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Based on studentsd alternative conceptions of the t
charge flowswhi n an el ectr i ¢ oasgothulbstaddthe tesistamce t he br i ght

changes in series and plree | circuitsé, the current study aims to
of different conceptual change methods within fetap constructivist teaching model.

Therefore, the author assumes that such adesny give a chance to eliminate-st

dentsd alternati ve c on cseopstwere made foruflrthey . Al so, some su
research.
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Introduction

Since science contains manysatact concepts, students may learn them in different ways

caledd mime@t i o-nd6ncépt eeoxnids,t idnpgr ek nowl e d g eete, 6chilc
(e.g.Nakhleh, 1992; Nicoll, 2001Qsborne, Tasker & Schollum, 1981). Why students hold

alternative coneptions can be explained by several reasons: teaching method, student pre

existing knowledge, insufficient connection between concepts or betweaxigtang knav-

ledge and new one, textbook, procedural learning and so fActhrécht & Raduta, 2005;

Dikme n | i & ¢tardak, 2004, ¥zkan, Tekkaya, takéro
conceptions are very common even if di fferent
Go h, Khoo, & Chi a, 1 91an3 TabekK kil, €dl, Lé&renzo&hi2008; 2 00 5 ;

Voshiadou & Brewer, 1987), science education studies have focused on the followsig que
tions; Ahow to teach?o0, Awhy to t e-axstng o, i wh o
knowledge is central for further learning, physics studies, as in case ofther disciplines,

have made an at t e hgynativea conceptionsmf sbme parapattevestsicldas a

heat and temperatu(eEr y él maz & S¢r mel i, 2002 ; THhor®m, i k,
1999;Hav- Nuut i nen, 2007) , f or cRowlandsdGahram,tBery 8. ( Ke |l e k
Mcwilliam, 2007;Y ¢ r ¢ k , 2 0 0Amgtller & Rindor 2PQ2;Hapkiewicz, 1992;Kurt,

2002), mechang (Clement 1987;0liva, 2003), electricity and magnetism (Gh& Chang,

2004 ; Demirci & Michelek Adar,j&lLuengo, 200@ Mass and weight

(Hapkiewicz, 1992 Kor ay, ¥z de mi Mook, &Hatrison, 200¥atd Gbon.
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Becauselecti ci ty is one of the most i mportant topl
Borges & Gibert, 1999)nuch research has been conddicted to
ing, their alternative conceptions and their mental models. Especially, in the conteig of th

study, t he tropiitcsd 6edelcaatirci cicharge fl ows with
brightness of bul bs and the resistancé changes
gated well (e. g. Cl ement & 998B;eGrotedr & rSgdpury2 0 0 2 ; D

2000; Periago & Bohigas, 2005; Psillos, 1998). The related studies have reportedithat st

dents have alternative conceptions of the aforementioned concepts because of their little
academic knowledge about electric circuits (Clemer$t&inberg, 2002), their learningfdi
ficulties (Duit & -Bh?Paechg k@O6&)edgbe( Dupte& R
their misunderstandings or confusions (Psillos, 1998). The related alternative conceptions are

outlined by s onbkeorynomdp las: moael § i nk one wire bet
battery is enough to light the bulK € r r q v i; &redette & A®tthead, 1980); (B)c h-a s

ing currents (twec o mponent model )6 theory; current | eave
negative currenkeaves from the rgative terminal of the battery and they meet and produce

energy inthe bulbK2 r r qvi st , 1985 cited ;iOsborr2o0lB83es & Gi l
(cgl @dsed circuit model 6; el ectrical itcemoghr ent f | ¢
device in the circuit uses up some of the current so that curreat @en' s ( K2 rr gvi st ,

cited in Borges & Gilbert, 1999, p. 98) ; (d) o]
around the circuit in one dicton and the devices in the circuighare the current equally;

however |l ess current returns to the power SOoul
cited in Borges & Gilbert, 1999, p. 98 p; (e) ©oc¢c
plied by the battery is always the same rejaeds s o f the circuit featur
cited in Borges & Gilbert, 1999, p.98). Howe v er , identifying- or | abe
native conceptions is not enoughtoove® me t hem (e. g. ¢cal ek & Ayas,

achieve effective learning, much research has attempted to devise such conceptual change
methods as analogy (Ch& Chang, 2004Cosgrove, 1995Paatz, Ryder, Schwedes & Scott,
2004), worksheetloureiro & Depover, 2005Y i | i t ez, 2803 dconceptual change
t ext (At ek, 2005; Chambers & Andr eHuyugYiz)e,l | ea
tavak & Yé)ltankelp studéents Qo6change their alternative conceptions towards
sdentific ones. If a anceptual change method such as conceptual change tekdgwaand
so forth often exploits itself, students may be fed up, thereon, this may impede to fattain e
fective results (Dole, 2000; Huddle, White & Rogers, 2000). Also, Chambers adde A
(1997) pon t out t hat even if conceptual change tex
alternative conceptions, a hanrds activity that students experience explicitly may sem
times be more efficient.

Despite the fact that constructivism stresses to take students| t er nat inre concepg
to consderation, teacher may not incorporate them in his/her teaching experience since they
do not know how to exploit them (e.g.nc¢alék &
sham, Gunstone & White, 1994; Matthews, 2002). r&fare, using different teachingen
thods together in a constructivist gpective may solve this problem. Further, we assume
that using different conceptual methods within fstep constructivist teaching mel may
eliminate studenomsfullyal ternative concept.i

Four-step constructivist teaching model

In brief, since students participate actively in their learning process in tenets of comstructi
ism, they construct their own knowledge through their experiences. Constructivism has three
main charactestic; (1) learning is an active process, (2) students construct their knowledge
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by means of their prexisting one, (3) learner is responsible from his/her own learning
(Freedman, 1998).
To enhance applicability of constructivism, some models such af@Estep constro-
tivist teaching model (named 4E tBodzin, Cates and Price, 2003; Bodzin, Cates, Price &
Pratt, 2003) 5E and 7E are gerget e d . Since ¢taléek and Ayas (2005
(2006) and ¢al ék, Ay as, Col I, i nal and Coktu (
step castructivist teaching model rather than the others (i.e. whilst 3E (learning cycle) lacks
of a phase actiat i ng s t-existiegnkhosvi@dgep aneé motivating them, teachers are
confused elaboration with evaluationfor 5E model andextensionwith expansionfor 7E
model), we peferred it. Now we will introduce foustep constructivist teaching modelnzco
cisely.
In first phasee | i ci t i ng -esxtiud e mtgs 6i dperaes , teacher tri e
motivation for topic, to become aware of their {asting knowledge and/or alternative
conceptions so that (s)he has a chance to identify appropriate actilitisecond phase,
focusing on the target concept, teacher attempts to enrich learning environment for students,
engage them in activities and to afford them kpexience about concepts. Also, teacher
fosters students to think about the related concepadiyng questions. However, (s)he-r
frains from any <c¢clue. I n third phase, chall engi
knowledge with their newly structured one. Teacher makes reasonable explanations to co
firm/disconfirm their gained experieas. In last phase, applying newly constructed ideas to
similar situations; students apply their new newly structured knowledge to new situations to
reinf orce them (e.g. Ay as, 1995; ¢tal ek &t Ayas, 2
al., 2007).
The am of this study is to present a sample teaching design using different conceptual
change mthods embedded within fotatep constructivist teaching model. The alternative
conceptions wedcused on are as followslectric circuits; series and parallel citgts, the
brightness of bulbs series and parallel connection of circuits

Teaching design
Now we will illustrate our teaching design step by step.

EIl i citi ng -egidtingddeast s & pr e

To acti vat eexistihguidkasnteashér asks the firsiegtion at the begning of

concept u a l change text: 6Suppose that you have a
fit the circuit? What do you think about which of the subsequent eight circuits work(s) the
bulb?Then, teacher hands compteal changdext (Figure 1)out and allows them to read it in

five minutes. After completing reading, a class dsston is conducted to get students to

refute their alternative conceptions.

Focusing On the Target Concept

In this phase, the first question in worksheet
bulbs in my gardenwhi ch one (series or parallel connect
Students are divided into small groups e# 3tudents before worksheet is handed out. Then

students are asked to follow andndact the given directions in their small groups (except

for the last qudtions at the bottom of the worksheet). Teacher not only monitors them but

also fosters them to focus on the given pheeam however, refrains from any clue. The

worksheet is illustrated in Figuiz
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some students beliewe that one wire between a bulb and a battery is enough to light the
bulb. Thiz viewis called “sink theory”™ of electricity. But the “sink theory™ 15 wrong because
sinkt theory means that electricity leawes a battery, goes to an electrical device through a
single wire and turns back to the battery. The current cannot complete the circuit with a
single wire The circuit should be completed to form electricity current.

Some students think that positive current leaves from the positive terminal and negative
current leawves from the negative terminal of the battery and they meet and produce energy in
the bulh. This wiewis called “clashing currents™ theory. But the “clashing currents” theory is
wrong, Current travels from “+7 terninal and then completes the circuit by passing all circuit
elements. Finally, it reaches to the “-" terminal.

VJ ﬁ“j E .

r@j TS 0 5

a

momme students believe that the circuit elements hawve two connections. That is, electrical
current flows in a given direction around a circuit and each device in the circuit uses up
some of the cuwrent, thereby, curent wealtens, This wiew is called “clozed circuit model”™
Thiz wiew is wrong. In fact, the current may not be utterly conserved because of some
aspects of elements of circuits such as resistance, energy change (a bit light and heat).
Howewer, this iz a constant circulation since the same current flows into the crenit. Finally,
the current is conserved.

Gsome students think that current travels around the circuit in one direction and the
devices in the crcuit share the current equally, however less current returns to the power
source than originally leawes. This model is called “owrrent consumption model”. This wiew
iz wrong because cutrent has the same walue in every point of the circuit and is conserved.
Gome students think that the corrent supplied by the battery iz always the same whatever the
circuit’s features are. This wiew is called “constant source model”™. This wiew is wrong
because the batteryis seen as a souwrce of constant current.

To generate current in an electric crcuit there must bea closed circuit. Electric charges
transfer their kinetic energy to each other with the help of electrical sowrce so that electrical
energy emerges. Current iz formed from “+%pole to *-"pole when the charges start to flowin
a battery. Finally, as seen from the foregoing studies, 2" and “h™ are the correct ones.

Figure 1. Conceptual change textich is devised based on the studieBbyges and Gbert (1999),

Chambers and Andre (1997), Cheng and Kwen (1998) and Grotzer and Sudbury (2000)

Chal enging Studentsdé | deas

Since each group completed the activities presented in worksheet, a class discussien is co
ducted to get students to be conscious thei
and parallel circuits, an analogy is used take unfamiliar familiar. Such a strategy is

needed since studentso6 profiles and
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t his, teacher clarifies

t he

rel ated

siwf uat

ledge. The first analogylustrates the flow of current to the bulb in simple circuits and series
circuits while the second one explains brightness of bulbs in parallel circuit. By usilay ana
gy maps, teacher enables students to perceive similarities and differences. Moreoker, teac
should explain the relationship between the current and brightness by meanswbfd®=

12.R (P: Power, R: Resistance, |: Current). In regard to formula, when the currensas;rea
there is an increase in square of the current in terms of thietheigs of the bulb since R is a

controlled variable.

1 want o increase brightness of
the bulbs in ny garden, which
one (series or  parallel
conngcion) provides a more
bnghtness

Devices:
- equivalent bulb
- battery

- wire

You can help me to solve this problem after completing the subsequent activities. Please follow up the

‘ given directions carefully and answer the given questions

1. Pleass consfitute a circuit by using a bulb, battery and wires and draw its shape.

2. Pleass consfifute a senes circwt by using two bulbs, battery and wires and drawits shape.

3. Pleass consfitute a parallel crenit by using two bulbs, battery and wires and drawits shape.

» Please compare brightness of the bulb in step | with that in step 2 in terms of their differences.

Please apply yvour gained experience to the following guestions

v g v
L+ = |
I
Figure 1

Figure 2

21 I
I o
I

2]:\ 1

1. Ascanbe seen from Figure 1 and 2, there are three bulbs in both series and parallel circuits. What do
vou consider on which ofbulbs (series or parallel circuif) has a more brightness?

Figure2. Student 6s

wor ksheet.
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Analogy 1

Mr. Ali is the owner of a cloth shop in Sugar Street which has a crowded population. Mr.

Ahmet is a truck driver who carries the clothes from factory to clothes store. Every week Mr.
Ahmetcarries the clothes from fact & Sincd Mr. Mr . Al i
Al i 6s first s hefipherdecides tocopemanotieer skoee in Sugar Street (see

Figure 4). However, because of quota of production Mr. Ahmet must divide #rged

clothes between two stores. In brief, each of the stores takes half of the carried clothes.

T T
i J—‘H@—@
o €s s
| . | |
T T
Figure3 Figure4

CS: Cloth Shop; T: Truck; F: Factory

Analogy 2

Mr. Ali is the owner of a cloth shop in Sugar Street which has average population.hMr. A

met is a truck driver who cdes the clothes from factory to clothes store. Every week Mr.

Ahmet carries the clothes from 5. &ocedr. Xi t o Mr .
opened another clogisstore in the Chocolate Street, at the behind of Sugar Street, to reduce

hisca rying ti me, Mr . Al i empl oys Mr . Hasanb6és tru
of Mr. Ahmet. Whereas Mr. Ahmet carries the clothes to Sugar Street, Mr. Hasan does them

to Chocolate Street (Figu®. Both of the stores have one filled truck sinceduction qu-

ta is restricted with two filled trucks.

T
l T
F €s
L |
T
Figure5 Figure6

To apply newly constructed ideas to similar situations

To reinforce students newly structured ideas, teacher asks the ifdlayuestions (at the
bottom of woksheet) to students (see Fig@e Further, teacher can exploit these questions:
(1) If we connect another bulb to a paralletait, how does the brightness change? (2)-Co
suming a less energy, how can w&ain a morebrightness?
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