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Ozet — Bireylerin bilgileri nasil yapilandirdiklarin1 anlama egitim arastirmacilarinin énemli ilgi alanlarindan
birisi olmus ve bu kapsamda Ogrenenlerin bilissel yapilarmi ortaya c¢ikarmaya calisan birgok arastirma
yapilmistir. Bu ¢aligmanin amaci, sinif 6gretmeni adaylarinin elektrik kavramu ile ilgili bilissel yapilarini tespit
etmektir. Bu kapsamda veri toplama araci olarak bagimsiz kelime iligkilendirme testi kullanilmis ve veriler igerik
analizi yapilarak ¢oziimlenmistir. Ayrica katilimcilardan, elektrik uyarici kelimesi ile iligkili climleler
olusturmalari istenilmis ve olusturulan ciimleler 6nceden belirlenen kategoriler dikkate alinarak analiz edilmistir.
Calismanin  6rneklemini, egitim fakiltesi 3. smnifta O6grenim goren toplam 35 siif O6gretmeni adayi
olusturmaktadir. Elde edilen bulgular, katilimcilarin uyarici kelime olarak sunulan elektrik kavramina iligkin
zihinlerinde yer alan kelimelerin 9 kategori altinda toplandigini ortaya koymustur. “Elektrik devre elemanlar1”
olarak belirlenen kategorinin 6n plana ¢iktig1 goriilmiistiir. Ogretmen adaylarimin elektrik kavramiyla siklikla
iligkilendirdikleri kelimelerin ampul, 151k, akim, direng, anahtar ve pil oldugu belirlenmistir. Ayrica 6gretmen
adaylarinin elektrik kavramini, temel diizeydeki bilgiler ger¢evesinde iliskilendirdikleri ve ileri dizeyde bilgiye

dayali kelimelerle/kavramlarla iligkilendirmedikleri goriillmektedir.

Anahtar kelimeler: biligsel yap1, kelime iligkilendirme testi, sinif 6gretmen adayt, elektrik
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birgok arastirma yapilmistir (Tsai & Huang, 2002). Bir bireyin uzun siireli bellegindeki
kavramlarm iligkilerini sergileyen biligsel yapinin (Shavelson 1972; Shavelson, 1974; Kurt,
2013), ozellikle de gelecegin 6gretmenleri olacak 6gretmen adaylarinin 6gretecekleri temel
kavramlar ger¢evesinde ortaya konulmasi 6nemlidir. Bunun yaninda, fen bilimleri dersinde
yer alan temel kavramlardan biri olan “elektrik” kavrami, fizik alaninda anlasilmasi ve
ogretilmesi gii¢ olan temel konular arasinda yer almaktadir (Shipstone, 1988; Shipstone, Von
Rhoneck, Jung, Karrqvist, Dupin, Joshua & Licht, 1988; Kuiclikozer, 2004). Ozellikle elektrik
ve iliskili kavramlarin fizikte kullanilan anlamlarindan farkli olarak giinliik dilde kullanildig1
(Duit & Rhoneck, 1997) ve bunun da 6tesinde fizik ders kitaplarinda da elektrik ve iliskili
kavramlar1 agiklarken kafa karistirict bir dilin  kullanildigi belirtilmektedir (Mulhall,
McKittrick, & Gunstone, 2001). Bu nedenle, fizik dersinde O6gretmenin ve Ogrencilerin
elektrik kavramma ylikledikleri anlam farkliliklarinin yanlis anlamalara neden olabilecegi
soylenebilir (Duit & Rhéneck, 1997). Bu kapsamda bu ¢alismada, siif 6gretmeni adaylarmnin
fen bilimleri dersinin temel kavramlardan biri olan “elektrik” kavramini zihinlerinde nasil

yapilandirdiklarini belirlemek amaglanmistir.

Yontem

Nitel arastirma yonteminin benimsendigi bu calismaya, Egitim Fakiiltesinin smif
ogretmenligi bolimi 3. sinifinda 6grenim goren toplam 35 6gretmen adayr katilmistir. Bu
arastirmada veri toplama araci olarak bagimsiz kelime iliskilendirme testi kullanilmistir.
Kelime iliskilendirme testinin ilk asamasinda, smif Ogretmeni adaylarindan elektrik
kavramina dair zihinlerine ilk gelen on kelimeyi 30 sn igerisinde yazmalar1 istenmistir
(Gussarsky & Gorodetsky, 1990). Kelime iligskilendirme testinin ikinci agsamasinda ise, sinif
ogretmeni adaylarindan 30 sn’lik siirede anahtar kavramla ilgili U¢ cilimle yazmalari
istenmistir. Veriler igerik analizi yontemine gore analiz edilmistir. Siif 6gretmeni adaylarinin
anahtar kavrama verdikleri cevaplar ayrintili bir sekilde incelenmis ve anahtar kavram icin
hangi kelimelerin ya da kavramlarin kagar defa tekrarlandigini gdsteren bir frekans tablosu
olusturulmustur. Ogretmen adaylarmin elektrik kavramina yonelik kurduklar1 ciimleler ise
icerdikleri anlamlara gore, Ozata-Yiicel ve Ozkan (2015) tarafindan gelistirilen kategoriler
dikkate alinarak kategorize edilmistir. Ayrica, bu ¢alismada iki arastirmaci tarafindan yapilan

kodlamalar arasindaki giivenirlik katsayis1 % 83 olarak hesaplanmistir.
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Bulgular

Ogretmen adaylarinin elektrik kavrammi cogunlukla ampul, 151k, akmm, direnc,
anahtar, pil, elektrik devresi ve enerji ile iliskilendirdikleri gériilmiistiir. Ogretmen adaylarmin
elektrik kavramini iliskilendirdikleri kavramlarin g¢ogunlukla “elektrik devre elemanlar1”,
“elektrik tiretimi, dagitimi ve doniisiimii” ve “giinliik yasamla iligski” kategorilerine yonelik
kavramlar oldugu, bunun yan sira elektrik kavraminin “elektrik akimi1”, “iletkenlik”, “devre
tird”, “birim”, “bilim insan1” ve “dogal olaylar” ile iliskili kavramlarla iliskilendirildigi de
belirlenmistir. Ogretmen adaylar1 tarafindan olusturulan ciimleler incelendiginde, elektrik
kavrammin genellikle basit elektrik devre elemanlar1 ile iligkilendirildigi goriilmustiir.
Ogretmen adaylarmin dogru bilimsel bilgi kategorisinde yer alan ciimlelerinde, genel olarak
elektrik devresi elemanlarinin pil, ampul, duy, iletken teller ve anahtardan olustugu, elektrigin
bir enerji tiiri oldugu, teknoloji icin temel ihtiya¢ oldugu ile ilgili ifadelerin yer aldigi
gorulmiistiir. Adaylarin duyussal bilgi kategorisinde yer alan cimlelerinin, elektrigin insanlik
icin en biiyiik icat oldugu, hayati kolaylastirdigi, elektrigin olumlu etkileri gibi olumsuz
etkilerinin de oldugu seklinde ifadeler igerdigi gorilmiistiir. Adaylarin ylizeysel ve glinlik
hayattan oOrnekler iceren bilgi kategorisinde yer alan climlelerinde, elektrikten 1sinma ve
aydinlanma gibi bir¢ok alanda yararlanildigi, elektrigin elektrik kablolariyla iletildigi gibi
ifadelerin oldugu goriilmiistiir. Adaylarin bilimsel olmayan ve yanilgi igeren bilgi
kategorisinde yer alan climlelerinde ise, elektrigin art1 ve eksi kutuplara sahip bir enerji tiirii
oldugu, elektrik enerjisinin pilden ¢ikip kablo araciligiyla ampulii yaktig1, elektrigin bir giic
kaynag1 oldugu ve elektrigin devre elemanlariyla esdeger oldugu seklinde ifadeler yer aldigi

gorilmiistiir.

Tartisma, Sonuc ve Oneriler

Calismada 6gretmen adaylariin elektrik kavramina yonelik zihinlerinde sinirli sayida
kavramlarmn belirdigi, elektrik kavramiyla siklikla iligkilendirdikleri kelimelerin ampul, 151k,
direng, anahtar ve pil oldugu ve bu kavramlarin “elektrik devre elemanlar1” ile iligkili
kavramlar oldugu tespit edilmistir. Bir¢cok egitim kademesinde genelde elektrikle ilgili temel
kavramlarin elektrik devresi ile iligkili verilmesi bu durumun temel gerekgesi olabilir. Bu
kapsamda ogretmen adaylarinin ciimlelerinde bilimsel olmayan kategorisinde yer alan
“Elektrik pil, duy, pil yatagi, iletken kablo, direng, ampul gibi kisimlardan olusur.” seklindeki
diistincelerin temelinde elektrigi, siklikla elektrik devresi lizerinden iliskilendirmelerinin bir
sonucu olabilir. Bunun da 6tesinde 6gretmen adaylarinin elektrikle ilgili daha ileri diizeyde
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bilgi gerektiren kavramlarla iliskilendirmedikleri ve sinirli bilgiye dayanan kavramlar
diizeyinde iliskiler kurduklar1 gériilmiistir. Ogretmen adaylarinmn ilkokul ve ortaokul
diizeyinde bilgilere dayali yapilan bu iliskilendirmelerinin, lise ve {iniversite seviyesinde
yeterli fizik dersi almamalarinin ve elektrik kavrami ile iliskili ileri diizeyde konularin

ogretilmemesinin bir neticesi olarak diisiiniilebilir.

Ogretmen adaylarmin kurdugu ciimlelerde, elektrige yiiklenen anlam insanlik i¢in en
biiyiik icat oldugu, en onemli teknolojik ihtiyac¢lardan biri oldugu, hayati kolaylastirdigi,
elektrigin olumlu etkileri gibi duyussal bilgiler yer almistir. Ogretmen adaylarmin kurdugu
cUmlelerin ayn1 zamanda elektrigin, 1sinma ve aydinlanma gibi birgok alanda yararlanilan bir
enerji ¢esidi oldugu ve elektrikli araglarin iletken kablolar sayesinde ¢alistigi seklinde
yuzeysel bilgiler icerdigi de goriilmustiir.

Ogretmen adaylarmin bilimsel olmayan ciimleleri dikkate alindiginda o6zellikle,
“Elektrik bir devrede pilden ¢ikip kablo araciligiyla ampulii yakan...” vb. ifadelerle elektrik
enerjisinin pilde depolandigi ve kablolar araciligiyla aktarildigi fikrinin 6n plana ¢iktig
goriilmiistiir. Benzer sekilde Cheng & Kwen (1998), Duit & Rhoneck (1997), Lee & Law
(2001) ve Cildir & Sen (2006) yaptiklar1 ¢alismalarda, 6grencilerin elektrigin iireteg/pil icinde
depo edildigi fikrine sahip olduklarimmi ifade etmektedirler. Baz1 6gretmen adaylarmnin ise
“Anahtart aginca lamba ve ampul yardimiyla etrafa stk enerjisi vermeyi saglar.” gibi
ifadeler kullandiklar1 gortilmiistiir. Bilindigi tizere bir elektrik devresinde bulunan anahtarin
acik olma durumu ampuliin yanmamasina neden olacaktir. Ogretmen adaylari, elektrik
devresindeki anahtarin acik-kapali olmasi ile giinliik yasamda lambanin agilmasi-kapatilmasi
durumlarini, bilimsel agiklama ile uyusmayacak bir bicimde, es tutarak ifade etmistir. Bu
caligmanin katilimcilarinin 6gretmen adaylar1 oldugu disiiniildiiglinde, 6gretmen egitimi
kapsaminda 6zellikle alan derslerinin 6gretimi sirasinda bu sekilde bilimsel bakis acgistyla
ortlismeyen, glinliikk yasam tecriibelerini igeren ve yanlis anlama-yanilgiya sebep olabilecek
ifadelerin vurgulanmasi ile bir farkindalik olusmasi saglanabilir. Bu sayede 6gretmen
adaylarinin gelecekte Ogretmen olarak bulunacaklari 6grenme ortamlarinda bu sekilde

ifadeleri kullanmalarinin 6niine gegilebilir.
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Abstract — Individuals’ knowledge construction is one of the most important areas of interest in educational
research and many studies have been carried out attempting to reveal the cognitive structure of learners. The aim
of this study was to identify the cognitive structures of pre-service primary teachers (PSPTs) regarding the
stimulus word “electricity” through the free word association test. The data were analyzed according to the
content analysis method. In addition, participants were asked to generate sentences that related the stimulus word
and the sentences were analyzed taking into account the predefined categories. The study sample consisted of 35
third-grade PSPTs at a faculty of education in Turkey. The findings revealed that participants’ responses to
electricity were gathered under 9 categories and the most obvious category was “circuit components”. The
findings showed also that the most used words related to electricity were bulb, light, current, resistor, switch, and
cell battery. It was also seen that the words and concepts used by the PSPTs related to electricity are based on

knowledge at the basic level rather than advanced level.

Key words: cognitive structure, word association test, pre-service primary teacher, electricity

Introduction

Understanding how individuals think and how they organize knowledge has become
one of the major areas of interest of educational researchers and therefore they have
developed a variety of techniques which enable the demonstration of learners’ cognitive
structures (Tsai & Huang, 2002). Cognitive structure is referred to a hypothetical structure
exhibiting associations of concepts in an individual's long-term memory (Shavelson 1972;
Shavelson, 1974; Kurt, 2013). Besides, these structures help to make connections by
establishing a bridge between the known and the unknown (Garner, 2007). Therefore, the

realization of learning requires the reorganization of the learner's cognitive structure
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(Ifenthaler, Masduki, & Seel, 2011). According to Tsai & Huang (2002) identifying students’
cognitive structures could help teachers to choose appropriate instructional strategies that will
provide positive contributions to students' learning. Similarly, Jonassen (1987) pointed out
that the identification of learners' cognitive structures helps educators to identify students’
knowledge gaps and to choose appropriate teaching materials (as cited in Ifenthaler et al.,
2011). Thus, determining future teachers’ cognitive structure regarding the fundamental
concepts they will teach should be seen as a necessity within the scope of teacher education.
This would enable educators to identify appropriate instructional strategies in teacher

education programs.

In recent years, the word association test is one of the most widely used techniques to
determine the cognitive structure. Bahar, Johnstone, & Sutcliffe (1999) and Hovardas &
Korfiatis (2006) stated that the word association test is an effective tool enable to reveal
connections between concepts and to determine cognitive structure. It is assumed that
associative responses retrieval from long-term memory to a given stimulus word in the word
association test reflects a significant part of the cognitive structure (Shavelson, 1972;
Ifenthaler et al., 2011). Moreover, the word association test could be useful to determine
whether it is meaningful that organization of concepts relevant to the subject in students’
minds (Sasmaz-Oren, 2014). It is seen that many studies have been employed to reveal
cognitive structures through the word association test in various fields (Shavelson, 1972;
Bahar et al., 1999; Kostova & Radoynovska, 2008; Ercan, Tasdere, & Ercan, 2010; Isikl,
Tasdere, & Goz, 2011; Kurt, 2013; Kurt & Ekici, 2013; Tasdere, Ozsevgec, & Tiirkmen,
2014; Oner-Armagan, 2015; Canbazoglu-Bilici, 2016).

The basics of science concepts are taught in the primary schools by the primary teachers
in Turkey. These basics are taught in Life Science courses in the 1st, 2nd and 3rd grades and
also the Science course in the 4th grade of primary schools (Gokulu & Kog, 2016).
Knowledge levels of primary school teachers in science are important because of their science
teaching will have a significant impact on the students' future learning in this area. Thus,
determining the cognitive structure of pre-service primary teachers (PSPTs) regarding the
fundamental concepts which are difficult to understand and to be taught in science will shed

light on practices carried out pre-service teacher training and in-service training.

Electricity is also one of the fundamental subjects/concepts which are difficult to
understand and teach in science education (Shipstone, 1988; Shipstone, Von Rhoneck, Jung,

Kérrgvist, Dupin, Joshua & Licht, 1988; Kucikdzer, 2004). In particular the meanings of
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concepts used in physics, such as electricity, current, and resistor, are known to be different
than their use in everyday language (Duit & Rhoneck, 1997). Moreover, Mulhall, McKittrick,
& Gunstone (2001) pointed out that a confusing language is used when explaining electricity
and related concepts in physics textbooks. Therefore, differences in meaning given by
teachers and students to the concept of electricity in physics lessons can lead to
misunderstandings (Duit & Rhoneck, 1997). In studies, it is also reported that students have
scientifically unacceptable ideas about electricity (Akdeniz, Pektas, & Yigit, 2000; Aykutlu &
Sen, 2012; Cildir, 2005; Cildir & Sen, 2006; Demirci & Cirkinoglu, 2004; Dilber & Diizgiin,
2008; Duit & Rhoéneck, 1997; Karal, Alev, & Yigit, 2009; Kicukozer, 2004; Lee & Law,
2001; Yildirim, Yalgin, Sensoy & Akcay, 2008).

This study was aimed to identify the cognitive structures of the pre-service primary

teachers regarding electricity.

Methodology

A qualitative research process was adopted as a framework for data collection and analysis in
this study. This kind of research is an attempt to reveal the perceptions and events which
occur within a natural environment in a realistic and holistic manner through data collection
techniques, such as observation, interview, and document analysis (Yildirim & Simsek,
2011). The study sample consisted of 35 third-grade PSPTs at a faculty of education in
Turkey.

Data Collection

The free word association test was used as a data collection tool in this research. The
word association test consists of two stages. Participants in the first phase, within a certain
period of time (generally 30 seconds) were required to write concepts which were brought to
their minds by the stimulus word (Gussarsky & Gorodetsky, 1990). The stimulus word was
written under the other one so as to prevent the risk of a chain response by enabling the
participants to return to the stimulus word. In this way, taking into account the
concepts/words which the participants' associates (the answers) with the stimulus word, it was
aimed to prevent them from writing a subsequent word (Bahar & Ozatli, 2003). In this study,
PSPTs were required to write ten words which first came to mind about the stimulus word
“electricity” in 30 seconds. In the second stage, by requesting the writing of three sentences

using the stimulus word during the 30 seconds given to participants, it was aimed to
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contribute to determining whether the response (word) is related to the stimulus word
(Nartgun, 2006). Also, the sentences, as more complex and high-level structures than one
word answer will ensure contributions to determine scientific accuracy of connections in

cognitive structure (Ercan, Tasdere, & Ercan, 2010).

In this study, the free word association test which includes the stimulus word

"electricity" is presented in the format given in Table 1.

Table 1 Free word association test layout

Electricity

Sentence -1: ...oooiiiiiiiiiiiii,
Sentence -2: ..o,
Sentence -3: ..ot

Data Analysis

The data were analyzed according to the content analysis method. Firstly, the words
associated with the stimulus word were presented in a frequency table that displays the
number of times the word were repeated. In this stage, words regarded as unrelated were not
taken into consideration. Secondly, the concepts associated with stimulus word were
organized in a logical manner and identified themes/categories (Yildirim & Simsek, 2011). In
this process, the sentences associated with the stimulus word helped to identify themes. In
addition, the sentences were analyzed taking into account the categories developed by Ozata-
Yiicel & Ozkan (2015), as scientific knowledge, affective knowledge, superficial knowledge

and/or examples from daily-life and non-scientific knowledge.

The criteria of categories are shown below:

e Scientific knowledge; scientifically accurate knowledge and associations.
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e Affective knowledge; participants’ feelings and thoughts/opinions based on their

experience and traditions.

e Superficial knowledge (smattering) and/or examples from daily-life; a slight
superficial knowledge is not contain scientific terms and detailed information; and
also expressions/examples related to daily life, daily language usage that not

overlap with the scientific view.

e Non-scientific knowledge (misconceptions etc.); scientifically inaccurate
knowledge or scientific beliefs and expressions that have no basis in existing

scientific facts.

To increase the validity of the study, the data analysis process was described and
selected representative excerpts from the data for each determined category (Yildirim &
Simsek, 2011). Also, the qualitative data was coded by two researchers and analyzed for
consistency. An inter-coder reliability measure recommended by Miles and Huberman (1994),
reliability = number of agreements/(total number of agreements + disagreements), was used to
calculate the level of agreement between the two researchers. The inter-coder reliability was
83%.

Findings

The words and frequency values of pre-service primary teachers’ associations with the

stimulus word electricity are shown in Table 2.

Table 2 The pre-service primary teachers’ words associated with the stimulus word “Electricity”

Words f Words f Words f
Ammeter 8 Electrical outlet/receptacle 4 Power plants 4
Ampere 3 Electron 1 Resistor 14
Battery holder 5  Electrical household appliances 5 Salt water 2
Bill 3 Energy 11 Series circuits 8
Brightness 2 Generator 2 Short circuit 1
Bulb (lamp) 26 Grounding 1 Static Electricity 1
Car 1 Gold 1 Sugar water 1

Car Battery 1 Heat 3 Switch 14
Cell Battery 14 Illumination 3 Technology 5
Charge 2 Insulator 5 Thomas Edison 6
Charger 2 Invention 3 Thunderbolt 3
Copper cable 1 Light 15 Transformer 4
Current 15 Lightning 3 Traffic lights 1
Communication 1 Light bulb holder 8 Volt 9
Conductor 6 Need 6 Voltage 1
Dam 2 Nikola Tesla 1 Voltmeter 3
Conductivity 5 Parallel circuits 7 Water 4
Conducting wire 3 Positive and negative ions 2 Watts 3
Electric circuit 11 Positive and negative poles 4 Windmill 2
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w

Electric cable 9 Power
Electric shock 9 Power supply 5

As seen in table 2, the total number of words associated with the concept of electricity is
61. The most repeated words associated with the stimulus word by PSPTs are the bulb, light,
current, switch, resistor, cell battery, electric circuit, and energy.

The categories that represent the cognitive structure of PSPTs regarding electricity are

shown in Table 3.

Table 3 Classification of pre-service primary teachers’ associations with the stimulus word electricity

Category Concept & Frequency  Total Category Concept & Frequency  Total
Car Battery (1)
Car (1)
Ammeter (8) Aar(
Bulb (26) [llumination (3)

Electrical household

Switch (14) .
. appliances (5)
Resistor (14) .
Light bulb holder (8) E"*“g?lfr(‘,o?)c" ©)
1. Circuit Electric circuit (11) 6. Relationships Invention (3)
components Electric cable (9) 120 With daily life Communication (1) 46
Power _supply (5) Electrical
Conducting wire (3) outlet/receptacle (4)
Cell Battery (14) Charger (2)
Ba\t/tzlrt;nhe(t)le(;é?%S) Charge (mobile etc.) (2)
Need (6)
Technology (5)
Traffic lights (1)
Dam (2)
Generator (2)
Windmill (2)
Short circuit (1) - Power plants (4)
2. Circuit Series circuits (8) 7 ;Isgtri'g:y Water (4)
type/structure Parallel circuits (7) 18 di.gribution a’n q Transformer (4) 51
and influence Brightness (2) transformation Power (3)
Voltage (1)
Energy (11)
Heat (3)
Light (15)
Gold (1)
Current (15)
Copper cable (1) Positive and negative
Sugar water (1) ions (2)
3. Conductivity Salt water (2) 22 8. Electric charge Positive and negative 23
Conductor (6) & current poles (4)
Condulctivitzl ;5) Electron (1)
Insulator (5 . L\
Grounding (1) Static Electricity (1)
. Ampere (3)
4. Scientists Thqmas Edison (6) 7 9. Units Watts (3)
Nicola Tesla (1) Volt (9) 15
5. Natural Lightning (3) 6
phenomena Thunderbolt (3)
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As seen in table 3, the words associated with electricity are gathered under 9 categories
revealing the cognitive structure of participants. The most prominent category is circuit
components. A map of cognitive structure reflecting the pre-service primary teachers’

organization of electricity concept is given in Figure 1.

Sem® Short circuit
Parallel circuits Eriphms

Positive and negative poles Series circuits
Watts

Vot
/

—

Unit

Figure 1 The map of pre-service primary teachers’ cognitive structures related to electricity

The classification of sentences which are formed regarding electricity by the

participants and some examples of the sentences are shown in Table 4.

Table 4 Classification of sentences formed by participants in relation to the concept of “electricity”

Categories Examples of sentences f

-Electric circuit consists of cell battery, light bulb holder, socket, conducting
wires and switch.
-Electrical energy is a type of energy such as heat, light.

-There is a fundamental need for technology which can be produced with the help
Scientific of hydroelectric power plants, wind mills and dams.
knowledge - Electric current is measured by ammeter in an electric circuit.

-If identical light bulbs are connected in parallel, the brightness of each light bulb

is the same.
-Serial and parallel connections have different effects on the brightness of light
bulbs.
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-Electricity is the greatest invention for humanity.
- It is today’s need which facilitates our lives.
- It facilitates our lives, provides ease in household chores and transportation.
- It ruins social life.
Affective -Social life ended with eIe_ctricity.
-It enhances social life. 13
- It sometimes influences peoples’ lives positively, sometimes negatively. For
example, during a cardiac arrest an electric shock is given and the individual is
resuscitated.
-1t is used as an illegal source of energy [electricity theft]
-Electricity is indispensable in today's world.

knowledge

- It strikes like lightning.

Superficial - It is a type of energy servinhg to meet ﬁel(_)prl]e_’s needs in many areas, such as
eating and lighting.
(l;nm(;\{[\'zleer(ijr?g) - Charg_ing is carrieq out with electricity 29
- We benefit from electricity thanks to the bulb.
and/or eX_amP'eS -Household appliances work with electricity due to a cable connected into an
from daily life electrical outlet.
-The cell battery in an electric circuit will affect the brightness of the bulb.
- Electricity is generated from water’s energy.
- Unit of electricity is volt.
- Electricity is a power supply consisting of resistor, brightness, current intensity
and cables.
Non-scientific -Electricity is made up of parts sych as cell bgttery, light bulb holder, battery
knowledge _ holder, conducting wire, resistor, and b_ulb.
. i - It is a type of energy has positive and negative poles. 22
(mlscoer;g(;p 10N When we open the switch in circuit [an open circuit], electricity passes through

the circuit and provides energy.
-Electricity [electrical energy] is a source of light, comes out from a cell battery
to turn on the bulb in a circuit.
-Electricity is the power which enables us to use various household appliances.
-When open the switch, it illuminates surroundings with the help of a lamp.

The findings in Table 4 indicate that in PSPTs' minds, the concept of electricity is
generally associated with the simple electric circuits. Also, electricity concept was often used
instead of the electric circuit by participants in non-scientific way. Similarly, the following
excerpts are representative of several participants’ perceptions about the status of the switch
in an electric circuit: “When we open the switch in circuit [an open circuit], electricity passes
through the circuit and provides energy.” and “When open the switch, it [electricity]
illuminates surroundings...”. In addition, some participants indicated that electricity is stored
in the battery in excerpt such as the following: “Electricity ... comes out from a cell battery ...
in a circuit.”

Discussion and Conclusion

This study sought to gain an understanding of how are pre-service primary teachers'
(PSPTSs) cognitive structures regarding electricity. It is determined that the connections among

the concepts within the framework of the concept of electricity which is assumed to reveal the

NEF-EFMED Cilt 11, Say1 2, Aralik 2017/ NFE-EJMSE Vol. 11, No. 2, December 2017



UZUN, S. & PALIC-SADOGLU, G. 301

cognitive structures of the PSPTs are divided into 9 categories. These categories that reveal
the PSPTs’ cognitive structures are ‘“circuit components”, “circuit type/structure and

29 (13 2 (13 2 (13 2 13

influence”, “conductivity”, “electric charge & current”, “natural phenomena”, “relationships
with daily life”, “electricity generation, distribution and transformation”, “scientists”, and
“units”. It is clearly seen that the categories of "circuit elements”, "relationship with daily life"
and “electricity generation, distribution and transformation” have come to the fore. The
findings showed that the most used words related to electricity were bulb, light, current,
resistor, switch, and cell battery. In this respect, it is not surprising that the most obvious
category was circuit components. Usually teaching the fundamental concepts of electricity in
association with electric circuits at many educational levels may be the main reasons for this
situation. Similarly, participants’ expressions such as “Electricity is made up of parts such as
cell battery, light bulb holder, battery holder, conducting wire, resistor, and bulb.” in non-
scientific knowledge category may be a consequence of past learning experiences that are
often focus on electric circuits to teach electricity and related concepts. Moreover, the words
produced related to electricity by PSPTs were not high-level concepts of electricity and they
were generally based on limited knowledge taught at primary and middle school levels. This
may be a result of the fact that PSPTs took a limited number of physics courses at high school

and university levels.

It is seen that the distributions of PSPTs’ expressions in the categories are similar rates
except the affective knowledge category which is lower rate than the others (see Table 4). The
findings indicated that PSPTs have as much non-scientific knowledge and superficial

knowledge as they have scientific knowledge about electricity.

The findings showed also that for some participants, electricity, (1) the greatest
invention for mankind, (2) one of the most important technological needs, (3) facilitates the
life, and (4) ruins and enhances social life. The findings indicated that electricity was seen as
a requirement for the use of technology. For this reason, in particular, participants’ comments
about the effects of electricity on social life can be considered as a reflection of their ideas

about being social via communication technologies (social networking services, etc.).

The expressions that some participants stated, such as "Electricity [electrical energy] ...
comes out from a cell battery... in a circuit" indicate that they have the thought that electrical
energy is stored in the battery. In other words, these participants thought electrical energy is
already in the battery. Quinn (2014) emphasized that a kind of energy is certainly stored in a

battery and the energy that can be released through a chemical process that occurs when
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terminals are connected to a circuit. As it is known, electrical energy is not already in the
battery. Similarly, in the studies carried out by Cheng & Kwen (1998), Duit & Rhoneck
(1997) and Cildr & Sen (2006), it was stated that students have the idea that

electricity/electrical energy is stored in the battery.

Some participants uttered expressions such as “When open the switch [an open circuit],
it [electricity] illuminates surroundings...” and “When we open the switch in circuit,
electricity passes through the circuit and provides energy”. A switch is a device that allows
controlling the flow of current in an electric circuit. As it is known, in an electric circuit, a
switch which is closed causes light the lamp. When the switch is open, creating a gap in the
electric circuit, and the lamp goes off. Briefly, according to the “open” and “closed”
terminology of circuits, a switch that makes a gap between terminals in the electric circuit is
called a closed switch. Conversely, a switch that is breaking continuity is called an open
switch. In daily life of Turkish, phrases such as “open the switch” refer to flicking a switch the
on position to turn light on and “close the switch” to refer to flicking a switch the off position
to turn light off are used. Especially, this terminology is often confusing to the students, when
using phrases such as a closed switch, an open switch, closed circuit and open circuit in
teaching electrical circuit in Turkey context. Klgukozer (2004) and Kigukozer & Kocakilah
(2007) indicated that Turkish students have the specific misconception that is the lamp goes
off when switch is closed due to daily life language. Uzun, Alev & Karal (2013) pointed out
that using of concepts in everyday language when explaining a scientific phenomenon may
lead students to hold misunderstandings or misconceptions. Considering that the participants
in this study were pre-service primary teachers, raise awareness about not overlapping with a
scientific perspective, including everyday life experiences, and highlighting expressions
which may cause misunderstandings or/and misconceptions, can be achieved within the scope
of teacher training especially during subject area courses. Thus, pre-service teachers as future
teachers can avoid using these types of expressions in their teaching environments. Lee &
Law (2001) noted that it is important for teachers to use a clearer and more appropriate
language so as to allow students to see the difference between scientific concepts and daily

life-concepts and to encourage students in this regard.

In summary, the word association test, frequently referenced in literature, was used in
this study with the aim of determining the cognitive structures of participants regarding
electricity presented as a stimulus word. The sentences formed by participants helped to

define the categories and to identify scientific accuracy of the connections during the analysis
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process. In this study, similar to other studies in the literature, participants were asked to
generate three sentences related to stimulus word, but it is considered that a greater number of
sentences are needed to show the cognitive structure more clearly. Therefore, it is thought that
forming a sentence for each of the words associated with stimulus word may contribute more
to determine the categories which are assumed to reflected the cognitive structures.
Furthermore, interviews may also make an important contribution to this process. Especially,
the word association tests taking into consideration the above-mentioned recommendations
may provide benefits the identification of cognitive structures and accordingly in determining

the interventions required in the teaching process.
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