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ABSTRACT

Students’ alternate conceptions had been areatefést and extensive research in Science Educatidhe last three
decades. ‘Electricity’ is one of the difficult tepin physics and a lot research has been done ptoex students’ mental
models to explain the concepts in electricity. Thiady explores middle school and secondary sclstudents’
understanding about electric circuits and alternai@nceptions held by them. The study also uneadhisus mental
models subscribed by the students in their undedste of simple electric circuits. The study alsgleres the gender

differences in the alternate conceptions of midaiid secondary school students.
KEYWORDS:Alternate Conceptions, Electric Circuits, Mental tiéds
INTRODUCTION

Students’ alternate conceptions and misconcepiioasience has been a central issue in the resguatil area of science
education These studies indicated that learneist gfnowledge due to their experiences about mamnse topics are
often in conflict with scientific knowledge(R.Driv&986, Duit and Miller2002,0sborne1985). As thedeak are resistant
to change, they pose challenge to teachers anicudum developers and act as barriers to concépgaaning and
scientific understanding. The gap between every dagcepts and scientific concepts lead to undesaehent |,
disinterest and lack of motivation in science. Ehedso make Science more abstract and unreal tosttidents,
discouraging to pursue sciences. The topic ‘Eleitytiis often perceived as a difficult and abstréapic in Physics.
Research done in this area reveals that studerti ine age groups not only have conceptual diffies but also strong
alternate conceptions( Shipstone 1988, Osborne,1@B&ng and Chen 1998, Kucukozer 2007).As studesgsand also
are aware of lot of electrical and electronic agpties in their daily life, these everyday expemsnshape up their
understanding and contribute towards developmenhaifiy alternate conceptions and mis conceptionthig topic .
Students use many mental models to explain theriglegrcuits (Shipstone 1988, Osborne 1984) areb¢h are often
incomplete and in conflict with scientific explaitats of electrical circuits (Lee 2001). Hence diffities in understanding
concepts in electricity partly arise from this insgstency between students’ mental representafonsthe scientific
knowledge which they encounter in the formal cwdtien. Literature review reveals that some of the gwminant models

contributing to alternate conceptions in electyi@te “attenuation modelsharing model, clashingentrmodel, unipolar

model”(Shipstone 1988, Chambers and Andre 1997F5equential model’( Dupin and Joshua 1987, Shipstone

1988),"empirical rule model’(Heller and Finley 1992local reasoning model’(Cohen 1988) etc. Apadni these,
terminology used (power, energy , flow etc) , cdigai readiness, textbooks, language, socio cultargleriences ,

teacher’s beliefs and pedagogy etc contribute eaddvelopment of alternate conceptions regardigiré circuits in the
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learners. However there is no consensus regardiaginipact of gender. Some researchstudies hawansktrong
correlation between gender and misconceptions &atl dirls have more misconceptions in electric wtec than
boys(Sencarand Eryilmaz,2003,Engelhardt 2004, Rardind Bano 2001) whereas other researches cattrinits
(Anamuah et al 2001)

This paper presentsthe Middle and Secondary schinmlents’ understanding of basic electric circutsl
analyses the alternate conceptions held by theestsdn this area. The study also explores thecefié gender on

understanding of electric circuits.
METHODOLOGY

This paper is a part of large study conductednd &ut alternate conceptions of the middle and reg&xy school students
in various concepts of physics. However this pdipeusses on analysis of students’ understandingasic electric
circuits. The sample consists of 400 middle sctatadients(age 11-13 years) and 400 secondary stimbertssage 14-16
years) studying in various Government aided schavolBelhi. The sample is convenient as only theskools and
students who were willing to participate voluntarih the study were chosen. Alsoonly Governmene@idchools were
chosen to minimize the effect of socio cultural ex@nces on the conceptions held by the studembugh the actual
sample was more than 400 in each case.Only thogeattempted all questions in thethis topic weresatered for
analysis. The tools consist of written diagnostiestionnaire constructed on the basis of detagedw of literature on
the alternate conceptions of students in elegiriéittough the questions were in the form of mu#iphoice,the distractors
were provided in terms of already existing miscqicas as revealed by literature review. The goestiwere also
followed by reason for choosing a particular optiomrder to capture their thinking process. Trepomses were analysed

guantitatively and qualitatively using descriptaed inferential statistics.
DISCUSSION

The analysis of responses is done for identificatibmis conceptions and also under which categbryental models of

electricity they fall.
Understanding about Battery as a Source of Electrity(Source -Consumer Model)

Many researches in the area of alternative cormeptiof children in the electric circuits focused etudents’
conceptualization of battery as a source of elgtfror electrical energy. When asked why battergansidered as source
of electricity, 67% of middle school students rasped that battery is a store house of electronghnftow through the
wire from one terminal to another. Only 14% gavarhecorrect response that battery provides theggr®r electrons in
the wire to move.Altough this mis conception deseghin secondary school students as 37% studélhtsodd to the
understanding that battery is a store house oftreles This kind of alternate conceptions was iciafy referred as
‘Source -Consumer Model” (Shipstone1988 ) in whatbdents have an underlying idea that there i®aessity of
source(battery in this case) and a consumer (leldiirical appliance etc) . In such conceptionstaflents, a battery is
seen as an “active agent” or ‘giver” of electrigéiyergy , power etc and a bulb or any other apgdias a receiver or
“sink”(Shipstone D)
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Conceptual Mental Models for Current Flow in Circuits

Literature review reveals that in order to expldirir the conceptualization of Source Consumer ihadedents across

age groups follow various mental models. Osbor88%1) has categorizedthese mental models intotfpas.

* The unipolar Model ( Ref 1, Fig 1)-In this type miental model, it is assumed that there is no atirire the

return path and only one terminal of battery ane wire is sufficient.

* The clashing Current Model( Ref 2, Fig 1) In thi is assumed that current flows from both terrsnaf the
battery and two wires are needed and currentsflibem both to the bulb

e The attenuation Model- In this model of understagdcurrent flows around the circuit in one difentand a

part of current is used up by the bulb in lighting . Hence the current leaving is less than cumetdring the
bulb.

* The sharing model- In this, when there are mora tha bulb, current is shared between them ane@muis not

conserved.

In order to explore students’ understanding ableaitsburce -consumer model of simple electric diréailowing

guestion representing various models was asked

More

Less
(n (2) (3) ()

Figure 1

The responses are categorized into the modelsseed in the following table (1)

Table 1
S. No. | Model of Alternate Conceptions Middle School Students Secondary School students
Girls(%) | Boys(%) | Total(%) | Girls(%) | Boys(%) | Total (%)
1 Unipolar Model(1, Fig 1) 8.5% 5% 7% Nil nil -0
2 Clashing current model (2, fig 1 20% 22.5% 219 4.5% 4% 9%
3 Attenuation Model(3, fig 1) 56% 52% 54% 41% 289 493
4 Scientific model (4, fig 1) 21.3% 15.79 18% 64%fF 51% 57%
*Significant at 0.05 Level

the mis conception that current entering the balnore than the current leaving indicating theilidbehat part of the
current is “used up” by the bulb. The prelevancéhif misconception has decreased in the secorsganol students. The
reason could be influence of formal instructiowd &urriculum as these topics are introduced isscMll, VIl and IX.

There is a sharp increase in the scientific undadihg of the flow of current in the circuit fromiddle school stage to

secondary school stage. There is no major differdretween alternate conceptions held by girls ang In the middle

From the analysis of data, it is evident from thieraate conception of the attenuation model &sgwminant ie
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school stage but there is sharp difference at skggrstage(at 0.05 levelof significance). The pldbaeason could be
influence of daily life experiences and contextgyaserally adolescent boys are more interestedonking with electric
appliances and circuits at home as compared t®.4islo the interest towards engineering relatederarstart taking shape
at this stage and may have influenced their thimlamd conceptions.However,as this angle is notequtdirther, the

observations cannot be generalized.
Understanding of Sequence Model

The next set of questions probed on extension ofalmodels to sequence circuits ie one or moraiitiedements (like
bulb, resistor etc) are arranged These questiBigs@ and Fig 3) also probed if students have graspe concept of

conservation of current in a sequenced circuit

St = 1 1 i
uidy the lullnl\ll:}: g caretfully and state which is true

19,9

n) Current is same ot (1) and (2)

b) Current is more at (1) than ot (2) s some current is used up by the bulb.
¢) Current is more at (2) than (1) 2

d) There is no current at (2) as all current is used by | bulb

Figure 2

A et consist of twe identical coils R and R of resistasce 203 exch 4 shovn
i Fig. The curmest in the circuit it

Al fl
o

) at poist A, B and €. ;
;I ﬁip’ﬂ.ﬂ.-’mlhﬁﬂ

¢) Highest a1 poini B s Dot t Pt A
Figure 3

Analysis of responses shows that majority of sttelen middle school subscribed to attenuation n{@deés) .
Here options (b), (c) and (d) fall under attenuativodel and sharing model. The students used attienmodel to show
that some current is used by bulb and sharing mmdekplain flow of current to subsequent bulbswdwger this mis
conception decreased in the students of seconddrgok as 59% of students were able to give corse@tntific
explanation based on their understanding of coasierv of electric current. The same situation wapicted in another
guestion by using resistors instead of bulbs tdertheir understanding on the relation betweeneotirand resistance.
Analysis of responses revealed that in this cordésd majority of students subscribed to attennatimdel and sharing
model revealing that misconception of current baisgd up is extended to resistors also. Majoritgtaflents in middle
school used attenuation model as well as sharirdefrto express their understanding that currentedses subsequently
across each resistors. However this alternate ptiocehas decreased in secondary school studeuntspdrsistant to

certain extent.
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Table 2
S. No. Model Used Middle School Students| Secondary School Students
1 Only attenuation model 19% 7%
2 Both attenuation and sharing modlel 55% 34%
3 Scientific model 26% 59%

Understanding of Current in a Complex Circuit

In complex circuits ie circuits having two or malements, the understanding of relationship betweth resistance and
current is very important and the fact that thimtfenship is independent of resistors. The follagviquestion probed
student’s understanding of these two rules. Thetipreasked to find out the effect of increasinglecreasing of R1 and

R2 on the brightness of bulb separately.

Figure 4

The predominant understanding which emerged fragmathalysis of responses is that the resistor plaeéare
the bulb will only impact the brightness of bulbdatine resistor placed after the bulb has on efiecthe brightness of
bulb. This has been referred as “Sequence modethinh spatial factors(position of bulb or resi3tplays an important
role in childrens’'understanding of circuits. Thigsoonception is predominant both in secondary amddie school

students.Subscribing to sequence model by studéstgesults into failure of conservation of electurrent.

The following table (Table no: 3) depicts the poenihant alternate conceptions regarding electriuds present

in the middle school and secondary school students.

Table 3
. Middle School Students Secondary School
AlIEMmEL COnsEpIens (Age 12-13 Years) Students (14-16years)
A )Battery stores electrons 67% 43%
B) Connection to one terminal of bulb is sufficient 43% 12%
C)Current is used up by bulb 69% 37%
bD)Current enters bulb from both the terminals of 580 29%
attery
E)Cgrrent entering circuit is more than current 78% 59%
leaving the circuit
F)The amount c_)f current entering each bulb or 79% 530
resistor placed in a circuit decreases subsequently
G)Position of resistor affects the brightness of 87% 62%

bulb(current)
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Impact of Gender on Understanding of Electric Circlits
Fig (5) represents the analysis of mis conceptioaationed in the above table (Table no 3) stage wigirls and boys

separately.

Fig 5- Alternate conceptions in middle and secondary
school students

100%

60% Middle school Girls

50% Middle school boys
a0% Se ¥ Girls
30% W Secondary Boys
20%
10% I
0%
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Figure 5: Alternate Conceptions in Middle and Secodary School Students.

The analysis also reveals that the misconceptioadt@rnative frameworks present in girls is mdrant boys and
is significant (at 0.05 level of significance) hetsecondary stage. There can be many reasorgso®he reason could be
the influence of socialization and daily life exigpeices.The boys tend to tinker with electric citeunore than girls and
this interest or habit is reinforced by socialieatas often boys are asked and expected to fixagrieity related things at
home. Also, they tend to see more gendered rolesrat as usually electric fittings and repairséneral and on festivals
like Diwali, Christmas are taken care by men offdmaily. Another reason could be that the carepirations start taking
place in the early adolescent years and boys tershdw more interest in electrical /electronicsieegring and allied
fields. This is also influenced greatly by socigpectations and experiences.As the reasons fogehder differences in

the responses is not probed in detail, these oatens cannot be generalized.

CONCLUSIONS

Though this is not a large scale study, the sarsigle (total 800) is significant enough to arriveaatunderstanding of
mental models subscribed by students in the cosaeted to electric circuits. The alternate cptioas held by the
students are in line with researches conductedsad¢he world reinforcing the research finding timainy mis- conceptions
at a particular stage are present in students sthesworld. This study as well as other studiethepast have revealed
that students’ understanding in concepts relatetEtectricity” especially electric circuits is d#fent from scientific
explanation. This poses additional challenge toahstract nature of electricity. It is important tbe teachers to know
these prior ideas and address them in the classrtois also important to differentiate betweencélie current and
electric energy as the students while using sococsumer model equate current with energy. It jgairtant to introduce
the concept of electrical energy prior or simultzungy with electric current so that confusion oféd up” is reduced in
this context. Variety of circuits needs to be exptband experimented so that students get ampleriypiities to tinker
around circuits and deduce the effects. Multiplede®of representation of concepts related to éteditcuitslike graphic,
diagrammatic and visual modes needs to be incomgubiia the curriculum. ICT tools and virtual simtidas can be used

to supplement the classroom experiments to addresshallenge alternate conceptions held by thaests.
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Another important conclusion is that the mis conices regarding electric circuits is more in gitign boys may

be owing to the differences in social experienages @ntexts. As more and more girls are encourbmeSTEM related

careers, it is important to address these mis qaime in the classroom by providing more oppdties for

experimentation. The gap of socialization expemsnin the boys and girls can bridged by adoptingdge sensitive

pedagogy in the classroom. Further research isegkiedthis area to understand the reasons behindehder differences

in students’ understanding of electric circuits.
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