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Ozet

Bu c¢alismada fen bilimleri dersi “Elektrik” {initesinin 6gretiminde geleneksel laboratuvar uygulamalari ile sanal
laboratuvar uygulamalarinin 5.Smif ogrencilerinin Akademik basarilarina ve 6grenmenin kaliciligina etkisi
arastirilmistir. Arastirmanin kontrol grubunda geleneksel laboratuvar ortaminda ogretim gergeklestirilirken
deney grubunda ise fen bilimleri 6gretim programi1 dahilinde hazirlanan sanal laboratuvar ortaminda islenmistir.
Olusturulan sanal laboratuvarda Colorado Universitesinin hazirladigi “Devre Yapim Kiti” simiilasyonlari, EBA
ve Morpakampiis uygulamalar: kullanilmistir. Calisma grubunu 2017- 2018 yilinda Ankara ilinde bulunan bir
devlet ortaokulunun 5. Smif 6grencileri olusturmustur. Deneme ve kontrol gruplarinda 27’ser 6grenci olmak iizere
toplam 54 erkek &grenci arastirmaya dahil edilmistir. Bu arastirmada arastirmaci tarafindan modifiye edilen
glivenirliligi (KR20=) 0.850, madde giicliigii ortalamas: 0,524 ve madde ayirt ediciligi ortalamas: 0,458 olan
“Elektrik Basar1 Testi” kullanilmistir. Arastirma sonunda elde edilen bulgular SPSS-12 istatistik paket programi1
ile ¢oztimlenmistir. Gruplar arasi karsilastirmalar bagimsiz gruplar t testi ile yapilmistir. Grup i¢i karsilagtirmalar
da ise bagimli gruplar, t testinden yararlanilmigtir. Arastirma sonunda, sanal laboratuvar yonteminin kullanildig:
deney grubu ile geleneksel yontem uygulanan kontrol grubu arasinda basar1 ve kalicilik yoniinden deney grubu
lehine anlamli (p<0.05) bir farklilik tespit edilmistir. Sanal laboratuvar yontemi ile ders anlatmanin dgrencilerin
basarilarini ve 6grenilenlerin kaliciligini arttirmada 6nemli diizeyde etkili oldugu goriilm{istiir.
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Giris

Evreni sorgulama, kesfetme, evrenle ilgili diizenleri bulma ve ifade etme “Fen” olarak
tanumlanmaktadir (Soylu, 2004). Fen bilimleri dersleri 6grencilerin 6grenen, diisiinen ve sorgulayan
arastirmaci bireyler olarak yetismesini hedefleyerek onlarin bagimsiz ve kendisini yonetebilen insanlar
olmasimi saglamaya yardimci olmaktadir (Duman ve Avci, 2016). Sif icerisindeki sorgulama, merak
ve mevcut bilgilere dayanarak sorular sorma ile baglar. Daha sonra 6grenciler gdzlemleyerek elde edilen
bilgilere dayanarak on agiklama ve hipotezler ortaya koyarlar. Gézlemlerden elde edilen bilgiler ile
basit bir deney diizenegi planlar ve yaparlar, elde edilen delillerden yola ¢ikarak bir aciklama yaparlar,
olas1 diger yapilabilecek olan aciklamalari dikkate alirlar ve son olarak bulgularimi digerleri ile
paylasirlar (Kartal, 2014). Fen bilimleri dersiyle mantiksal diisiinen ve sorgulamay: temel alan ve
arastirma becerisine sahip bireylerin yetistirilmesi hedeflenmektedir. Bu nedenle dersin islenmesinde
uygun Ogrenme stratejileri ve yontemleri belirlenmelidir (Karakuyu, Bilgin ve Siiriicii, 2013; Sahin ve
Saglamer Yazgan, 2013). Ancak bilgi anlamli hale geldiginde zihindeki kaliciigr ve uygulamada
kullanilmas: kolaylasmaktadir (Soylu, 2004).

Fen bilimleri dersini diger derslerden ayiran en belirgin 6zellikler; fen bilimleri dersinde, deney
ve gozlemin yapilmasina, 0grencilerde kimi olaylar1 kesfetmeye firsat tanimasina ve bilimsel stireg

becerilerinin kullanimiyla bilissel diisiinmenin gelismesine imkan saglamis olmasidir (Tagkin, 2008).

Fen bilgisi 6gretiminde kullanilan en etkili yontemlerden biri laboratuvar uygulamalaridir.
Fakat uygulamada kimi zaman uygun kosullar saglanamamaktadir. Fiziki kogsullardaki eksiklik veya
maddi olanaksizliklar bunlarin en 6nemlileridir (Kiyici ve Yumusak, 2005). Giiniimiizde baz1 okullarda
O0grenci sayisinin fazlaligi ve smif sayisinin yetersizligi sebebiyle laboratuvar olarak kullanilacak
ortamlarin sinifa gevrilmesi tercih edilebilmektedir. Bu durum laboratuvar arag gereglerinin koridorlara
veya depolara yerlestirilerek kullanilmadan durmasina ve laboratuvarin yapilamamasina neden
olmaktadir (Akgiin, 2005; Urey ve Aydin, 2014). Laboratuvar kullaniminda bu kisitlamalarin yani sira
Ogretmenlerin de yeterli bilgi ve beceriye sahip olmamasi laboratuvar kullaniminm olumsuz yonde

etkileyebilmektedir (Urey ve Aydin, 2014).

Fen bilimleri 6gretiminde bircok okulda ogretmenler ara¢ gere¢ ve laboratuvar kullanimi
acisindan gerekli sartlar1 saglayamadiklarinda fen deneylerini ya gosteri deneyi seklinde yapmakta ya
da deneyleri hi¢ yapmamaktadirlar. Laboratuvar uygulamalarini igeren arastirma sonuglarina
bakildiginda; genel olarak yer sikintisi, insan kaynaklari, siire yetersizligi ve arag gereg eksikliginden
dolay1 laboratuvarlarin istenilen sekilde yapilamadig1 goriilmektedir. Ancak giiniimiizde fen bilimleri

dersi egitim programina gore, 6grencilerin yeterli donanima sahip laboratuvar ortamlarinda bireysel
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veya gruplar halinde calismalar yapilmasiin gerekliligi bildirilmektedir (Akgiin, 2005; Ince ve Kutly,
2016).

Fen Siniflarinda Teknoloji Kullanimi

Ogretimin nasil daha etkili bir hale getirilebilecegini, anlamh &grenmenin nasil
gerceklesebilecegini bulmak ve etkili 6grenme ortamlarini gelistirmek egitimin amacidir. Teknolojinin
gelismesiyle beraber bilisim teknolojileri egitim alaninda da kullamilmaktadir (Ercan, Ural ve Ozates,
2016). Giintimiizde fen bilimlerinin biiyiik bir kismi teknolojiye bagli oldugundan fen smiflar teknoloji
kullanimimin gergeklesecegi dogal ortamlardir (Kartal, 2017). Teknolojinin gelismesiyle fen sirflar
geleneksellikten uzaklasarak sanal ortamlara yonlenmekte, 6gretim ve egitim etkinlikleri bu ortamlarda
siirdiiriilmektedir. Ug boyutlu sanal ortamlarin, bireylerin birbirleriyle olan etkilesimini arttirmast,
hayal giliclerini desteklemesi ve bu ortamin gercege yakin bir sekilde olmasi egitim ortamlarinin

internete tasinmasinda 6nemli bir rol olmustur (Oztiirk, 2014).

Ulkemizde 2010-2011 egitim dgretim yilinda pilot uygulamasia baslananan teknolojinin
egitime entegrasyonu sonucunda okullarin teknolojik alt yapilarmin giiclendirilmesi amaciyla
“Firsatlar1 Artirma Teknolojiyi Tyilestirme Hareketi (FATIH)” projesinin hayata gecirildigi bildirilmistir
(Ozer, Bilici ve Karahan, 2016). Bilgisayarlarin egitim hayatina girmesi ve teknolojik gelismeler goz
oniine almarak uygulamaya konan FATIH Projesi kapsaminda okullarin egitim ortamlari
degistirilmistir (MEB, 2020). Bu proje ile simiflardaki akilli tahtalar ve tabletlerin kullanimiyla sinflar
sanal laboratuvarlar haline gelecektir. Bu sayede Ogrenciler zaman ve mekandan bagimsiz olarak
bireysel ya da gruplar halinde aktif katilimla konuyu istedigi kadar ¢alisacak ve deneyi istedigi kadar
yapabilecektir (Cinici, Ozden, Akgiin, Ekici ve Yalgin, 2013).

Teknoloji cogunlukla alistirma ve uygulama icin kullaniliyor olsa da (Kartal ve Cinar, 2018) son
zamanlarda basit ezbere 6grenme cercevesi disinda teknolojinin sorgulamaya dayali fen siniflarinda
kullanildig1 goriilmektedir (Kartal, 2017). Bilgisayar sistemlerinde donanimsal ve yazilimsal gelismeler,
egitim alaninda da kullanilmaya baglanmistir. Animasyon ve simiilasyonlar materyallerin
hazirlanmasinda da kullanilan program yazilimlardir (Akkagit ve Tekin, 2012; Dinger ve Giiglii, 2013).
Simiilasyon programlariyla olusturulan sanal laboratuvarlar egitim amaciyla kullanilan teorik bilgilerin
uygulamaya doniistiigii bir teknoloji tiiriidiir (Akkagit ve Tekin, 2012). Egitim ortamlar1 bilgisayar
teknolojileri ile simiilasyonlar ve animasyonlar olusturularak gorsellestirilmistir. Bu sekilde
gorsellestirilen, somutlastirilan egitim ortamlar1 6grencilerin gercek diinyadaki durum ve problemleri

anlamasina daha iyi yardimc1 olmaktadir (Abdiisselam, 2016).
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Fen Bilgisi Ogretim Siirecinde Laboratuvar Ortamlart

Fen bilimleri dersinin dogasini anlamanin ve arastirma yapmanin en uygun yolu laboratuvar
uygulamalarimi kullanarak 6gretim yapmaktir (Tsai, 1999). Laboratuvar ortaminin énemi 6grencilerin
uygulama tecriibesini kazanmasidir. Laboratuvar ortaminda yapilan deneylerle egitim programlari
tamamlanir. Bu sayede 6grenciler uygulama becerileri kazanir ve olusabilecek gercek durumlara kars:
hazir olmasi saglanmis olur. Ancak geleneksel deneylerin yapilmasi bazi siirhiliklar sebebi ile miimkiin
olmayabilir. Bu durumda farkli alternatifler aranma zorunlulugu ortaya c¢ikar. Ayrica 6gretmenler
egitim donemlerinde laboratuvarla ilgili yeteri kadar bilgi, beceri ve tutum kazanamadiklarinda
laboratuvar malzemesi olmayan ortamlarda mevcut imkanlarla deney yapmak igin c¢aba
harcamamaktadirlar (Akgiin, 2005; Ince ve Kutlu, 2016). Laboratuvarlarin etkili bir sekilde
kullanilmamasinin en temel sebepleri arasinda dgretmenin yeterli bilgi ve beceriye sahip olmamas,
okullarda fen laboratuvarinin bulunmamasi, ara¢ ve gereg¢ eksikleri, smif mevcudunun kalabalik
olmasi, 0grenilecek her kavrama yonelik uygun deneyin olmamasi olarak gosterilmistir (Aydogdu,

1999; Tanel ve Tanel, 2010; Urey ve Aydin, 2014).
Teknoloji ve Fen Bilimleri

Fen ogretimi ile teknolojiyi birlestirmenin cesitli yollar1 bulunmaktadir ve okullar siniflarin
teknolojik agidan zenginlesebilmesi igcin caba sarf etmelidir. Fen simflarimin teknoloji agisindan
zenginlestirmede kullanilabilecek araglar; Web 2.0 Araglari, Bilimsel Ol¢iim Yapan Araglar (Probeware),
Kavram Haritalar1 (Inspiration, Kidspration, Edraw Max) ve Simiilasyon (PhET, Crocodile Physics,
Interactive Physic) olarak siralanabilir (Kartal, 2017). Bilgisayar simiilasyonlar: gorsellestirme, problem-
¢ozme, tanimlama, siniflama, verileri yorumlama ve deneyleri tasarlama gibi bilimsel siireg
becerilerinin 6gretilmesinde kullanilmaktadir (Kartal, 2017). Ayrica zihinlerde olusan yanlis semalar1
diizeltmek icin internet ortaminda gittikce yayginlasan simiilasyonlardan yararlanilabilir. Dogru ve
bilimsel modele uygun simiilasyonlarla 6grencinin zihninde olusan yanlis bilginin diizeltilmesi
Bilgisayar destekli 6gretimin (BDO) 6énemli faydalarindan biridir. Yanhs bilginin diizeltilmesinde
simiilasyonun kullanilmasi 6grenciyi dogru bilgiyi 6grenmeye sevk eder ve dgrenci biligsel becerilerini

bilgiyi bulmak amaciyla daha fazla kullanmaya baglar (Bozkurt, 2008).

Giintimiizde teknolojinin sinifa girmesiyle beraber Fen bilimleri derslerinde yaygin olarak
simiilasyonlar kullanilmaktadir. Simiilasyonlar gercek kavramlarin aynen kopyalandigi ve kontrol
altina alinmis 6grenme ortami saglamaktadir. Simiilasyon hazirlanirken 6grencinin 6grenmesi gereken
temel bilgilere odaklanilir. Simiilasyonlar tehlikeli, karmasik ya da 6grenilmesi zor bir kavramin gergek
nesneler {izerinden gozlem ve kesif yaparak Ogrenilmesini saglamakla beraber bilgiyi gereksiz

ayrintidan siyirarak gerekli bilginin 6grenilmesine firsat sunar. Bu sayede 6grenciler etkilesime girerek
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anlamh &grenmeler yapabilir (Ozer ve dig., 2016). Simiilasyon yazilimlari, 8grencilere deney {izerinde
parametreleri degistirme imkami sunarak deneylerin yapilmasina olanak saglayabilen Ogretim
materyallerdir. Laboratuvar ortamlarinda maliyetli yiiksek ve uygulanmas: tehlikeli deneylerde
bilgisayarlar1 kullanmak egitimin verimliligini arttirmakla birlikte maliyetten tasarruf saglarken tehlike
risklerini de ortadan kaldirmaktadir (Akkagit ve Tekin, 2012). Ogrenim siirecinde simiilasyonun
kullanilmasinin 8grenci bagarisini artirdigs literatiirde bircok farkli kaynakta ifade edilmektedir (Ozer

ve dig,, 2016).

Simiilasyon sayesinde 6grenciler deneyi ister bireysel olarak, isterlerse grupla yapabilmektedir.
Simiilasyon yazilimlarinin 6zellikle deney yapilirken deney malzemelerini tanima ve bu malzemeleri
amacit dogrultusunda kullanabilme noktalarinda etkilidir. Okul laboratuvarlarindaki ara¢ gereg
eksikligi ve smuflardaki 6grenci sayisinin fazla olmasi sebebiyle yapilacak olan deneylerin biiyiik bir
kismi1 gosteri deneyi olarak yapilmaktadir. Bu da simiilasyonlarin gosteri yontemi yerine bir
alternatifini olusturmaktadir. Maliyeti fazla olan laboratuvar arag-gereglerini kullanarak deney yapmak
yerine simiilasyonun tercih edilmesi ekonomik agidan yarar saglayacaktir (Akkagit ve Tekin, 2012;
Rutten, Joolingen ve Van der Veen, 2012). Yapilan ¢alismalarda sanal laboratuvar uygulamalarimin
ogrencilerin fizik konularina iliskin ilgi, motivasyon ve cesaretlerini arttirdig: tespit edilmistir (Bozkurt

ve Sarikog, 2008; Cinici ve dig., 2013; Ince ve Kutly, 2016; Kaya ve Oral, 2013; Polat ve Tekin; 2013).

Bilisim alanindaki hizli gelismelerle birlikte, laboratuvarlarda simiilasyon gibi yazilim tiirleri
ile gercege yakin deneyler bilgisayar ortamlarinda yapilabilmektedir (Akkagit ve Tekin, 2012; Duman
ve Avcy, 2016). Sanal laboratuvarda bilgisayar ag1 tizerinden segilen bir konu tercih edilerek deney
yapilabilir. Ayrica sanal laboratuvar ortami ile uzak mesafelerde bile zamandan ve mesafeden avantaj
saglanarak gerekli uygulamalar yapilabilmektedir. Ozellikle maliyet agisindan faydali olan bu sistemle
konunun anlasilirlig1 da olaylarin gorsellestirilmesiyle beraber artacaktir. Sanal laboratuvarda yapilan
farkl etkinliklerin, yanlislarin insana ve ¢evreye zarar vermemesi yaninda 6grenciye deneyim yasama
ve konuyu kavrama firsat1 sagladig: bildirilmektedir. Bilgisayar miihendisligi alaninda farkli donanim
gerektiren tiim laboratuvarlarin sanal olarak da gergeklestirilmesinin katkilarmin ¢ok fazla olacagi

diistintilmektedir (Akin ve Karakdse, 2003).

Bu konudaki alan yazin aragtirmalar: incelendiginde sanal laboratuvar uygulamalarmin pek
ok olumlu yéniiniin oldugu ifade edilmistir. Aciksoy ve Islek (2017), Yavuz ve Akgay (2017), Duman
ve Aval (2016), Urey ve Aydin (2014), Cinici ve digerleri, (2013), Polat ve Tekin (2013), Akkagit ve Tekin
(2012), Olympiou ve Zacharia (2012), Cetin ve Giinay (2011), Bozkurt (2008), Celik (2007), Dasdemir ve
Doymus (2016) derslerin sanal laboratuvar yontemi ile islendiginde 6grencilerin sanal laboratuvara
kars1 tutumlarinin olumlu oldugu ve deney gruplarindaki 6grencilerin konuyu 6grenmesinin kontrol

grubuna nazaran daha yiiksek diizeyde anlamli oldugunu ifade etmislerdir. Ayrica hem orgiin
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egitimde hem de miihendislik alaninda sanal laboratuvarlarin ve es zamanli deneylerin, zaman ve
maliyet acisindan daha ekonomik oldugu, derste katilim agisindan ise dgrencilerin motivasyonunu
arttirdig1 yoniinde bulgular elde edilmistir (Bingol ve Elmas, 2017; Ciloglugil, Aslan ve inceoglu, 2017;
Cukurbas1 ve Karamete, 2017; Irmak ve Calpbinici, 2017; Kagar, Boz, Aricioglu ve Tekin, 2017; Koklu,
Yener ve Kilic, 2016; Seker ve Kartal, 2017). Siruf igerisinde kolaylikla incelenemeyecek olgular icin
gorseller iceren teknolojiler ile zenginlestirilmis derslerin tipik fen derslerinden daha etkili oldugu
gorilmiistiir (Kartal, 2017). Fizik egitiminde hazirlanan bir sanal laboratuvar uygulamasimn 6grenci
bagarisina etkisinin arastirildigi arastirmada sanal laboratuvar uygulamalarimin 6grencilerin fizik
konularma iligkin ilgi, motivasyon ve cesaretlerini arttirdig1 tespit edilmistir. Uygulamalar sirasinda
yapilan gozlemlerde de sanal laboratuvar uygulamasmda yer alan grubun digere gruba gore derse
yonelik ilgilerinin ve motivasyonlarinin oldukga yiiksek oldugu goriilmiistiir. Geleneksel laboratuvar
uygulamalarinda yapilan gozlemlerde ise; ¢ok sayida Ogrencinin katilimi olmasina ragmen genel
anlamda 0grencilerin sikilgan tavirlar sergiledikleri yoniinde sonuglar rapor edilmistir (Bozkurt, 2008).
Pektas, Celik, Katranci ve Kose'nin (2009) 5. smif fen bilimleri dersi “Isik ve Ses” tinitesi {izerine
bilgisayar destekli 6gretim yontemi ile yaptiklar: calismada geleneksel 6gretime gore bilgisayar destekli

O0gretimin daha etkili oldugu goriilmiistiir.

Alan yazin incelendiginde sanal laboratuvar ortamlarinin 6grenme ve O0gretme stirecinde
kullanilmas: gorsellestirme, problem-¢ézme, deneyleri tarasarlama ve elde edilen verilerin
yorumlanmasinda biiyiik bir kolaylaik sagladigu goriilmiistiir. Ayrica, 6grenci basarisisinin arttigy,
derse yonelik tutum, motivasyon ve cesaretlerini olumlu bir sekilde degistirdigi goriilmektedir
(Bozkurt ve Sarikog, 2008; Celik, 2007; Cetin ve Giinay, 2011; Dagdemir ve Doymus, 2016; Ince ve Kutly,
2016; Kartal, 2017; Olympiou ve Zacharia, 2012; Ozer ve dig., 2016; Polat ve Tekin; 2013). Bu ¢alismada
da laboratuvar cesitlerinden sanal laboratuvar yonteminin “Yasamimizdaki Elektrik” {initesinin
ogretilmesinde kullanilmasinin 6grencilerin basarilari {izerine etkisini arastirmak amaciyla yapilan bu

calismada asagidaki alt problemlere cevap aranmuistir:

1. Sanal laboratuvar uygulamasi ile ders islenen deney grubu ve geleneksel laboratuvar metodu

ile ders islenen kontrol grubunun 6n test ve son test bagar1 puanlar: arasindaki farklilik anlamli midir?

2. Sanal laboratuvar uygulamast ile ders islenen deney grubu ve geleneksel laboratuvar metodu

ile ders islenen kontrol grubunun kalicilik testi bagar1 puanlar1 arasindaki farklilik anlaml midar?

3. Geleneksel laboratuvar metoduyla ders islenen kontrol grubunun 6n test- son test, 6n test-

kalicilik testi, son test -kalicilik testi basar1 puanlari arasindaki farklilik anlamlr midir?

4. Sanal laboratuvar metoduyla ders islenen deney grubunun 6n test- son test, 6n test- kalicilik

testi, son test -kalicilik testi basar1 puanlar1 arasindaki farklilik anlamli midir?
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Yontem

Aragtirmada nicel arastirma yontemlerinden kontrol gruplu deneysel desen kullanilmustir.
Deneysel arastirmalar genelde karsilastirma amagcli deney ve kontrol grubu olmak iizere 2 veya 3 ya da
daha fazla grup iizerindeki uygulamalar1 kapsamaktadir. Deney grubu bagimh degiskende etkisi
belirlenecek iglemi alirken, kontrol grubu bazen higbir islem almayabilir veya farkli bir uygulama
alabilir. Kontrol grubu, arastirmaciin yaptigi uygulamann etkisi var midir, yok mudur varsa bu
etkileri arasinda fark var mudir sorusunun cevabiu almasi bakimindan ¢nemli bir yere sahiptir
(Biiytlikoztiirk, Cakmak, Akgiin, Karadeniz ve Demirel, 2012; Wiersma, 2000). Bu arastirmada
ogrencilerin basarilarini 6lgmek amaciyla hazirlanan Elektrik Bagar: Testi; uygulama baglamadan énce
on test daha sonra son test ve uygulamadan 3 ay sonra ise kalicilik testi olarak kullanilmuistir.
Arastirmada kontrol grubuna MEB miifredatina uygun olarak ders kitaplarinda belirtilen sekilde
laboratuvar uygulamalar1 yaptirilirken, deneme grubuna, sanal laboratuvar uygulamalar:
yaptirilmistir. Olusturulan sanal laboratuvarda PhET.colorado {iniversitesinin hazirladigr “Devre
Yapim Kiti” simiilasyonlar: yaninda Eba'nin ve Morpakampiis’iin uygulamalar1 kullanilmistir (EBA,
2018; Morpakampiis, 2018; Phet Interactive Simulations, 2018). Devre yapim Kkiti ile 6grenciler gruplar
halinde 5. siif kazamimlarina uygun olarak sanal ortamda elektrik devreleri kurmustur. llkogretim
programina gore deneyler yapilmistir. Eba ve Morpakampiiste 5. sinif elektrik iinitesi ile ilgili konu

anlatimlary, calismalar ve konu tarama testleri 6grenciler tarafindan sanal ortamda yapilmist
Calisma Grubu

Calisma gruplarinda on test son test kontrol gruplu deneysel model uygulanmistir (Bedir Eristi,
Kuzu, Kabakg Yurdakul, Akbulut, Kurt, 2013). Calisma, 2017-2018 egitim Ogretim yilinda Ankara
ilindeki erkek ogrencilerin egitim gordiigii bir devlet ortaokulunun 5. sinifinda okuyan 6grencilerin
katilimi ile gergeklestirilmistir.. Bu okul; sanal labortvar olusturulmasina olanak saglayacak bilisim
sinift ve internet baglantisi bulunan bilgisayarlar bulunmasi sebebiyle arastirma igin segilmistir. Okul
erkek imam hatip okulu oldugu icin ¢alisma erkek 6grencilerle yiiriitiilmiistiir. Bu okulda bulunan 5
farkli subede okuyan 5. Sinif 6grencilerine uygulanan 6n test puanlarinin degerlendirilmesi sonucunda
basar1 puan ortalamalar1 birbirine yakin olan 4 sube arastirma icin segilmistir (Bedir Eristi, Kuzu,
Kabakg1 Yurdakul, Akbulut, Kurt, 2013). Basar1 puan ortalamalar1 bir birine yakin olacak sekilde 4
subenin 2’si bir gurubu; kalan 2’si de diger gurubu olusturacak sekilde planlama yapilmigtir. Deneme
basinda gruplar arasinda puan farkliig1 olusmamasi igin ortalamay1 degistiren ug noktalardaki bazi
ogrenciler deneme digina alinarak hem gruplardaki Ogrenci sayilar1 hem de puan ortalamalar
denklestirilmistir (Sonmez ve Alacapinar 2019). Bu sekilde arastirma her grupta 27 6grenci olmak iizere
toplam 54 erkek Ogrencinin katilimi ile gerceklesmistir. Orta okul 5. Smuflarda okutulan

“Yasamimizdaki Elektrik” {initesinin konular1 kontrol grubuna ayrilan smiflarda MEB miifredatinda
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belirtilen laboratuvar uygulama yontemi, deney grubuna ayrilan smiflarda ise sanal laboratuvar
yontemi ile ayri arastirmaci tarafindan anlatilmistir. Arastirmanin yiiriitiilebilmesi i¢cin Ankara 11 Milli

Egitim Mudiirliigiinden gerekli izin almmustir.
Veri Toplama Araglar1

Aragtirma da verileri toplamak amaciyla kullanilan “Elektrik Unitesi —Basari Testi”
arastirmacilar tarafindan hazirlanmistir. Bu test calisma grubunda yer alan 5. smif Ogrencilerinin
“Elektrik” {initesine ait 6n bilgilerini, calisma sonucundaki basarilarini ve hatirlama diizeylerini 6l¢mek

amaciyla hazirlanmstir.

Aragtirma kapsaminda kullanilmak {izere hazirlanan Elektrik Basari Testi i¢in dncelikle 49 soru
olusturulmustur. Bu sorularin bir kism1 EBA (2018) ve Olgme degerlendirme Genel Miidiirliigiinden
almirken bir kismida arastirmacilar tarafindan hazirlanmistir. Hazirlanan sorularin bilimsel ve biligsel
alandaki uygunlugunu belirlemek amaciyla 2’si 6gretim {iyesi ve 2’si fen bilgisi 6gretmeni olmak tizere
4 uzmanin goriisii alinmistir. Uzmanlarin goriisii dogrultusunda bazi sorular ¢ikartilarak soru sayisi
33’e indirilmistir. Hazirlanan 33 soru ortaokul 6. Sinifta okuyan ve 5. smifta elektrik {initesini okumus
167 Ogrenciye uygulanarak bir pilot uygulama gergeklestirilmistir. Pilot uygulama sonucunda elde
edilen verilerin TAP (versiyon 16.11.13) programi kullanilarak madde analizi yapilmis ve testin
giivenirligini diistiren 8 soru (1., 2., 5., 8., 11., 12,, 29., ve 32. sorular) testten ¢ikarilmistir. Bu sekilde
hazirlanan 25 soruluk testin TAP (versiyon 16.11.13) analizine gore KR20 degeri 0.85, Ortalama madde
glicliigii 0,524 ve ortalama madde ayirt ediciligi 0,458 olarak hesaplamistir. Bu sekilde elde edilen test
Elektrik Basar1 Testi olarak kullanima hazir hale getirilmistir. Bagar1 testi, hem kontrol hemde deney
grubu olmak iizere her iki gruba da On test, son test ve kalicilik testi olarak uygulanmistir. Testin

kapsam gecerliligi ile ilgili olarak asagidaki belirtke tablosu hazirlanmistir (Tablo 1).
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Tablo 1. Arastirmada yasamumizdaki elektrik iinitesi ile ilgili hazirlanan 33 sorudan olusan ilk testin belirtke
tablosu

Elektrik Unitesi Kazanimlar Konular / Kavramlar Sorular
Devre

R .
Elemanlarinin ;j‘:e';i&eilir:lleeritil; o Devre Elemanin Resmi ve 5,16,22,23, 24,
Sembollerle M Al gembolii 25,29,

llerivle o@steri
Gésterimi sembolleriyle gosterir
F.5.7.1.2.2 Cizdigi
Devre Semalari elektrik devresinin
semasini kurar.

Basit Elektrik Devresi, 8,13,15, 26,27,
Elektrik Devre Semasi 28,

Deneyler Sirasinda

Basit Bir Elektrik F.5.7.2.1.3: Bir elektrik Kullanilan Degiskenler
N .. . 11,12, 14, 17, 30,
Devresinde devresindeki ampul (Bagimli degisken, Bagimsiz 32
Lamba parlakligimn etkileyen degisken, Kontrol edilen
Parlakliginm degiskenlerin neler degisken)
Etkileyen oldugunu tahmin ederek 1,2,3,4,6,7,9,

Ampul parlakligs, pil sayisy, 10, 18, 19, 20,

21,31, 33

Degiskenler tahminlerini test eder.
ampul sayis1

1:F.5.7.1.1. : Fen dersi, 5. Smuf, 7. Unite, 1. Konu, 1. Kazanim
2.;F.5.7.1.2. : Fen dersi, 5. Smif, 7. Unite, 1. Konu, 2. Kazanim
3:F.5.7.2.1. : Fen dersi, 5. Smnuf, 7. Unite, 2. Konu, 1. Kazanim

Olusturulan sorular ayni uzmanlar tarafindan uygun bulunmustur. Tablo 2 "de basar: testini

olusturan 25 sorunun giivenirlilik analizi sonuglar: verilmistir.

Tablo 2. Testin giivenirlilik hesaplamasi
KR20 Madde Giigliigii Madde Ayirt Ediciligi
0,850 0,524 0,458

Hazirlanan bu testte her bir soru 4 puan degerinde olup testin tamamini dogru cevaplayan

0grenci en ¢ok 100 puan almugtr.
Verilerin Toplanmasi ve Analiz Siireci

Bu arastirma haftada 4 saat olarak igslenen fen bilimleri dersinde 4 hafta ve 16 saatlik bir zaman
diliminde gerceklestirilmistir. Uygulamanin basinda her iki gruba da 6n test olarak ugulanan Elektrik
Bagar1 Testi uygulamanin bitiminde 6grencilerin akademik basarilarini kiyaslamak amaciyla son test
olarak da uygulanmigtir. Son testin uygulanmasindan 6 hafta sonra ¢alisma grubundaki d6grencilerin

hatirlama diizeylerini 6lgmek amaciyla ayn test, kalicilik testi olarak uygulanmusgtir. .

Unitelendirilmis yillik plana gore dersler, kontrol grubu dgrencileri ile gergek laboratuvarda,
deney grubu Ogrencileri ile sanal laboratuvarda yapilan deneylerle, islenmistir. Deneyler 6gretmen

rehberliginde bizzat 6grenciler tarafindan yapilmustir.
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Kontrol grubuna konu ile ilgili gerekli 6n bilgiler normal miifredat cercevesinde verilmistir.
Dersler, dgrencilere sorular sorularak, konuyla ilgili 6rnek semalar ¢izilerek ders kitab: {izerinden
islenmistir. Deneyler hazirlanan deney raporuna gdre devre elemanlari ile yapilmistir. Ogrenciler

deneyleri ikiserli gruplar halinde yaparak yasarak yapmustir.

Deney grubunda ise dersler 6gretmen rehberliginde EBA, Morpakampiis lizerinden akilli tahta
kullanilarak iglenmistir. Ogrenciler bu internet sitelerindeki deneyleri ve sorular1 sanal laboratuvardaki
bilgisayarlar1 kullanarak yapmislardir. Ayrica devre yapim kiti simiilasyonu ile hazirlanan deney
raporuna gore deneyler yapilmistir. Ogrenciler deneyleri bilgisayarlarin sayisina gore ikiserli gruplar
halinde yapmuslardir. Yine konu ile ilgili alistirmalar EBA ve Morpakampiis internet siteleri tizerinden
interaktif ortamda ¢Oziilmiistiir. Deney grubundaki 6grenciler sorular1 yazma ihtiyaci duymadan

zamandan kazanarak ¢ozmiislerdir.

Arastirma sonunda basar1 testinden elde edilen veriler SPSS-12 istatistik paket programi
kullanilarak ¢oziimlenmistir. Gruplar arasi karsilastirmalar bagimsiz gruplar t testi, grup ici

karsilastirmalar ise bagiml gruplar t testi ile yapilmustir.
Bulgular ve Yorum

Bu boliimde, kontrol ve deney gruplarindaki 6grencilerin bagarilarini ve hatirlama diizeylerini
belirlemek icin 6n test, son test ve kalicilik testinden elde edilen verilere iliskin bulgulara yer verilmistir.
Calismada ortaokul 5. Sinif fen bilimleri dersi 6gretim programinda yer alan “Elektrik” {initesinin
O0gretimine yonelik olarak deney grubuna sanal laboratuvar yontemi, kontrol grubuna ise geleneksel

laboratuvar yontemi kullanilarak deneysel bir arastirma yapilmaistir.
Kontrol ve Deney Gruplarinin On Test ve Son Test Puanlarina iliskin Bulgular

Bulgularin bu béliimiinde alt problem ciimlemizin ilki olan, “Sanal laboratuvar uygulamasi ile
ders islenen deney grubu ve geleneksel laboratuvar metodu ile ders islenen kontrol grubunun 6n test
ve son test puanlar1 arasinda anlaml fark varmi dir?” sorusunun cevabi aranmistir. Calisma grubunun
katilimci sayisinin 20 ile 50 aras1 olmasi, deneme basinda gruplarin basar1 puanlarmin denklestirilmis
olmasi ve elde edilen verilerin normal dagilima uygun olarak dagilmas: (Z=864, p>05) sebebiyle

parametrik t testi kullanilarak bulgular elde edilmistir (Unver, Altunkaynak ve Gamgam; 2016).

Yapilan bu ¢alismada deney ve kontrol gruplarinin 6n bilgilerini 6l¢mek ve her iki grubunda
denkligini saglamak amaciyla hazirlanan basar: testi 6grencilere 6n test olarak uygulanmistir. Basar1
testindeki 25 sorudan olusan on testin degerlendirilmesi 100 puan iizerinden yapilmistir. Oncelikle
deney ve kontrol gruplarindaki basar1 farkliliklarinin giderilmesi ve her iki grubunda denklesmesi igin

on test uygulanmais, yapilan istatistik islemlerle her iki grubunda denkligi saglanmusgtir.
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Tablo 3. Kontrol ve deney gruplarimin on test ve son test puanlarimn bagimsiz gruplar t testi analiz sonuglan

Test Gruplar N Ortalama Sx df t p

.. Kontrol Grub 27 32,00 2,74

On Test ontrot rbu 57 0,000 1,000
Deney Grubu 27 32,00 1,97

Son Test Kontrol Grubu 27 60,00 2,87 57 3187 0,002
Deney Grubu 27 72,00 2,78

Tablo 3’e bakildiginda deney ve kontrol gruplar: arasindaki 6n test sonuglarinda anlaml bir
fark olmadig1 goriilmektedir. Varilan sonug bize her iki grubunda denk oldugunu gostermektedir
(t=0,00, p=1,000, p>0,05). Bu siirecte zaten deneme basinda gruplarin basar1 puanlarinin denklestirilmesi

yapilmistir.

Tablo 3’de goriildiigii gibi kontrol ve deney gruplarinin son test basarilar1 karsilastirildiginda
deney grubu lehine anlamh bir fark oldugu (p<0,05) tespit edilmistir. Bulgular sanal laboratuvar
uygulamalari ile 0gretim goren 0grencilerin erisi diizeylerinin, geleneksel laboratuvar uygulamalari ile
Ogretim goren Ogrencilerin erisi diizeylerine gore daha yiiksek oldugunu gostermektedir (t=3.18,
p=0,002, p<0,05). Bu sonuca gore sanal laboratuvar uygulamalar1 geleneksel laboratuvar

uygulamalarina gore basariy1 anlaml diizeyde arttirmistir.
Kontrol Grubu ve Deney Grubu Kalicilik Testi Puanlarina iliskin Bulgular

Bu kisimda 2. alt problemimiz Sanal laboratuvar uygulamasi ile ders islenen deney grubu ve
geleneksel laboratuvar metodu ile ders islenen kontrol grubunun kalicilik testi puanlar1 arasinda
anlaml fark varmi dir? sorusunun cevabini bulmak maksadiyla, bagimsiz gruplar t testi analizi
yapimustir. Kalicilik testi bulgularinin deney ve kontrol gruplarina gore karsilastirilmas: amaciyla

yapilan Bagimsiz gruplar t testi analizi sonuglar1 Tablo 4’de gosterilmistir.

Tablo 4. Kontrol ve deney gruplarimin kalicilik testi puanlarimin bagimsiz gruplar t testi analiz sonuglart

Test Grup N Ortalama Sx df t )
Kalialik Kontrol Grubu 27 52,30 2,76
Testi Deney Grubu 27 59,11 0,94

52 2,339 0,023

Tablo 4 incelendiginde kontrol ve deney gruplariin kalicilik testi puanlar1 karsilastirildiginda;

deney grubu lehine anlaml fark oldugu goriilmektedir (t=2,339; p=0,023; p<0,05).
Kontrol Grubunun On Test, Son Test ve Kalicilik Testi Puanlarina iliskin Bulgular

Ugiincii alt problem ciimlesine gére “Sanal laboratuvar uygulamasi ile ders islenen deney
grubu ve geleneksel laboratuvar metodu ile ders islenen kontrol grubunun 6n test- son test, on test-

kalicilik testi, son test -kalicilik testi puanlar1 arasinda anlamli fark var midir?” sorusunun cevabi
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aranmistir. Bu kisimda ¢alisma gruplarindan kontrol grubunun kendi igerisinde n test, son test ve

kalicilik testi farklilasma durumlari incelenmistir.

Tablo 5.deki bulgulara gore kontrol grubunun on test ve son test basarilarinin
karsilastirilmasinda anlamli bir fark oldugu (p<0,05) saptanmistir. Bu sonuca gore geleneksel
laboratuvar yontemiyle 6gretim goren kontrol grubunun son test puanlarinin 6n test puanindan
oldukga yiiksek oldugu soylenebilir(t= -8,056, p=0,000, p<0,05). Bu da aslinda beklenen bir durumdur.

Normal bir 6gretim uygulamasinda da elbette 6grenciler 6grendiklerinin tamamini unutmayacaklardir.

Tablo 5. Kontrol grubunun én test, son test ve kalicilik testlerinin bagimli gruplar t testi analiz sonuglar:

Grup Test N Ortalama Sx df t p
On Test 27 32,00 2,74 2% 8,056 0,000
Son Test 27 60,00 2,87
On Test 27 32,00 2,74
gonéml ntes 26 6,176 0,000
rubu Kalicilik Testi 27 52,30 2,76
Son Test 27 60,00 2,87 % 2 668 0,013
Kalicilik Testi 27 52,30 2,76

Tablo 5'deki diger veriler incelendiginde kontrol grubunun 6n test ve kalicilik testi sonuglar:
arasinda anlamli bir farklilik bulunmustur. Bu sonuca gore geleneksel laboratuvar yontemiyle 6gretim
goren kontrol grubunun kalicilik testi puanlarmin 6n test puanindan daha yiiksek oldugu

goriilmektedir. (t=-6,176, p=0,000, p<0,05). Buna da genellikle beklenen bir durum olarak bakabiliriz.

Yine ayni tabloya bakildiginda kontrol grubunun son test ve kalicilik testi basarilarinin
kiyaslanmasinda iki grup arasinda anlamli bir farkin varlig1 ortaya ¢ikmistir. Bulgulara geleneksel
laboratuvar yontemiyle 6gretim goren kontrol grubu 6grencilerinin kalicilik testi puanlarinin son test
puanlarindan anlamli derecede farkli oldugu gostermektedir (t =2,668; p=0,013; p<0,05). Bu sonug
kontrol grubu 6grencilerinin 6grendiklerinin bir kisminu 6 hafta sonra unuttuklarini gostermektedir.

Elbette ki 6grenilenlerin bir siire sonra tamaminin hatirlanmasi sira digi1 bir durum olacaktur.
Deney Grubunun On Test, Son Test ve Kalicilik Testi Puanlarina iliskin Bulgular

4.alt problemimiz; “Sanal laboratuvar uygulamasi ile ders islenen deney grubu ve geleneksel
laboratuvar metodu ile ders islenen kontrol grubunun 6n test- son test, 6n test- kalicilik testi, son test -
kalicilik testi puanlari arasinda anlaml fark varmi dir?” sorusudur. Bu sorunun cevabini arastirmak
amaciyla sanal laboratuvar uygulamalarinin yapildigi deney grubunun 6n test, son test ve kalicilik

testleri sonuglar1 arasindaki farklilasma durumuna iliskin bagimli gruplar t testi analizleri yapilmistir.
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Tablo 6. Deney grubunun 6n test, son test ve kalicilik testlerinin bagimli gruplar t testi analiz sonuglar:

Grup Test N Ortalama Sx df t p
On Test 27 32,00 1,97
26 -14,506 0,000
Son Test 27 72,74 2,78
On Test 27 32,00 1,97
Deney noes 26 -12805 0,000
Grubu Kalicilik Testi 27 59,11 0,94
Son Test 27 72,74 2,78
26 4,545 0,000
Kalicilik Testi 27 59,11 0,94

Tablo 6’daki verilere dayanarak deney grubunun 6n test ve son testinin karsilastirilmasinda
basarida anlamli bir farklilasma (p<0,05) durumu oldugu belirlenmistir. Bu farklilasma sanal
laboratuvar yontemiyle 6gretim goren deney grubunun son test puanlarinin, 6n test puanlarindan daha
yiiksek oldugunu gostermektedir (t=-14,506, p=0,000, p<0,05). Bu sonug¢ da beklenen bir durumdur,

¢inkii egitim alan 6grencilerin bilgilerinin ilk bilgilerine gore daha fazla olmasi sasirtict degildir.

Tablo 6’daki diger verilere bakildiginda deney grubunun on test ve kalicilik testi analizleri
arasinda anlamli bir fark oldugu (p<0,05) goriilebilir. Bu sonug sanal laboratuvar yontemiyle ders
isleyen deney grubunun kalicilik testi puanlarinin 6n test puanlarindan daha yiiksek oldugunu ortaya

koymaktadir (t =-12,805, p=0,000, p<0,05).

Ayrica deney grubunun son test ve kaliciliga iliskin t testi analizleri karsilastirilmasinda anlamh
bir farkliligin varhigma ulasilmistir. Elde edilen bulgular sanal laboratuvar yontemiyle 6gretim goren
deney grubunun kalicilik testi puaninin son test puamina gore gore daha diisitk oldugunu
gostermektedir (t = 4,545, p=0,000, p<0,05). Bu sonug da geleneksel laboratuvar yontemi gibi sanal
laboratuvar uygulamalariyla ders isleyen Ogrencilerinde dgrendiklerinin bir kismini1 3 ay sonra

unuttuklarini gostermektedir.
Sonug, Tartisma ve Oneriler

Gergek ve sanal laboratuvar uygulamalarmin fen bilimleri dersi elektrik {initesinin 6gretiminde
Ogrencilerin basarilarina etkisini arastirmak amaciyla yapilan bu arastirmanin sonug, tartisma ve

oneriler kismina bu boliimde yer verilmistir.

Yapilan arastirmada g¢alisma gruplarimin son test puanlarimin karsilastirilmasinda, sanal
laboratuvar yontemi ile 6gretim yapilan deney gurubu ve geleneksel laboratuvar yontemi ile 6gretim
yapilan kontrol gruplarinin son testleri arasinda deney grubu lehine anlamli bir farklilik bulunmustur.
Bu verilerin analizinden elde edilen bulgular dahilinde deney grubunun ortalama puanin, kontrol
grubunun ortalama puanindan daha yiiksek oldugu sonucuna varilmistir. Deney ve kontrol gruplarimin

kalicilik testi sonuglar1 arasinda da deney grubu lehine anlamli bir farklilik goriilmiistiir. Bu sonuca
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gore deney grubundaki 6grencilerin kalicilik puanlarinin kontrol grubundaki 6grencilerden daha
yliksek ortalamalara sahip oldugu anlagilmustir. Bu bilgiler 1s1§inda geleneksel laboratuvara alternatif
olarak sanal laboratuvar uygulamalar: tercih edilebilir. Kontrol grubunun on test ve kalicilik testi
puanlar1 karsilastirildiginda; test sonuglar: arasinda istatistik olarak anlamli bir farklilik oldugu
goriildiigiinden geleneksel laboratuvar yontemi ile yapilan 6gretimin kalicilik puanlarimin 6n test
puanlarindan oldukga yiiksek ¢iktigi sonucuna ulasilmaktadir. Bu bulgularda geleneksel laboratuvar

yonteminin de basariy1 artirdigini gostermektedir.

Sanal laboratuvar uygulamalari ile 6gretimin yapildig1 deney grubunun on test ve son test
sonuglar: arasinda anlaml bir farklilik oldugu sonucuna varilmistir. Bu bilgiye dayali olarak deney
grubundaki 6grencilerin son test puanlarmin 6n test puanlarindan anlamli olarak daha yiiksek bir
diizeyde oldugu soylenebilir. Sanal laboratuvar uygulamalari ile 6gretimin yapildigr deney grubunun
On test ve hatirlama diizeyinin 0l¢iildiigii kalicilik testi sonuglari arasinda anlamli bir farklilasma
durumu oldugu sonucuna ulasilmistir. Sanal laboratuvar uygulamalar: ile 6gretimin yapildig1 deney
grubunun son test ve hatirlama diizeyinin 6lgiildiigii kalicilik testi sonuglar1 arasinda anlaml bir
farklilasma durumu oldugu sonucuna ulagilmistir. Bu verilere gore deney grubu 6grencilerinin son test
puanlarmin kalicilik testi puanlarindan anlamh bir sekilde yiiksek oldugu goriilmiistiir. Buda
ogrencilerin 6grendiklerinin bir kismini bir siire sonra unuttuklarini ancak tiimiinii unutmadiklarin
gostermektedir. Ancak deney ve kontrol gruplari kalicilik acisindan kiyaslandiginda aralarinda anlamh
bir fark oldugu ve bu farkin deney grubu lehine oldugu goriilmektedir. Bu sonugta bize sanal

laboratuvarin geleneksel laboratuvara gore daha kalici 6grenmeler sagladigini gosterebilir.

Geleneksel laboratuvar uygulamalari ile 6gretim goren kontrol grubunun o6n test ve son test
sonuglar: karsilastirildiginda aralarinda anlaml bir farklilasma diizeyi oldugu goriilmdiistiir. Bu sonug
kontrol grubunun son test ortalama puanlarinin 6n test ortalama puanindan daha yiiksek oldugunu
ortaya koymaktadir. Bu verilerde geleneksel laboratuvar uygulamalarinin ogrencilerin basarisini
artirmada etkili oldugunu gostermektedir. Geleneksel laboratuvar uygulamalar: ile 6gretim goren
kontrol grubunun son test ve kalicilik testi sonuglar1 arasinda farklilasma durumuna bakildiginda
anlamli diizeyde bir farklilasma oldugu goriilmektedir. Geleneksel laboratuvar uygulamalar: ile
yapilan dgretimin son test puanlarimin kalicilik testi puanlarindan anlamli diizeyde yiiksek oldugu
goriilmektedir. Koklii, (2015) genel fizik laboratuvarinda basar1 ve akilda kalicilik etkilerinin
artirllmasima yonelik animasyon, simiilasyon ve analojik modellerin gelistirilmesine konulu yaptig

calismada da benzer sonuca ulagmisgtir.

Calisma sonunda, Bozkurt ve Sariko¢'un (2008) yaptigi calismaya benzer sekilde, sanal
laboratuvar uygulamalarinin 6grencilerin basar1 diizeylerini geleneksel laboratuvar uygulamalarina
gore onemli (p<0,05) diizeyde artirdig1 goriilmiistiir.
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Akgay, Aydogdu, Yildirim ve Sensoy (2005) cahismalarinda BDO ile yapilan 6gretimin,
akademik basariy1 arttirmada geleneksel Ogretime gore daha etkili bir yontem oldugunu ortaya
koymustur. Chang (2000) cografya 6gretiminde 10. Smuf 6grencilerinde bilgisayar destekli 6gretimle
yapmis oldugu ¢alismanin, geleneksel uygulamalara gore daha etkili bir yontem oldugu sonucunu

bulmustur.

Cinici ve digerleri (2013) 5. Siuf fen bilimleri dersi 151k ve ses 0gretiminde sanal laboratuvar
uygulamalarimnin geleneksel laboratuvar uygulamalar1 6grencilerin akademik basarilarina gore daha
etkili bir yontem oldugunu bulunmuslardir. Dasdemir’in (2013) animasyon destekli 6gretiminin 6. Siruf
ogrencilerinin maddenin tanecikli yapisi {initesinde kontrol grubuna gore anlamli bir fark olusturdugu
ve Ogrenilen bilgilerin kalicihigina ve bilimsel siire¢ becerilerinin gelismesine katki sagladigi sonucuna

ulagilmiglardir.

Farrokhnia ve Esmailpour (2010) yaptig1 bir calismasinda lisans diizeyindeki 6grencilerin
elektrik devre elemanlarinin kullanimi geleneksel yaklasima gore daha derin bir 6grenmeyi sagladig:
sonucuna ulasmislardir. Karatas'in (2006) yiiksek lisans 6grencileri ile yaptig1 calismasinda internet
temelli 6grenme sisteminin geleneksel 6grenme metoduna gore ogrenmelerinde anlamli bir farklilik

oldugunu bildirmislerdir.

Ozdener (2005) Meslek Lisesi, Ozel Lise ve Universite grencilerinden olusan calisma grubuyla
“Bir Iletken Tel Igin Direncin Kesit ve Uzunluga Bagh Degisimi” kavrami {izerine simiilasyonla yaptig1
calismasinda sanal laboratuvar uygulamalarinin geleneksel laboratuvar uygulamalarina gore akademik
basar1y1 arttirmada daha etkili oldugunu bulmustur. Tanel ve Onder’in (2010) Elektronik laboratuvarda
bilgisayar simiilasyonlarinin kullanimi konulu fizik boliimii {iniversite &grencileriyle yaptiklar:
calismalarinda simiilasyon uygulamalarinin geleneksel yonteme gore daha basarili oldugu sonucuna
ulagmiglardir. Seker ve Kartal (2017) tarafindan yapilan deneysel ¢alisma sonucunda geleneksel
o0grenme ve bilgisayar destekli 6grenme yontemlerinin her ikisinde de 6grenci basarisint anlamli olarak
arttirdigr gorilmiistiir. Bu bilgiler dahilinde yapilan bu arastirmanin sonuglar1 alan yazmndaki
sonuglarla benzesmektedir. Sonug olarak, her ne kadar geleneksel laboratuvar uygulamalar: akademik
basariyr1 ve kalicihigi saglamada etkili bir yontem olsa da, sanal laboratuvar uygulamalariyla
kiyaslandiginda, sanal laboratuvar uygulamalarinin bagariy1 ve kaliciligr artirmada daha etkili oldugu
sOylenebilir. Bu durum yer, zaman, malzeme ve gevre kirligini dnleme agisindan avantajli oldugu
diistiniilen sanal laboratuvar uygulamalarma egitimde yer verilmesi gerektigini diistindiirmektedir .
Yapilan aragtirmalara gore fen bilimleri dersi smuflarin mevcut fazlaligi, zaman ve imkan
yetersizliginden dolay1 geleneksel yontemlerle islenmektedir. Ancak fen bilimleri dersinde 6grencilerin

anlamakta giicliik ¢ekecegi, ezber yaparak 6grenmekte zorlanacag iiniteler bulunmaktadir. Hem ezber
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hem de geleneksel yontemler Fen Bilimleri dersinin 6grenimini olumsuz yonde etkilemektedir

(Bozkurt, 2008; Polat ve Tekin 2013).

Fen Bilimlerinde web destekli uygulamalarmin kullarulma sebepleri, gercek laboratuvar
uygulamalarindaki teknik yetersizlikler, tehlikeli arz edebilecek deneyler ve bazi ¢evresel faktorler
sebebiyle deneyin yapilamamas: ya da deneyin fazla zaman almasidir. Oysa bilgisayar destekli
laboratuvar uygulamalarinin avantaji 6grencilere sinirsiz tekrar olanags ile birlikte bireysel 6grenme
hizina gére 6grenme imkani saglamasidir (Ercan, Sahin ve Balta, 2016).

Tim diinyada bilgisayarlarin ekonomik olmasi, aglarla iletisimin saglanmasi ve ¢ok yonlii
kullanim alanin olmas: ile gercek laboratuvarlara alternatif bir sanal laboratuvar ortamlarinin

olusturulmasi yayginlagmistir (Akin ve Karakdse, 2003; Ince ve Kutlu, 2016).

Aragtirmanin bulgular ve sonu¢ kismindan hareketle sanal ve geleneksel laboratuvar
uygulamalari ile ilgili calisma yapacak olan yeni arastirmacilara yonelik Onerilere ve goriislere bu

kisimda yer verilmistir:

e Yapilan bu calismanin deney ve kontrol grubu Ogrencilerinin tamami erkek
ogrencilerden olugmaktadir. Cinsiyetin teknoloji destekli laboratuvar etkinliklerinde etkili
olabilecegi diisiincesi ile yapilacak olan sonraki calismalarda cinsiyetin rolii ortaya konabilir.

e Sanal laboratuvar yontemi diger Ogrenme yaklasimlariyla birlikte kullanilarak
Ogrencilerin basarisi ve kaliciliklari {izerindeki etkileri incelenebilir.

e Sanal laboratuvar ve geleneksel laboratuvar uygulamalarinin 6grencilerin fen bilimleri
dersine yonelik tutum, motivasyon ve bilimsel siire¢ becerileri tizerindeki etkisi arastirilabilir.

e Calismada kullanilan simiilasyonlarin ve uygulamalarin 6grenci basarisini ve bilgileri
hatirlama dfiizeyini artirilmasindaki etkisi sebebiyle sanal laboratuvar uygulamalarinin fen

bilimleri dersindeki farkli konular {izerinede ayni aragtirmalar yapilabilir.
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Summary

This study investigates the effect of traditional and virtual laboratory-based instruction on the fifth graders'
academic achievement and permanence of learning in the electricity unit. In the control group of the research,
teaching is carried out in the traditional laboratory environment. In contrast, in the experimental group, it is
processed in the virtual laboratory environment prepared within the science education program. "Circuit
Construction Kit" simulation prepared by the University of Colorado, EBA, and Morpacampus applications were
used in the virtual laboratory applications. Participants are 5th-grade students from a state school in the province
of Ankara in the 2017-2018 academic year. Twenty-seven students in the control group and 27 students in the
experimental group, a total of 54 students participated in the study. "Electricity Achievement Test," which is
modified by researchers, is used to collect data. The reliability coefficients (KR-20) is calculated as 0,850; item
difficulty index as 0,524; and item discrimination index as 0,458. Data is analyzed by using the SPSS-12 package
programme. Independent groups t-test was performed to compare the means across groups, and a dependent t-
test was performed to compare means within groups. Findings reveal a significant difference (p<0.05) between the
experimental group in which virtual laboratory applications were used and the control group in which traditional
instruction was used in favor of the experimental group. It is seen that virtual laboratory applications have a
positive effect on increasing academic achievement and promoting the permanence of learning.

Keywords: Science education, Electricity, Virtual laboratory

Corresponding Author: Inci Kog Unal, Ogretmen, MEB, Tiirkiye, incikoc@gmail.com, ORCID ID: https://orcid.org/
0000-0003-3520-8058

Renan Seker, Dr. Ogr. Uyesi, Necmettin Erbakan Universitesi, Tiirkiye, rseker@konya.edu.tr, ORCID ID:
https://orcid.org/ 0000-0003-0953-1177

This study was produced from the master's thesis titled "Investigation of the Effects of Virtual and Real Laboratory
Applications on the Academic Achievement of 5th Grade Science Course Electric Unit Teaching”. This study was also
supported by Necmettin Erbakan University Coordinatorship of Scientific Research Projects. Project Number:
181310013

525


mailto:incikoc@gmail.com
https://orcid.org/0000-0003-3520-8058
https://orcid.org/0000-0003-3520-8058

Kog Unal, I. ve Seker, R.

Introduction

Science is defined as questioning the universe, exploring, finding the patterns in the world, and
expressing them (Soylu, 2004). Science courses aim to train students as learning, thinking, and
questioning individuals and help them to be independent and self-managing (Duman & Avci, 2016).
Inquiry in class begins with posing questions based on interest and existing knowledge. Then students
state preliminary explanations and hypotheses due to the information they gained by observing. They
plan and make a simple experimental setup with the information obtained from the observations, make
an explanation based on the evidence, consider possible other statements and finally share their findings
with their peers (Kartal, 2014). Science courses intend to prepare students who think logically, question
and can research. Therefore, it is crucial to determine the appropriate teaching and learning strategies
and methods (Karakuyu, Bilgin & Siiriicii, 2013; Sahin & Saglamer Yazgan, 2013). It is possible to

maintain knowledge in mind and use it practically when students make sense of knowledge.

Science course has some distinctive features such as observing and experimenting in the class,
allowing students to explore cases, and improving scientific thinking and scientific process skills

(Tagkin, 2008).

One of the most effective methods used in the science course is lab applications. However,
suitable conditions cannot be sometimes provided in applications. Lack of physical conditions and
limited financials are the most important ones (Kiyict & Yumusak, 2005). Some laboratories are
transformed into classes because of the high number of students and the lack of class numbers
nowadays. This leads to not using lab equipment, placing them in corridors or warehouses, and not
building the laboratory (Akgiin, 2005; Urey & Aydin, 2014). In addition to these limitations, the lack of
sufficient knowledge and skills of teachers may negatively affect the laboratory use (Urey & Aydin,
2014).

Most of the science teachers tend to either demonstrate experiments or do not make experiments
because of the insufficient conditions in labs and equipment. Findings of the studies related to lab
applications reveal that lab applications could not be applied as desired because of lack of space, human
resources, lack of time, and lack of equipment. However, current science curriculum emphasizes the

necessary of students’” individual work in equipped laboratories (Akgiin, 2005; Ince & Kutlu, 2016).
Technology in Science Classroom

The education aims to seek ways of improving the effectiveness of instruction and maintaining
meaningful learning and to develop productive learning environments. Information technologies are
used in the classroom with the effect of evolving technology (Ercan, Ural & Ozates, 2016). Technology

use is a natural phenomenon in science classrooms, as most of the science is closely associated with
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technology (Kartal, 2017). Science classrooms tend to shift from traditional teaching to virtual
environments with innovations in technology. Three-dimensional virtual environments increase the
interaction of individuals with each other and support their imagination. These environments are close
to reality; therefore, virtual environments have played an essential role in transforming education

environments to the internet (Oztiirk, 2014).

The endeavor of technology integration was started to be piloted in the 2010-2011 academic year
in Turkey. As e result of this endeavor, the “Improving Opportunities for Technology Improvement
Movement (FATIH)” project has been implemented to strengthen the technological infrastructure of
schools (Ozer, Bilici, & Karahan, 2016). Some changes in learning environments are made within the
context of the FATIH project by considering technological innovations (MEB, 2020). Classrooms would
be virtual learning environments with the inclusion of smartboards and tablets. Thus, students can
study and do experiments individually or in groups as much as they wish independently of time and

location (Cinici, Ozden, Akgtin, Ekici, & Yalgin, 2013).

It has been seen that technology is used for inquiry in science classrooms recently
(Kartal, 2017) even though it is known that technology is mostly used for practice and demonstration
(Kartal & Car, 2018). The developments in computer hardware and software have been used in
education. Animations and simulations are software that is used in preparing materials (Akkagit &
Tekin, 2012; Dinger & Giiglii, 2013). Virtual labs that are created by simulations are technological
environments in which theoretical knowledge is transformed into practice (Akkagit & Tekin, 2012). It is
possible to visualize learning environments by using computer technologies, simulations, and
animations. The learning environments that are visualized and concreted help students better

understand real-world problems (Abdiisselam, 2016).
Lab Applications in Science Classroom

Teaching science via lab applications is the most appropriate way of understanding the
nature of science and doing research (Tsai, 1999). The laboratory activities are essential since students
can practice and experience. Experiments performed in the laboratories supplement science teaching.
Thus, students gain practice skills and feel ready for real-world cases. However, it may not be possible
to conduct traditional experiments because of some limitations. Then, it becomes necessary to look for
different alternatives. Additionally, teachers do not make an effort to experiment with existing
conditions in environments that do not have experiment equipment, as they did not gain enough
knowledge, skill, and attitude in their schooling years (Akgiin, 2005; Ince ve Kutly, 2016). The main

reasons of underuse of laboratory activities are specified as teachers’ lack of knowledge and skill,
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lacking of laboratories in schools, lack of equipment, oversize of class, and students’ lack of experience

related to each concept (Aydogdu, 1999; Tanel ve Tanel, 2010; Urey ve Aydin, 2014).
Technology and Science

There are some ways of integrating science and technology, and schools need to try to enrich
learning environments with technology. Technological tools to support science classrooms are Web 2.0
tools, Probwares, concept map software such as Inspiration, Kidspiration, and Edraw Max and
simulations such as PhEt, Crocodile Physics, and Interactive Physics (Kartal, 2017). Simulations are used
to visualize, solve problems, define, order, interpret data, and design experiments (Kartal, 2017).
Besides, simulations are a means of correcting wrong schemas in mind. Righting the incorrect
information that occurs in the mind of the student with simulations that are correct and appropriate for
the scientific model is one of the crucial benefits of Computer Assisted Instruction (CAI). Simulations
guide students to learn accurate information, and they tend to use their cognitive skills to find the

correct information (Bozkurt, 2008).

Simulation use has increased recently with the integration of technology in classrooms.
Simulations are environments in which actual concepts are replicated, and they provide a controlled
learning environment. Necessary information that students need to learn is the primary focus in
preparing simulations. Simulations offer the opportunity to learn the essential information by scraping
the data from unnecessary details while providing a dangerous, complicated, or difficult concept to be
learned through observation and discovery through real objects. Thus, students learn meaningfully
with interaction (Ozer et al., 2016). Simulations are instructional materials that allow students to make
changes to parameters in a virtual experiment. Using computer technologies for expensive and
dangerous experiments improve the efficiency of instruction, provide savings, and remove the
dangerous risks (Akkagit & Tekin, 2012). Many types of research in the literature report that simulations

used in instruction increased students’ academic achievement (Ozer et al., 2016).

Students can conduct experiments individually or in groups via simulations that are effective
in identifying experiment equipment and in using them for the right purpose. Most of the experiments
are held as demonstrations because of the lack of experiment equipment and the high number of
students in classes. Simulations may be regarded as alternatives for demonstration experiments. Using
simulations instead of expensive equipment would benefit economically (Akkagit & Tekin, 2012;
Rutten, Joolingen & Van der Veen, 2012). Research shows that virtual laboratory activities improve
students’ interest, motivation, and willingness toward physics subjects (Bozkurt & Sarikog, 2008; Cinici

et al., 2013; Kaya & Oral, 2013; Ince & Kutly, 2016; Polat & Tekin; 2013).
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Real-like experiments in computer media can be performed by using software such as
simulations (Akkagit & Tekin, 2012; Duman & Avci, 2016). Experiments can be performed by choosing
a subject over the computer network in the virtual laboratory. Also, with the virtual laboratory
environment, necessary applications can be made by taking advantage of time and distance even at long
distances. This cost-effective system promotes the understandability of content by visualizing the cases.
Different activities performed in the virtual laboratories do not give damage to people and the
environment and give opportunities for students to gain experience and comprehend the concept. It is
thought that transforming laboratory activities that require different equipment into virtual

environments would have significant benefits (Akin & Karakose, 2003).

Literature related to virtual laboratory environments has reported lots of benefits. A¢iksoy and
Islek (2017), Yavuz and Akgay (2017), Duman and Avci (2016), Urey and Aydin (2014), Cinici and
colleagues, (2013), Polat and Tekin (2013), Akkagit and Tekin (2012), Olympiou and Zacharia (2012),
Cetin and Giinay (2011), Bozkurt (2008), Celik (2007), Dagdemir and Doymus (2016) stated that virtual
laboratory-based instruction lead to positive attitudes toward virtual laboratory and increased students’
academic achievement compared to those who get traditional instruction. There are findings that reveal
that simultaneous experiments and virtual laboratories in both education and engineering invest time
and money and improved students” motivation toward engagement to lesson (Bingol & Elmas, 2017;
Ciloglugil, Aslan & inceoglu, 2017; Cukurbas: & Karamete, 2017; Irmak & Calpbinici, 2017; Kacar, Boz,
Aricioglu & Tekin, 2017; Koklu, Yener & Kilic, 2016; Seker & Kartal, 2017). Technology enriched science
lessons that involve visuals for abstract phenomena are more effective than typical science courses
(Kartal, 2017). A study that investigates the effect of virtual laboratory activities related to physics on
the academic achievement of students found that virtual laboratory activities improved students’
interest, motivation, and courage to physics subjects. Observations made during the activities revealed
that students who experienced virtual laboratory activities have higher level of interest and motivation
than students who received traditional instruction. Additionally, there is high level of participation in
the traditional classroom, but students seemed boring (Bozkurt, 2008). It is seen that computer assisted
instruction is more effective than traditional instruction in the “Light and Sound” unit in the study of

Pektas, Celik, Katranci, and Kose (2009).

Literature shows that using virtual laboratory activities in teaching and learning processes
make it easier to visualize, solve problems, design experiments, and interpret data. It is also seen that
virtual laboratory activities increased academic achievement and improved attitudes, motivation, and
courage (Bozkurt & Sarikog, 2008; Celik, 2007; Cetin & Giinay, 2011; Dasdemir & Doymus, 2016; Ince &
Kutlu, 2016; Kartal, 2017; Olympiou & Zacharia, 2012; Ozer et al., 2016; Polat & Tekin, 2013). This study
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aims to investigate the effect of virtual laboratory activities on the academic achievement of students in

the “Electricity in Our Lives” unit. The research questions are as follows;

1. Is there a significant difference in achievement scores of pre-tests and post-tests between the
experimental group in which virtual laboratory activities are used and the control group in which

traditional instruction is used?

2. Is there a significant difference in achievement scores of retention tests between the
experimental group in which virtual laboratory activities are used and the control group in which

traditional instruction is used?

3. Is there a significant difference in achievement score between pre-test and post-test, pre-test
and retention test, and post-test and retention test in the control group in which traditional instruction

is used?

4. Is there a significant difference in achievement score between pre-test and post-test, pre-test
and retention test, and post-test and retention test in the experimental group in which virtual laboratory

activities are used?
Methodology

This quantitative study utilizes an experimental research design with a control group.
Experimental research generally includes two or three or more groups as control and experimental
groups to compare. Experimental group exposures the treatment whose effect on the dependent
variable will be investigated while the control group sometimes does not receive any treatment or
receives a different treatment. Control group is essential to seek whether the treatment leads to a
significant effect (Biiyiikoztiirk, Cakmak, Akgiin, Karadeniz, & Demirel, 2012; Wiersma, 2000).
Electricity Achievement Test to measure students’ academic achievement was administered as a pre-
test before treatment, post-test just after the treatment, and as the retention test after three months later.
The Control group received an instruction, including laboratory activities based on the science
curriculum. The experimental group used virtual laboratory activities. “Circuit Construction Kit”
developed by Colorado University Phet and the applications of EBA and Morpacampus were used in
the virtual laboratory (EBA, 2018; Morpacampus, 2018; Phet Interactive Simulations, 2018). Students
conducted electricity circuits in accordance with 5th-grade acquisitions with circuit construction kits.
Experiments were carried out based on the curriculum. Students used lecture notes and tests related to

the fifth-grade electricity unit in the EBA and Morpacampus in the virtual environment.
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Participants

The pretest-posttest control group design was utilized in the study (Bedir, Eristi, Kabakg¢i
Yurdakul, Akbulut, & Kurt, 2013). Participants are fifth-grade male students from a state secondary
school in the province of Ankara in the 2017-2018 academic year. The school in which this this study
was carried out has a computer lab and computers with internet access in the lab. Thus, the school has
the opportunities to conduct virtual laboratory activities. The school is Imam-Hatip School that only
boys can enroll in, so participants are only boys. The school in which participants are enrolled has five
sections of fifth grades. A pre-test was administered to these sections, and four of them were selected
as their scores were closer. Two of them were assigned as the control group, and the other two were
designated as the experimental group. Attention is paid to ensure that the achievement scores of the
groups are close to each other. Equivalence of Both the number of students in groups and the mean
scores is provided by excluding outliers that have the impact of changing means (Sonmez & Alacapinar,
2019). Consequently, 27 students are in each group; a total of 54 students participated in the study. The
researcher taught the “Electricity in Our Lives” unit using traditional laboratory activities in the control
group and using virtual laboratory activities for the same subject in the experimental group. Necessary

permission is obtained from the Ankara Provincial Directorate for National Education.
Data Collection Tools

Researchers developed the “Achievement Test for Electricity Unit.” The achievement test was
used to determine students’ prior knowledge in the electricity, their achievement after the intervention,

and their retention level.

Forty-nine questions were prepared firstly for the achievement test. Some of them were taken
from EBA (2018) and General Directorate of Assessment and Evaluation, while researchers wrote some.
Two faculty and two science teachers were asked to review questions in terms of scientific and cognitive
appropriateness. After expert review, some questions were omitted, and the item pool consisted of 33
questions. The draft of questions was piloted with 167 sixth-grade students who learned electricity unit
prior year. After the pilot study, item analysis was performed with the TAP programme (version
16.11.13), and eight items (1, 2, 5, 8, 11, 12, 29, and 32) that decreased the reliability of the test were
removed. TAP calculated the KR-20 as 0.85, item difficulty index as 0,524, and item discrimination as
0,458 for the 25 items in the final form of the test. Thus, Electricity Achievement Test has become ready
to administer. The achievement test served as pretest, posttest, and the retention test for both control

and experimental groups. A table of specifications was given in Table 1 to ensure content validity.

Table 1. The table of specification for 33 items in the first draft of the test developed for “electricity in our lives”

unit
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Electricity Unit

Acquisitions

Subjects/Concepts

Items

Representation of

F.5.7.1.1% Shows the

Picture and Symbol of the

5, 16, 22, 23, 24,

Circuit Elements elements of an electrical L.
. e Circuit Element 25, 29,
with Symbols circuit with symbols.
F.5.7.1.22.  Establishes
the scheme of the Simple Electric Circuit, 8, 13, 15, 26, 27,

Circuit Schematics

electrical circuit drawn
before.

Electric Circuit Diagram

28,

Variables Used During
Variablos F57213% It tests its Experiments  (Dependent ., ) ) . 5
ffoct L estimates by guessing variable, Independent 32
A .e}Cltlng “UMP - (Vhat  the  variables Vvariable, Controlled ,
B.rlg tness in 'a affecting the bulb Vvariable)
Simple Electric brichtness in an 1.2346 79
Circuit & Bulb brightness, number of 7~ 7 7 "7~

electrical circuit.

10, 18, 19, 20,

batteries, number of bulbs 21,31, 33

1:F.5.7.1.1. : Science Lesson, 5. Grade, 7. Unit, 1. Subject, 1. Acquisition
2:F.5.7.1.2. : Science Lesson, 5. Grade, 7. Unit, 1. Subject, 2. Acquisition
3:F.5.7.2.1. : Science Lesson, 5. Grade, 7. Unit, 2. Subject, 1. Acquisition

The same experts regarded the final version of the test as appropriate. Table 2 demonstrates the

reliability analysis of 25 items in the final version of the test.

Table 2. Reliability coefficients of academic achievement test

Item Discrimination Index

0,458

KR20
0,850

Item Difficulty Index
0,524

Each item in the test is 4 point and a student who gave correct answers to all items gain 100

points from the test.
Data Collection and Data Analysis

This study took 16 hours for four weeks. Students receive 4 hours of science a week. The
electricity achievement test was administered as a pretest to both groups at the beginning of the study
and as a posttest at the end of the study to compare the academic achievement of both groups. Six weeks
later after the posttest was administered, the achievement test was used as the retention test to

determine the retention level of the students.

The lesson was carried out in traditional laboratories in the control group, and the virtual
laboratory activities were used in the experimental group based on the lesson plans. Students did

experiments actively under the guidance of the teacher.
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The researcher gave the necessary prior knowledge to students based on the curriculum, asked
questions to students, drew example schemas related to the subject, and used textbooks in the control
group. Experiments were done with circuit elements based on the experiment reports. Students actively

performed experiments in groups of two.

The teachers enacted the lessons using EBA, Morpacampus, and interactive whiteboards.
Students did the experiments in these web sites by using computers in the virtual laboratory.
Additionally, experiments were performed due to the experiment reports developed with the circuit
construction kit. Students used computers in groups of two for the experiments. Exercises were taken
into consideration in interactive environments using EBA and Morpacampus. The students did not

write questions, and thus they saved time.

Data was analyzed using SPSS-12 package programme. Independent groups t-test was
performed to compare the means across groups, and a dependent t-test was performed to compare

means within groups.
Findings and Interpretation

This section is related to findings of pretest, posttest, and retention test that are used to
determine students’ academic achievement and retention level in the control and experimental groups.
In this experimental study, the electricity unit in the fifth-grade curriculum was taught with virtual

laboratory activities in the experimental group and with traditional laboratory activities in the control
group.
Findings Related to the Pretests and Posttest Scores in The Control and Experimental Groups

This sub-section of the findings refers to the first research question “Is there a significant
difference in achievement scores of pretests and post-tests between the experimental group in which
virtual laboratory activities are used and the control group in which traditional instruction is used?”.
Findings are obtained by using parametric t-test since the sample size is between 20 and 50, the pretest
scores of the groups are equivalent at the beginning of the study, and the data has a normal distribution

(Unver, Altunkaynak, & Gamgam, 2016).

Achievement test served as a pretest to measure students’ prior knowledge and ensure the
equivalence in both groups. Evaluation of the pretest consisting of 25 questions in the achievement test
was made over 100 points. The pretest was administered to overcome the differences in achievement in

the experimental and control groups, and so the equivalence of the groups was ensured.

Table 3. Independent samples t-test results for the pretest and posttest scores of control and experimental groups
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Test Groups N Mean Se df t p
Control G 27 32,00 2,74

Pretest ontrot roup 57 0,000 1,000
Experimental Group 27 32,00 1,97

Posttest Control Group 27 60,00 2,87 57 3187 0,002
Experimental Group 27 72,00 2,78

Table 3 demonstrates that there is not a significant difference in the pretest scores of
experimental and control groups. This result reveals that the groups are equivalent in terms of
achievement (t=0,00; p=1,000; p>0,05). In this process, the achievement points of the groups were

equalized at the beginning of the experiment.

It is seen from Table 3 that there is a significant difference in posttest scores of groups in favor
of the experimental group (p<0,05). Findings indicate that students who received instruction with
virtual laboratory activities show a higher level of achievement than those who received instruction
with traditional laboratory activities (t=3.18, p=0,002, p<0,05). According to this result, virtual laboratory

activities increased academic achievement significantly than traditional laboratory activities.
Findings Related to the Retention Test Scores in The Control and Experimental Groups

This section answers the second research question: “Is there a significant difference in
achievement scores of retention tests between the experimental group in which virtual laboratory
activities are used and the control group in which traditional instruction is used?”. Independent samples
t-test was utilized. Table 4 indicates the results of the independent samples t-test to compare the

retention test scores of control and experimental groups.

Table 4. Independent samples t-test results for the retention tests of control and experimental groups

Test Group N Mean Se df t p
Retention Control Group 27 52,30 2,76
Test Experimental Group 27 59,11 0,94

52 2,339 0,023

Table 4 reveals a significant difference in the retention test scores of the groups in favor of the

experimental group (t=2,339, p=0,023, p<0,05).

Findings Related to the Pretests, Posttest, and the Retention Test Scores in The Control

Group
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The third sub-problem investigates the question “Is there a significant difference in achievement
score between pre-test and post-test, pre-test and retention test, and post-test and retention test in the

control group in which traditional instruction is used?”.

Table 5 demonstrates that there is a significant difference between pretest and posttest scores of
the control group (p<0,05). According to this result, it can be said that the posttest scores of the control
group are considerably higher than their pretest scores (t=-8,056, p=0,000, p<0,05). This is an expected

result. Students could not forget what they learned even in a typical instruction.

Table 5. Dependent samples t-test results for the pretest, posttest, and the retention test scores of the

control group

Group Test N Mean Se df t p
Pretest 27 32,00 2,74 2% 8,056 0,000
Posttest 27 60,00 2,87
Control Pretest 27 32,00 2,74 2% 6,176 0,000
Group Retention Test 27 52,30 2,76
Posttest 27 60,00 2,87 2% 2668 0,013
Retention Test 27 52,30 2,76

Table 5 indicates a significant difference between the pretest and retention test scores of the
control group. This finding shows that the retention test scores of the control group who received
instruction with traditional laboratory activities are higher than their pretest scores (t=-6,176, p=0,000,

p<0,005). We can consider this finding, as a result, expected too.

Table 5 also shows a significant difference between the posttest and retention test scores of the
control group. This finding indicates that the posttest scores of the control group who received
instruction with traditional laboratory activities are higher than their retention test scores (t=2,668,
p=0,013, p<0,005). It is seen that the students in the control group forgot what they learned six weeks
after the instruction. Of course, it will be extraordinary to remember all of what has been learned after

a while.

Findings Related to the Pretests, Posttest, and the Retention Test Scores in The Experimental

Group

The last research question is “Is there a significant difference in achievement score between pre-
test and post-test, pre-test and retention test, and post-test and retention test in the experimental group
in which virtual laboratory activities are used?”. Dependent samples t-test was utilized to compare the

scores of the pretest, posttest, and the retention test in the experimental group.
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Table 6. Dependent samples t-test results for the pretest, posttest, and the retention test scores of the experimental

group
Group Test N Mean Se df t p

Pretest 27 32,00 1,97

26 -14,506 0,000
Posttest 27 72,74 2,78

Experimental Pretest 27 32,00 1,97 2% 12,805 0,000
Group Retention Test 27 59,11 0,94
Posttest 27 72,74 2,78

26 4,545 0,000
Retention Test 27 59,11 0,94

It is seen from Table 6 that the achievement scores differed significantly when the pretest and
posttest scores are compared (p<0,05). This finding shows that the posttest scores of the experimental
group who received instruction with virtual laboratory activities are higher than their pretest scores (t=-
14,506, p=0,000, p<0,005). This is an expected finding as it is not surprising to more top results after

receiving instruction.

Table 6 also indicates a significant difference between the pretest and retention test of the
experimental group (p<0,05). This finding is evidence of the higher scores of the experimental group

who used virtual laboratory activities in posttest than pretest scores (t=-12,805, p=0,000, p<0,05).

There is also a significant difference between the posttest and the retention test scores of the
experimental group. Table 6 shows that the retention test scores of the experimental group who used
virtual laboratory activities are lower than their posttest scores (t=4,545, p=0,000, p<0,05). This finding

is like the result that reveals that students in the control group forgot the content.
Conclusion, Discussion, and Recommendations

The conclusion, discussion, and recommendations of this study that aims to investigate
the effect of the traditional and virtual laboratory activities on the students” academic achievement

related to the electricity unit are given in this section.

When the posttest scores of the groups are compared, it is seen that there is a significant
difference between the posttest scores of the control group who used traditional laboratory activities
and the experimental group who used virtual laboratory activities in favor of the experimental group.
Findings reveal that the mean scores of the experimental group are higher than the mean scores of the
control group. There is a significant difference also in the retention test scores of the groups in favor of
the experimental group. The mean scores of the experimental group in the retention test are higher than

the scores of the control group. Based on these findings, virtual laboratory activities may be an
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alternative to traditional laboratory activities. The mean scores of the control group in the retention test
are significantly higher than their scores in the pretest. This finding shows that traditional laboratory

activities increased academic achievement too.

It is found that there is a significant difference between the pretest and posttest scores of the
experimental group. It can be said that the posttest scores of the experimental group were significantly
higher than their scores in the pretest. There is also a significant difference between the pretest and
retention test scores of the experimental group. It is also found that the posttest scores of the
experimental group are significantly higher than their scores in the retention test. This finding means
that students may forget some of the content after a while, but not all. But when it comes to comparing
the retention test scores of the groups, it was seen that the significant difference between groups is in
favor of the experimental group. It is possible to say that virtual laboratory activities may support

permanent learning more than traditional laboratory activities.

When the pretest and posttest scores of the control group who used traditional laboratory
activities are compared, a significant difference is found. The significant difference is in favor of the
posttest scores; thus, posttest scores are significantly higher than pretest scores. Traditional laboratory
activities are found to increase academic achievement. When the posttest and retention test scores of
the control group who used traditional laboratory activities are compared, a significant difference is
found. The posttest mean score of the control group is significantly higher than the mean score of the
retention test. Koklii (2015) proposed a similar result in the study that aims to the effect of animation,
simulation, and analogies on the academic achievement and retention level in the general physics

laboratory.

It is seen that virtual laboratory activities increased significantly academic achievement (p<0,05)
than traditional laboratory activities. This finding is similar to the findings of Bozkurt and Sarikog

(2008).

Akgay, Aydogdu, Yildirim, and Senay (2005) revealed that computer-assisted instruction is
more effective than traditional teaching in increasing academic achievement. Similarly, Chang (2000)
found that computer-assisted instruction is a more effective teaching method than traditional education

in geography teaching.

Cinici and colleagues (2013) stated that virtual laboratory activities increased fifth-grade
students “academic achievement significantly than traditional laboratory activities in teaching light and
sound. Dagdemir (2013) noted that animation supported teaching in the subject of particulate nature of
matter increased academic achievement significantly than the control group and improved the retention

level of learning and scientific process skills.
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Farrokhnia and Esmailpour (2010) indicated that XXXXXX improved undergraduate students’
conceptual understanding of electric circuit elements more effectively than traditional teaching. Karatags
(2006) also reported that internet-based learning systems lead to a significant difference in participants’

learning in comparison to traditional teaching.

In the study of Ozdener (2005) whose participants consist of Vocational High School, Private
High School, and University students, he found that virtual laboratory applications are more effective
in increasing academic success than traditional laboratory applications on the concept of “Resistance
and Cross-Length Change of Resistance for a Conductor Wire.” Tanel and Onder (2010) revelated that
simulations in an electronic laboratory are more effective than traditional teaching for undergraduate
physics majors. In the experimental research of Seker and Kartal (2017), they found that both traditional
teaching and computer-assisted instruction increased students’ academic achievement significantly.
The findings of this study align with the findings in the related literature. As a result, even though
traditional teaching may be an effective method in increasing academic achievement and retention level
when compared with virtual laboratory activities, it can be said that virtual laboratory activities are
more effective in promoting performance and the permanence of the learning. Virtual laboratory
activities should be given a place in education due to its benefits in terms of location, time, equipment,
and environment pollution. Research shows that traditional instruction is utilized generally in science
classrooms because of a high number of students and limited time and material. However, there are
some subjects in which students may have difficulties in learning and memorizing. Both rote
memorization and traditional teaching may affect the learning of science negatively (Bozkurt, 2008;

Polat & Tekin, 2013).

The reasons for using web-based applications in science may be specified as lack of equipment
in real laboratory activities, dangerous experiments, not experimenting due to some environmental
factors, or a lot of time required for experiments. However, the advantage of computer-aided laboratory
applications is that it provides students with unlimited repetition opportunities and learning

opportunities according to individual learning speed (Ercan, Sahin, & Balta, 2016).

With the fact that computers are economical all around the world, the opportunity to
communicate with networks and multi-purpose usage area of computers, it is becoming common to
create virtual laboratory environments that are alternative to real laboratories (Akin & Karakdse, 2003;

Ince & Kutlu, 2016).

The recommendations for future research that intends to study about virtual and real laboratory
activities are specified based on the findings and results of this study. The recommendations are as

follows:
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e  The experimental and control group only consisted of male students. Future research may

examine the effect of gender on technology-supported laboratory activities.

e  Future research may investigate the virtual laboratory activities combined with other teaching

methods on the impact of academic achievement and retention level.

e It may be examined the effect of virtual and laboratory activities on the impact of attitude,

motivation, and scientific process skills of students.

e Due to the impact of the simulations and applications used in the study on increasing student
achievement and retention level, the same research can be done on different subjects with the virtual

laboratory applications in science courses.
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