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Ozet

Deneysel etkinlikler kimya 6gretiminde ¢ok Oonemli bir role sahiptir. Bu ¢alismada, Tiirkiye ve Fransa’daki
ortadgretim Kimya dersinin, Kimya'ya 6zgii deneysel becerileri 6gretime bakisi, her iki iilkeye ait Kimya dersi
ogretim programlart ve ders kitaplarinin igerik analizleri yapilarak incelenmistir. Analizler sonucunda,
ortadgretim sonunda 6grencilerden edinilmesi beklenen kimyaya iliskin deneysel becerilerin bir panoramasi elde
edilmistir. Tiirkiye ve Fransa’da ortadgretim Kimya dersine ait 6gretim programlarindaki ve ders kitaplarindaki
kimyaya 0zgii deneysel beceriler ii¢ kategori altinda gruplandirilmistir: Laboratuvar teknikleri, cam malzemeler
ve aletler. Her iki iilkede Ogretimi hedeflenen ortak laboratuvar teknikleri becerileri ortaya konulmustur.
Aragtirma sonucunda Fransa’da lise kimya derslerinde, deneysel becerilerin 6gretimine Tiirkiye'ye kiyasla daha
fazla 6nem verildigi goriilmiistiir. Kimya Dersi Ogretim Programlarinda, deneylerin yapilabilmesi icin gerekli
olan deneysel becerilerin 6gretimine daha fazla vurgu yapilmali, programin igerik kazanimlari kisminda deneysel
becerilerin 6gretimi acik bir sekilde ifade edilmelidir. Ogretim Programlarinin deneysel becerilerin 6gretimine

bakis agisi, yeni ders kitaplarindaki etkinliklerle uyumlu bir sekilde yansitilmalidir.
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Giris

Deneysel etkinlikler, kimya Ogretiminde oOnemli bir role sahiptir. Ortaokul veya lise
seviyesinde kimya egitimi yapilirken genellikle kimya bilimine ait teorik bilgiler verilmektedir. Ancak
kimya bilimi deneysel bir bilimdir. Kimyada kuramsal bilgiler deneylerle test edilerek dogrulanr
veya yanlislanir (Popper, 2003). Deneylerle yeni kimya bilgileri {iretilir. Deneyler ve kuramlar ig ice
ilerler. Deneyler kimya biliminin olmazsa olmazidir ve kimya egitiminin ayrilmaz bir parcasidir. Bu
sebeple etkili bir kimya egitimi igin, teorik bilgilerin 6gretimi yaninda kimya deneylerinin de
yapilmasi gereklidir (Hofstein ve Lunetta, 1982). Ogrencilerin kimya deneylerini yapabilmeleri igin de,
deneysel becerilerinin gelistirilmesi gereklidir. Bu calismamin amacy; Fransa ve Tirkiye'deki lise
Kimya dersinin, 0gretim programlarindaki ve ders kitaplari araciigiyla Kimya bilimine 6zgii

“deneysel becerilerin” 6gretime bakisiin incelenmesidir.
Yetkinlik, Beceri ve Deneysel Beceri

Alanyazin incelendiginde “deneysel beceriler’in ve Kimya’ya 6zgii “deneysel becerileri”nin
tanimi ile karsilagimamistir. Bu kisimda, Kimya bilimine 6zgii “deneysel becerileri” tanimini
yapabilmemize katki saglayacak temel kavramlara iliskin alanyazin bilgileri paylasilacaktir. Kimya
bilimine 6zgii “deneysel becerileri” tespit edebilmek igin “deneysel beceri”yi tanimlamadan once
“beceri’nin ne oldugunu tanimlamamiz gerekmektedir. Cesitli kaynaklara gore beceri terimi su

sekilde tanimlanmaktadair:

Beceri; bir kimsenin bedensel ya da diisiinsel bir ¢caba gostererek bir isi kolaylik ve ustalikla
yapabilmesidir (TDK, 2019). Mesleki Egitim Sozliigii'nde (2005) ise beceri; “bir gorevi ya da isi
yapmak i¢in gerekli olan ustalik” ve “kisinin yatkinlik ve 6grenime bagh olarak bir isi bagsarma ve bir
islemi amaca uygun olarak sonuglandirma yetenegi” olarak tanimlanmaktadir. Ay sozliikte ayrica
“yetenek” terimi su sekilde tanimlanmaktadir: “On egitim ve 6gretime dayal olarak ya da olmayarak,
bir fiziksel ya da zihinsel faaliyeti yerine getirme kapasitesidir”. Dolayisiyla beceri,; “fiziksel ve
zihinsel faaliyetlere baglh olarak bir gorevi amacina uygun olarak tamamlamak” olarak ifade edilebilir.
Yetkinlik (fr. compétence) ise Fransa Milli Egitim Bakanligi'nin (2010) tanimina gore “karmagik bir
durumdaki bir hedefe varabilmek igin bilgileri, yetenekleri (kapasiteleri) ve tutumlar1 harekete
gecirme ve yeni durumlarda kullanma becerisi” olarak tanimlanmaktadir. Yani beceri kazanmis

bireylerin bunu farkli durumlarda kullanabilmesi seklinde yorumlanabilir.

Bilgilerin siniflandirilmasi. Deneysel etkinlikler esnasinda farkli tiirden bilgilerin kullanimi s6z
konusudur (Bayram, 2012). Okuldaki deneysel etkinlikler esnasinda harekete gecirilen bu bilgi
tiirlerinin tamimlanmasi, “deneysel becerileri” bu bilgi tiirleri cergevesinde degerlendirilmesi,

deneysel becerileri tanimlayabilmemiz agisindan katki saglayacaktir. Bilgiler, degisik alanlardaki
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arastirmacilar tarafindan farkli sekillerde simflandirmislardir. Malglaive (1990) bilgileri dort
kategoriye ayirmaktadir: Teorik bilgiler, siiregsel bilgiler, pratik bilgiler ve beceriler. Burada teori ve
pratik gibi ikili siniflama Olgiitiine dayanarak ayrim yapildig: goriilmektedir. Yazara gore, “teorik
bilgiler”; kanunlar, aksiyomlastirilmis kavramlar ve kavramsal olarak ifade edilebilenler olarak
tanimlanir. “Siiregsel bilgiler”; diistincenin formal operasyonlar: {izerine olan rasyonel bilgilerdir.
“Pratik bilgiler”; eylem (etkinlik) icerisinde insa edilen, siireclere bagimli olan pragmatik bilgilerdir.
“Beceriler” ise; deneyerek baslanan Ogretim seviyesinden, aliskanliklarin (yani igsellestirilmis
siireclerin) olusumuna ve oradan uzmanhga kadar cesitlilik gostermektedirler. Le Boterf (1994)
Malglaive’in calismalarina dayanarak “bilgileri”; teorik bilgiler ve siirecsel bilgiler olarak ikiye,
“becerileri” ise; siirecsel beceriler, deneyimsel beceriler, sosyal beceriler olarak iige ayirmaktadir.
Siiregsel beceriler, acik bir sekle sahip olmayan ve ige bakis yontemiyle erisilebilir olmayan, nasil
yapildigini bilmeksizin kullanilan bilgi tiiriidiir. Burada gidisatin otomatiklesmesi séz konusudur

(Bayram, 2012).

Barbier (1996) ise, ilk etapta bilgileri “teorik bilgiler” ve “eylem bilgileri” olarak
siniflandirmaktadir. Ona gore, “teorik bilgiler” disipliner bilgilere benzemektedirler. “Eylem bilgileri”
ise uygulamadaki bilgilerdir. Teorik bilgiler, yeni eylem bilgilerinin ortaya ¢ikmasinda rol oynar ve
eylem bilgileri de yeni teorik bilgilerin olusumuna katki saglarlar. Boylece bu bilgi tiirleri birbirlerini
beslerler. Yazar “bilgi” kelimesinin ifade ettigi anlam belirsizligine de dikkat ¢ekmektedir: Bilgiler
bazen “ifade edilendir”, “Onermeler”dir, bazen de kisinin kendisiyle biitiinlesmis “6zdes bilesenidir”.
Bilgi terimi, bazen Ornegin teknik prosediir gibi, iletilebilir ve aktarilabilirdir, “kisilerin dis
gercekligini” adlandirmak i¢in kullanilir; bazen de tam tersi olarak, 6rnegin bir beceri gibi “kisilerden
ayirt edilemez bir gercekligi” adlandirmak icin kullanilir. Yazar; bir yandan “nesnellestirilmis bilgi”,
(korunabilir, iletilebilir, kendine mal edilebilir olan kiiltiir, kurallar, degerler); diger yandan ise
“hapsedilmis bilgiler”, (kisisel veya ortak bir etkenden ayrilamaz olan yetenekler, bilgiler, beceriler,
profesyonellik) ayrimi1 yapmaktadir. Sonug olarak yazar bilgi tiirlerini ikiye ayirmaktadir: “bilgiler” ve
“beceriler” olarak ikiye ayirdig1 gibi becerileri, geleneksel olarak pratik becerilere, sakli bilgilere,
tecriibe bilgilerine, informal bilgilere, eylem icerisinde ve eylem aracihigiyla kazamilmis yetkinlige

benzetmektedir.

Anderson ve Krathwohl (2001, aktaran Senemoglu, 2007) bilgi boyutlarin1 tanimlamak igin
dort kategori kullanmaktadir: olgusal bilgi, kavramsal bilgi, prosediiral bilgi ve {istbiligsel bilgi. Li ve
Shavelson (2001), bilgiyi ayirmak i¢in benzer bir ¢erceve kullanmistir: bildirimsel (declarative) bilgi
(neyi bilmek), prosediirel (procedural) bilgi (nasil oldugunu bilmek), sematik (schematic) bilgi
(nedenini bilmek) ve stratejik (strategic) bilgi (bilginin ne zaman, nerede ve nasil uygulanacagim

bilmek). Klausmeier’e (1985) gore; motor yetenek; viicudun bir ya da birden fazla organinin katildig:
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kas hareketi ya da islemidir. Ornegin; parmak hareketi, beden esnekligi, kol ve bacak giicii gibi
ozellikler motor yeteneklerdir. Bu oOzelliklerin bir kismi, bireyin igsel yapilarimin, yani kalitimla

getirdigi 6zelliklerin bir {irlintidiir. Bir kism1 da 6grenme tirtintidyir.

Sonug olarak bilgi tiirlerinin; “bilgiler” ve “beceriler” gibi iki genel kategoriye ayrildig:
sOylenebilir. Beceriler; geleneksel olarak pratik becerilere, sakli bilgilere, tecriibe bilgilerine, informal
bilgilere, eylem icerisinde ve eylem aracilifiyla kazamlmis yetkinlige benzemektedirler. Biitiin bu
tanumlar1 dikkate alindiginda beceriyi su sekilde tanimlayabiliriz. Beceri; bir kimsenin bir amact
gerceklestirmek (hedefe varabilmek) igin sahip oldugu kaynaklar1 (bilgi, kapasite ve tutumlarr)
harekete gecirmesi ve yeni durumlarda kullanabilme yetenegidir. Deneysel beceri ise; deneysel
bilimlere 6zgii deneyleri kolaylikla ve ustalikla gerceklestirebilmek icin sahip olunmas: gereken her

tirli beceriler olarak tanimlanabilir.

Kimya bilimine 6zgii deneysel beceriler. Yukaridaki bilgiler 1s1g§1nda Kimya bilimine 6zgii deneysel
becerileri ise s$Oyle tanimlayabilirizz Kimyaya 0zgii deneyleri kolaylikla ve ustalikla
gerceklestirebilmek icin sahip olunmasi gereken, motor yetenekleri de icerebilen her tiirlii becerilerdir.
Bu becerilere 6rnek olarak sunlar verilebilir: kimya laboratuvar tekniklerini kolayca uygulayabilme, kimya
deneylerinde sikca kullanilan cam malzemeleri kolayca kullanabilme, laboratuvar arag gereclerini uygun bir
sekilde kullanabilme, vs. Kimya bilimine 6zgii bazi deneysel becerilerin dgretiminin ancak deneyler

esnasinda yapilabilecegi sdylenebilir.
Kimya Egitiminde Hedefler ve Hedef Alanlar1

Hedef; insanda bulunmasmi uygun gordiigiimiiz egitim yoluyla kazandirilabilir nitelikteki
istendik oOzelliklerdir (Demirel, 2003; Ertiirk, 1975). Hedefler gozlenebilir, Olgiilebilir tek bir
davranistan ibaret olmadigindan 6gretim ve 6l¢me-degerlendirme etkinliklerinin diizenlenmesine yol
gostermede yetersiz kalir. Egitimde belirlenecek hedefler “goézlenebilir ve Olgiilebilir” olmalidir.
Hedefler genel olarak ii¢ alanda smiflandirilabilir (Senemoglu, 2007): (i) Bilissel Alan: Bloom ve Ark.
Bilissel Alan Taksonomisi, (ii) Duyussal Alan: Krathwohl, Bloom, Masia'nin Duyussal Alan

Taksonomisi, (iii) Devimsel Alan: Harrow, Simpson ve Cangelosi'nin Devimsel Alan Taksonomileri.

Egitim ortaminda, bu hedef alanlar1 birbirinden kesin ¢izgilerle ayirmak ¢ok kolay degildir,
ancak hedefin hangi 6zelligi agir basiyor ise, hedef bu alanlardan birine yerlestirilebilir. Dolayisiyla bu
calismada ortaya konulmaya calisilan “Kimya'ya 0zgii deneysel beceriler”in, ozellikleri itibariyle

devimsel alana ait hedefler olarak goriilmesi daha olasidur.

Ogretme-6grenme ve Slgme Ozellikleri birbirinden farkli olan hedefler ii¢ davramig altinda
toplanmistir (Senemoglu, 2007). Bu alanlar; a) bilissel, b) psiko-motor ya da devimsel, c) duyussal

hedef alanlaridir. Psiko-motor hedefler; zihin-kas koordinasyonu gerektiren etkinliklerle ilgili
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ozellikleri kapsar. Kimya Ogretimindeki hedefler diisiintildiigiinde, bilissel ve duyussal hedeflerin

yaninda, Kimya'ya 6zgii deneysel beceriler kapsayan psiko-motor hedeflerin de oldugunu gorebiliriz.

Devimsel alan taksonomileri. Harrow (1972, aktaran Senemoglu, 2007) devimsel davraruslari alti
diizeye ayirmaktadir: Refleksif hareketler, Temel hareketler, Algisal yeterlikler, Fiziksel yeterlikler, Beceri
haline gelen hareketler, Tutarli iletisim. Ancak, bu taksonomi egitimde psiko-motor hedefleri belirlemeye
yol gosterme bakimindan bazi sinirliliklara sahiptir. Grnegin; egitim, refleksif davranislarla degil,
O0grenme yoluyla kazandirilabilecek davranislarla ilgilenmektedir. Okul 6ncesi egitim ve ilkokul

donemindeki ¢ocuklar i¢in uygun olabilecek hedefleri belirlemede bu taksonomi kullanilabilir.

Cangelosi'ye (1990, aktaran Senemoglu, 2007) gore; psiko-motor alan ya, 1) dayaniklilik, giig,
esneklik, ¢eviklik gerektiren istemli kaslarin kapasiteleri ile ilgilidir (6rnegin; yiiksek atlama); ya da 2)
belli bir beceriyi gosterme yetenegi ile ilgilidir (6rnegin; otomobil kullanma, etek dikme, vb.). Her iki
durumda da psiko-motor becerinin yapilmasi icin gerekli gozlenebilir basamaklar (islem basamaklari)
adim adim alt alta yazildiginda hem Ogretimine yol gosteren basamaklar hem de Olgme ve
degerlendirme igin uygun Olgiitler belirlenmis olmaktadir. Bu nedenle, beceriyi olusturan
basamaklarin gozlenebilir olarak agik¢a ifade edilmesi, hem egitim durumlarinin diizenlenmesinde
hem de Ol¢mede 6nemli bir aragtir. Bu ¢alismada ortaya konulmaya calisilan Kimya’daki deneysel
becerilerin, Cangelosi'nin ikinci Psiko-motor alan olarak tanimladigi “belli bir beceriyi gosterme
yetenegi” ile ilgili becerilerden oldugunu sdyleyebiliriz. Ornegin; titrasyon yapabilmenin islemleri ve

bir islemin iginde yer alan davranislar soyle yazilabilir:
Is (gorev, task): Titrasyon yapma
i§lemler (eylemler, actions):

1. Biireti alma.

2. Cozelti ile doldurma.

3. Ekivalans noktasini tespit etme.
4

Vb.

Birinci Islemin Alt Islemleri (operation): Biireti alma

1. Uygun biireti segme.

2. Biiretin temiz olup olmadigin kontrol etme.

3. Vb.

Ogretimin planlamasinda ilk basamak gretim hedeflerinin belirlenmesidir. Bu galismada
“deneysel becerilerin”, 6grencilerden lise Kimya Dersleri sonunda kazanmasi beklenen yeterlikler

veya hedefler icerisindeki yeri aragtirilacaktir.

Tlgili Aragtirmalar
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Bu kisimda Kimya egitimi alaninda “beceri dgretimi/gelisimi” iizerine yapilan ¢alismalar ile
Fransa ve Tiirkiye’deki ortadgretim sonunda “deneysel becerilerin” degerlendirilmesi ile ilgili bilgiler
verilecektir. Kimya egitimi alaninda “beceri 6gretimi/gelisimi” iizerine yapilan ulusal ve uluslararas:
¢alismalar incelendiginde, 6zellikle bilimsel stire¢ becerileri (BSB) tizerine ¢ok fazla yapilmis arastirma
(Abungu, Okere ve Wachanga, 2014; Feyzioglu, 2009; Koray, Bahadir ve Geckin, 2007, Temel ve
Morgil, 2007) olmasma ragmen, ortadgretimde deneysel becerilerin Ogretimi/gelisimi ile ilgili
calismalara (Hofstein, 2004; Reid ve Shah, 2007) daha az rastlanmaktadir. Bu ¢alismalardaki deneysel
becerilerin ise kimyaya 6zgii deneysel beceriler olmadigi, deneysel bilimlere 6zgii “genel deneysel

beceriler” oldugu goriilmektedir.

Kimya egitiminde deneysel etkinliklerin, farkli amaclarla yapildig1 goriilmektedir (Hofstein
ve Lunetta, 1982; Hofstein ve Mamlok-Naaman, 2007; Lunetta, ve al., 2007): bir hipotezi sinamak i¢in,
Ogrenciye kimyasal bir olguyu gostermek/ispatlamak (kavram oOgretimi), bilimsel ve deneysel
yontemleri (zihinsel deneysel beceri) 0gretmek, laboratuvar tekniklerini (psikomotor deneysel beceri)
ogretmek, deneylerde gerekli olan arag gereglerin kullanimini (psikomotor deneysel beceri) 6gretmek,
vs. Hofstein ve Lunetta (1982) calismalarinda, bahsedilen pratik becerilerin degerlendirilmesi alaninin

fen 6gretiminde ihmal edilen alanlardan birisi oldugunu ifade etmektedirler.

Lise sonunda 0gretimi hedeflenen deneysel becerileri tespit etmenin yollarindan birisi de,
ortadgretim sonunda yapilan merkezi smavlarda, Ol¢me ve degerlendirilmesi yapilan deneysel
becerilerin incelenmesidir. Fransa’da ortadgretim sonunda uygulamali olarak deneysel becerilerin
Ol¢me ve degerlendirilmesi yapilmasina ragmen, Tiirkiye’de deneysel becerilerin degerlendirilmesine

iliskin uygulamalar yoktur.

Fransa’da uygulamal1 bakalorya sinavindaki deneysel beceriler. Fransa’da ortadgretim sonunda
Kimya dersine iligkin teorik ve uygulamali (deneysel) Bakalorya Siavlar: yapilmaktadir. Fransa’daki
Uygulamali Kimya Bakalorya Smavlarindaki deneysel becerilerin incelendigi bir ¢calismada (Bayram,
2010), uygulamali sinavlarda dlgiilen deneysel becerileriler dort kategori altinda gruplandirilmustir:
Laboratuvar teknikleri, cam malzemeler, aletler ve organizasyon. Her bir kategori altinda 6lgme ve
degerlendirmesi yapilan deneysel beceriler sunlardir: “Kimyasal teknikler” Kkategorisinde
degerlendirilen beceriler: Titrasyon, tartim, seyreltme, kromatografi, 1sitma, siizme, oksijen testi, soda
(NaOH) ¢ozeltisi hazirlama, (sabunun) kurutma. “Cam malzemeler” kategorisinde degerlendirilen
beceriler: Pipet, balon joje, biiret, dereceli silindir, ayirma hunisi, deney tiipii, beher. “Aletler”
kategorisinde degerlendirilen beceriler: pH-metre, spektrofotometre, elektrolizor, manyetik karistirici,
molekiil modelleri. “Organizasyon” kategorisinde degerlendirilen beceriler: Cozelti iceren kaplarin
diizgiin bir sekilde isaretlenmesi (cam kalemi veya etiket kullanilarak), siselerin kapaklarmin

kapatilmasi, bankonun diizenlenmesi, genel organizasyon, bankonun temizligi, cevreye sayg.
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Bu ¢alismanin amaci, Tiirkiye ve Fransa’daki ortadgretimde, Kimya bilimine 6zgii deneysel
becerilerin &gretiminin Kimya Dersi Ogretim Programlarindaki ve ders kitaplarindaki yerini
gorebilmektir. Lise sonunda Ogretimi hedeflenen Kimyaya 0zgii deneysel becerileri tespit

edebilmektir:

e Fransiz lise Kimya Dersi Ogretim Programinda ve Kimya ders kitaplarinda hangi deneysel

becerilerin 6gretimi 6nerilmektedir?

e Tiirk lise Kimya Dersi Ogretim Programinda ve Kimya ders kitaplarinda hangi deneysel

becerilerin 6gretimi 6nerilmektedir?

e Fransiz ve Tiirk lise Kimya Dersi Ogretim Programlarinda ve Kimya ders kitaplarinda 6nerilen

deneysel beceriler arasindaki farkliliklar ve benzerlikler nelerdir?
Yoéntem:

Bu kisimda, Tiirkiye’de ve Fransa’daki ortadgretim sonunda Kimya dersinde Ogretimi
hedeflenen “deneysel becerileri” tespit edebilmek icin kullanilan dokiimanlar ve bu dokiimanlarin

incelenmesine iligkin bilgiler verilmektedir.
Orneklem

Kimya dersinde 6gretimi hedeflenen “deneysel becerileri” tespit edebilmek icin Tiirkiye’de ve

Fransa’daki ortadgretim sonunda su dokiimanlar incelenmistir:
i- Lise Kimya Ders Programlari (Fransa, 2010, 2011 ve 2019 ve Tiirkiye, 2013, 2017 ve 2018).

ii- Lise Kimya Ders Kitaplar1 (Fransa ve Tiirkiye). Incelenecek Kimya ders kitaplarina karar verilirken,
her iki {ilkede de en ¢ok tercih edilen ders kitab1 olmasina dikkat edilmistir. Bu sebeple Fransa’da en
¢ok okutulan, ayni yaymn evine (Hachette Education) ait ayni ekip (Collection Dulaurans Drupthy)
tarafindan hazirlanmis ders kitabi serisi tercih edilmistir. Tiirkiye’de de MEB tarafindan basilip tiim

okullara dagitilan ders kitaplar: tercih edilmistir.
Verilerin Analizi

Kimya Ders Programlarinin ve Kimya ders kitaplarinin incelenmesinde “igerik analiz”
(Yildirim ve Simsek, 2011) yontemi kullanilmistir. Dokiimanlar birbirinden bagimsiz iki arastirmaci
tarafindan kodlanmigtir. Kodlamalar karsilastirilmis, biiyiik oranda birbiriyle tutarliik gosterdigi

tespit edilmistir. Farkli olan kodlamalar ise miizakere edilerek son sekli verilmistir.

Bulgular
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Bu kisimda, oncelikle her iki {ilkenin ayr1 ayr1 Kimya 6gretim programlarinin ve Kimya ders
kitaplarmin analiz sonuglar1 sunulacak, daha sonra ise her bir iilkenin kendine ait &gretim

programlari ile ders kitaplar1 arasindaki karsilastirma sonugclar: aciklanacaktir.
Lise Kimya Ders Programlarindaki Deneysel Beceriler

Fransa ve Tiirkiye'deki lise Kimya Dersi Ogretim Programlar1 “genel amaclar’ ve “igerik
kazammlar1” olmak tizere iki kisimdan olusmaktadir. “Genel amaglar” kisminda, Egitim Programiyla
tutarli olmak kosuluyla Ogretim Programin felsefesi ve genel yaklagimlar hakkinda bilgi
verilmektedir. Bu kisim incelenirken Ogretim programimn yaklasiminda deneysel becerilerin
dgretimine iliskin olan ifadeler tespit edilmeye ¢aligilmugtir. “Icerik kazammlar” kisminda ise, iinitelere
iliskin kazanumlar yer almaktadir. Programin bu kisminda siralanan kazammlar icinde ise deneysel

becerilere ve 6gretimine iliskin olan kazanimlar tespit edilmeye calisilmistir.

Fransa lise kimya dersi dgretim programlari. Fransa’da Fizik ve Kimya disiplinleri 3 yillik
ortadgretim stiiresince tek bir ders adi altinda, “Fizik-Kimya” Dersi olarak okutulmaktadir. 2019 yili
0gretim yilinda yiiriirliige girecek yeni ortadgretim sisteminde Kimya dersleri Lise 1 ve 2. Smnifta yine
“Fizik-Kimya” Dersi olarak okutulacak, Lise 3. Smifta ise daha spesifik dersler (Tasarlamada ve Sanat

Mesleklerinde Yaraticilik, gibi) ad1 altinda okutulacaktir.

Fransiz Lise Fizik-Kimya Dersi Ogretim Programinin (2010, 2011 ve giincellenmis 2017) genel
amaclar kisminda, programin “yetkinlik temelli 6gretimi” (enseignement par compétence) icerdigi
ifade edilmektedir. Programin giris kisminda “bilimsel siire¢” ve “deneysel yaklasim” basliklar:
altinda programin uygulamasina iliskin agiklamalar yapilmak suretiyle deneysel yaklasimin 6nemi

kuvvetlice vurgulanmaktadir.

Programin igerik kazamimlar1 kisminda ise Ogretimi hedeflenen kazanimlar (bilgi ve
beceriler), iki kisimdan olusan tablolar halinde verilmektedir. Tablonun birinci kisminda “kavramlar
ve kapsam” (notions et contenus) baslig altinda programda 6gretimi hedeflenen bilimsel kavramlar
verilmektedir. Aym tablonun ikinci kisminda ise “hedeflenen yetkinlikler” (compétences attendues)
baslig: altinda, harekete gecirilecek bilgiler, beceriler ve edinilecek tutumlar verilmektedir. Bu ikinci
kissmdaki bazi yetkinliklerin italik olarak gosterilmekte, bu yetkinliklerin deneysel nitelige sahip
beceriler icerdigi agiklamasi yapilmistir. Program incelenirken ozellikle italik olarak gosterilen bu
becerilerin {izerine yogunlasmak suretiyle, Fransiz programinin “deneysel beceriler” ile neyi kastettigi

ortaya konulmaya ¢alisilmistir.

Fransiz Programlarindaki tablolarin ikinci kismindaki “hedeflenen yetkinlikler” kisminda
italik olarak verilmis olan tiim becerilerin bir listesi olusturulmustur. Bu becerilerin, iki par¢ali ve iki

diizeyden beceriler olduklar: goriilmektedir: zihinsel ¢aba gerektiren “bilissel/zihinsel” beceriler ve el
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becerisi gerektiren “psikomotor/manipiilatif” beceriler. Ornegin; Programda ifade edilen “Kromatografi
yapmak icin deneysel bir siire¢ uygulayabilmek” becerisi ile 6grenciden hem kimyaya 6zgii “psikomotor
diizeyde” bir deneysel beceri olan “kromatografi teknigini uygulayabilme” becerisi gostermesi (1. parga),
hem de “bilissel diizeyde” olan “deneysel siire¢ uygulayabilme”, deneysel stirecin nasil uygulandigin

bilmesi (2. parga) beklenmektedir.

Programda italik yazilmis becerilerin 1. parcas: sunlardir: maddelerin derisimini belirleyebilmek,
ekstraksiyon yapabilmek, ince tabaka kromatografisi yapabilmek, iyonlar: tammlayabilmek, bir molekiiliin
sentezini yapabilmek ve tamimlayabilmek, c¢ozelti hazirlayabilmek, ayiwrma hunisini kullanabilmek, siizme
(filtreleme) diizenegini kullanabilmek, 1siticryr kullanabilmek. Bu becerilerin bazilar1 Kimyaya 06zgii
laboratuvar teknikleri becerileri olup (derisimi belirleyebilmek, ekstraksiyon yapabilmek,
kromatografi yapabilmek, iyonlar1 tamimlayabilmek, ¢ozelti hazirlayabilmek), bazilar1 da bu
tekniklerin gerceklestirilmesi esnasinda gerekli olan arag¢ gereglerin kullanim becerileridir (ayirma
hunisini kullanabilmek, siizme (filtreleme) diizenegini kullanabilmek, 1sitictyr kullanabilmek). Bu

becerilerin tiimiiniin el becerileri gerektiren psikomotor diizeyde beceriler oldugu da soylenebilir.

Programda italik yazilmis becerilerin 2. parcasi da sunlardir: “deney foyii tasarlayabilmek ve
gerceklestirebilmek”, “-....mak icin deneysel bir siire¢c uygulayabilmek”, “deney foyiinii gerceklestirebilmek”,
“deneyi gerceklestirebilmek ve yorumlayabilmek”, “-i (aleti) giivenli bir sekilde kullanabilmek”. Bu beceriler,
sadece Kimyaya 0zgii deneysel beceriler olmayip, deneysel bilimlerin tiimiinde var olan biligsel
diizeydeki bilimsel siire¢ becerilerindendir. Bu becerilerden “-i (aleti) giivenli bir sekilde kullanabilmek”
becerisi ilk etapta psikomotor diizeyde bir beceri olarak goriilmeyebilir. Bir aletin kullanimini igeren

bir beceriyi, psikomotor beceri olarak kabul edebiliriz. Ornegin; “-i (aleti) giivenli bir sekilde

kullanabilmek” biligsel beceri; “ayirma hunisini giivenli bir sekilde kullanabilmek” ise psikomotor beceridir.

Programin italik yazilmis deneysel becerilerin 2. pargasini olusturan bu beceriler, Programin
“yetkinlik temelli 0gretimi” iceren Ogretim yaklagimiyla tutarlilik gostermektedir. Kimyaya 0zgii
laboratuvar tekniklerinin (ekstraksiyon, kromatografi, ¢ézelti hazirlayabilmek, vs.) ve arag gereglerin
(ayirma hunisi, filtreleme diizenegi, 1siticr) kullanim becerilerinin 6gretiminin, “deney foyii tasarlayarak ve
gerceklestirerek”, “deneysel bir siirec uygulayarak” veya “deneyi yorumlayarak” gergeklestirilmesi

hedeflenmektedir.

2019-2020 ogretim yilinda yiiriirliige girecek yeni ortadgretim sistemindeki Fizik-Kimya
Ogretim Programlarinin da “yetkinlik temelli 6gretimi” (enseignement par compétence) icerdigi
ifade edilmekte, yetkinlikleri gosteren bir “Yetkinlikler Cizelgesi” verilmektedir. Bilimsel Siiregte yer

alan yetkinlikleri iceren bu cizelgede bes tane yetkinlik (sahiplenme, analiz etme/muhakeme,
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gerceklestirme, onaylama ve sunma) bulunmakta ve her yetkinlige iliskin “yetenek” (capacité)

ornekleri verilmektedir.

Sonug olarak Fransiz Lise Fizik-Kimya Dersi Programi, “yetkinlik temelli 6gretimi” iceren bir
programdir. Programlarda “bilimsel siirece” ve “deneysel yaklasima” 6zel basliklar agilarak, bilimsel

siireglerin 6gretimi esnasinda kimyaya 6zgii deneysel becerilerin 6gretimi de onerilmektedir.

Tiirkiye’deki lise kimya dersi 6gretim programlar1. Tiirkiye’deki lise Kimya Dersi Ogretim Programi
da “genel amaclar” ve “icerik kazamimlar1” olarak iki kisimdan olusmaktadir. 2013 Programinin genel
amaclar kismi incelendiginde, beceri 6gretimiyle ilgili su ifadeler goze ¢arpmaktadir: “Kimya okur-
yazar1 Ogrenciler; Kimya biliminin (...) becerilerini kazanir” (s.1 ve s.23). Temel Diizey Kimya Dersi
Ogretim Programinda, dgretimi hedeflenen becerilerin gosterildigi bir gizelge (Beceriler Cizelgesi,
2013, s.2) verilmektedir. Cizelge incelendiginde, bu programi tamamlayan 6grencilerin Kimya okur-
yazarligr baglaminda 6 farkli tema altinda gruplandirilmis becerileri (kazanimlari) edinmesi

V7, V7,

hedeflenmektedir (s.2). Bu temalar sunlardir: “Bilimin dogas1”, “bilimsel bilgiyi anlama”, “beceriler”,

Y77

“bilim, teknoloji, toplum, ¢evre ve ekonomi”, “tutum ve degerler”, “psikomotor beceriler”.

Bu temalardan sadece “beceriler” temasi ve “psikomotor beceriler” temasinda, deneysel
becerilerle ilgili olabilecek beceriler verilmektedir. “Beceriler” temasi ise “Bilimsel Siire¢ Becerileri” ve
“Yasam Becerileri” olmak tizere iki alt temaya ayrilmigtir. Bilimsel siire¢ becerileri (BSB) alt temasi ise

kendi igerisinde; “Temel siire¢ Becerileri”, “Nedensel siire¢ becerileri” ve “Deneysel siire¢ becerileri”

olmak {izere {ige ayrilmgtir.

Programdaki “Bilimsel siireg becerileri” alt temasina ait olan kazanimlar sunlardir: 4. Hipotez
kurar; hipotezini desteklemek ya da ciiriitmek iizere deney tasarlar. 5. Deney yaparak veri elde eder; bu verileri
isleyerek ¢ikarim yapar; yorumlar ve genellemelere ulasir. Bilimsel siireg becerileri (BSB) alt temasina ait 4.
ve 5. beceriler (kazanimlar), deneysel beceri 6gretimine iliskin olan becerilerdir. Bu beceriler, deneysel
bilimlerin geneline hitap eden bilissel diizeydeki genel beceriler olup, Kimya bilimine 0zgii
“laboratuvar teknikleri ve aletleri kullanabilmek” gibi spesifik deneysel becerilere vurgu yapilmadig:

goriilmektedir.

Kimya okur-yazarlig1 temalarindan “Psikomotor beceriler” temasinda ise bir deneysel beceri
olan Kimya deneylerinde kullanilacak “aletlerin kullanim1” becerisi vurgulanmakta, ancak Kimya
laboratuvar teknikleri Ogretimini hedefleyen deneysel becerilere vurgu yapilmamaktadir: 1.
Gozlemlerde, deneylerde ve kimyasal iiretimde kullamilan arac-gereg, alet ve cihazlari kullamir. 2. Deney

yapabilme becerisi kazanir.

2017 ve giincellenmis 2018 Programlarinda ise, programin “deger ve beceri kazandirma

hedefli hazirlandig1”, “bu kazamimlar ve smurlarimi belirleyen agiklamalary, smuflar ve egitim
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kademeleri diizeyinde degerler, beceriler ve yetkinlikler perspektifinde biitiinlitk saglayan bir bakis
agistyla” hazirlandig belirtilmektedir (s.4). 2018 Programinin “Ogretim Programlarmin Amaglart”
(s.4) kisminda su ifadeler bulunmaktadir: 4. Liseyi tamamlayan ogrencilerin, (...), “Tiirkiye
Yeterlilikler Cercevesi’nde ve ayrica disiplinlere 6zgii alanlarda ifadesini bulan temel diizey beceri ve
yetkinlikleri kazanmus, ilgi ve yetenekleri dogrultusunda bir meslege, yiiksekdgretime ve hayata hazir
bireyler olmalarmi saglamak. Programin Yetkinlikler (s.6) bashig: altinda su ifadeler bulunmaktadir:
Egitim sistemimiz yetkinliklerde biitiinlesmis bilgi, beceri ve davranislara sahip karakterde bireyler
yetistirmeyi amaglar. Ogrencilerin hem ulusal hem de uluslararasi diizeyde; kisisel, sosyal, akademik
ve is hayatlarinda ihtiya¢ duyacaklar1 beceri yelpazeleri olan yetkinlikler Tiirkiye Yeterlilikler
Cergevesinde (TYC) belirlenmistir. TYC sekiz anahtar yetkinlik belirlemekte ve asagidaki 3. Yetkinlik
olan “3) Matematiksel yetkinlik ve bilim/teknolojide temel yetkinlikler” su sekilde tanimlamaktadir:
“Bilimde yetkinlik, sorular1 tanimlamak ve kanita dayali sonuglar iiretmek amaciyla dogal diinyanin
aciklanmasina yonelik bilgi varligina ve metodolojiden yararlanma beceri ve arzusuna atifta
bulunmaktadir. Teknolojide yetkinlik, algilanan insan istek ve ihtiyaglarini karsilama baglaminda
bilgi ve metodolojinin uygulanmasi olarak goriilmektedir. Bilim ve teknolojide yetkinlik, insan
etkinliklerinden kaynaklanan degisimleri ve her bireyin vatandas olarak sorumluluklarini kavrama

giiclinii kapsamaktadir.

2017 Kimya Programinin Genel amaglar kisminda “deneysel becerilerin 6gretimine”, 2013
programina gore ¢ok daha az vurgu yapmaktadir. Programlarda, bilgi ve becerilerden bahsediliyor
ancak becerilerin hi¢ birisi Kimyaya 6zgii “deneysel becerilerin 6gretimini” vurgulamamaktadir.
Olgme ve degerlendirme yaklagimi (2018, s.12) kisminda da bilgi ve becerilerin degerlendirilmesinden
bahsediliyor ancak hi¢ birisi Kimyaya 0zgii “deneysel becerilerin” degerlendirilmesine atif

yapmamaktadir.

Tiirk Lise Kimya Ders Programimin (2013) igerik kazanimlar1 kisminda ise deneysel beceri
Ogretimine sadece 11. smuftaki 3 kazanmimda (11.4.3, 11.4.7 ve 11.6.13) atif yapilmaktadir: “cozelti
hazirlar”, “kristallendirme ve kdgit kromatografisi yapilir” ve “derigimleri titrasyonla belirler”. 2013
Programinin genel amaglar kisminda vurgulanmasina ragmen, programin igerik kazanimlari
kisminda “deneysel becerilerin 6gretimine” sadece 11. sinif kazanimlarinda yer verilmis olmasi, genel
amaglarla igerik kazanimlar: arasindaki tutarsizlik olarak goriilebilir. Giincellenmis 2018 Programinin
igerik kazanimlar1 kisminda ise 2013 Programina nazaran daha fazla deneysel becerilerin oldugu ve
bu becerilerin lisenin dgretim programimin dort yilina dagitildig: goriilmektedir. Bu bir iyilestirme

olarak goriilebilir. Yeni ders kitaplarinda bu iyilestirmenin mutlaka yansimasi gereklidir.

Ders Kitaplarindaki Deneysel Etkinlikler
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Ders kitaplari, 6gretim programlar: dikkate alinarak hazirlanan egitim materyalleridir. Kimya
Ders Programlarmin yansimasi olan ders kitaplarindaki deneysel becerileri tespit edebilmek igin ders
kitaplarinda &nerilen etkinliklerin tiimii analiz edilmigtir. Ders kitaplarindaki etkinliklerin bazilarimn
“deneysel etkinlikler” oldugu, bir kismmin ise deneysellik icermeyen ornegin “kalem-kag:t
etkinlikleri” gibi etkinlikler oldugu goriilmektedir. Bu ¢alismada deneysel becerilerin 6gretiminin,
ancak deneysel etkinliklerin uygulamas: esnasinda yapilabilecegi diisiincesinden yola cikilarak,

sadece deneysel etkinliklerin analizi yapilmustir.

Deneyin amaglari. Incelenen ders kitaplarindaki deneysel etkinliklerin farkli amaglarla tasarlandigi
goriilmektedir: kimyasal olgularin ispatlanmasi, kavramsal Ogrenmenin saglanmasi, deneysel
becerilerin 6gretimi, vs... Bu sebeple ders kitaplarinda Onerilen etkinlikler incelenirken o6zellikle
“deneysel becerilerin 6gretimini hedefleyen” etkinlikler arastirildi. Incelenen ders kitaplarindaki deneysel
etkinliklerde, deneyin amaglar1 su sekilde kodlanmustir: i-hipotez test etme (Hip), ii-bir olguyu
ispatlamak (Isp), iii-bilimsel/deneysel yontem 6gretimi (Yon), iv-laboratuvar teknikleri gretimi (Tek)

(Tablo 1).

Deney tiirii. Ders kitaplarindaki bazi deneysel etkinliklerin yapilisinin ders kitab: tarafindan verildigi,
bazi etkinliklerde ise deneyin yapilisinin 6grencilerden beklendigi goriilmektedir. Deneyin yapilisinin
her asamasinin kitap tarafindan Ogrencilere verildigi ve Ogrencilerin bunlar1 gerceklestirmesi
beklendigi deneysel etkinlikler “kapali uclu deneyler” (DK) olarak kodlanmistir. Bazi deneysel
etkinliklerde ise 6grencilerden, verilen amaglara yonelik “deney foyii olusturmalar1” istenmekte ve
Ogretmenden izin almak suretiyle bu deney fOyiinii gergeklestirerek “yorum yapmalar1”
istenmektedir. Bu tiir etkinlikler ise “sorusturma tiirii” (DS) deneyler olarak kodlanmuistir (Tablo 1). Bu
tir etkinliklerde deneyde kullanilacak malzemeler bazen 0&grencilere verilmekte, bazen de

verilmemektedir.

Tablo 1: Dokiimanlarin analizinde kullamlan kategoriler ve kodlar

Deneyin Amaglar1 Deney Tiiri
Hip Hipotez test etme DK Kapali uglu
Isp  Ipatlama DS  Sorugturma

Yon  Bilimsel/deneysel yontem 6gretimi
Tek Laboratuvar teknikleri 6gretimi

Fransiz ve Tiirk ders kitaplarinda Onerilen deneysel etkinliklerin analiz sonuglar1 Tablo 2'de

verilmektedir.
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Tablo 2: Ders kitaplarindaki deneysel etkinliklerin amaclart ve deney tiirii

Fransa Tiirkiye
Lisel [Lise2 Lise3 | Lisel Lise2 Lise3 Lise4
Deneysel Etkinlik Sayis1 18 16 23 14 24 7 0
Deneyin Hip  Hipotez test etme 4 2 0 0 0 0 0
amaglari [sp  Ispatlama 1 0 2 8 11 4 0
N Bilimsel/deneysel 2 5 9 5 8 0 0
Yon . I
yontem ogretimi
Laboratuvar 11 9 12 1 5 3 0
Tek T
teknikleri 6gretimi
Deney tiiri DK  Kapali uglu 7 11 19 14 24 7 0
DS Sorusturma 11 5 4 0 0 0 0

Deneysel etkinliklerin sayis1. Fransiz ders kitaplarinda {initelerin genellikle “deneysel etkinliklerle”
basladig1 goriilmektedir. Fransiz Kimya ders kitaplarinda toplam 57 tane etkinlik onerilmektedir. Bu
etkinliklerin tiimii deneysel etkinliklerdir. Tiirk ders kitaplarinda Onerilen etkinlik sayis1 ise 52’dir.
Bunlardan 7 tanesi kagit-kalem etkinligidir. Bu kagit-kalem etkinliklerinin hepsi Lise 1. Smif ders
kitabinda Onerilmistir. Tiirk ders kitaplarinda onerilen toplam deneysel etkinlik sayisi ise 45'dir.
(Tablo 2'de sadece “deneysel etkinliklerin” sayisina yer verilmistir.) Tiirk ders kitaplarinda onerilen
toplam 45 deneysel etkinligin sadece 7’sinin (%15,5) Lise 3 ders kitabinda onerildigi goriilmektedir.
Halbuki 2013 Ogretim Programiin igerik kazanimlar1 kisminda, deneysel beceri dgretimine iligkin
kazanimlarin tamaminin (%100) sadece Lise 3'te yer verilmektedir. 2013 Ogretim Programinin Lise 1.
ve 2. Smif icerik kazanimlar1 kisminda, deneysel beceri Ogretimine iliskin hicbir kazanima yer
verilmezken, Lise 1 ve 2. Sif ders kitaplarinda olan 38/45 deneysel etkinligin (tim deneysel
etkinliklerin %84,5'i) onerildigi goriilmektedir. Diger yandan Tiirk Lise 4 ders kitabinda deneysel
etkinliklerin Onerilmedigi goriilmektedir. Bu durum, Tiirk 6gretim programlariyla ders kitaplar:
arasindaki tutarsizlik olarak goriilebilir. Fransiz ders kitaplarinda Onerilen deneysel etkinliklerin

siniflara dagilimi, Tiirk ders kitaplarina gore daha homojendir.

Deneyin amaglar1. Fransiz ders kitaplarindaki deneysel etkinliklerin %56'smin (32/57) laboratuvar
teknikleri dgretimini hedefleyen etkinlikler oldugu goriiliir iken, Tiirk ders kitaplarindaki deneysel
etkinliklerin sadece %20’sinin (9/45) laboratuvar teknikleri 6gretimini hedefleyen etkinlikler oldugu
goriilmektedir. Diger yandan Tiirk ders kitaplarinda onerilen deneysel etkinliklerin ¢ogunlugunun
(%51) ispatlama amagh iken Fransiz ders kitaplarinda sadece 3 tanesinin (%5,3) ispatlama amach

etkinlikler oldugu goriilmektedir.

Deney tiirii. Fransiz ders kitaplarinda onerilen toplam 57 tane deneysel etkinligin 20 tanesi (%35)
sorusturma tiirii etkinliklerdir. Sorusturma tiirti (DS) olarak kodlanan bu etkinliklerde 6grencilere

deneyde kullanilacak malzemeler bazen verilmekte, bazen verilmemekte ve 6grencilerden 6ncelikle
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verilen amaglara yonelik deney foyii olusturmalari, daha sonra ise 6gretmenden izin almak suretiyle
bu deney foyiinii gerceklestirerek yorum yapmalar: istenmektedir. Tiirk Kimya ders kitaplar:
incelendiginde, kitaplarda onerilen deneysel etkinliklerin hepsinde, deneylerde kullanilacak
malzemelerin se¢imi, deneyin yapilis asamalar1 ve deney sonrasi yapilmasi gereken yorumlarmn
tiimiintin ders kitab: tarafindan verildigi goriilmektedir. Deneyin yapilisinin her asamasinin kitapta
Ogrencilere verildigi ve 6grencilerin bunlar1 gerceklestirmesi beklendigi bu tiir deneyler kapali uglu

deneyler (DK) olarak nitelendirilebilir.
Ogretim Programlarindaki ve Ders Kitaplarindaki Deneysel Beceriler

Dokiimanlardaki (6gretim programlar1 ve ders kitaplar1) deneysel beceriler de kodlanmuis,
kodlanan bu beceriler ii¢ kategori altinda gruplandirilmistir (Tablo 3, 4, 5): Laboratuvar teknikleri,

cam malzemeler, aletler.

* Laboratuvar teknikleri: Kimya laboratuvarinda siklikla basvurulan laboratuvar tekniklerini

uygulayabilme becerileri bu kategori altinda toplanmustir. Ornegin; “titrasyon yapabilme”, “cizelti

hazirlama” becerisi gibi.

* Cam malzemeler: Kimya deneylerinde cam malzemeler sikhikla kullanilmaktadir. Bu
malzemelerin dogru bir sekilde kullanim1 becerileri bu tema altinda gruplandirilmistir. Ornegin;

7

“pipet kullanumi”, “ayirma hunisi kullanabilme” becerisi gibi.

* Aletler: Kimya alanindaki deneylerde cam malzemelerin yaninda farkli aletler de siklikla
kullanilmaktadir. Bu aletlerin dogru bir sekilde kullanimi becerileri bu tema altinda toplanmuistir.

Ornegin; “isitma cihazi”, pH-metre, spektrofotometre, kalorimetre, manyetik karistirici, kullanim: gibi.

Asagidaki tablolarda (Tablo 3, 4, 5) dokiimanlarin analizinde Ogretimi ongoriilen deneysel
becerilerin listesi verilmistir. Tabloda “siyah nokta” (e) ile isaretlenen beceriler Ogretim Programinin
icerik kismindaki deneysel becerileri, “beyaz baklava” (0) ile isaret edilen beceriler ise ders

kitaplarindaki deneysel becerileri gostermektedir.

Laboratuvar teknikleri kategorisindeki deneysel beceriler. Tablo 3’te, “laboratuvar teknikleri”
kategorisinde gruplanan deneysel becerilerin listesi ve dokiimanlarda goriilme seviyeleri

verilmektedir.
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Tablo 3: Laboratuvar teknikleri kategorisindeki deneysel beceriler

Laboratuvar Teknikleri Fransa Tiirkiye
Lisel Lise2 Lise3 | Lisel Lise2 Lise3 Lise4
1 Iyonlar1 tanimlayabilme o)
2 Bir maddenin derisimini belirleyebilme 110 .
3 Cozelti hazirlayabilme o0 o0 ¢ o0
4 (Cozeltiyi seyreltebilme 110 0
5 Ince tabaka kromatografisi yapabilme 10 ° o) 0 110
6  Kimyasal maddeyi belirli bir miktarda 1Y
cekebilme
7 Titrasyon yapabilmek
Kolorimetrik titrasyon 116 0 0 °
pH-metre ile titrasyon o
Kondiiktimetre ile titrasyon o0
8 Ayrimsal damitma yapabilme 0 o) 0
9 Stizme yapabilme 0 °
Su trompu ile siizme 0
Biichner ile siizme o)
Stizme diizenegi kurabilme 0
10  Ekstraksiyon-cekme o) . 0 °
Ekstraksiyon (ayirma hunisi ile cekme) O O

11  Maddeleri ayirma yontemleri
Dekantasyon (dinlendirme-aktarma)
Coktiirme ile ayirma
Yiizdiirme ile ayirma
Coziiniirliik farkindan yararlanarak
ayirma
Kristallendirme ile ayirma
Siiblimlesme ile ayirma
12 Kurutma (su geken kagit tizerinde kurutma) ¢

(SR R >R IR R

o (Siyah nokta): Programda goriilen beceri. O (Beyaz baklava): Ders kitabinda goriilen beceri.

Tablo 3'de goriildiigii gibi; her iki {ilkede 0gretimi hedeflenen ortak laboratuvar tekniklerine
iliskin beceriler sunlardir: Cozelti hazirlayabilme, kromatografi yapabilme, Kolorimetrik titrasyon yapabilme,
Ayrimsal damitma yapabilme, Cekme (ekstraksiyon) yapabilme, siizdiirme yapabilme. Tiirk programinda ise
bu becerilere ilaveten karisimlart ayirma yontemleri (¢oktiirme, yiizdiirme, kristallendirme, siiblimlesme)

Onerilmektedir.

Yukaridaki ortak becerilere ilaveten, Fransiz programinda laboratuvar tekniklerine iliskin su
becerilerin  Ogretiminin de  Onerildigi  goriiliiyor:  Spektrofotometrik  titrasyon  yapabilme
(Spektrofotometrenin  ayarlanmast), pH-metre ile titrasyon yapabilme (pH-metrenin ayarlanmas),
Konduktimetre ile titrasyon yapabilme (Kondiiktimetrenin ayarlanmast), Iyonlarn tamlanmasim yapabilme,
Tiirlerin derisimlerinin  belirleyebilme, cozeltiyi seyreltebilme, Belirli bir miktardaki kimyasal maddenin

cekebilme, Su trompu kullanarak siizme, Biichner ile siizme. Burada da goriildiigii gibi Fransiz lise kimya
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ders Ogretim programinda Ogretimi hedeflenen deneysel becerilerin miktari, hem laboratuvar

teknikleri kategorisinde, hem de aletler kategorisinde Tiirkiye’dekinden daha fazladir.

Diger yandan, Tablo 3’deki laboratuvar teknikleri kategorisine giren deneysel becerilerin
sadece 5 tanesinin, Tiirk Programinda Lise 3 igerik kazanumlar1 kisminda onerildigi goriilmektedir.
Lise 3 6gretim programinda onerilen bu 5 deneysel becerilerden 4 tanesinin 6gretimi ise, Lise 1 ve Lise
2 ders kitaplarindaki deneysel etkinliklerde yer almaktadirlar. Bu agidan bir tutarsizik oldugu
sOylenebilir. Fransa Ogretim programinda onerilen deneysel becerilerin ise genellikle tutarli bir

bicimde ayni1 sinif diizeyindeki ders kitaplarindaki etkinliklerde yer aldiklar1 goriilmektedir.

Cam malzemeler ve aletler kategorisindeki deneysel beceriler. Tablo 4'te “cam malzemeler”
kategorisinde, Tablo 5te ise “aletler” kategorisinde gruplanan deneysel becerilerin listesi ve
dokiimanlarda goriilme seviyeleri verilmektedir. Her iki tabloya gore, cam malzemeler ve aletler
kategorilerine giren deneysel becerilerin, her iki iilkenin Kimya 0gretim programlarinda (6zellikle
icerik kazanimlar1 kisminda) yer almadiklari goriilmektedir. Bunun nedeni su olabilir: Cam
malzemelerin ve aletlerin kullaniminin 6gretimi, genellikle laboratuvar teknikleri 6gretimi icerisinde
yer almaktadir. Bir laboratuvar teknigi oOgretilirken, o teknikte kullanilmasi gerekli olan cam
malzemelerin ve aletlerin kullaniminin 6gretiminin de yapildig1 varsayilabilir. Bu sebeple bu iki
kategoride yer alan deneysel beceriler programlarda ayrica belirtilmemistir (Fransiz programindaki

“ayirma hunisi” ve “1sitma cihaz1” istisnadir.).

Tablo 4'e gore, her iki iilkedeki ders kitaplarinda benzer cam malzemelerin kullaniminin

0gretiminin planlandig goriilmektedir.

Tablo 4: Cam malzemeler kategorisindeki deneysel beceriler

o (Siyah nokta): Programda goriilen beceri. O (Beyaz baklava): Ders kitabinda goriilen beceri.

Cam malzemeler Fransa Tiirkiye
Lisel Lise2 Lise3 | Lisel Lise2 Lise3 Lise4

1 Ayirma hunisi o 0 0
2 Pipet kullanimi 0 0 0
3 Balon joje 0 0 0
4 Biiret 0 0 0
5 Geri sogutucu 0
6 Dereceli silindir 0 0 0
7 Huni 0 0

Tablo 5’e gore, Fransiz ders kitaplarinda yer alan aletler kategorisindeki deneysel becerilerin
sayisi, Tiirk ders kitaplarindakilere gore cok daha fazladir. Diger bir ifadeyle, Fransiz ders

kitaplarinda ¢ok daha fazla miktarda aletlerin kullaniminin 6gretiminin planlandig1 goriilmektedir.
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Tablo 5: Aletler kategorisindeki deneysel beceriler

Aletler Fransa Tiirkiye
Lisel [Lise2 Lise3 | Lisel Lise2 Lise3 Lise4

1  Isitma cihazi °
Balon 1s1tic1 0
Biinzen beki 0

2 Sutrompu 0

Biichner filtresi 0

Manyetik karistirica 0

pH-metre ayarlanmas:

Spektrofotometre ayarlanmasi 0

S OO

Kondiiktimetre ayarlanmasi

Kalorimetre 0
Puar (pipeteur)

Mikrodalga firin

Ettiv 0
10 Termometre 0 0

O 00 3 O\ U1 = W
<
<

<

11 Kronometre 0
12 Terazi 0 0 0 0 0

o (Siyah nokta): Programda goriilen beceri. O (Beyaz baklava): Ders kitabinda goriilen beceri.

Teknik fisler. Fransiz Kimya ders kitaplariin tiimiiniin sonunda, laboratuvar tekniklerinin, cam
malzemeler ve aletlerin kullaniminin ayrintihi olarak agiklandigi “Teknik Fisler” verilmektedir. Bu
fislerde, Ornegin “ince tabaka kromatografisinin yapilisi” veya “ayirma hunisinin kullanim” gibi deneysel
becerilerin nasil yapilacagi, islemler ve alt islemler olarak ayrintili olarak resim ve cizimlerle
aciklanmaktadir. Kitaplardaki deneysel etkinliklerde, uygulanacak deneysel becerilerin nasil

yapildigini tekrar hatirlatmak amaciyla bu fislere diizenli yonlendirmeler yapilmaktadir.

Lise Kimya Programlari ile Ders Kitaplar1 Arasindaki Tutarlilik

Fransiz lise kimya oOgretim programinin ve ders kitaplarinin karsilastirilmasi. Fransiz ders
programlar1 ve ders kitaplarinda 6gretimi ongoriilen deneysel beceriler karsilastirildiginda (Tablo 3)
su tespitler yapilabilir: Programda hedeflenen deneysel becerilerin tiimiiniin, ders kitaplarindaki
etkinliklere de yansidi1 goriilmektedir. Ayrica ders kitaplarinda Ogretimi hedeflenen deneysel
becerilerin Ogretimine iligkin teknik figler de verilmektedir. Fransiz ders kitaplarinda Onerilen
etkinliklerin %401 sorusturmaya dayali etkinliklerdir. Dolayisiyla sorusturmaya dayali yaklasimi
benimseyen Fransiz 6gretim programiyla ders kitaplar1 arasinda, deneysel beceriler agisindan bir

tutarlilik oldugu sdylenebilir.

Tiirk lise kimya 6gretim programinin ve ders kitaplarimin karsilastirilmasi. Tiirk Lise Kimya
Programi ve Ders Kitaplarimin Kimyaya 0zgii deneysel beceriler 6gretimine olan bakiglar
karsilagtirildiginda sunlar1 gérmekteyiz: Programin genel amaclar kisminda kimyaya 6zgii deneysel

becerilerin Ogretimine ylizeysel olarak vurgu yapilmasi, 2013 Programinin igerik kazanimlari
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kisminda ise sadece 11. sirufta yer verilmesi, Tiirk Lise Kimya Programinin kimyaya 6zgii deneysel
beceri 6gretimine yeterince nem vermedigi yorumunu yapmamiza neden olur. Programda 11. Sinifta
0gretimi ongoriilen Titrasyon tekniginin 9. Simif ders kitabinda, Kromatografi, ayrimsal damitma, siizme,
ekstraksiyon tekniklerinin 6gretiminin ise 10. Smif Kimya ders kitabinda yapildigi goriilmektedir. 10.
Sinif Kimya ders kitabinda yer alan Maddeleri ayirma yontemleri (¢oktiirme, yiizdiirme, kristallendirme,

siiblimlesme ile ayirma) 6gretiminin ise Programda hedeflenmedigi goriilmektedir.

Ayrica 9. Sinif yeni 2018 Ogretim Programinda deneysel beceri dgretimine iliskin sadece 2
tane kazamim vardir: 9.1.4.3. Kimya laboratuvarinda kullanlan bazi temel malzemeleri tamir. 9.4.4.3. Saf
maddelerin hil degisim grafiklerini yorumlar. 9. siuf ders kitabinda (2018) ise kazanimlarla ilgili 2
deneysel etkinlik bulunmaktadir. Ik kazanim olan “Malzemeleri tanimaya” iliskin deneysel etkinlikler
verilmemis, bu kazanim icin sadece resimlerle gorsel tanitim yapilmistir. “Saf maddelerin hal degisim
grafiginin yorumlanmas:” kazanimina iliskin bir deneysel etkinlik verilmistir. Verilen bu iki deneysel

etkinlik ise “ispatlama tiirii” deneyler olup deneysel beceri 6gretimini icermemektedir.
Tartisma ve Sonug

Bu calismada; Fransa ve Tiirkiye'deki lise Kimya dersinin, Kimya bilimine 6zgii “deneysel
becerilerin” 6gretime bakisi incelenmistir. Kimyaya 6zgii deneysel beceriler kavrami; Kimyaya 6zgii
deneyleri kolaylikla ve ustalikla gerceklestirebilmek i¢in sahip olunmasi gereken, motor yetenekleri
de icerebilen her tiirlii beceriler olarak tanimlanabilir. Bu ¢alismada, Tiirkiye ve Fransa’da ortadgretim
Kimya dersine ait 6gretim programlarindaki ve ders kitaplarindaki kimyaya 6zgii deneysel beceriler

ti¢ kategori altinda gruplandirilmistir: Laboratuvar teknikleri, cam malzemeler ve aletler.

Laboratuvar teknikleri: Kimya laboratuvarinda siklikla basvurulan laboratuvar tekniklerini
uygulayabilme becerileri bu kategori altinda toplanmistir. Ornegin; “titrasyon yapabilme”, “cozelti

hazirlayabilme” becerisi gibi.

Cam malzemeler: Kimya deneylerinde cam malzemeler siklikla kullanilmaktadir. Bu
malzemelerin dogru bir sekilde kullamimi becerileri bu tema altinda gruplandirilmistir. Ornegin;

7

“pipet kullanabilme”, “ayirma hunisi kullanabilme” becerisi gibi.

Aletler: Kimya alanindaki deneylerde cam malzemelerin yaninda farkli aletler de siklikla
kullamilmaktadir. Bu aletlerin dogru bir sekilde kullanimi becerileri bu tema altinda toplanmuigtir.

érnegin; “1sitma cihaz1”, pH-metre, spektrofotometre, kalorimetre, manyetik karigtirict, kullanm gibi.

Bilissel ve psikomotor beceriler. Deneysel beceriler hem bilissel (zihinsel), hem de psikomotor
(manipiilatif veya fiziksel) diizeyden beceriler olabilir. Bir kimya deneyini yapabilmek icin “deneysel

stireci” bilmek gerekir ki, siireci biliyor olmak “bilissel” diizeyde deneysel becerilerdir. Bu deneyi
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yapabilmek i¢in ayn1 zamanda kimyaya ait tekniklerin yapilisinin, cam malzemelerin ve aletlerin
kullanimimin da bilinmesi gerektirir ki, bu beceriler de genellikle “psikomotor” diizeyde beceriler
olarak nitelendirilebilir. Bagka bir ifadeyle, bir isin (becerinin) nasil yapildigimin “bilmesi” ile, o isi
“uygulayabilme” arasinda fark vardir. flkinde yapilacak ise iliskin teorik bilgi sahibi olunmasi
(bilmesi) s6z konusu iken, ikincisinde nasil yapildigini “uygulayarak gosterebilme” s6z konusudur.
Ornegin; Titrasyon tekniginde, titrasyonun nasil yapildigini (teorik olarak) bilmek “biligsel” diizeyde
bir deneysel beceridir. Titrasyonu uygulayabilmek ise “psikomotor” diizeyde bir deneysel beceridir.
Bir deneysel beceriyi ifade edebilmek (bilmek), bilissel bir deneysel beceri iken, o beceriyi yapabilmek

psikomotor bir deneysel beceridir diyebiliriz.
Ogretim Programlarindaki Deneysel Becerilerin Karsilastirilmasi

Tablo 3'te de goriildiigli lizere; Fransiz lise kimya ders ogretim programinda ogretimi
hedeflenen deneysel becerilerin miktari, hem laboratuvar teknikleri kategorisinde, hem de aletler
kategorisinde Tiirkiye’dekinden daha fazladir. Ayrica Fransiz Kimya programinda deneysel beceriler,
diger becerilerden italik yazi stili ile ayrilmis, boylece deneysel becerilerin 6nemi vurgulanmistir. Tiirk
programinda ise; “genel amaglar” kisminda beceri 6gretimine dikkat ¢ekilse de, “igerik kazanimlar1”

kisminda Kimya’ya 6zgii deneysel becerilerin 6gretimine yeterince vurgu yapilmadig: sdylenebilir.
Ders Kitaplarinin Karsilastirilmasi

Bu calismada Kimya dersi 0gretim programinin yansimasi olan Kimya ders kitaplar1 analiz
edilmistir. Her iki iilkedeki programlarin ¢ok yeni olmasi ve dolayisiyla yeni programlara uygun
Kimya ders kitaplar1 heniiz iiretilmedigi i¢cin dnceki Programlara gore iiretilmis olan ders kitaplar1
analiz edilmistir. Bu analizlerin, yeni 6gretim programlarina gore hazirlanacak olan ders kitaplari i¢in

beceri 6gretimiyle ilgili perspektif sunacag: diistiniilmektedir.

Tiirk ders kitaplarinda, deneysel becerilerin Ogretimini hedefleyen deneysel etkinlikler
yetersizdir. Mevcut etkinliklerin ¢ok biiyiik bir kismi ise bilimsel veya deneysel siireclerin
Ogretiminden ziyade, kimyasal olgularin ispatlanmasini hedefleyen etkinliklerdir. Bu da deneysel
becerilerin dgretimine ve Ozellikle Kimya'ya 6zgii deneysel becerilerin Ogretimine yeterince yer
verilmedigi ¢ikarimini yapmamaiza yol agar. Bu etkinliklerin beceri 6gretimi yerine dzellikle kimyasal
olgularin 6gretimine yogunlagmis olmalari, bilimsel siire¢ becerilerinin gelistirilememesine neden

olabilir. Bu agidan bakildiginda Ders Programiyla ders kitaplarinin tutarsiz oldugu goriinmektedir.

Fransa’daki ders kitaplarinda onerilen deneysel etkinliklerin biiyiik cogunlugu deneysel
becerilerin 6gretimini hedefleyen etkinliklerdir. Dolayisiyla bu etkinliklerin ders programlarinin

bakisiyla tutarli olduklar: sdylenebilir.
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Deney tiirii. Tiirk lise kimya ders kitaplarinda onerilen deneysel etkinliklerin tiimiiniin kapal uglu ve
ispatlama tiirii deneysel etkinlikler oldugu goriilmektedir. Fransiz ders kitaplarindaki deneysel
becerileri 6gretimini hedefleyen etkinliklerin bir kismunin (%40) ise sorusturmaya dayali etkinlikler
olduklari goriilmektedir. Fransiz ders kitaplarinda 6nerilen deneysel etkinliklerin, Kimya Ogretim

Programinda Onerilen sorusturma temelli 6gretim yaklasimiyla tutarli oldugu soylenebilir.

Fransiz ders kitaplarinda bulunan etkinliklerde deneysel becerilerin 6gretimi yapilirken,
becerilerin ayrintili bir sekilde “alt-becerilere” (alt islemlere) boliinerek o6gretimi hedeflendigi
goriilmektedir. Ayrica bu ders kitaplarimin tiimiinde kimya laboratuvar: tekniklerinin yapilisini ve bu
tekniklerin yapilisinda kullanilan cam malzeme ve aletlerin kullanimini agiklayan “teknik fislere” yer

verilmigtir.

Deneysel becerilerin 6gretimi, daha onceki derslerde ogretilmis olup olmadiklarma bagh
olarak, deneysel etkinliklerde hedeflenmis veya hedeflenmemis olabilir. Kimyasal teknikler becerisi
veya alet kullanim1 becerisi gibi becerileri igeren bu deneysel beceriler daha lise oncesinde 6gretilmis
olabilir mi? Mesela “termometre kullanma” becerisi ortaokulda Ogretilmis olabilir mi? Veya “titrasyon
yapabilme” becerisinin 0gretimi lisede ilk defa m1 yapiliyor veya ortaokulda yapildi mi1? Bu konuda

daha ayrintili calismalar yapilabilir.

Fransa’da ortadgretim sonundaki Bakalorya Sinavlarnda bu becerilerin uygulamali olarak
Olciilityor olmasi, kimyaya 0zgii deneysel becerilerin 0gretimine verilen Onemi gostermektedir.
Uygulamal1 Bakalorya sinavinda, yukaridaki deneysel becerilere ilaveten “¢ozelti iceren kaplarin diizgiin
bir sekilde isaretlenmesi (cam kalemi veya etiket kullamlarak), siselerin kapaklarimin kapatilmasi, bankonun
diizenlenmesi, genel organizasyon, bankonun temizligi, cevreye sayg1” gibi “Organizasyon” kategorisindeki
becerilerin (bayram, 2010) oldugu goriilmektedir. Bu becerilerin 6gretiminin de ders kitaplarinda
oOnerilen deneysel etkinliklerde yer aldig1 goriilmektedir. Dolayisiyla Uygulamali Bakalorya Sinavinda
Olciilen deneysel beceriler ile Fransiz ders programlarinda ve ders kitaplarinda onerilen deneysel

becerilerin tutarli oldugu goriilmektedir.

Deneysel becerilerin eksikligi. Programlarda ve ders kitaplarinda deneysel becerilere yeterince yer
verilmemesi, 6gretmenlerin bu becerilerin 6gretimini yeterince dnemli gérmemesine neden olabilir.
Zaten deneysel becerilere yeterince sahip olmayan 6gretmenlerin, bu becerilerin 6gretimine pek istekli
olmayacaklar1 da agikardir. Okullarda laboratuvar imkaninin yeterli olmamasi, 6gretmenlerin bu
yetersizlikleri bahane ederek deneysel etkinlikler yapmamasina, dolayisiyla 6gretmenlerin zihninde
deneysel becerilerin 6gretiminin gerekli olmadig: diisiincesine yol agabilir. Ayrica Tiirkiye gibi lise
sonunda deneysel becerilerin dlgiilebilecegi uygulamali smavlarin olmadig1, ancak OSS, YGS, YKS,

TYT gibi teorik igerikli sinavlarin 6n planda oldugu iilkelerde, bu becerilerin 6gretimine ihtiyag
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olmadigr diisiincesi normal karsilanabilir. Hem merkezi sinavlarda, hem de derslerde deneysel
becerilerin 6l¢iilmemesi ve degerlendirmeye alinmamasi, bu becerilerin 6gretimini sekteye ugratacag:

diistintilmektedir.
Oneriler

Deneysel bir bilim olan Kimyanin dogru imaji (Kimyamn dogasi) ancak deneylerle
desteklenmis teorik derslerle, yani okulda deneysel becerilerin 6gretimi ile verilebilir. Kimyaya 6zgii
deneysel becerilerin Ogretimi, Ogrencinin dersin sonunda kazanmasi beklenen yeterlikler veya
hedefler olarak Kimya Dersi Ogretim Programlarinda agik¢a yer almalidir. Deneysel becerilerin
ogretimine iliskin hedef-davranislar belirlendikten sonra; “asamalilik” iligkisi yiiksek oldugundan
dolayr hedefler kendi iglerinde onkosul olma iliskilerine gore beceriler ve alt beceriler seklinde

siralanmalidir (Senemoglu, 2007).

Yeni iiretilecek Kimya ders kitaplari, deneysel becerilerin 6gretimini vurgulayan yeni 6gretim
programlarini da dikkate alarak, deneysel becerilerin 6gretimine yonelik etkinliklere daha fazla yer
vermelidir. Ogretmenlerin deneysel beceriler konusunda farkindaliklar1 arttirilmalidir. Ogretmenlerin
deneysel beceri Ogretimi yapabilmelerini saglayacak sekilde hizmet Oncesi ve hizmet i¢i egitimler
diizenlenmelidir. Diger yandan deneysel becerilerin O6gretimi merkezi simnavlarda yapilacak
yeniliklerle tesvik edilebilir. Ozellikle okullardaki kosullarin da es zamanli olarak iyilestirilmesiyle,
ogrencilerin merkezde oldugu sorusturmaya dayali etkinlikler (inquiry based activities) araciligiyla

deneysel beceriler 6gretimi yapilmalidir.
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Introduction

Experimental activities have an important role in chemistry teaching. While delivering
chemistry lessons in middle or high schools, generally theoretical information about the science of
chemistry is given to students. However, the science of chemistry is an experimental science. In
chemistry, theoretical information is tested with experiments and thus either supported or refuted
(Popper, 2003). Through experiments, new information of chemistry is produced. Experiments and
theories are intertwined. Experiments are a sine qua non of chemistry and an integral part of
chemistry education. Therefore, for effective chemistry education, it is necessary to carry out
chemistry experiments besides teaching theoretical knowledge (Hofstein and Lunetta, 1982). In order
for students to conduct chemistry experiments, it is necessary to develop their experimental skills.
The purpose of the current study is to investigate how the teaching of the chemistry-specific
experimental skills is approached in the chemistry curriculums implemented and textbooks used in

Turkey and Frances.
Competence, Skill and Experimental Skill

When the literature was reviewed, no definition of “experimental skills” and “chemistry-
specific experimental skills” was found. In this section, information found in the literature related to
basic concepts that will help us come up with a definition of chemistry-specific experimental skills
will be shared. Before defining “experimental skill” in order to determine chemistry-specific
experimental skills, we need to define what a skill is. In different resources, the term skill is defined as

follows:

Skill is the ability of a person to do a job easily and skilfully by making the required physical
or intellectual effort (TDK, 2019). In the Vocational Education Glossary (2005), skill is defined as the
“mastery required to perform a task or job” and “the ability of the person to accomplish a job and to
conclude a process in accordance with the purpose depending on the predisposition and learning”. In
the same glossary, the term talent is also defined as follows: “It is the capacity to perform a physical or
mental activity, with or without prior education and training”. Thus, skill can be defined as “the
completion of a task in line with its purpose by making physical or intellectual efforts”. According to
the definition given by the French Ministry of National Education (2010), competence is defined as
“the skill of activating and using knowledge, abilities (capabilities) and attitudes in order to achieve a
complex goal and making use of them in new situations”. In other words, it refers to the use of skills

gained by an individual in different situations.

Classification of knowledge. During experiments, the use of different types of knowledge is needed

(Bayram, 2012). Identifying the types of knowledge activated during the experimental activities in the
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school and evaluating the experimental skills within the framework of these types of knowledge will
contribute to the identification of experimental skills. Knowledge has been classified by researchers in
different fields in different ways. Malglaive (1990) divided knowledge into four categories: Theoretical
knowledge, procedural knowledge, practical knowledge and skills. Here it is seen that on the basis of
two classification criteria being theory and practice, the classification was performed. According to the
author, theoretical knowledge is defined as the knowledge that can be expressed as laws, axiomized
concepts and the knowledge that can be conceptually expressed. Procedural knowledge refers to
rational knowledge built on the formal operations of thought. Practical knowledge refers to pragmatic
knowledge constructed within actions (activities) depending on processes. Skills have a broad scope
ranging from the level of learning that starts with trials to the formation of habits (i.e. internalized
processes) and to expertise. Le Boterf (1994); on the basis of Malglaive’s work, divided knowledge into
two groups as theoretical knowledge and procedural knowledge while divided skills into three
groups as procedural skills, experimental skills and social skills. Procedural skills refer to the type of
knowledge that is not extrinsically possessed, that cannot be reached through the introspection

method and that is unconsciously used. Here, the way to the outcome is automatized (Bayram, 2012).

Barbier (1996), on the other hand, initially classified knowledge as theoretical and action
knowledge. According to him, theoretical knowledge is like disciplinary knowledge. Action
knowledge on the other hand refers to knowledge in practice. Theoretical knowledge plays a role in
the emergence of new action knowledge and action knowledge contributes to the formation of new
theoretical knowledge. In this way, these types of knowledge feed each other. The author also draws
attention to the ambiguity of the meaning expressed by the word “knowledge”: Knowledge is
sometimes what is expressed, propositions, and sometimes “an identical component” integrated into
one's self. The term knowledge is sometimes transmissible and conveyable like a technical procedure,
used to name “individuals’ external reality”; on the contrary, it is sometimes used to name “a reality
that is indistinguishable from individuals” such as a skill, for example. The author also proposed
another division of knowledge in which there is “embodied knowledge” (culture, rules and values
that can be protected, transmitted and arrogated to oneself) on the one hand and “imprisoned
knowledge” (abilities, knowledge, skills, professionalism that cannot be separated from a personal or
common factor). As a result, the author divided knowledge types into two: “knowledge” and “skill”
and also likened skills to traditional practical skills, hidden knowledge, experiential knowledge,

informal knowledge and competences gained within an action and through action.

Anderson and Krathwohl (2001, cited by Senemoglu, 2007) use four categories to define the
dimensions of knowledge: phenomenal knowledge, conceptual knowledge, procedural knowledge

and metacognitive knowledge. Li and Shavelson (2001) used a similar framework to classify
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knowledge: declarative knowledge (knowing what), procedural knowledge (knowing how),
schematic knowledge (knowing why) and strategic knowledge (knowing when, where and how
knowledge will be applied). According to Klausmeier (1985), motor ability is the muscle movement or
process involving one or more organs of the body. For example, characteristics such as finger
movement, body flexibility, arm and leg strength are motor abilities. Some of these characteristics are
the product of the individual's internal structures, that is, the characteristics inherited. Some are the

outcomes of learning.

As a result, it can be said that types of knowledge are divided into two general categories as
“knowledge” and “skills”. Skills in general can be likened to traditional practical skills, hidden
knowledge, experiential knowledge, informal knowledge and competences gained within an action
and through action. When all these definitions are taken into consideration, skill can be defined as
follows. Skill is the ability of an individual to active the resources possessed (knowledge, capacity and
attitudes) to achieve a goal (to reach the target) and to make use of them in new situations.
Experimental skill can be defined as any skill that should be possessed to be able to conduct

experiments specific to empirical sciences easily and skilfully.

Chemistry-specific experimental skills. Given the delineations above, chemistry-specific
experimental skills can be defined as follows: All skills that should be possessed to conduct chemistry-
specific experiments easily and skilfully, including motor abilities. The following can be given as
examples to these skills: easily applying chemistry laboratory techniques, easily using glass materials
frequently used in chemistry experiments, being able to use laboratory tools and equipments in a suitable
manner etc. It can be maintained that the teaching of some chemistry-specific experimental skills can be

carried out only during experiments.
Objectives and Domains of Objectives in Chemistry Education

Objective refers to characteristics considered to be suitable for inculcation in individuals
through education (Demirel, 2003; Ertiirk, 1975). Since the objectives are not consisted of a single
observable, measurable behaviour, they are inadequate to guide the organization of teaching and
assessment activities. The objectives to be determined in education should be observable and
measurable. Objectives can be classified into three domains in general (Senemoglu, 2007): (i) Cognitive
Domain: Bloom et al. Cognitive Domain Taxonomy, (ii) Affective Domain: Krathwohl, Bloom, Masia’s
Affective Domain Taxonomy, (iii) Psychomotor Domain: Harrow, Simpson and Cangelosi’s

Psychomotor Domain Taxonomies.

In the educational environment, it is not easy to make a clear-cut distinction between these

domains, but the objective can be placed in one of these domains depending on the dominant feature
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of the objective. Therefore, it is more likely that the experimental skills specific to chemistry which are
addressed in the current study are seen as objectives in the psychomotor domain due to their

characteristics.

Objectives that differ in their teaching-learning and measurement characteristics are grouped
under three domains (Senemoglu, 2007). These domains are; a) cognitive b) psychomotor and c)
affective domains. Psychomotor objectives include characteristics related to activities requiring brain-
muscle coordination. When the objectives in chemistry teaching are considered, it is seen that besides
cognitive and affective objectives, there are also psychomotor objectives including experimental skills

specific to chemistry.

Psychomotor Domain Taxonomies. Harrow (1972, cited by Senemoglu, 2007) divided psychomotor
skills into six levels: Reflex movements, Fundamental movements, Perceptual, Physical activities, Skilled
movements, Non-discursive communication. However, this taxonomy has some limitations in guiding the
setting of psychomotor objectives in education. For example, education is not concerned with reflex
behaviours, but with behaviours that can be acquired through learning. This taxonomy can be used to

identify objectives that may be appropriate for pre-school and primary school children.

According to Cangelosi (1990, cited by Senemoglu, 2007), psychomotor domain is related to
either 1) the capacities of voluntary muscles that require stamina, strength, flexibility, and agility (for
example, high jump) or 2) the ability of exhibiting a certain skill (for example, driving, sewing). In
both cases, when observable steps (process steps) necessary for performing psychomotor skills are
written step by step one under the other, both steps leading to teaching of them and appropriate
criteria for measurement and evaluation of them have been determined. Therefore, clear expression of
the skill-building steps as observable entities is an important tool both in the regulation and
measurement of educational situations. We can say that the experimental skills in chemistry tried to
be presented in the current study are from the skills related to “the ability of exhibiting a certain skill”
defined by Cangelosi as the second psychomotor domain. For example, actions involved in titration

and the operations involved in these actions can be written as follows:
Task: Performing titration
Actions:

1. Getting the burette.

2. Filling it with solution.

3. Determining the Equivalence Point.
4. Etc

Operations of the first action: Getting the burette
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1. Selecting the suitable burette.

2. Checking whether the burette is clean or not.

3. Etc

The first step in the planning of instruction is the determination of teaching objectives. In the
current study, the place of experimental skills in the competencies or objectives that students are

expected to gain at the end of high school chemistry courses will be investigated.
Related literature

In this section, research having conducted on skill training / development in the field of
chemistry education and information about the evaluation of experimental skills at the end of the
secondary education in France and Turkey are discussed. When national and international studies on
skills teaching / development in the field of chemistry education are examined, it is seen that although
there is a large amount of research conducted on scientific process skills (SPS) (Abungu, Okere and
Wachanga, 2014; Feyzioglu, 2009; Koray, Bahadir & Geckin, 2007; Morgil, 2007), there is a paucity of
research focusing on the teaching / development of experimental skills in secondary education
(Hofstein, 2004; Reid and Shah, 2007). In this small amount of research, the experimental skills
investigated are general experimental skills belonging to empirical sciences rather than chemistry-

specific experimental skills.

It is seen that experimental activities in chemistry education are carried out for different
purposes (Hofstein and Lunetta, 1982; Hofstein and Mamlok-Naaman, 2007; Lunetta et al., 2007): to
test a hypothesis, to demonstrate / prove a chemical phenomenon to the student (concept teaching), to
teach scientific and experimental methods (mental experimental skills), to teach laboratory techniques
(psychomotor experimental skill), to teach the use of tools and equipments needed for experiments
(psychomotor experimental skill) etc. In their study, Hofstein and Lunetta (1982) stated that the

assessment of the practical skills is one of the neglected areas of science teaching.

One of the ways to determine the experimental skills aimed to be imparted to students at the
end of high school is to examine the experimental skills that are evaluated and measured in the central
exams held at the end of secondary education. Although applied evaluation and measurement of
experimental skills are carried out at the end of the secondary education in France, there are no

applications conducted to evaluate experimental skills in Turkey.

Experimental skills in the applied Baccalaureate exam in France. Theoretical and practical
(experimental) Baccalaureate Exams are held for the chemistry course in France at the end of
secondary education. In a study examining the experimental skills in the Applied Chemistry

Baccalaureate Exams in France (Bayram, 2010), the experimental skills measured in the applied exams

357



KEFAD Volume 21, Issue 1, April, 2020

were grouped under four categories: Laboratory techniques, glass materials, tools and organization.
The experimental skills that are assessed and measured under each category are as follows: Skills
assessed in the category “Chemical techniques”: Titration, weighing, dilution, chromatography,
heating, filtration, oxygen test, soda (NaOH) solution preparation, (soap) drying. Skills assessed in the
category “Glass materials”: Pipette, flask, burette, graduated cylinder, separator funnel, test tube,
beaker. Skills assessed in the category “Tools”: pH-meter, spectrophotometer, electrolyser, magnetic
stirrer, molecular models. Skills assessed in the category “Organisation”: Proper marking of
containers containing solution (using glass pen or label), capping bottles, arranging the counter,

general organization, cleaning the counter, respecting the environment.

The purpose of the current study is to determine the place of the teaching of chemistry-
specific experimental skills in chemistry curriculums and textbooks in the secondary education of
Turkey and France; to determine chemistry-specific experimental skills aimed to be taught until the

end of high school. To this end, answers to the following questions were sought.

e Which experimental skills are proposed for teaching in French high school chemistry curriculums

and textbooks?

e Which experimental skills are proposed for teaching in Turkish high school chemistry curriculums

and textbooks?

e  What are the differences and similarities between the experimental skills proposed for teaching in

French and Turkish high school chemistry curriculums and textbooks?
Method

In this section, documents used to determine the experimental skills aimed to be imparted to
students until the end of secondary education and information about the analysis of these documents

are given.
Sample

The following documents were examined to determine the experimental skills aimed to be
imparted to students within the chemistry course until the end of secondary education in Turkey and

France:
i- High school course curriculums (France, 2010, 2011 and 2019 and Turkey, 2013, 2017 and 2018).

ii- High school textbooks (French and Turkish). While selecting the chemistry textbooks to be
analyzed, a great care was taken to select the ones most preferred in both of the countries. In this

regard, the series of textbooks published by Hachette Education publishing house and which are the
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most preferred chemistry textbooks in France were selected. All the books in the series were prepared
by the same team (Collection Dulaurans Drupthy). In Turkey on the other hand, the textbooks

published by the Ministry of National Education and distributed to all schools were selected.
Data Analysis

In the analysis of the selected chemistry textbooks, the content analysis method (Yildirim and
Simsek, 2011) was used. The documents were coded by two researchers separately. The codes were
compared and they were found to be in compliance with each other to a large extent. Some discussion

was conducted on different codes and thus their final forms were given.
Findings

In this section, the results of the analysis of the chemistry curriculums and textbooks of the
two countries will be presented separately and then the results of the comparisons made between the

chemistry curriculums and textbooks of each country will be explained.
Experimental Skills in High School Curriculums

The high school chemistry curriculums in France and Turkey consist of two parts being
“general objectives” and “content gains”. In the “General objectives” part, information is given about
the philosophy and general approaches of the curriculum. While analysing this part, the statements
regarding the teaching of experimental skills in the approach adopted by the curriculum were
attempted to be detected. In the “Content gains” part, there are gains students are expected to fulfil in
the units. As for the gains listed in this part of the curriculum, the gains related to experimental skills

and their teaching were attempted to be detected.

Chemistry curriculums in French high schools. In France, the disciplines of Physics and Chemistry
are taught in a single course called the Physics-Chemistry Course for 3 years of secondary education.
In the new secondary education system, which will take effect in 2019 academic year, Chemistry
classes will be taught within a single course called Physics-Chemistry course in the 1st and 2 grades
of high school yet will be taught under the name of “more specific courses” in the 3t grade of high

school (such as Creativity in Design and Art Professions).

In the general objectives part of the French High School Physics-Chemistry Course
Curriculum (2010, 2011 and updated in 2017), it is stated that the curriculum includes competence-
based teaching (enseignement par compétence). In the introduction part of the curriculum, the
importance of the experimental approach is strongly emphasized by making explanations about the

application of the curriculum under the titles of “scientific process” and “experimental approach”.
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In the content gains part of the curriculum, the gains (knowledge and skills) aimed to be
imparted to students are given in tables consisted of two parts. In the first part of the tables, the
scientific concepts aimed to be taught in the curriculum under the title of “concepts and content”
(notions et contenus) are given. In the second part of the same table, knowledge and skills to be
activated and attitudes to be acquired are presented under the title of “targeted competences”
(compétences attendues). In this second part, some competences are shown in ifalics and it is stated
that these competences include skills of experimental nature. While the curriculum was being
analyzed, a special emphasis was put on these competences written in italics; thus, it was aimed to

understand what is meant by “experimental skills” in the French curriculum.

A list of all the skills presented in italics in the “targeted competences” section of the second
part of the tables given in the French curriculum was created. These skills seem to be two-part and
two-level skills: “cognitive/mental” skills requiring mental effort and “psychomotor/manipulative”
skills requiring hand skills. For example, with the skill defined as “Being able to apply an experimental
process for performing chromatography” in the French curriculum, the student is expected to display both
the skill of “being able to apply the chromatography”, which is an experimental skill specific to
chemistry at the psychomotor level (1st part) and the skill of “being able to conduct an experimental

process” at the cognitive level requiring to know how to conduct an experimental process (24 part).

The 1t part of the skills written in italics is as follows: being able to determine the concentration of
substances, to make extraction, to perform thin layer chromatography, to identify ions, to synthesize and identify
a molecule, to prepare solution, to use a separator funnel, to use a filtration device, to use a heater. Some of
these skills are chemistry-specific laboratory techniques skills (determination of concentration,
performing extraction, chromatography, identification of ions, preparation of solutions), some of them
are the skills needed to use the tools required during these techniques (being able to use the separator
funnel, filtering mechanism and heater). It can also be said that all of these skills are psychomotor

skills requiring hand skills.

The 2nd part of the skills written in italics in the curriculum is as follows: “being able to design
and use an experiment sheet”, “being able to conduct an experimental process to ......”, “being able to conduct
and interpret an experiment”, “being able to safely use a tool”. These skills are not only experimental skills
specific to chemistry; they also include scientific process skills at the cognitive level applicable to all
empirical sciences. One of these skills, “being able to safely use a tool” may not be seen as a skill at the
psychomotor level at first. We can accept a skill involving the use of a tool as a psychomotor skill. For

example, “being able to safely use a tool” is a cognitive skill; “being able to safely use a separator funnel” is a

psychomotor skill.



Bayram, Z.

These skills constituting the 2nd part of the experimental skills written in italics in the
curriculum are in compliance with the teaching approach of the curriculum including “competence-
based teaching”. It is aimed to accomplish the teaching of chemistry-specific laboratory techniques
(extraction, chromatography, preparing solution, etc.), of the skills needed to use tools and equipments
(separator funmnel, filtering mechanism, heater) by designing and using an experiment sheet, by

conducting an experimental process or by interpreting the experiment.

It is stated that the Physics-Chemistry Curriculum in the new secondary education system,
which will take effect in 2019-2020 academic year, includes “competence-based teaching”
(enseignement par compétence) and a “Competences Table” illustrating the competences is given.
There are five competences (ownership, analysis / reasoning, realization, validation and presentation)
in this table which includes the competences in the Scientific Process, and examples of “capacity” are

given for each competence.

As a result, the French High School Physics-Chemistry Curriculum is a curriculum that
includes competence-based teaching. In the curriculum, special headings are assigned for “scientific
process” and “experimental approach” and the teaching of chemistry-specific experimental skills is

suggested during the teaching of scientific processes.

Chemistry curriculums in Turkish High Schools. The high school chemistry curriculum in Turkey
consists of two parts being “general objectives” and “content gains”, too. When the general objectives
part of the 2013 curriculum are examined, the following statements are seen in relation to skill
teaching: “Chemistry literature students; Gain the skills of the science of chemistry” (p.1 and p.23). In
the Basic Level Chemistry Curriculum, a table in which skills aimed to be taught is given (Skills Table,
2013, p.2). When this table is examined, it is seen that the students covering this curriculum are
expected to master skills (objectives) grouped under 6 different themes (p.2). These themes are:
“Nature of science”, “understanding scientific knowledge”, “skills”, “science, technology, society,

”voou v

environment and economy”, “attitudes and values”, “psychomotor skills”.

From among these themes, only within the themes of “skills” and “psychomotor skills”, skills
that might be related to experimental skills are given. The theme of “Skills” is divided into two sub-
themes called “Scientific Process Skills” and “Life Skills”. The sub-theme of “Scientific Process Skills”
is also divided into three themes that are “Basic process skills”, “Causal process skills” and

“Experimental process skills”.

The objectives belonging to the sub-theme of “Scientific process skills” are: 4. Formulate a
hypothesis; design an experiment to support or refute his/her hypothesis. 5. Collect data by conducting an

experiment; make inferences by processing these data; make interpretations and reach generalizations. The 4t
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and 5t skills (objectives) belonging to the sub-theme of “Scientific process skills” are related to the
teaching of experimental skills. These skills are general skills applicable to empirical sciences in
general at the cognitive level and it is seen that no emphasis is put on chemistry-specific experimental

skills such as “being able to use laboratory techniques and tools”.

In one of the chemistry literacy themes; the theme of psychomotor skills, the skill of “using
tools” in chemistry experiments, which is an experimental skill, is emphasized, yet, no emphasis is put
on experimental skills related to the teaching of chemistry laboratory techniques: 1. Use tools, devices
and equipments required for observations, experiments and chemical production. 2. Gain the skill of conducting

an experiment.

In the 2017 and updated 2018 curriculums, it is stated that “the curriculum is prepared with
the aim of imparting values and skills to students” and it is also stated that “these objectives and
explanations that determine their limits are prepared with a perspective that provides integrity in the
values, skills and competences to be taught at different class and educational levels” (p.4). The
following statements are found in the “Objectives of Curriculums” section of the 2018 curriculum
(p-4): 4. Make students having completed their high school education individuals who have gained
basic level skills and competences stated in the Turkish Competences Framework and in discipline-
specific domains and who are ready for a profession, higher education and life on the basis of their
interests and capabilities. Under the heading of Competences of the curriculum (s.6), following
statements are given: Our education system aims to educate individuals having knowledge, skills and
behaviours leading to the development of competences. Competences needed by students in their
personal, academic, social and business life at both the national and international levels are identified
in the Turkish Competences Framework. In this framework, eight key competences are defined and
the 34 competence called “Mathematical competence and basic competences in science / technology”
is defined as follows: “Competence in science refers to the presence of knowledge and the ability and
desire to use methodology to explain the natural world in order to identify questions and produce
evidence-based results. Competence in technology is seen as the application of knowledge and
methodology to meet the perceived human desires and needs. Competence in science and technology
covers the power of understanding the changes arising from human activities and the individual’s

responsibilities as a citizen.

There is much less emphasis on “the teaching of experimental skills” in the General objectives
part of the 2017 Chemistry Curriculum compared to the 2013 curriculum. In the curriculums,
knowledge and skills are mentioned, but none of the skills emphasize the teaching of chemistry-

specific experimental skills. In the measurement and evaluation approach section (2018, p.12),
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knowledge and skills are mentioned, but none of them refers to the assessment of chemistry-specific

experimental skills.

In the content gains part of the Turkish High School Chemistry Curriculum (2013), reference is
made to 3 skills (11.4.3, 11.4.7 and 11.6.13) only in the 11% grade in relation to the teaching of
experimental skills: “prepare solution”, “perform crystallization and paper chromatography” and “determine
concentrations through titration”. Although emphasized in the general objectives section of the 2013
Curriculum, “the teaching of experimental skills” is only emphasized only in the content gains of the
11t grade, which can be seen as an inconsistency between the general objectives and content gains. In
the content gains part of the updated 2018 Curriculum, it is seen that there are more experimental
skills compared to the 2013 Curriculum and that these skills are distributed across the four grades of

the high school curriculum. This can be seen as an improvement. This improvement must be reflected

into new textbooks.
Experimental Activities in Textbooks

Textbooks are educational materials which are prepared by considering the curriculum. In
order to determine the experimental skills in the textbooks which are the reflection of the Chemistry
Curriculum, all the activities presented in the textbooks were analyzed. It is seen that some of the
activities in the textbooks are experimental activities and some of them are non-experimental activities
such as pencil-paper activities. In the current study, only experimental activities were analyzed based
on the idea that teaching of experimental skills can only be done during the implementation of

experimental activities.

Aim of the experiment. It is seen that the experimental activities in the textbooks examined are
designed for different purposes: proving chemical phenomena, making conceptual learning possible,
teaching experimental skills etc. For this reason, activities aimed at teaching experimental skills were
particularly sought while examining the activities suggested in the textbooks. In the experimental
activities in the textbooks examined, the aims of the experiment were coded as follows: i-testing a
hypothesis (Hip), ii-proving a phenomenon (Isp), iii-teaching a scientific/experimental method (Y&n),

iv-teaching laboratory techniques (Tek) (Table 1).

Type of the experiment. It is seen that for some experimental activities in the textbooks, the
experimental procedure to be followed is given by the textbook while in some other experimental
activities, students are expected to find out how to conduct the experiment. The experimental
activities in which each stage of the experiment is given to students and the students are expected to
perform them were coded as closed-ended experiments (DK). In some experimental activities,

students are asked to form an experiment sheet for the given purposes and to make comments on the
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experiment conducted on the basis of this sheet with the permission of the teacher. Such activities
were coded as inquiry type (DS) experiments (Table 1). In such activities, the materials to be used in

the experiment are sometimes given to students and sometimes not.

Table 1: Categories and codes used in the analysis of the documents

Aim of the Experiment Type of the Experiment
Hip Testing a hypothesis DK  Closed-ended
[sp  Proving DS  Inquiry

Yon Teaching a scientific/experimental method
Tek Teaching laboratory techniques

The analysis results of the experimental activities proposed in the French and Turkish

textbooks are given in Table 2.

Table 2: Aim of the experimental activities proposed in the textbooks and type of the experiment

France Turkey
Gradel Grade2 Grade3 | Gradel Grade2 Grade3 Grade4
The Number of Experimental activities 18 16 23 14 24 7 0
Aimofthe Hip Testing a hypothesis 4 2 0 0 0 0 0
experiment Isp  Proving 1 0 2 8 11 4 0
Teaching a
Yon scientific/experimental 2 5 9 5 8 0 0
method
Teaching laboratory 11 9 12 1 5 3 0
Tek .
techniques
Type of the DK Closed-ended 7 11 19 14 24 7 0
experiment DS  Inquiry 11 5 4 0 0 0 0

The number of experimental activities. In the French textbooks, it is seen that the units usually start
with experimental activities. A total of 57 activities are recommended in the French Chemistry
textbooks. All of these activities are experimental activities. The number of activities recommended in
the Turkish textbooks is 52. Seven of them are paper-pen activities. All of these paper-pencil activities
are suggested in the High School 1st Grade textbook. The number of the experimental activities
suggested in the Turkish textbooks is 45. (In Table 2, only the number of “experimental activities” is
given). Only 7 of these 45 experimental activities (15.5%) are suggested in the textbook for the 3rd
grade. However, in the content gains section of the 2013 Curriculum, all of the gains related to the
teaching of experimental skills (100%) are included only in the 3¢ grade of high school. It is seen that
while no gain related to the teaching of experimental skills is included in the 1st and 2rd grades of the
2013 high school curriculum, in the new high school curriculum, of all the 45 experimental activities,

38 are presented in the high school 1st and 2rd grade textbooks (84.5% of all the experimental
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activities). On the other hand, there is no experimental activity proposed in the textbook for the 4t
grade of high school. This can be seen as an inconsistency between Turkish curriculums and
textbooks. The distribution of the experimental activities proposed in the French textbooks across the
grade levels is more homogenous than that of the experimental activities proposed in the Turkish

textbooks.

Aim of the experiment. While 56% (32 out of 57) of the experimental activities in the French textbooks
were found to be aiming at the teaching of laboratory techniques, only 20% (9 out of 45) of the
experimental activities in the Turkish textbooks were found to be directed to the teaching of
laboratory techniques. On the other hand, while most of the experimental activities proposed in the
Turkish textbooks are directed to proving, only 3 of the experimental activities in the French textbooks

(5.3%) are directed to proving.

Type of the experiment. Of the total 57 activities proposed in the French textbooks, 20 (35%) are
inquiry-type activities. In these activities coded as inquiry type (DS), students are sometimes given
and sometimes not given the materials to be used in the experiment and they are asked to form the
experiment sheet for the given purposes first, and then to make comments by conducting the
experiment on the basis of the experiment sheet with the permission of the teacher. When the Turkish
Chemistry textbooks are examined, it is seen that the selection of the materials to be used in the
experiments, the construction stages of the experiment and all the comments that should be made
after the experiment are given by the textbook. Such experiments in which each stage of the
experiment is given to students in the book and the students are expected to perform them can be

described as closed-ended experiments (DK).
Experimental Skills in the Curriculums and Textbooks

The experimental skills in the documents (curriculums and textbooks) were coded and these
coded skills were grouped under three categories (Tables 3, 4, 5): Laboratory techniques, glass

materials, tools.

* Laboratory techniques: The skills required to apply laboratory techniques widely employed in a
chemistry laboratory were gathered in this category. For instance, “titration performing skill” and

“solution preparing skill”.

* Glass materials: In chemistry experiments, glass materials are commonly used. The skills required
for the proper use of these materials were gathered in this category. For instance, “using pipette”,

“using separator funnel” skills.
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Tools: In chemistry experiments, different tools are frequently used in addition to glass materials.
The skills required for the proper use of these tools were gathered under this theme. For example,

“using heater, pH-metre, spectrophotometer, calorimeter, magnetic mixer”.

The following tables (Tables 3, 4, 5) provide a list of experimental skills that are taken into

consideration in the analysis of documents. In the table, the skills marked with the black dot (e)

indicate the experimental skills in the content part of the Curriculum and the skills indicated with the

white diamond (0) indicate the experimental skills in the textbooks.

Experimental skills in the category of laboratory techniques. Table 3 lists the experimental skills

grouped in the category of laboratory techniques and their level of being seen in the documents.

Table 3: Experimental skills in the category of laboratory techniques

® (Black dot): Skill seen in the curriculum. O (White diamond): Skill seen in the textbook

Laboratory Techniques

Gradel Grade2 Grade3

France

Turkey
Gradel Grade2 Grade3 Grade4

10

11

Being able to identify ions
Being able to determine the
concentration of a matter
Being able to prepare solution
Being able to dilute solution
Being able to perform a thin
layer chromatography
Being able to suck a certain
amount of a chemical matter
Being able to perform titration
Colorimetric titration
Titration with a pH-metre
Titration with a
conductivity meter
Being able to perform
differential distillation
Being able to filter
Filtering with water jet
pump
Filtering with Biichner
Being able to set a filtering
mechanism
Extraction
Extraction (sucking with the
separator funnel)
Methods of separating
substances
Decantation (settling-
pouring)
Separating with
sedimentation
Separating with floating

1
1

o
(1
(1

(1

(1

(1

1

(1%
(1%
(1%

(1%

(1%

(1

o
¢ o0
0 O °
0
O °
0 °
0
0



Bayram, Z.

Separating by using the
difference of solubility
Separating with
crystallization 0

S OO

Separating with sublimation
12 Drying (drying on a piece of
paper absorbing water) 0

As can be seen in Table 3, the skills related to the common laboratory techniques which are
intended to be taught in both of the countries are: Being able to prepare solution, being able to perform
chromatography, being able to perform colorimetric titration, being able to perform differential distillation, being
able to perform extraction, being able to filter. In the Turkish curriculum, in addition to these skills,

methods of separating substances (sedimentation, floating, crystallization, sublimation) are also suggested.

In addition to the above-mentioned common skills, the French curriculum also suggests
teaching the following skills regarding laboratory techniques: Being able to perform spectrophotometric
titration (Adjusting the spectrophotometer), being able to perform titration with a pH-metre (adjusting the pH-
metre), being able to perform titration with a conductivity meter (adjusting the conductivity meter), being able
to identify ions, being able to determine the concentration of a matter, being able to dilute solution, being able to
suck a certain amount of a chemical matter, being able to filter by using a water jet pump, filtering with
Biichner. As can be seen here, the number of the experimental skills aimed to be taught in the French
high school chemistry curriculum is higher than that of those in the Turkish high school chemistry

curriculum in both the category of laboratory techniques and the category of tools.

On the other hand, it is seen that only 5 of the experimental skills that fall into the category of
laboratory techniques in Table 3 are suggested in the content gains of the 34 grade curriculum of high
school in Turkey. The teaching of 4 of these 5 experimental skills suggested in the 3 grade curriculum
of high school is included in the experimental activities in the high school 1st grade and 2nd grade
textbooks. Thus, it can be said that there is an inconsistency. The experimental skills proposed in the
French curriculum are generally consistently involved in the activities in the same grade-level

textbooks.

Experimental skills in the category of glass materials and tools. The list of the experimental skills
grouped under the category of “glass materials” and their level of being seen in the documents are
given in Table 4 and the list of the experimental skills grouped under the category of “tools” and their
level of being seen in the documents are given in Table 5. According to both tables, it is seen that the
experimental skills that fall into the categories of glass materials and tools are not included in the

Chemistry curricula (especially in the content gains part) of both countries. The reason for this may be
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the following: Teaching the use of glass materials and tools is often addressed in the teaching of
laboratory techniques. While a laboratory technique is being taught, it can be assumed that the
teaching of the use of glass materials and tools required in that technique has also been accomplished
within the process. Therefore, experimental skills in these two categories are not mentioned separately

in the curriculums (except for the separator funnel and heater in the French curriculum).

According to Table 4, it is seen that the teaching of the use of similar glass materials is planned

in the textbooks in both countries.

Table 4: Experimental skills in the category of glass materials
® (Black dot): Skill seen in the curriculum. O (White diamond): Skill seen in the textbook

Glass materials France Turkey
Gradel Grade2 Grade3 | Gradel Grade2 Grade3 Grade4

1  Separator funnel LY 0 0

2 Pipette 0 0 0

3  Volumetric flask ¢ ¢ ¢

4 Burette ¢ ¢ ¢

5  Condenser ¢

6  Graduated cylinder 0 0 0

7  Funnel ¢ ¢

As can be seen in Table 5, the number of the experimental skills in the category of glass
materials in the French textbooks is higher than that of the experimental skills in the same category in
the Turkish textbooks. In other words, in the French textbooks, teaching the use of more glass

materials is intended.

Table 5: Experimental skills in the category of tools
o (Black point): Skill seen in the curriculum. ¢ (White diamond): Skill seen in the textbook

Tools France Turkey
Gradel Grade2 Grade3 | Gradel Grade2 Grade3 Grade4
1  Heater )
Balloon heater 0
Bunsen burner 0
2 Water jet pump 0
Biichner filter 0
3 Magnetic mixer 0 0
4  Adjusting pH-metre 0
5 Adjusting 0 0
spectrophotometer
6  Adjusting conductivity 0
meter
7 Calorimeter 0
8  Pendant switch (pipeteur) 0 0
9  Microwave oven 0
Drying oven 0
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10 Thermometer 0 0
11 Chronometer ¢
12 Scale 0 0 0 0 0

Technical cards. At the end of all of the French Chemistry textbooks are given Technical Cards that
describe in detail the use of laboratory techniques, glass materials and tools. In these cards, how to
perform experimental skills, such as making thin layer chromatography or the use of a separator
funnel, is explained in detail by drawings and pictures. In the experimental activities in the textbooks,
regular referral is made to these cards in order to remind again how the experimental skills to be used

should be demonstrated.

Consistency between the High School Chemistry Curriculums and Textbooks

Comparison of the French high school chemistry curriculum and textbooks. When the experimental
skills planned to be taught in the French curriculum and textbooks were compared (Table 3), the
following results were obtained: It is seen that all of the experimental skills targeted in the curriculum
are reflected in the activities in the textbooks. In addition, technical cards are given for the teaching of
the experimental skills planned to be taught in the textbooks. Of the activities proposed in the French
textbooks, 40% are inquiry-based activities. Therefore, it can be said that there is a consistency
between the French curriculum adopting the inquiry-based approach and the textbooks in terms of

experimental skills.

Comparison of the Turkish high school chemistry curriculum and textbooks. When the Turkish
high school chemistry curriculum and textbooks are compared in terms of the viewpoints they
adopted towards the teaching of chemistry-specific experimental skills, we can see that not much
emphasis is put on the teaching of chemistry-specific experimental skills in the general objective of the
curriculum part, that they are only included in the 11t grade in the content gains part of the 2013
curriculum; thus, it can be argued that the Turkish High School Chemistry Curriculum does not attach
much importance to the teaching of chemistry-specific experimental skills. It is seen that the titration
technique that is planned to be taught in the 11t grade in the curriculum is taught in the 9* grade
chemistry textbook and the techniques of chromatography, differential distillation, filtering and
extraction that are planned to be taught in the 11t grade in the curriculum are taught in the 10 grade
chemistry textbook. The methods of separating substances (sedimentation, floating, crystallization,

sublimation) addressed in the 10 grade chemistry textbook are not included in the curriculum.

In addition, there are only two gains in the new 2018 9% Grade curriculum related to the
teaching of experimental skills: 9.1.4.3. Recognize some basic materials used in the chemistry laboratory.

9.4.4.3. Interpret pure substances” change of state graph. There are only 2 experimental activities related to
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the gains in the 9 grade textbook (2018). No experimental activity is given related to the first gain
“Recognize materials”, only visual presentation is provided for this gain with pictures. There is one
experimental activity given for the gain “Interpret pure substances’ change of state graph”. These two
activities are related to “proving-type” experiments and do not include the teaching of experimental

skills.
Discussion and Result

In the current study, the viewpoints adopted by the chemistry course in France and Turkey
towards the teaching of chemistry-specific experimental skills were investigated. The concept of
chemistry-specific experimental skills can be defined as any skill that may include motor abilities to be
possessed to conduct chemistry-specific experiments easily and skilfully. In the current study, the
chemistry-specific experimental skills in the Turkish and French chemistry curriculums and textbooks

were grouped into three categories: Laboratory techniques, glass materials and tools.

Laboratory techniques: The skills necessary to apply the laboratory techniques frequently
used in the chemistry laboratory were gathered under this category. For example, skills such as “being

Zamr

able to perform titration”, “being able to prepare solution”.

Glass materials: In chemistry experiments, glass materials are commonly used. The skills
required for the proper use of these materials were gathered in this category. For instance, skills such

Vi

as “using pipette”, “using separator funnel”.

Tools: In chemistry experiments, different tools are frequently used in addition to glass
materials. The skills required for the proper use of these tools were gathered under this theme. For

example, skills such as “using heater, pH-metre, spectrophotometer, calorimeter, magnetic mixer”.

Cognitive and psychomotor skills. Experimental skills can be both at the cognitive (mental) and
psychomotor (manipulative or physical) levels. In order to conduct a chemistry experiment, it is
necessary to know the experimental process and knowing the process is an experimental skill at the
cognitive level. In order to perform this experiment, it is also necessary to know how to use the
techniques of chemistry, glass materials and tools and these skills can be considered to be skills at the
psychomotor level. In other words, there is a difference between knowing how a job (skill) is
performed and being able to perform it. The first one involves having theoretical knowledge about the
work to be done while the second one involves demonstrating how to do it through application. For
example, in the titration technique, knowing (theoretically) how to do titration is an experimental skill
at the cognitive level. Performing titration is an experimental skill at the psychomotor level. Thus, we
can say that being able to express (know) an experimental skill refers to a cognitive skill, being able to

apply this skill refers to a psychomotor skill.
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Comparison of the Experimental Skills in the Curriculums

As can be seen in Table 3, the number of the experimental skills aimed to be taught in the
French high school chemistry curriculum is higher than that of those in the Turkish high school
chemistry curriculum in both the category of laboratory techniques and the category of tools. In
addition, the experimental skills in the French chemistry curriculum are separated from the other
skills with italic style, thus the importance of experimental skills is emphasized. In the Turkish
curriculum, although emphasis is put on skill teaching in the general objectives part, it can be said that
there is not enough emphasis on the teaching of experimental skills specific to chemistry in the content

gains part.
Comparison of the Textbooks

In the current study, the chemistry textbooks which are seen to be the reflection of the
curriculum were also analyzed. The textbooks produced according to the previous curriculums were
analyzed since the curriculums in both countries are very new and therefore the chemistry textbooks
that are suitable for the new curriculums have not yet been produced. These analyzes are thought to
provide a perspective on skills teaching for the textbooks to be prepared according to the new

curriculum.

In Turkish textbooks, experimental activities aimed at teaching experimental skills are
insufficient. Most of the current activities are aimed at proving chemical phenomena rather than
teaching scientific or experimental processes. This leads us to conclude that not enough importance is
attached to the teaching of experimental skills and in particular the teaching of experimental skills
specific to chemistry. The fact that these activities are focused on the teaching of chemical phenomena
instead of skill teaching may cause inadequate development of scientific process skills. From this

perspective, it is seen that there is no consistency between the curriculums and textbooks.

The majority of the experimental activities proposed in the textbooks in France are aimed at
teaching experimental skills. Therefore, it can be said that these activities are consistent with the view

adopted by the curriculum.

Type of the experiment. It is seen that all of the experimental activities suggested in the Turkish high
school chemistry textbooks are closed-ended and proving-type experimental activities. It is seen that
some of the activities aimed at teaching experimental skills in the French textbooks (40%) are inquiry-
based activities. It can be said that the experimental activities suggested in the French textbooks are

consistent with the inquiry-based teaching approach adopted by the Chemistry Curriculum.
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While teaching experimental skills in the activities in the French textbooks, it is seen that the
skills aimed to be taught are divided into sub-skills (sub-processes). In addition, in all of these
textbooks, technical cards defining chemical laboratory techniques and how to use glass materials and

tools in these techniques are included.

The teaching of experimental skills may be targeted or not in experimental activities,
depending on whether they have been taught in former courses. Could these experimental skills,
including skills related to chemical techniques or the use of tools, be taught before high school? For
example, could the skill of using a thermometer be taught in middle school? Or is it the first time in
high school that the skill of performing titration is taught or has it already been taught in middle

school? More detailed research can be conducted to find answers to such questions.

In France, the fact that these skills are measured in the applied Baccalaureate Exams at the end
of secondary education shows the importance given to the teaching of chemistry-specific experimental
skills. In the Applied Baccalaureate exams, in addition to the above-mentioned experimental skills, it
is seen that there are skills tested in the category of organization such as proper marking of containers
containing solution (using glass pen or label), closing the caps of bottles, arranging the counter,
general organization, cleaning the counter, respecting the environment. It is seen that the teaching of
these skills is also addressed by experimental activities suggested in the textbooks. Therefore, it is seen
that the experimental skills measured in the Applied Baccalaureate Exams are consistent with the

experimental skills suggested in the French curriculum and textbooks.

Lack of experimental skills. Inadequate emphasis put on experimental skills in curriculums and
textbooks may cause teachers to consider the teaching of these skills as unimportant. It is obvious that
teachers who do not have enough experimental skills will not be willing to teach these skills as well.
Inadequate laboratory facilities in schools may lead teachers to not conduct experimental activities
due to these inadequacies, and thus cause the formation of the idea that teaching experimental skills in
not important in teachers’ minds. Moreover, in countries like Turkey where there are no applied
exams to assess experimental skills and where theory-oriented exams like 0SS, YGS, YKS, TYT are
more decisive, lack of emphasis put on the teaching of these experimental skills seems to be normal. It
is thought that the fact that these skills are not assessed in either central exams or classes will

negatively affect the teaching of these skills.
Suggestions

The correct image of chemistry (the nature of chemistry), an experimental science, can only be
created through theoretical lessons supported by experiments, that is, through the teaching of

experimental skills at school. The teaching of chemistry-specific experimental skills should be clearly
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specified in chemistry curriculums as objectives or anticipated outcomes to be accomplished by the
student. After determining the target behaviours related to the teaching of experimental skills, the
objectives should be listed as skills and sub-skills according to the prerequisite relations within

themselves as the “progressivity” relationship is high (Senemoglu, 2007).

The new chemistry textbooks to be produced should include more activities for teaching
experimental skills, taking into account new curriculums that emphasize the teaching of experimental
skills. Teachers” awareness of experimental skills should be raised. Pre-service and in-service trainings
should be organized to enable teachers to conduct better teaching of experimental skills. On the other
hand, the teaching of experimental skills can be fostered with the changes to be made in centralized
exams. Experimental skills should be taught through student-centred, inquiry-based activities with

the simultaneous improvement of conditions in schools.
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