde hguestriecsmpo.nsElBough viotl t ma

affecadd easmeér pr,esietntcoul d hinder their future

tr

Th
an
to
ma
i n
Th

Th
as
(2
VO
re
fr

ansformation in circuits.

is findingoddndudrodd @mepttals at wh e nu ¢ iemeapdheil nsg an d
alogi es, it is important that educators highl
ol §hihsellweddndretter under st and sicnogn cvehperse whhd emao
y fall short. When wusing mod¢ehaeirsera nsakloorgniensg an ¢
correct, alternativei wapessefbtbeiskhkongcomi hgsar
i ani #£xact consequence of inadequate use of son
e second significant f i ndi ncgo nosfic dtehriesnts taunddy viosl
synonymous. IFem & xafmptl ee sdeivaegn detaichheredt s 25
8%), referred only to current ,whiemh exmllyairna fngr
| t Rigg6-f)e. When the reasoning should have invol"
mai ning the same even when the bottom resisto

om the | earners waonswg@pteci€Cdmpdi hbkbudedr ect

The current t hat wi | | affect 1 & 2 does not f

The current through that specific branch wil!/l
one resistor.

They have their own current each so whatever
and 2
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Question 6
What will happen to the potential difference between points 1 and 2 if resistor B is

removed?

>

Ihcrease.

W=

Decrease.

C. Remain the same.

1 I 2

Figéflieltem 6 of the diagnostic test

This failndginisdqhe findings of tBerdeéudypdcWinldhieyw emd( D¢
designed a curriculum with a floearsdmeposentgagl e
understand the iimportant rel atiopls)hi gnfdb enweere c

voltage as a propewury.eot component of

As an extension of this specific emettgmrdg ofnitredi n
with questions that required thinking about how
and voltage), thédjusteanenbhgtheckodeepts. This
responses of Teacher C's 14 | earners (21%) who r
choi dteemPB7T g@-Re in the diagnostic test that promp
and voltagevédPhr whbmssel ected the corretcwofopttheon (
responses used only r esitswoaenscpeo nisrest tpegiorvi deds omro

reasogantdigroefe the responses referred to current ol

Because they have the same current.
The current is affected by resistor.

This is because the resistors are using the c

Of the 14 responses receivedt Hnrreesh eTeaacdh etro ' ost hl

and voltage, irrespdadtarievaess oonfi ntghe accuracy
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Question 7

Read the five statements below, describing current and voltage in the circuit.

|12‘\.Ir
1
|l
p Q
R 5
610

i. The current between points P and Q is greater than the current between points R and 5.
ii. The current between points P and Q and points R and S is the same.
iii. The voltage between points P and Q and points R and 5 is both é V.
iv. The voltage between points P and Q and points R and S is both 12 V.

v. The voltage between points P and Q is smaller than the voltage between points R and 5.

Which of the statement/s is/are correct?
A. Only ii and iii are correct.
B. Only ii and iv are correct.
C. Onlyiand v are correct.
D

. Onlyiand iv are correct.

Fi g6-Riel tem 7diodgndetic test

This finding supporKepomen famdi Hgwwimanied diy2i0fl3¢ d
ability to effectively distinguish between diff
frequent challenge in acquiring conceptual under

6.5 Limitations of the Study

Al t hough ’'st hfei nsdtiundgys are significant, it is recom
due to the r esrealrathi ng ntia atthheondsi agnostic test, s

6.5.1 Diagnostic Test

Thdi agnostic test cuosuilpdgeasti hg wmabi dheeling. How

the items weveael thdkteemd fs@ur ces of l'iterature 1|ike
B) .
The diagnostic test i Rcdé-8)etdnaitt ernesq,uilriekde |letaermm e

two concepts simultaneous!| WpoamnahyghsslReirreneés oo
il wagevealed that ohkbBwlldmerssedf toemre concept or prc

answenstofdiidscussicmgpcleagsttlsr equi r ed. Even though th
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question in promoting <critical thinking through

acknowl edgeidt em could be divided into two separ a
and explain statements related to current, and t
on voltage. This approach may have mardet ljitnkeiarsg
address eadcmdc¢ o nachedatirleyduce the | i kahiyhodd tAdmfe mo v e

i mprovement could betio seatfoldptheidgaghmpl er

and more compltexm dned,owlairkdes t he end.

6.5.2 Sample
Duéeéo the resralrcaha&tri on to Australia before dat a
was | i mietaccchetrs who were accessi bl e whoo thhaed rbeeseena |

granted permission to participagdetefomSeygtiroml y
Af ri cd wand eac hfeursst rfarl dm . While this approach of
practices across different ’'scosucnotprei,e sparitti caill saa | ly
conclusions specific RPOKBdAduUuS hwtAH rAfaraind &amebuaoamer bde

focusing solely on teachers in South Africa woul
6.5.3 Observations

A tedschacti ons and interactions in the <classro
significant iirresviehhatodPdddkwher elhei r | esson planning
abotuieir personal PCK. Al though intemeaicéPdsk can o
anderpsom@K by encouraging reflection on their act

i nt ermdy wsot scpeepctdtieci | s, ssutcht amemrtxactl earner re
the classroom environment . Consequentl vy, direct
more effective in capturing these important de

understanding ofssdowheeacheps egtialsa twiegdslisgaidns cil nats
|l earner responses, i ncludi nfghetrlred oqeestdiorexctt lodys
have odflettder understanding of their comprehens

6.6 Contribution of the Study

A significarseamabhntascf been conducted on teachin
educattiwmhi.es typi tebbkwedecss aodi ng or misconcept
(Gucluer, 2020; Hel m, 1978; Nkopane ,etasalwe,l | 2 (als
various specific strategies employed by weducati

content. Some common strategiRagher, uldBRAInb sGwerer :
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11; Hungwe ,etsianlu.l ,at 2@tannsyoafdtiwa& ePuj i astuti, 20
os a, 2017 ; Ronen pé& yEsliicaahl(uJ @ia2k0dOulita leitt @l . 2011
, ,2®d2)hasiedy | eAboagge et al ., 2018; Afra et
stonMo&@ls®k)arch on teachinghsatbridtiagyi ¢ fi anpu e g
derstandi ndoavfe ieaomtctegit i otetnow itmmeomapeti ochti on

ese strahaeawdaste qgtidnvpednaitear nedetr st andi ng.

a related manner, it is rare for scienckudidng
ols or methods used to demonstrate, model, or
aching strategy when covering a specific topic
achemsl usple representations when t gadlcitrog ia
ate Gover nmewhter e2®20)chers rely sol el yusoen a t e
fferent represiemhat bonk, pt &Kk e naimedd ddsi ,a ge caurest. i olrhs
rticularly true in the topic of electric circ
presentations. For sei nasnt aanrciema ttehde yi mmaagye uttoi liil | 1
rrent through a closed circuit, followed by a
plore Kirchhoff’'s current |l aw in series and pa
ntegrate the concepts of current, voltage, and
is combined use of representations was demonst
udwis is where the study finds its wvalue. I r
presentation by teachers to teach one or mor e

vesti garteepdr ewleatiteaatcihoenrss are currently wusing, \
presentations are effective i mnidnfwhrami rkg ntdh eifr
ese representati onedé&tmieg tome liecheaner saught t h
presentation.

other valuable finding of this study is the po
formation and how | earners perceive it. Teache
particul ar concept, but | edr nier st hmea yi nntoet n daeldw ¢
ampl e, teachers often incorporate diagrams as

at these vi sluemdsshemi nde rdsRhraemsdtieonng, AQ®Od Mikiorpad nteo

al ., (@eédala)gnifi mastoovaepti ahesr sitna nlde anrgn eirs utnt
isting knowledge they use as a foundaltfi omnhiosi w
undation is flawed, which is extremely diffic
ery representati on, Itehaesneaviilsl nion tgeurapraentt ecei a ghraa
e teacher intended. The currentbedtudiyn tha mgthil a g
|l ecting representations, these tomwmdg st may aiom ta
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achieve. I n fact, |l earners may unconsciously be

t hat ar e not accur at e.

Burde et eaniphsHd2i@21) i mitations of using anal ogi es

education. They <caution that anal bgass eac &n nlo¢ ad
sufficiently familiar with the source domain or
apply to the target domai n. | n tshmea kseameéh eway,l eiatr

aware of both the strdmgphesa&md altii mintsattioomps ewvfentt
of the conceptiTshubsi nasteavghth.ao nitshresnegni fi cant g
understanding how di hbér @mtf y uleepacrenseenpt aheansson b

coudldso mul t aneously | eaflhd ostmi dysosmmeipasiomgortanc
carefully selecting and using repr.eddiniag hsliooglst svh
the need for teachers to be mindful of fabeeomrs cha

di r eacftflegasneder st andi ng.

As a pfoiimattl hi ©rospwadgsi gal fiimmmareci ng the quality
provibdyedachelrsasnidaerdi ti ionhalcloyn,ttroi btuteesdevel opment
preservice teadcdherawmdamavi or teacher workshops.

6.7 Recommendations and Suggestions

Whi |l e ackntohdiesbpemngati onst heef ftimedisntgusdys,t i | I off el

from weiveh al recommendations for research and pr

Electric circuits will likely remain a challenging concept for learners due to their abstract nature
unless there are advancements that allow us to visualise electron movement. Therefore,
further research should continue to focus on developing effective strategies for introducing
fundamental concepts in electric circuits and preventing the formation of misconceptions,
especially with the availability of new advancements in educational tools. Additional research
is needed to study the effects of teachers using representations, particularly analogies,
incorrectly. Specifically, an empirical study is recommended to investigate the difference
between teachers who use analogies without explaining their limitations and those who

explicitly state these limitations to their learners.

This study found that teachers often unintentionally create misconceptions or alternative
understandings in their learners by not fully recognising the weaknesses of the visuals and

representations they use. This insight could inform both preservice teacher education and in-
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service professional development, encouraging educators to carefully consider the strengths

and weaknesses of the representations they employ.

Finally, t hi ®£sstaudvyal aamphH aesioppor t uexipttyrfiiog fHhomwth
use of di agnosotuigch tleesatrscmeam hed poneashers reflect
practices and serve as a tool for professional d

6.8 Concluding Remarks and Reflection

The result si mditdhdites tshteu d el eedt edtcahteivaerast i r enact e

PCKwhichieBoarm | earner s’ conceptual QQOmaér gthaendi |
signiffiicainstyat the incorrect usesiofearcpermiemg at i
mi sconcepmteivedn sapdregnat i ve wlahyiles tf |tithger tefdfioirmmgt her

researdcrhvesttihgatiemp!| i c@itée romes todaichet su atsii mrga l st

i ncor,r eecstpleyeigalrddlyencgt r i ¢ circaoantsitblitbde rassltti ng |
knowl edgeartdhieng nfl uen€& mfl ¢ ®rard mrmodiPtccoopnieesy ms u s
litendtaur eaf tonmepe hief i cf nBEAOXarrd son et al ., 2019;
Rol I ni c.k, 2012)

Af treerf | eocnt itftniyg r esearch study, I hahwappadiynas imeval
botam educator anwhiavreigas enagr,clhcerl.l ecting, anal ysin
havael db@en simultaneously refl ecitdengt hamalirmeyafst eac hi
streagdhetakateed i mprovement. I have become mor e
the | anguage | use in the classroom and the ne
met hods and strategi es tnhastunidrew sMoeameddi vegrs, otf hias rs
has deepened my knowledge and passion for the to
the more excited | became about teaching this t
sometthhimignborwiinrng o my c¢cl assroom with a renewed c¢o0ml

that aschatmlEegagi ng

As a researeachhegr,edt Ickeaaln about the value that [|i e
to the body of educagaomseld mdmndwl edga.t Imyhagpvefess

by rewadi nhagutsi cllBepantdo continue with educational

Toconcl|lwhbael dke t of isrhalr et mought: the very first a
journiegtevel oped i nto my MEd journdfi Bldiase Swhud me
Under st and: Knowl edge Beolwebpi hea Weabhihg” i nf amo
Bernard“ Blhaswe who can, do. Tli&del mao, cld rBede mhbt eera
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being drawn to whatever came after that quote b
rate i mmediately increased. Surely being a teach
This jroaafnferyy meael i ef t hat beeonef e et i oheea cchaian g
requires a spechahbl |tkhhabtetly € d gpeorsasneds sletee t hi ng t o Kk
somet,hilnige ompl et el yhdlspimeomnearet et e understand it

professibobhkiesno other, and | am privileged to be
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ANNEXURE A - DIAGNOSTIC TEST

GRADE 9 DI AGNOSTI C TEST: ELECTRI CAL CI RCUI TS

Na me:

l nstructions:

l1.Various possible answers are suggested for th
answer by circling the correct | etter of your
2. Where requestaed,r iperfoveixdpel anati on f orpryoovwird eadn s we

3. Al l ight bul bs, resistor s, and cells should
indicated. The internal resistance of the batt
conducting wires can be ignored.

4. A key to the symbols used in this test is prov

Light bulb Conducting wire

Cell Resistor

Why do the Iights in your house come on instanta
A.Energy travels to the |ights immediately and
B. The cirourtbomes are wired in parallel. Thus,
C.Charges in the wire travel very fast.
D.Charges are already in the wire. When the cir

moving from where they are in the wires.
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Question 2
Light bulb Y blows out otWkat | wiglmt thhag gresinr ¢ wi tth e

A. Light bulb X and Z will conti ni
B. Only Ilight bulb X will shine.
{29_{8}_{83‘ C. None of the light bulbs will s

X Y Z

Expl anati on:

Question 3

I n the circuit below, @btmpahe bhébbkriagktndensntota

the moment that the switch is closed.
P
—C%}{F————- A. P is the brightest and Q is the
before Q does.
B. P is the brightest and Q is the
bul bs Iight up at the same ti me.
S ; C. P and Q have the same brightness
0 ' ight up at the same ti me.

Expl anati on: :
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Question 4

I n the circuit bel ow, al | the I|light fbul bwi rag e
state[nents is true?
I
| A. The current in P is greater than
P o B. The current in P is greater than
®—®7 C.The current in P is the same as |
Ri D.The current in P is the same as |
Expl anati on:
Question 5
I'n which circuit would the I ight bulb shine the
|I | I}
X Y
Z
A. Circuit X.
B. Circuit Y.
C. Circuit 2.
D. The |ight bulb will shine whitéaetbier saimes bri gh

Expl anati on:
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Question 6

What will happen to the potenti al di f feriesnce be

remo®ed

A.l ncrease.

—'—E—" B. Decrease.

C.Remain the same.

Expl anati on:

Question 7

Read the five statements below, describing curre

|12V
|

i The current between points P and Q is greater t
i iThe current between points P and Q and points
iiTheoltage between points P and Q and points R

i vLihe voltage between points P and Q and points [

v.The voltage between points P and Q is smaller t
Which of the stademeeadt 3 is/ are

A.Only ii and i are correct.

B.Only i and iv are correct.

C.Onl vy i and v are correct.

D.Onl vy i and iv are correct.

Expl anati on:
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Compare the brightness of the Iight bulb in circ

L 9T vlle

A. The brightness is the same in all three ¢
B. Brightnessi sntheasdm8, but di mmer than 2.
C. Brightness in 2 and 3 is the same, and br
D. Circuit 2 is brightest, then 3, then 1 be

Expl anati on:

Question 9

Consider the circuit bel ow, with two bulbs A an
di agram. Select the statement below that is true
A. When the switch is closed, I|ight
B.I1f Iight bulb B were replaced w
A B the switch was c¢l osed, l i ght bu

L ® shine.
T 20 60 C.1f light bulb B were replaced w
4/ the switch was closed, | ight bul

slightly di mmer .

D.1f Iight bulb B were replaced w
the switch was cl osed, Il i ght bu

with the same brightness.

Expl anati on:
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Question 10

A cell becomes o6fl atd becauseé

i all of its charges have been used up.

ii. the chemical reaction in the cell no |l onger
iii the cell cannot convert chemical energy int

iv. the charges can nothenbaettepbye out of

A.Onl vy i and iv are true.
B.Only ii and i are true.
C.ii, i and iv are true

Question 11

A voltmeter is connected in series to the circui

L@

(V) —

What effect will this have on the brightness of
A.lncrease.

B.Decr ease.

C.Remain the same.

D.The light bulb wildl no | onger shine.

Expl anati on:

END OF TEST
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ANNEXURE B — ANALYSIS OF DIAGNOSTIC TEST

Question | Topic

1 Origin of charges

2 Current flow in series circuits

3 Current flow in series circuits

4 Current flow in series and parallel circuits
5 Current flow in parallel circuits

6 Voltage in parallel circuits

7 Relationship between current and voltage in parallel circuits
8 Cell as a system of electrical energy

9 Short circuit understanding

10 Cell as a system of electrical energy

11 Connection of voltmeters
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QUESTION 1

Assessed concept: Origin of charges

Why do the

i nstantaneously

bbusei ooymeuon

when you put

Sour ce: Question 1EnDlkeRBG@T.dAt( and
(20p4)

Topic covered|“Cells are a s o(bepartenenbof e

CAPS document |Basic Education, 2011c,p.74)“ Pot ent i al
energy are involved in..e

(Department of Basic Education, 2011c, p. 26)

“The lighting system in
connected in parallel. I
breaks), the rest of the
they are each connected
pat hway, t o t h(EeparnmentrolBasici

Education, 2011c, p. 74)

Answer description

A. |Energy

travel s

to the

l i ghts

Energy travels +rmotoughtarnrdies .circuit

B. |The cir
current

cuits in
is already

our ho

me s ar

fl owi ng.

Chargese even if the circuit is not c(

C.|Charges in the wire travel v|Charges move from the source of power
D. |[Charges are already in the w/Correct answer.

compl et ed, the charges begin

in the wires.
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QUESTION 2

Assessed concept: Current flow in series circuits

Light bulb Y blows out. Source: Own teaching experience
other |l ight bulbs in thg , _ _ _ _ _
Topiaovered accon“A series circuit provides
CAPS document: passi ng t hDepanrgent ofiBasic Edudation,
‘, 2011c, p. 49)
‘I
X Y 4
Answer description
A.|Light bulb X and Z wi |l I|SinkModel Misconception. “ Students think that single
sink from the power supply to the electric
Andr e, 1997, as cited in Sencar & Eryil maz
B.|Only light bulb X will Local and Sequential Reasoning Model Misconception:. St udents think
circuits have only |l ocal effect rather tha
cited in Sencar & Eryilmaz, 2004, p. 607).
C.|None ofFighe bul bs wil/l Correct answer.
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QUESTION 3 DESCRIPTION: Current flow in series circuits
In the circuit below, alGompgSource: Combination of own exper
the brightness of the 1light science teachers.
switch is cPIosed. Topic covered|“The current is the same
CAPS document | (Department of Basic Education, 2011c, p. 49)
I
é? Answer Description
Q
A.|P isbtihghtest and Q is the d|WeakeningCurrentModel Misconception:St udents t hink t hg§
before Q does. one direction around a circuit, but tFh
device in the circuit uses up some of
& Finley, 1992, as citegp.i®09dncar & E
B.|P is the brightest and Q is [Since the resistors are connected in ¢
bul bs | ight up at t he same tand t he ||ght bul bs ||ght up at t he S ¢
However, since |light bul b P is closer
Empirical Rule Model Misconception. St udents think thaj
bulb is from the battery, the di mmer t
Sencar &Eryilmaz, 2004, p. 607).
C.|P and Q have the same bright{Correct answer.
l ight up at the same ti me.
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QUESTION 4 Assessed concept: Current flow in series and parallel circuits

I'n the circuit bel ow, al | t{|Sour ce: Combination of own experience Rabat

Which one of the following to question ((Engel WaRECT& Bei chner,
Topic covel“The current is the same when meas.!|

‘I according Jcircuit ( qepartreeatbfiBasit Education, 2011c, p. 74)
" document :
“ Resistors in a circuit have an ir
P ° fl owi ng i n (Deparanent af BasicHdication] 2011c, p. 48)
®_®_ “ A parallel circuit provides two (
® throu paritrtent 6f Basic Education, 2011c, p. 49)
Answer description

A. |The current in P is greatCloser WeakemirglCurrent Model Misconception:St udents think tha
direction around a circuit, but that the curr
uses up some of the current (Chambers & Andre
Eryil maz, ZHhpijical Rule Model Misconception: Students think
the bulb is from the battery, the di mmer t he
&Eryil maz, 2004, p . 607) .

B. |[The current in P is greatCl oser Weakening Current Model Misconception:St udents think that
direction around a circuit, but that the curr
uses up some of the current (Chambers & Andre
Eryil map, 35003,

Empirical Rule Model Misconception:. St udents think that the fu
battery, the di mmer the bulb (Heller & Finley

D. |[The current in P is the 4Correct answer.

E. |The current in P is the ¢ Current i s the same r egarSharedCsarrentfModelh e S¢ o e @ ¢ |
that current ip®itnmhe $amea at ralulit regardl ess
in the circuit have the same amount of <curre
as cited in Sencar & Eryilmaz, 2004, pg 607)
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QUESTION 5

Assessed concept: Current flow in parallel circuits

I n which

X

Sour ce: Combination of own exper

science teachers.

Rel ated to ¢
Beichner, 20

uest(ibonng €2 %h air
04, p. 114)

Topdavere|“"The tot al current in

t

accordingresistor ad d(eepartinemt ofpBasica |

CAPS d o c U Education, 2011c, p. 74)

Answer description

A. |Circui

Correct answer .

B. |[Circui

Di stractor.

C.|Circui

D. |The 1
circui

Parallel Circuit Misconception Model: Students beli
resistance in a new parallel pat h
of the circuit (Cohen et al ., 198
Sencar & Eryilmaz, 2004, p. 607) .
Rul e application error urrent
made after the | ightbuibd Wwhbyirres
brightness regardless of the conn
l'ight bul b.
Local and Sequential ReasoningModel: St udents t hi
circuits have only | ocal effect
(Cohen et al ., 1983).
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QUESTION 6 Assessed concept: Voltage in parallel circuits
What wil l happen to the pot|[Source: Question 15 {EomeDhREGT.
points 1 and 2 if resistor B 2004, p. 111)
Topic covered|“"The voltage is the same
|= CAP8ocument : connected {(Depanmentaf Bdsie | . ”
| Education, 2011c, p. 74)
1 2

—{ 2 |-

Answer description

A. |l ncrease. Rul e application error. Total voltage
i semoved, total voltage is-iemqouamaéasiongd
B. |Decrease. Term confusion |1 /V. When resistor B is
series, with a higher resistance and t

C. |Remain

t he same.

Correct answer.
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QUESTION 7

Assessed concept: Relationship between current and
voltage in parallel circuits

Read the five statements bel ow, desc|Source: Own experience
circuit.
|12v Topic col® The voltage is the
l accordin|{resistor connected i
|' CAPS (Department of Basic Education, 2011c, p.
document|74)
P Q “ The total voltage
* 20 * same as the sum of t
each of t h@®epargnentaft or
R Basic Education, 2011c, p. 73)
* 60
: . . “ A resistor is a c¢o
viThe currenf[ bet ween points P and Q i selected to control
bet ween points R and S. (Department of Basic Education, 2011c, p.
i The current between points P and Q a 73)Rel ati onship betwe
i iTihhe voltage between points P and Q a current.
xThe voltage between points P and Q a
Xx.The voltage between points P and Q i
points R and S.
Which of the statement/ s is/ are CorreLAnswerDescription
A.|Only ii and iii are correct. Rul e application error:
fCurrent is the same no matt
connected.
fVol tage i s same @i alslselr ean
equal to half the voltawe o

branchegardless of resistan
fCurrent i ncorrect. Vol tage
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Only ii and iv are correct. Rul e application error:
fCurrent i s mahd esameownd he r e
connected.
fVol tage i s same across resi
equal to the voltage of the
fCurrent i ncorrect. Vol tage

Only i and v are correct. Rul e application error:
fCurrent and voltage between
due to the resistance bet we
bet ween RS
fCurrent correct. Vol tage in

Only i and iv are correct Correct answer.
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QUESTION 8

Assessed concept: Cells as systems of electrical energy

Compare the

and 3.

brightness

of t h

® I

@il

Circuit 1 Circuit 2

Circuit 3

Sour ce: Altered but based on que
(Engel hardt & Beichner,
Topic covered|“When cells (of same vol
CAPS document |parallel, the voltage ac
o ne (Department of Basic Education, 2011c, p.
74)
“When cells are connecte
total voltage is the sum

di fferences)
Education, 2011c, p. 73)

0 (Departmerit of Badia

Answer Description

A. |The brightness i

he same i

Power Supply as a Constant Current Source Model: Students thi

supply resamesei xbd@ amount of current
1983; Dupin & Johsua, 1987 as cited in
B. |[Brightness in 1 and 3 is the|Correct answer.
C.|Brightness in 2 and 3 is the|lRule application error:
Two cells brighter than one cell regar
D. |Circuit 2 is brightest, then/Rule application error:
Two cells in series brighter than 2 ce¢
on the number ofnctldéns kownthe edel | s a
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QUESTION 9

Assessed concept: Short circuit understanding.

Consider the circuit bel ow, Sour ce: Altered but based on que
resistances as indic8ekdctnt (Engel hardt & Beichner,
correct option bel ow.
A B Topic covered|“"A short circuit can occ
CAPS document|takes the path of (Departners t
- of Basic Education, 2011c, p. 48)
60 20
Answer Description
A. |When the switch is closed, I||Rule applit&uroenerwoftl follow the pat
B.|I'f Ilight bulb B were replacelCorrect answer.
switch was c¢l osed, Il ight bul
C.|I1'f light bulb B were replace/Not a complete understanding of short
switch was closed, light bul|ldoubts.
slightly di mmer.
D. |1 f light bulb B were repl ace|ShortCircuit PreconceptionModel: St udents think that
switch was closed,stliilgghtshbiunig devi ces attached to the circuit are i/
same brightness. 1988, as cited in Sencar & Eryilmaz, 1
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QUESTION 10 Assessed concept: Cells as a system of electrical energy
A cel l becomes 6fl até becaus|[Source: Own experience.
V. al | of its charges have
Vi the chemical reaction i
takes place.
viithe cell cannot convert
electrical energy anymoijTopic covered|“"A cell is a system in w
viiit.;he charges can no | ong¢CAPS document|reactions can cause the
batter e Xt er n a (Departnrertt of Basi¢ Education,
y. 2011c, p. 73)
Answer Description
A.|Only i and iv are true. The charges originate from the cell
Sink Model Misconception: “ St udents think that si
electricity to sink from the power sufg
the device (Chambers & Andr e, 1997, as
B Only i and i are true Correct answer .
C.lii, iii and iv are true I ncorrect interpretation: The charges
the cell because they do not have enoy
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QUESTION 11 Assessed concept: Connection of Voltmeters
A voltmeter is connected in |[Source Own experience
I I
A A
® ' ® Topic covered|“ln order to measure vol
CAPS document|al ways be connected acro
/\—/\ battery.” Suggestion mad
\_/ (Department of Basic Education, 2011c, p. 74)
What effect will this have o
l'ight bul b?
A. |l ncrease. Di stractor.
B. |Decrease. Vol t meters are incorrectly treated as
C.|Remain the same. When voltmeters are connected, t hey hg
connected incorrectly.
D. |The light bulb will no longelCorrect answer.
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ANNEXURE C - TEACHER INTERVIEW QUESTIONS

QUESTION1—-1n this guestion, we will discuss your

section of el ectrical circuits.

1. MWhat are the maimtéendeasheéeé hlacayoers to know

Pl ease sequence them in the order that you
Click or tap here to enter text.
1.Which <concepts, within these main ideas,
understand? Cra@asyoonus gwhvwye you think | earne

understand this topic?

Concept Reason
Click or tap here to enter text. Click or tap here to enter text.
Click or tap here to enter text. Click or tap here to enter text.
Click or tap here to enter text. Click or tap here to enter text.
Click or tap here to enter text. Click or tap here to enter text.
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QUESTION 21 n this study, a representation is referred to as di fsftearednt wa

it Examples of representations include analogies, diagesmetcpictures,
Pl ease identify and explain how you used one or more representat.i
Representation How this representation Source of Strengths Limitations
was used in class representation

Click or tap here to enter | Click or tap here to entertext. | Click or tap here to | Click or tap here to | Click or tap here to
text. enter text. enter text. enter text.
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Click or tap here to enter
text.

Click or tap here to enter text.

Click or tap here to
enter text.

Click or tap here to
enter text.

Click or tap here to
enter text.

Click or tap here to enter
text.

Click or tap here to enter text.

Click or tap here to
enter text.

Click or tap here to
enter text.

Click or tap here to
enter text.
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QUESTION3 1 n this questianfeweofwiolfth et diies seullsetcst r i ¢ al

diagnostic test that your |l earners completed.
3.1The results from the | earner tests revea
correct indicating that they seem to succ

a. What do you think contributed to the

i dea?
Click or tap here to enter text.
3.2The results from the | earner tests revea
incorrect indicating that. they hold the m

b. What do you think could be the cause f

i dea?

Click or tap here to enter text.
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ANNEXURE D - WORKSHEET 1 FROM TEACHER B
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ANNEXURE E - WORKSHEET 2 FROM TEACHER B
Electrical currents

TASK 1: CURRENT IN SERIES AND PARALLEL CIRCUITS

Part 1: Background

1. What is current?
2. What are the units for current ?
3.Which instrument is used to measure current? Draw
Part Il: Investigation
Log ont@i PbEITt construction kit and go to Al abo
l1.Construct a simple series circuit with one |ight
a diagram below using appropriate symbol s.
2.Construct the series circuit as shown bel ow. Wr i t
and the current. This is called

a series circuit.

| |
I
XX

T Observations

3.Add a second bul b to t he circuit as

shown bel ow
observatibnsgbhnehse of the | amps and t he

current
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i Observations

4.Summari se series ci-rtouwmptl et ® pdrealcll @lsecipracwsiatge bel

I'na . ci.rrcui t the components are .iiiiiiiiiiiiiiiinnn.,
gives the current several di fferent for i
ot her bul bs wi l I I it as the <circuit i s
................................. are connected end to end i N @ ..
the whole circuit wi || [0 o T and none of t
................................. compl et e.

out parallel remain loop not paths connected components

5.Set up the circuit as shown below. Write down t he
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f Observations about current

Observations about current

Current in a circuit:
Write a conclusion f seriescuimrmcemnt in a circuit i n

Write a conclusion f paraldairrewmitt in a circuit in

Formula
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TASK 2: VOLTAGE IN SERIES AND PARALLEL CIRCUITS
Part 1: Background

1. What is vol't
2. What are the
3.Which instru

a ?
its for voltage?
t is used to measure voltage?

DO cCcQ
S5 50

m Dr aw

Part Il: Investigation

1.Set up the diagram below and record each of the v
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©

Q%

Observations

Jeswvannnnnnnn

up the diagram bel ow and

—O-

Obseryv

ations

record

each

of
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Observations
Vol tage in a circuit:

Write a conclusion f eeriescalrtcaugd i n a circuit in

Formula

Write a conclusion f paralleloi t @agietin a circuit in

Formula
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ANNEXURE F - WORKSHEET 3 FROM TEACHER B

Resistance

TASK 1:

1.Set up the circuit as shown bel ow. Record the fol

| Current: .....

Voltage of Battery:

.2 @ D UT D oo

2.Add in a second bulb and a resistor. The circuit
required dat a.

Current:

* Voltage of Battery:
I Voltage of

A
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3.Set up a parallel circuit as shown below and coll

Current (A7):
Current (A1)
Current (A2)

“ Voltage of Battery:
/\ Voltage of Bulb 1:

>

4. Add in 2 resistors and record the data from the ¢

Current (An):
Current ........... "
G "
T What i s a resi s
. What ............ |s ........... the ........... effecta ........... res|stor e
q Wh y woul d a circuit require
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TASK 2:

5.Set

up

t

t

he

h e

series circuit

parall el

circui-t

197

bel ow and record t
Current (Aq):
Current (A2):
Voltage (Va):
Voltage (V2):
bel ow and record

Current (A7):
Current (A2):
Current (A2):
Voltage (Vq):
Voltage (Va):
Voltage (V2):

he

t

vV O

he



TASK 3: CALCULATING RESISTANCE

Ohm’s Law v= oy

V =Volts
| = Current {in Amps)
R = Resistance (in Chms) v I

. What

. What

. What

. What

. What

. What

. What

. What

age

i stan

age

i stan

| . R (volts = amps timas ohms)

{amps = volis divided by chms)

—-I< A<

{fohms = volts diviced by amps)

<
A
I

oltagepiddaceesastcamcentofo25250 ampe

urrent protdhrceudghyaar el $sagecefol240.

is necessary to produce a cu®?ent of

ce would produce/ dbadudrerregri?t of 120 am

urré&ntbapnedycded olwy ngg 2 hQ®ugh a resis

produces a currentQ®f 500 amps with

ce would produce a current of 200 am

urrexXtbarodugetdhwouph@a9resi stance o
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