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Ozet — Bir analoji olan Hidrolik Sistem Modeli (HSM) basit elektrik devresinde lamba parlaklig: iizerinde etkili
olan faktorlerin 6gretiminde kullanmilmak {izere hazirlanmistir. Model serum torbasi, plastik seffaf borular, vana,
plastik pet sise, kirmizi aliiminyum folyodan yapilmis top gibi atik materyaller kullanilarak hazirlanmistir.
Caligmada basit elektrik devresi ile HSM arasinda “Lamba (plastik pet sise) sayis1 sabit olmak iizere devreye bir
pil (serum torbasmnin igindeki su miktar1) daha seri bagh olarak eklenirse lamba parlaklig1 (topun yiiksekligi)
artar.” ve “Pil (serum torbasinin i¢indeki su miktart) sayis1 sabit olmak {izere devreye bir lamba (plastik pet sise)
daha seri bagli olarak ecklenirse lamba parlaklig1 (topun yiiksekligi) azalir.” olmak {iizere analojik iliski
kurulmustur. Ayrica bagimli, bagimsiz ve kontrol edilen degiskenler HSM {izerinde gosterilmistir. HSM ve basit
elektrik devresinde gerceklesen enerji doniisiimleri de ifade edilmistir. Kavram yanilgist olusumunu 6nlemek
icin kaynak ve hedef kavramlar arasindaki benzerlikler ve farkliliklar belirtilmistir. HSM’nin atik materyaller
kullanilarak hazirlanmasi nedeni ile geri doniisiim, yeniden kullanim ve geri kazanimin 6gretimde de 6nemli

olacag diisiiniilmektedir.

Anahtar kelimeler: analoji, basit elektrik devresi, lamba parlakligi, hidrolik sistem modeli.

Genisletilmis Ozet
Gilinlik yasamin olmazsa olmaz bir unsuru olan elektrik ilkokuldan baslanilarak fen
bilimleri ile ilgili egitim programlarini igeren yliksek 6gretim kurumlari da dahil olmak tzere
ogrencilerin 6grenmede giiclik yasadigi ve oldukca direngli kavram yanilgilarina sahip
oldugu bir konudur. Ogrenme giicliikleri ve kavram yanilgilar1 konunun &gretiminde basit
elektrik devresi ile birlikte alternatif modellerin kullanimini gerekli kilmaktadir. Bu gereklilik
dikkate alinarak calismada basit elektrik devresi ile es zamanli olarak kullanilabilecek bir

model gelistirilmistir.
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Basit elektrik devresinde lamba parlaklig: iizerinde etkili olan faktorlerin dgretiminde
kullanilmak tizere gelistirilen model su ile ¢alisan bir sistem olmasi nedeni ile Hidrolik Sistem
Modeli olarak adlandirilmistir. Hidrolik Sistem Modeli serum torbasi, plastik seffaf borular,
vana, plastik pet sise, kirmizi aliminyum folyodan yapilmis top gibi atik materyaller
kullanilarak hazirlanmistir. Hidrolik Sistem Modeli ve basit elektrik devresi arasinda serum
torbasmin i¢indeki su miktari: pil, plastik seffaf borular: baglant1 kablosu, vana: anahtar,
plastik pet sise: lamba, plastik pet sise i¢indeki kirmizi topun yiiksekligi: lamba parlaklig
olmak Uzere kaynak ve hedef kavramlar arasinda analojik iliski kurulmustur.

Deneysel temelli Hidrolik Sistem Modeli iizerine kurulu etkinlik ii¢ asamada
gerceklestirilmistir.

Birinci asamada: Hidrolik Sistem Modeli ile basit bir elektrik devresinde lamba
parlakligini etkileyen degiskenlerin 6gretimi i¢cin kaynak ve hedef arasinda analojik iligki

kurmak amag¢lanmuistir.

Ikinci asamada: Lamba sayis1 sabit olmak iizere pil sayisindaki artisin, lamba parlaklig
tizerindeki etkisi ile plastik pet sise sayisi sabit olmak iizere serum torbasindaki su
miktarindaki artigin plastik pet sisenin igindeki topun yiikselmesi lizerindeki etkisi arasinda

analojik bir iliski kurmak amag¢lanmistir.

Uclincti asamada: Pil sayis1 sabit olmak iizere lamba sayisindaki artisin, lamba parlaklig:
iizerindeki etkisi ile serum torbasindaki su miktar1 sabit olmak iizere plastik pet sise
sayisindaki artigin plastik pet sisenin i¢indeki topun yiikselmesi {izerindeki etkisi arasinda

analojik bir iligki kurmak amaglanmistr.

“Serum torbasmin sisteme verdigi su (pilin potansiyeli) plastik seffaf hortum (baglanti
kablosu) ile plastik pet siseye (lambaya) ulasir ve top yiikselir (lamba yanar). Toplarda
gerc¢eklesecek yiikselme (lambanin parlakligi) plastik pet sise sayisi (lamba sayist) ve serum
torbasindaki suyun miktarina (pil sayisina) bagl olarak degisir.” olmak iizere analojik iliski
ifade edilmistir. “Lamba (plastik pet sise) sayist sabit olmak iizere devreye bir pil (serum
torbasimin igindeki su miktari) daha seri bagli olarak eklenirse lamba parlakhgi (topun
yiiksekligi) artar.” ve “Pil (serum torbasinin i¢indeki su miktary) sayisi sabit olmak iizere
devreye bir lamba (plastik pet sise) daha seri bagli olarak eklenirse lamba parlakligi (topun
yiiksekligi) azalir.” seklinde sonug ¢ikarilmistir. Ayrica bagimli, bagimsiz ve kontrol edilen
degiskenler Hidrolik Sistem Modeli ile basit elektrik devresi arasinda yapilan
karsilastirmalarla ifade edilmistir. Hidrolik Sistem Modeli 1 (basit elektrik devresi 1) ile
Hidrolik Sistem Modeli 2 (basit elektrik devresi 2) arasinda degisken tiirleri baglaminda
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yapilan karsilagtirma i¢in bagimli degisken plastik pet sise icindeki kirmizi topun yiiksekligi
(lamba parlaklig1), bagimsiz degisken serum torbasinin igindeki su miktar1 (pil sayisi) ve
kontrol edilen degisken plastik pet sise sayis1 (lamba sayis1) olarak ifade edilmistir. Hidrolik
Sistem Modeli 2 (basit elektrik devresi 2) ile Hidrolik Sistem Modeli 3 (basit elektrik devresi
3) arasinda degisken tiirleri baglaminda yapilan karsilastirma i¢in bagimli degisken plastik pet
sise i¢indeki kirmizi topun yliksekligi (lamba parlakligi), bagimsiz degisken plastik pet sise
sayis1 (lamba sayis1) ve kontrol edilen degisken serum torbasinin i¢indeki su miktar1 (pil
sayisi) olarak ifade edilmistir. Calismada Hidrolik Sistem Modeli ve basit elektrik devresinde
gerceklesen enerji doniisiimleri de ifade edilmistir. Basit elektrik devresinde gerceklesen
enerji donlisimii icin pilde elektrik enerjisi kimyasal enerjiye doniisirken lambada elektrik
enerjisi 1s1 ve 1s1k enerjisine doniisiir. Hidrolik Sistem Modelinde gergeklesen enerji
doniisiimil i¢in serum torbasindaki suyun potansiyel enerjisi Kinetik enerjiye doniisurken
suyun kinetik enerjisi topun potansiyel ve kinetik enerjisine dontisur. Ayrica kavram yanilgisi
olusumunu Onlemek icin kaynak ve hedef kavramlar arasindaki benzerlikler ve farkliliklar
belirtilmistir. Kaynak-hedef kavram arasindaki farkliliklar “Basit elektrik devresinde elektrik
akimi pile geri donerken Hidrolik Sistem Modelinde su serum torbasina geri donmez. Basit
elektrik devresinde lambanin yanmasi i¢in anahtar kapali, Hidrolik Sistem Modelinde suyun

etkisi ile toplarin yiikselmesi igin vana agik olmalidir.” olarak ifade edilmistir.

Deneysel temelli Hidrolik Sistem Modeli ile 6grenciler basit bir elektrik devresinde
lamba parlakligin1 etkileyen degiskenleri bagimli, bagimsiz ve kontrol edilebilen degisken
seklinde ortaya koyabilmekte, tahmin, gézlem, veri toplama, deney yapma, problem ¢dzme
ve model olusturma gibi bilimsel siire¢ becerilerini gelistirebilmektedir. Bu ¢aligma
kapsaminda gelistirilen ve seri bagl devreler i¢in uygun olan model basit elektrik devresi ile
birlikte konunun &gretiminde alternatif bir etkinlik olarak kullanilabilir. Bunlarin yani sira
Hidrolik Sistem Modelinin kolay temin edilebilecek turden atik materyaller kullanilarak
hazirlanmas1 nedeni ile geri doniisiim, yeniden kullanim ve geri kazanima dikkat ¢ekme
baglaminda da etkili olacagi diistiniilmektedir. Ayrica Hidrolik Sistem Modeli ¢alisan bir
sistem olup zaman ve maliyet agisindan son derece ekonomiktir. Hazirlanmasi oldukga kolay

olan bu modeli d6grenciler kendi baslarina hem evlerinde hem de okullarinda kurabilirler.
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Abstract — Hydraulic system model (HSM) is an analogy. HSM was prepared for the teaching variables that
affect the brightness of a bulb in a simple electrical circuit. Waste materials such as serum bag, plastic
transparent hose, valve, plastic PET bottle, ball made of red aluminum foil were used to prepare HSM.
Analogical relationship between a simple electrical circuit and HSM was established. When number of the bulb
(plastic PET bottle) remain constant and a battery (amount of water in serum bag) is added in series circuit (in
HSM), the brightness of a bulb (the height of the red ball) increases. When number of the battery (amount of
water in serum bag) remain constant and a bulb (plastic PET bottle) is added in series circuit (in HSM), the
brightness of a bulb (the height of the red ball) decreases. Dependent, independent and controlled variables were
shown on the Hydraulic System Model (HSM). Conversion energy was explained in the HSM and simple
electrical circuit. The differences and similarities between the source and target concepts were expressed for
identifying and remedying misconceptions. Waste materials were used for preparing HSM. Therefore, HSM is

important model for teaching recycling, reuse and recovery of waste material.

Key words: analogy, a simple electrical circuit, the brightness of a bulb, hydraulic system model.

Introduction

Electricity is a basic and an important topic of science and physics educations. Major
concepts of electricity are systematically taught in science and physics classes at all levels of
education from primary school to university. Whereas, it is known that students have
misconceptions and difficulties on understanding and learning the concepts of electricity.
These misconceptions are expressed some models i.e. sink theory (unipolar model), clashing
currents (two-component) model, current consumption model, local and sequential reasoning
model, emprical rule model, constant current source model. These misconceptions create

misconceptions about the brightness of a bulb.
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Sink Theory (Unipolar Model)

Students believed that one wire between bulb and battery is enough to complete circuit
and bulb produces light (Cepni & Keles, 2006; Bakirci et al., 2010; Dupin & Johsua, 1987;
Fleer, 1994; Keser & Basak, 2013; Yildirim et al., 2008; Yilmaz & Huyugiizel-Cavasg, 2006;
Yiiriimezoglu & Cokelez, 2010).

Clashing Currents (Two-Component Model)

Students believed that the current goes from positive and negative poles of battery to
bulb. Currents clash in the bulb and bulb produces light (Borges & Gilbert, 1999; Osborne,
1983; Pardhan & Bano, 2001; Yesilyurt, 2006; Yildirim, Yalgin, Sensoy & Akgay, 2008;
Yilmaz & Huyugiizel-Cavas, 2006).

Current Consumption Model

Students believed that the current goes from a battery to a bulb and each bulb in the
circuit uses up some of the current and shares the current equally; then current decreases and
returns to the battery (Borges & Gilbert, 1999; Cepni & Keles, 2006; Dupin & Johsua, 1987,
Kiigiikozer & Kocakiilah, 2007; Osborne, 1983; Pardhan & Bano, 2001; Yildirim et al., 2008;
Yilmaz & Huyugiizel-Cavas, 2006). Students thought that “The bulb uses up all of the
current” (Kiigiikdzer & Kocakiilah, 2007; Osborne, 1983; Pardhan & Bano, 2001; Yilmaz &
Huyuguzel-Cavas, 2006), “The bulb uses up a little of the current” (Pardhan & Bano, 2001),
“The bulb doesn’t use up the current” (Pardhan & Bano, 2001), “All of the current returns to
the battery” (Y1lmaz & Huyugiizel-Cavas, 2000).

Local and Sequential Reasoning Model

The brightness of a bulb is affected some changes that are made before from the bulb.
But some changes that are made after from the bulb doesn’t affect brightness of a bulb
(Kiiciikdzer & Kocakiilah, 2007; Millar & King, 1993; Yilmaz & Huyugilizel-Cavas, 2006).

Emprical Rule Model

Students believed that distance between battery and bulb affect the brightness of a bulb
(Keser & Basak, 2013; Tiirkoguz & Cin, 2013; Yilmaz & Huyugiizel-Cavas, 2006). The
current comes from positive pole is much more than the negative pole (Bakirci et al., 2010;
Cepni & Keles, 2006, Harman & Cokelez, 2016a). Therefore, bulb that is closest to the
positive pole looks much brighter than other bulbs (Pardhan & Bano, 2001).
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Constant Current Source Model

Student believed that battery supply same current in series or parallel circuits (Cheng &
Kwen, 1998; Dupin & Johsua, 1987; Kiiclkdzer & Kocakiilah, 2007; Psillos, Tiberghien &
Koumaras, 1988; Yildirim, Yal¢m, Sensoy & Akgay, 2008; Yilmaz & Huyugiizel-Cavas,
2006).

Misconceptions on Bulb Brightness

Harman and Cokelez (2016a) determined 5th grade students’ misconceptions about the
brightness of a bulb. An important part of 5th grade students had the sufficient readiness
about the effects of the number of battery on the brigtness of a bulb. Some students didn’t
have the sufficient readiness about the effects of the number of bulb on the brightness of a
bulb. When bulbs are added into a series circuit, the energy of battery is reduced and isn’t
sufficient, battery consumes more energy, the bulb become brighter, battery is used for a long
time. When batteries are added into a series circuit, battery and bulb are used for a long time.
When the number of bulbs are changed, brigtness of the bulbs don’t change. Students
considered that the battery is the source of light. Students believed that the negative pole of
battery provides a low energy. One wire between bulb and negative or positive poles of
battery is enough to complete circuit and bulb produces light. Distance between battery and
bulb affect the brightness of a bulb (Harman & Cdkelez, 2016a). 7th grade students expressed
that when bulbs are added into a series circuit, the bulbs become brighter (Ayvaci & ipek-
Akbulut, 2012).

Students have been thought that electricity is an abstract and a difficult topic. So that,
concepts of electricity should be concreted (Yigit & Ozmen, 2006). Analogies can be used to
create concrete cases and teach of abstract topic. Analogy is a strong bridge between similar
characteristics of the target and source concepts (Kesercioglu, Yilmaz, Huyugiizel-Cavas &
Cavas, 2004). Analogies are given opportunities for creating the mental models of abstract
concepts (Rotbain, Marbach-Ad & Stavy, 2006). Analogies are effective for identifying and
remedying misconceptions (Glynn, 1991).

Hydraulic System Model (HSM)
Hydraulic system model (HSM) can be used to teach variables affecting the brightness

of a bulb in a simple electrical circuit.

Experimental activity was performed in three stages:
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First Stage
The first stage aims to establish the analogical relation between simple electrical circuit
and HSM.

Second Stage
How is the brightness affected by the adding an extra battery into a series circuit?
HSM 1 and HSM 2 were compared.
When number of the bulb (plastic PET bottle) remain constant and a battery (amount of

water in serum bag) is added in series circuit (in HSM), the brightness of a bulb (the height of

the red ball) increases.

Third Stage

How is the brightness affected by the adding an extra bulb into a series circuit?
HSM 2 and HSM 3 were compared.

When number of the battery (amount of water in serum bag) remain constant and a bulb
(plastic PET bottle) is added in series circuit (in HSM), the brightness of a bulb (the height of

the red ball) decreases.

First Stage: The analogical relationship between the HSM and the simple electrical circuit are

shown in Table 1.

Table 1 Analogical Relationship

HSM (Source concept) Simple Electrical Circuit (Target concept)
Water in the serum bag Potential of battery

Amount of water in serum bag Battery

Transparent plastic house Connection cable

Valve Switch

Plastic PET bottle Bulb

Height of the red ball in the plastic PET bottle  Brightness of a bulb
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battery

connecting
cable

Valve

Plastic PET bottle

5éi bulb

Transparent plastic house

Balls that is made from
red aluminum foil

Figure 1. Hydraulic System Model (HSM) Figure 2. Simple Electrical Circuit (SEC)

Second Stage: How is the brightness affected by the adding an extra battery into a series

circuit?

Figure 3. Hydraulic System Model 1 Figure 4. Hydraulic System Model 2
(HSM 1) (HSM 2)

The tools and equipment for HSM 1 and HSM 2: 1 serum bag, transparent plastic hose, 1
valve, 1 plastic PET bottle, 1 ball that is made from red aluminum foil.

Serum bag (HSM 1) contains 150 mL water. Serum bag (HSM 2) contains 300 mL
water. As a valve is opened, water flows. Water in the serum bag flows into the plastic PET
bottle and the height of red ball increases. The height of the red ball is 4,5 cm in the HSM 1.
The height of the red ball is 6 cm in the HSM 2.
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When number of the bulb (plastic PET bottle) remain constant and a battery (amount of
water in serum bag) is added in series circuit (in HSM), the brightness of a bulb (the height of

the red ball) increases.

Third Stage: How is the brightness affected by the adding an extra bulb into a series circuit?

Figure 5. Hydraulic System Model 3 (HSM 3)

The tools and equipment for HSM 3: 1 serum bag, transparent plastic hose, 1 valve, 2 plastic

PET bottles, 2 balls that is made from red aluminum foil.
Serum bag (HSM 3) contains 300 mL water. As a valve is opened, water flows. Water

in the serum bag flows into the plastic PET bottle and the height of red ball increases. The
height of the red balls are 4,5 cm in the HSM 3.

When number of the battery (amount of water in serum bag) remain constant and a

bulb (plastic PET bottle) is added in series circuit (in HSM), the brightness of a bulb (the
height of the red ball) decreases.

Conversion of Energy

Students had misconceptions about energy conversion in a circuit. They considered
that the battery is the source of light (Cheng & Kwen, 1998; Harman & Cokelez, 2016a).
Therefore, information about energy conversion is given in HSM.
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Energy Conversion in a Simple Electrical Circuit

Battery converts chemical energy Bulb converts electrical energy to
directly to electrical energy. heat energy and light energy

Energy Conversion in Hydraulic System Model (HSM 1, 2, 3)

The potential energy of water in the The kinetic energy of water is
serum bag is converted to kinetic converted to potential and kinetic

energy. energy of ball.

Teaching of the Dependent, Independent and Controlled Variables

—
Q

% OB

HSM 1 and SEC 1 HSM 2 and SEC 2 HSM 3 and SEC 3

Figure 6. Hydraulic System Models and Simple Electrical Circuits

Dependent, independent and controlled variables in the HSM and SEC are shown in
Table 2.
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Table 2 Dependent, independent and controlled variables in the HSM and SEC

Variables = HSM 1 (SEC1)-HSM 2 (SEC2) HSM 2 (SEC 2) - HSM 3 (SEC 3)

Dependent  Height of the red balls in the plastic Height of the red balls in the plastic

PET bottle (Brightness of bulb) PET bottle (Brightness of bulb)
Independent Amount of water in serum bag Plastic PET bottle (Bulb)
(Battery)
Controlled Plastic PET bottle (Bulb) Amount of water in serum bag
(Battery)

Table 3 Relationship between the number of plastic PET bottle (the number of bulb), the
amount of water in the serum bag (the number of battery) and height of the red ball in the
plastic PET bottle (brightness of a bulb)

The number of The amount of water ~ Height of the red ball in the
plastic PET bottle in the serum bag plastic PET bottle
(The number of (The number of (The brightness of a bulb)
bulb) battery)

HSM1 1 plastic PET bottle 150 mL water 4,5cm

(SEC1) (1 bulb) (1 battery)

HSM2 1 plastic PET bottle 300 mL water 6 cm

(SEC2) (1 bulb) (2 battery)

HSM3 2 plastic PET bottles 300 mL water 45cm+45cm

(SEC3) (2 bulb) (2 battery)

Differences Between Hydraulic System Model (HSM) and Simple Electrical Circuit (SEC)

The differences between source and target concepts should be expressed for identifying
and remedying misconceptions (Duit, 1991; Kesercioglu, Yilmaz, Huyugiizel-Cavas and
Cavas, 2004).

e The electric current returns to the battery in a simple electrical circuit. Whereas the
water doesn’t return to the serum bag in the HSM.

e For bulb produces light in the simple electrical circuit, the switch must be close.
Whereas, for water flows into the plastic PET bottle and height of the red ball

increases in the HSM, the valve must be open.

Conclusions and Discussion

HSM can be used to teach variables that affect the brightness of a bulb in a simple
electrical circuit. It is thought that HSM improve scientific process skills such as prediction,
observation, collecting data, performing experiments, solving problem, creating model. HSM
is effective for teaching variables. HSM is effective on success, attitude, creating mental

model, identifying and remedying misconceptions.
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It is found that analogies were developed on simple electrical circuit in the literature.
Glynn (2008) established analogical relationship between plumbing and simple electrical
circuit. Brown (1993) established analogical relationship between wagons, the movement of
wagons, rails, tunnels, workers that push wagons and electric charge, electric current, wire,
bulb, battery. Yilmaz and Huyuglzel-Cavas (2006) established analogical relationship
between bread bakery-battery or power supply, market-bulb or resistance, trucks-electrons,
roads-electrical cabling, traffic controller-ammeter. Harman and Cokelez (2015, 2016b)
established analogical relationship between Pneumatic System Model (PSM) and simple

electrical circuit.

Analogical relationship were established theoretical dimension by Glynn (2008), Brown
(1993) and Yilmaz and Huyugiizel-Cavas (2006). Only, PSM is a working system. Harman
and Cokelez (2015, 2016b) used air pump, transparent plastic hose, valve and plastic balloon
for preparing PSM. PSM and HSM contains of a simple electrical circuit, varibles affecting
the brightness of a bulb and energy conversion. Others are related only simple electrical

circuit.

HSM is a working and economical system in terms of time and cost. This model has
been prepared with waste materials that can be easily found. Students can establish this model
alone both at home and at school. I think that HSM will be effective to teach a simple
electrical circuit, varibles affecting the brightness of a bulb, types of variables and energy

conversion.

Recommendations

I think that analogies should be established by using materials for effective learning and
teaching. Waste materials were used for preparing HSM. Therefore, HSM is important model
for teaching recycling, reuse and recovery of waste material. For students understand that
science can be done with waste materials and models should be prepared by using waste

materials.
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