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Ozet

Bu calismada 6grencilerin bilimin dogasi hakkindaki 6grenmelerini destekleyen
bir entegre fen ve matematik etkinligi tanitilmaktadir. Etkinlik, fen ve matematik konu
iceriklerinin yani sira bilimin dogasinin; bilimsel bilginin ¢ikarimsal olma, degisime acik
olma ve kanitlanabilirlik o6zelliklerini belirten yonleri (zerine odaklanmaktadir.
Etkinlikte yapilandirmaci bir yontem olan 5E 6gretim modeli esas alinmistir. Bilimin
dogasi kavramlari 6gretiminde ise en etkili yol olarak bilinen dogrudan-yansitici
yaklasim kullanilmistir. Ogrenciler bu etkinlik ile verilen bir bilesik (izerinden Proust’un
kanunu olarak bilinen belirli oranlar kanununu 6grenirlerken ayni zamanda bilimsel bir
arastirmaya da aktif bir sekilde katiimis olacaklardir. Ogrenciler bilimsel bilgiye
ulasirken ayni zamanda grafik ¢cizme, egim bulma, oran hesaplama ve 6l¢im yapma gibi
bir takim matematiksel kavram ve modelleri de kullanmis olacaklardir. Bu etkinligin
ogrencilerin, bilimin dogasi hakkinda yeterli diizeyde anlayislara sahip olmada énemli
yere sahip olan, bilissel, akil ylriitme, analitik ve problem ¢dzme gibi bir takim
becerilere de sahip olacaklari diisiinilmektedir.

Anahtar Kelimeler: Bilimin Dogasi, Fen, Matematik

Genis Ozet

Yliz yil askin bir zamandir, 6grencilerin bilimin dogasi anlayislarini gelistirmek fen
egitiminin amaclarindan biri olmustur (Lederman, 2007). Bu amag, bilimdeki ve fen
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egitimindeki paydaslar tarafindan kabul gormis (Abd-El-Khalick vd., 1998) ve fen
egitimindeki reformlarla da revize edilmistir (AAAS, 1993; NRC, 1996; NSTA, 1982; NGSS,
2013). Bunula birlikte arastirmacilar, hem 6grencilerin hem de 6gretmenlerin bilimin dogasi
hakkindaki anlayislarinin hala yetersiz diizeyde oldugunu belirtmektedirler (Wilson 1954;
Mead & Metraux 1957; Aikenhead 1973; Lederman & O’Malley 1990; Lederman 1992;
Lederman, 2007; Lederman & Lederman, 2014a). Bu yetersizlik durumu, egitim
programlarinda bilimin dogasi kavramlarinin 6gretimine yeniden odaklanmayi gerekli
kilmistir (Abd-El-Khalick & Lederman, 2000).

Bilimin dogasi, bilimsel bilginin nasil gelistiginden hareketle tiiretilmesi gerekli olan
ozelliklerini ifade eder (Lederman & Lederman, 2014b). Bu calismada bilimin dogasina ait Ug¢
ozellik Gizerine vurgu yapilmaktadir. Bu U¢ 6zelligin anaokulundan lise sona kadar 6gretilebilir
oldugu kabul edilmektedir: (1) bilimsel bilgi saglam ve glvenilirdir fakat degisime agiktir, (2)
bilimsel bilgi ampiriktir(delillere dayal) ve ampirik bilgiler birgok bilimsel yontemle
kazanilabilirler, (3) tim bilimsel bilgiler kismen hem go6zlemlerin ve hem de ¢ikarimlarin bir
sonucudur (NSTA, 2000; NGSS, 2013).

Sorgulama-arastirmaya dayali 6grenmenin bilimin dogasi kavramlarinin gelisiminde
ozellikle tavsiye edildigi (AAAS, 1993; NRC, 1996) ve dogrudan-yansitici yaklasimina bilimin
dogasini anlamada en etkili yontem oldugu bilinmektedir (Billeh & Hassan, 1975; Akindehin,
1988; Abd-El-Khalick et al., 1998). Matematik, bilimin dogasinin 6gretiminde bu iki ydontemle
tamamlayici bir rol Ustlenebilir. Cinki bu iki yontemde oldugu gibi matematikte de
kavramlari anlamak ve problemleri ¢cozmede, elestirel diisiinme, akil ylriitme, analojik
distinme, bilististi, bilgiyi yapilandirma ve mantik yiritme kullanilir (Sezer, 2008).

Fen konu alani kapsaminda bilimin dogasi 6gretimi bilimin dogasi kavramlarini daha
anlamli hale getireceginden dolayl daha etkili ve uygulanabilir olacaktir (Abd-El-Khalick,
2002). Diger taraftan fen ve matematigin entegre edilmesi de 6grencileri pasif alici olmaktan
kurtarip aktif bilgi yapilandiricilari yaptigindan 6gretimi daha kolay hale getirebilir (Berlin,
1990). Ogrenciler degiskenler arasindaki iliskileri belirleyip, gézlemleri kaydederek, élgiimler
ve ¢ikarimlar yapip onlari baskalari ile paylasarak dogadaki olaylari agiklamada matematiksel
modelleri kullanabilirler. Yukarida bahsedilenlerin hepsi etkili bir bilimin dogasi 6gretiminin
temel bilesenlerini olusturur.

Bu c¢alismada o6grencilerin  bilimin  dogasi hakkindaki 6grenmelerine katkida
bulunabilecek entegre bir fen ve matematik etkinliginin (bakiniz EK) tanitimi amaclanmistir.
Ogrencilerin bu etkinligi uygulayarak bilimin dogasi hakkinda yeterli diizeyde anlayislara
sahip olmada 6nemli yere sahip olan, grafik ¢cizme, egim bulma, oran hesaplama, 6l¢im
yapma, bilimsel bilgiye ulasma ve problem ¢6zme gibi bir takim becerilere de sahip olacaklari
dislintlmektedir. Bununla beraber béyle bir bilimin dogasi etkinliginin uygulamasina iliskin
olarak asagida siralanan bir takim 6nerilere yer verilmistir:
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eFen 6gretmenleri bilimin dogasinin 6gretiminde kullanilan bdyle bir entegre fen ve
matematik etkinliginin basarili bir sekilde uygulamasinda énemli bir role sahiptirler. Bu
yluzden oOgretmenler bilimin dogasi anlayislarini gelistirmeli ve bu yeterli anlayiglari
O0grenme ortamina yansitmayi bilmelidirler.

e Etkinlik surecinde ogrencilerin kendi aktiviteleri ile bilim insanlarinin g¢alismalari
arasindaki benzerlikler énemli bir yer tutmaktadir. Dolayisiyla 6gretmenleri her bir
etkinlik asamasinda bu benzerlik tGzerine 6zellikle vurgu yapmalidirlar.

e Etkinlik surecinde ayrica sorularla 6grencilerin dikkat cekmek ve onlari 6grenmeye
hazir hale getirmek énemlidir. Fen 6gretmenlerinin etkinliklerde her bir grubun sorulan
sorulara yeterli bir sekilde cevap vermesini beklemeli ve daha sonra ise ilgili bilimin

dogasi kavramini 6grencilere aciklamalidir.

Tesekkiir: Bu calisma TUBITAK BIDEB-2219 kapsaminda yiiriitiilen projeden iretilmistir.
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EK. Etkinlik: Belli Oranlar Kanunu

1.GiRiS

Sorun

» Seker, kabartma tozu ve tuz gibi bilesikler ayni gériinmelerine ragmen neden farkli
Ozellikler gosterirler? (Bilesiklerin farkli tip elementlerden olustugu tizerine odaklanilir)

» Bilesik nedir, agiklar misiniz?

» Su (H;0) icilebilir bir maddedir. Hidrojen peroksit (H,0,) ise genellikle agartici ve
temizleyici olarak kullanilan ve igilmesi zararl olan bir maddedir. Su ve hidrojen
peroksitin her ikisi de ayni elementlerden (oksijen ve hidrojen) olustugu halde, bu
bilesikler neden birbirinden farkli 6zelliklere sahiptir? (Aynitur elementlerden farkl
bilesiklerin olusabilecegi Gizerine odaklanilir).

» Bir bilesikteki her bir elementin belirli bir kiitle oranina sahip oldugunu distnir
musiinliz? Yoksa bilesikler elementlerinden rastgele kitle oranlarinda mi birlesirler?
(Bilesilenlerdeki elementlerin belirli bir kiitle oranina sahip oldugu lizerine odaklanilir)

Gosteri deneyi yapin
» Nal(ag) sivisini Pb(NOs),(aq) Sivist igine dokersek ne olur? Agiklayiniz.

» Simdi 50 ml Nal(yq) ile
200m| Pb(NO3),(aq) maddelerinin Nal
karisimini dikkatli bir sekilde gézlemleyin o
(bakiniz Sekill). 0
(Iki renksiz ve seffaf sividan

sari renkli bir kati ¢bkelegin
olusmasi égrencileri sasirtacaktir)

Pb(NO3)2(aq
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Bilimin Dogasi: Bilimsel bilgi kismen gézleme kismen de ¢ikarima dayalidir

Sorun
> Ne gozlemlediniz? (Ogrenciler muhtemelen "bir reaksiyon olustu” veya “iki

swvi kimyasaldan bir bilesik olustu ” seklinde cevaplar vereceklerdir. Biitiin
cevaplari Kabul edin ve herhangi bir dederlendirmede bulunmayin.)

» Bu iki madde arasinda bir reaksiyonun olustugunu nasil bilebiliyorsunuz?
Reaksiyonun nasil olustugunu gordiniiz mi (mikro seviye kastedilir)?

» Sayet bu gosteri deneyinde reaksiyonun atomik seviyede nasil olustugunu
goremediyseniz bu olguyu (gerceklesen durum) nasil aciklayacagiz?

Aciklayin

Bu deneyde biz ne oldugunu goéremiyoruz, fakat Uriniin renk, sekil ve miktar
degisimini gorebiliyoruz. Bununla birlikte goézlemlerimiz temelinde, “maddeler
karistigl zaman reaksiyon olustu ve bunun sonucu olarak ta yeni bir urun meydana
geldi” seklinde ¢ikarimlar yapabiliriz. Gozlemler, hislerimizle direkt olarak
ulasabildigimiz dogadaki olaylarla ilgi olarak yaptigimiz tanimlayici agiklamalardir.
Cikarim ise aksine hislerimizle direkt olarak ulasamadigimiz dogadaki olaylarla ilgi
olarak yaptigimiz aciklamalardir.

Bilim insanlari da aynen sizin bu aktivitede yaptiginiz gibi, gézlemleri temelinde
ayrica cikarimlar yaparlar. Ornegin yer seviyesinden yukarida olan ve diismekte
olan bir cismi gozlemledigimizi dislinelim. Bu gozleme dayali olarak cismin
yercekiminden dolaylr yere disme egiliminde oldugu cikarimini yapabiliriz.
Yercekimi ifadesi bir cikarimdir, ¢linkii yercekimini biz hislerimizle direkt olarak
hissedemeyiz ve onu ancak bulgulari veya etkileri sayesinde anlayabiliriz.
(Lederman, Khalick, Bell, & Schwartz 2002).

Isteyin
» Simdi, gozlemlerinizi ve bu gozlemleri aciklayan cikarimlarinizi asagiya
kaydedin.

Sorun

» Sizce sar ¢okelek Nal ve Pb(NO3); bilesiklerinin icerdikleri elementlerden herhangi birini

icerir mi? Aciklayin ve agiklamalarinizi delillerle destekleyin.

Gosteri deneyi yapin
» Simdi baska bir 50ml Nalq) karisima yavasca ekliyorum.
» Olusan ¢okelek maddenin turu ikinci adimda degisti mi?
» Cokelek maddeyi olusturan elementlerin orani ikinci adimda degisti mi?
» Cokelek maddenin miktari ikinci adimda degisti mi?
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KESFETME

Isteyin
> Ucg veya en fazla dért kisilik gruplar halinde ¢alismalilar.
» Asagidaki aktiviteyi isbirlikli gruplar halinde ve adimlari takip ederek yiritin:

1. Bos krozeyi ve kapagini iginde su, yag veya diger kirlilikleri uzaklastirmak igin yaklagik 3 dakika
kadar atese tutun. Ve kroze ¢atlak olmadigindan emin olun. Krozenin i¢ tabani da yaklagik 20
saniye kadar kirmizi aleve maruz birakilmalidir.

2. Soguduktan sonar kroze ve kapagini tartin ve kaydedin. Elinizle dokunmayin.

3. 0.05 g (5 cm) magnezyum serit (seridi elinizle tutmayin) tartin. Seridi krozenin tabanina uygun
gelecek sekilde katlayin.

4. Krozeyi guvenli bir sekilde kil tiggenin Uzerine yerlestirin. Krozenin kapagini krozeye hava
girecek kadar aralikli ve magnezyum oksidin kagmasini 6nleyecek kadarda ortili bir sekilde
yerlestirin.

5. Bunzen beki yakin ve tabanini yaklasik bir dakika kadar aleve tutun. Daha sonra atesi krozenin
altina yerlestirin ve glicll bir sekilde isitin (Magnezyum serit alev almiyorsa seridin ucunu direkt
alevle temas ettirerek tutusmayi saglayabilirsiniz).

6. Magnezyum seridin tamami gri-beyaz toza doénisinceye kadar (yaklasik 2 dakika) isitmaya
devam edin.

7. Isitmayi birakin ve kroze, kapak ve icindekileri sogumaya birakin.

8. Kroze, kapak ve icindekilerin toplam kitlesini tartarak kaydedin.

9. Yukaridaki her bir adimi 0.10g, 0.15g, 0.20g ve 0.30g magnezyum seritleri icin tekrarlayin.

Kayitlarinizi bir veri tablosuna aktarin.

Magnezyum oksit bilesiginde magnezyum ile oksijen arasindaki kiitlece oran nedir?

Magnezyumun kiitlesine karsi oksijenin kitlesini grafik edin.

Grafik ile ilgili ¢cikarimlariniz nelerdir?

Egimi bulun ve onu ortalama oran ile karsilastirin.

Buldugunuz egim veri tablosunda buldunuz sonucu destekliyor mu?

VVVVVYVY
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Matematik: Bilimsel 6l¢ciimler yapma, oran hesaplama, grafik ¢cizme ve egim bulma,

Isteyin

Ogrenciler maddelerin gerekli miktarlarini almak igin 6lgiimler yapacaklardir. Bu

Olcimler yapilirken bilimsel 6l¢iim prensipleri kullanilacaktir:

» Bilimsel olglimler de 6grenciler slpheli (tahmini) ve kesin rakamlardan olusan
sayllara ulasacaklardir. Ornegin sayet bir 6lcek maddeyi yiizde bir kesinlikte
olusuyorsa o6grenciler bu olcekle yiizde bir ile binde bir kesinlik araligindaki
maddeleri 6lgemeyeceklerdir. Ancak 6grenciler bu araliktaki herhangi bir deger igin
tahminde bulunurlar.

> Ogrenciler magnezyum oksit, kroze ve kroze kapaginin toplam kitlesinden
magnezyum, kroze ve kroze kapaginin toplam kitlesini gikaracaklardir. Boylece
magnezyum oksit bilesigindeki oksijenin kitlesini bulacaklardir.

> Ogrenciler oksijenin kitlesine karsi magnezyumun kiitlesini grafik edeceklerdir.
Veriler grafik kagidina islendikten sonra 6grenciler egim gizgisini gizeceklerdir.
Egim cizgisi asagidaki sekildeki gibi olabildigine ¢ok veriye esit mesafede bulunacak
sekilde gizilmelidir.

30 ‘
25 -+ ‘
[ 20 -+
| 15
; 10 !
(o}
= 5 -
S
S 0 : : ; : s
S 0 2 4 6 8 10
=
E
*51 > Ogrenciler egimi alarak hesaplanan ortalama oranla karsilastiracaklardir. Egim
Q cizgisi Uzerinde iki nokta alindiktan sonra karsi kenar komsu kenara bolinerek
§ egim bulunabilir. Ornegin; magnezyum ile oksijen elementlerinin kiitle degerleri ile
= ilgili olarak egim cizgisi Uzerindeki koordinatlar (7;20) ve (3;10) olsun. Egim (20-
S
= 10)/(7-3) yani 2,5 olacaktir.
5=
% Sorun
S, > Iddianizi/sonuglarinizi destekleyecek delilleriniz nelerdir?
g
S Aciklayin
% Tipik bir sekilde 6grenciler bu soruyu “Biz buldugumuz sonuglara, gézlemler veya
‘é’ arastirmalarla yaptigimiz denemler ve ¢ikarimlar ile ulastik” diyeceklerdir. Tam bu
F:;, = noktada asagidaki tiirden agiklamalar yapabilirsiniz:
&;% Bilim insanlari bilimsel arastirmalari boyunca, vardiklari sonuglari destekleyip
>§, § dogrulayacak ampirik verilere ihtiya¢ duyarlar. Bilimsel bilgiler dogal diinyanin
2 L gozlemlenmesine dayali ve bu gozlemlerden gikarilirlar. Bu ampirik ozelligi bilimi
= 2 . ) . .
€ = diger alanlardan (6r: tarih, sanat, matematik) ayirir (Lederman, 2006 ).
=39
RS
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ACIKLAMA

Sorun
» Farkh miktar reaktant kullanimi urunun turunu degistirdi mi?
» Farkli miktar reaktant kullanimi Girlindeki orani degistirdi mi?

Ogrencilerden arastirmalarini takiben beklenen érnek bir cevap;
» Her bir bilesigin onu olusturan elementlerin kitleleri arasindaki kitlece oran birbirinden

farkhdir. Kimyasal bir reaksiyonda reaktantlarin miktari ne olursa olsun olusan bilesigin
elementleri arasindaki kiitlece oran degismez. Elementler arasinda kitlece belirli bir oran
bulunmaktadir.

Bilimin Dogasi: Bilimsel bilgi degisime aciktir

Sorun

1. Bilesikler hakkinda sahip oldugunuz anlayislar yaptiginiz arastirma sonrasinda
degisti mi?
2. Evetise, sizin anlayislarinizi ne degistirdi?

Aciklayin

Bilimsel bilgi mutlak ve kesin degildir, dolayisiyla gecici yani degisime aciktir.
Bilimsel bilginin degisebilirlik 6zelligi onun degerini ve dayanikliigini azaltmaz, ¢linki
onun hala ampirik destegi s6z konusudur. Bilimsel bilgiler, ileride daha gelismis
araclarla yapilan bilimsel arastirmalar ile elde edilen yeni ampirik veriler ile degisebilir.
Ornegin Proust, onun belirli oranlar kanununu ortaya koydugunda, biitiin bilesiklerin
ayni ozelligi gosterdigi duslintildi. Bununla birlikte Berthollet adindaki bilim insaninin
yonlendirmesi ile Demir oksit gibi Proust un kanununa uymayan bazi bilesiklerinde
oldugu bulundu. Bu yeni bilgiyle ulasildiktan sonar belirli oranlar kanunu, belirli
bilesiklere 6zgli oldugu seklinde daraltilarak revize edildi.

Bilimsel bilgi ayrica mevcut bilgilerin yeni bir bakis agisiyla yeniden ele alinmasi
sonucu degisebilir. Ornegin Charles Darwin evrim anlayisi, yavas ve dereceli bir
slrecti. Fakat rakip bilim insanlari bu teoriye, sayet evrim dereceli ise onun yeni bir
tlre gotiren ve artimh degisikli gosteren kiiclik bir fosil kaydi olmali seklinde karsi
ciktilar. Bunula beraber bilim insanlari bu aradaki fosil érneklerinin ¢ogunu hala
bulamadilar. ki rakip bilim insani Stephen Jay Gould ve Niles Eldredge, 1972" de
adina "sigramali denge" dedikleri yeni bir yorum getirdiler. Onlar tiirlerin genelde
kararl oldugunu ve milyonlarca yilda ¢ok az degisime ugradigini belirttiler. Bu yavas
sireg, yeni bir tur ile sonuglanan ve arkasinda birkag fosil birakan “sigramall” sureciydi
(Lederman, 2006, 2010)
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DERINLESTIRME

Isteyin

» Elinizde 0.35 g, 0.45g ve 0.60g magnezyum seritler oldugunu farz edin. Yukaridaki gibi bir
deney yapmaksizin her bir serit icin yanma sonucu olusabilecek oksijen ve magnezyum
oksidin (MgO) kitlesini hesaplayin?

Mg (g) Mg (g) / O (g) O (g) MgO(g)
0.35g Mg ? ? ?
0.45g Mg
0.60g Mg

» Magnezyumun yanma reaksiyonu icin farkli renklerdeki oyun hamurlarini ve kirdanlari
kullanarak bir model dizayn edin.

» Modelinizi 6nceki arastirmanizdaki gozlemleriniz ve dlglimleriniz bazinda yapmaya calisin.

» Her bir grup modelini farkli reaktant miktarlariigin test etsin ve sinifta sunsunlar.

» Yukaridaki arastirmayi sulfir ile bakirin yanma reaksiyonu icin tekrar yapiniz.

Sorun

(9]
<
g 1. Sizin modeliniz ile gercekte olan arasindaki benzerlik ve farkliliklar nelerdir?
2 2. Modeliniz gdzlemsel mi yoksa cikarimsal bir bilgi midir? Aciklayin.
[\J)
g
~ Aciklayin
Q
[e)]
<
°§ Hicbir bilim insani tek bir atomun neye benzedigini gérmemistir. Bununla birlikte
_:é duyularimizla ulagsamadigimiz bu olgu tirleri hakkinda agiklamalar ortaya koyarlar.
§ Atomlarla ilgili bilgiler ¢ikarimsal oldugundan dolayi Dalton modeli, Thomson modeli ve
§ Rutherford modeli gibi atom modelleri bilim tarihi boyunca siirekli degismislerdir. Bu
§ o aktivitede biz sadece karisan reaktantlari goriiyoruz, atomik seviyede reaksiyonun nasil
2 % gerceklestigini goremiyoruz. Arastirmalarimiza dayali olarak biz bu olgulari agiklayabilen
o § modeller insa ederiz. Sizin modellerinizde reaksiyonla hem benzerlikler hem de
Q
Q g farklilklar arz eder. Bu yiizden sizin modelleriniz gézlemleriniz araciligiyla elde ettiginiz
<
e S cikarimsal bilgilerdir.
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DEGERLENDIRME

x Sorun
8 » Belirli oranlar kanununu kendi ifadelerinizle tanimlarsiniz?”
§ » Su bilesiginde her 16 gram oksijene karsin 2 gram hidrojen bulunur. Sayet 40g H,
‘E-" 80g O, ile tepkimeye girerse ne kadar su olusur?
E
w
> Bilimsel bilginin gelisimi agisindan bu etkinlik boyunca yirittiginiz ¢ahsmalar,
bilim insanlarinin yaptigi ¢alismalarla kiyaslamalar yaparak degerlendiriniz. (ig¢
veya dort kisilik gruplar halinde)
> Bilimsel gbzlem ile ¢gikarim arasindaki fark nedir? Aktiviteden érneklerde vererek
5 aciklayiniz.
o > Ayni dogal olgu hakkinda birden fazla g¢ikarima sahipsen hangisinin daha
8 miumkiin olguna nasil karar verirsiniz? Aciklayiniz. (bilimsel bilgi delillere
£ dayalidir)
§ > Bilim insanlari ne gibi durumlarda gozlem, ne gibi durumlarda ¢ikarim yaparlar?

Kendi etkinliginizden érneklerle aciklayiniz. (Gézlem & Cikarim)

Sayet daha fazla veya daha farkli veriler toplarsan cikarimlarin degisir mi?
Aciklayiniz. (Bilimsel bilgi degisime agiktir)

Sence ayni gozlemsel verileri farkh bir bakis acisiyla yorumlanirsa sonuglarin
degisip degismedigi hakkinda neler soylersin? Aciklayiniz. (Bilimsel bilgi degisime
aciktir)
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An Integrated Science and Math Activity to Teach Nature of Science

Abstract

This paper describes an integrated science and math activity that promotes
students learn about nature of science (NOS). Besides the science and math content,
the activity focuses on the following NOS aspects: inferential, tentative, and empirical
characteristics of scientific knowledge. The 5-E instructional model, a constructivist
method, is used, and the NOS concepts are taught in the explicitly/reflective approach,
which is the most effective way to teach NOS. Students will be actively involved in a
scientific inquiry activity and learn about the law of definite proportions, Proust’s law,
for a given compound. Students will also employ mathematical concepts and models,
such as graphing, calculating ratio and slope, and measuring, to derive scientific
knowledge. It will improve their cognitive, reasoning, analytical, and problem solve
skills, which are very essential in order to develop more adequate NOS views.

Keywords: Nature of science, Science, Mathematics

Introduction

Assisting students in the development of informed understandings of nature of science
(NOS) has been an objective of science education for over 100 years (Lederman, 2007). This
objective is agreed upon by most stakeholders in science and science education (Abd-El-
Khalick et al.,, 1998) and has been revisited through reforms in science education with
Benchmarks for Science Literacy and the National Science Education Standards (AAAS, 1993;
NRC, 1996; NSTA, 1982; NGSS, 2013). However researchers confirm that both students and
their teachers hold inadequate views of NOS and explain that students do not implicitly learn
NOS, but rather an explicit, reflective approach facilitates students’ learning (Wilson 1954;
Mead & Metraux 1957; Aikenhead 1973; Lederman & O’Malley 1990; Lederman 1992;
Lederman, 2007; Lederman & Lederman, 2014a). This inability of students to develop
informed views of the NOS has resulted in a refocusing that introduces NOS concepts within
education curricula (Abd-El-Khalick & Lederman, 2000).

NOS commonly refers to the characteristics of scientific knowledge that are necessarily
derived from how the knowledge is developed (Lederman & Lederman, 2014b). Although
the nature of science has many of aspects, the activity introduced in this study focused on
three of them. These items are generally agreed upon and developmentally appropriate for
K-12 and college students: (1) scientific knowledge is durable and reliable, but tentative; (2)
scientific knowledge is empirical, and empirical evidence can be acquired through multiple
scientific methods; (3) all scientific knowledge is partially a result of both observations and
inferences (NSTA, 2000; NGSS, 2013).
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Teaching NOS with Math

The use of inquiry is strongly recommended to teach and improve conceptions of NOS
in science instruction (AAAS, 1993; NRC, 1996). Investigating science concepts in the course
of authentic scientific activities, through which learners actively employ scientific practices,
is essential for teaching NOS as well. Therefore, scientific inquiry serves as a feasible context
under which target NOS concepts can be addressed and discussed so that learners can
develop their NOS conceptions (Ryder et al.,, 1999). In addition, literature reveals that an
explicit/reflective instructional approach is most effective in helping students to improve
their NOS understandings (e.g. Billeh & Hassan, 1975; Akindehin, 1988; Abd-El-Khalick et al.,
1998) In an explicit and reflective approach, NOS is taught by using discussion, questioning,
activities, and investigations, and students” attention is drawn to targeted aspects of NOS
(Schwartz & Lederman, 2002). For teaching NOS the key variable is that it be made explicit
during instruction, just like anything else one is trying to teach. Any approach (e.g. reading,
inquiry) that can be used to do this is fine. The relationship of inquiry and NOS is that when
science is taught through inquiry it is a natural environment in which students can reflect on
what they did and the conclusions they reached. This easily allows for a discussion about
scientific knowledge and how it is developed (i.e., NOS). Mathematics may have a
complementary function to both the inquiry approach and explicit/reflective instruction for
teaching NOS. In parallel with these two methods, in math, critical thinking, reasoning,
analogical thinking, metacognition, knowledge construction, and logic are applied to
understand the concepts and problem solve (Sezer, 2008). These processes facilitate the
inquiry-based learning as they facilitate an explicit/reflective instructional approach.

NOS teaching in the context of science content might be the most effective and
feasible because it makes learning about NOS more meaningful for students (Abd-El-Khalick,
2002). Questions and discussions bring NOS to the surface, and promote student learning of
both the subject matter and the targeted aspects of NOS (Lederman & Lederman, 2004). On
the other hand, The National Science Education Standards (NRC, 1996) and the National
Council of Teachers of Mathematics Standards (NCTM, 2000) state that establishing a
connection between science and math improves student attitudes and achievement in both
science and math subject areas. In the integrated approach, teachers facilitate the learning
activities in which students are active knowledge constructors, rather than being passive
receivers of facts (Berlin, 1990). Mathematics enables students to analyze data, and quantify
and explain scientific relationships, in order to draw conclusions throughout the scientific
process of observation and data collection (Sherrod et al.,, 2009). Students may use
mathematical models to explain natural phenomena; construct relationships between
variables by quantifying them; and record observations, measurements and inferences, and
present them to others. All of those mentioned above are key contributors to an effective
learning environment for NOS. Models are the same as inferences about the natural world.
They are a form of theories. Science often uses models to develop explanations about
natural phenomena. Using mathematics in science teaching for K-12 helps students to make
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predictions of the behavior of physical systems and to test these predictions (NRC, 2012;
2014).

In this paper, we describe an activity that promotes students’ learning about NOS
concepts and relevant math concepts in the context of teaching about the law of definite
proportions for the students in high school level. Proust’s law also known as this law is
generally defines as different samples of a compound have a fixed chemical composition in
textbooks (Pauling, 1964; Myers, 2003). The activity is prepared based on the 5-E
instructional model, which is one of the most effective ways to facilitate scientific instruction
(Bybee et al., 2006), and the explicit/reflective approach to teach NOS. The 5-E model is a
constructivist instructional model and has five steps: engagement, exploration, explanation,
elaboration, and evaluation. Engagement step engages students in a learning task through
the use of short activities that promote their curiosity, make connections between past and
present learning experiences, and organize students’ thinking. In the exploration step,
students design and conduct an investigation that facilitates conceptual change and help
students use prior knowledge to generate new ideas. The explanation step provides
opportunities to demonstrate students’ conceptual understanding. The teacher may guide
students toward a deeper understanding. Elaboration step helps students to develop,
extend, or elaborate the concepts or adequate skills through further experiences. In the
evaluation step, students assess their own understanding and abilities. The teachers also
assess students’ educational outcomes (Bybee, 2009).

The Activity Plan

Goal: Students will able to explain the law of definite proportions using mathematical tools
and discussing nature of the scientific discovery.

Objectives:
Science Content
Students will:
1. Understand how a compound consists of different types of elements
2. Identify that a compound consists of elements that have definite proportions by
mass
Math Content
Students will:
1. Conduct scientific measurements
2. Calculate ratio and proportion
3. Use problem solving skills
4. Generate graphs and take slope
5. Use addition and subtraction
Nature of Science
Student will learn:
1. That all scientific knowledge is both observed and inferred.
2. That scientific knowledge is empirical
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3. That scientific knowledge is tentative

Procedures
1. Engagement
The activity below may be demonstrated in order to generate curiosity and engage
students” minds with the content. (A yellow solid precipitate occurs from two colorless and
transparent liquids. It will surprise the students.)

r Nalaq)

o

Pb(NO3)2(aq)

Figure 2. Precipitation reaction

Teacher may ask, “What did you observe?” Typically, students will answer, "A reaction
occurred,” or, “A compound was created from two chemical liquid substances.” Teacher may
then ask, “How do you know that a reaction happened between these two substances?”
and, “Did you see how the reaction occurred at the atomic level?” At this point, teacher can
explicitly explain how observation is different from inference. In this demonstration, the
students did not see what happened but observed the color change, the shape, and the size
of the product. However, based on what they observed, they made inferences as they stated
that a reaction occurred when the substances were mixed, and as a result of this a new
substance was produced. An observation is a descriptive explanation about a natural
phenomenon that is directly accessible to the senses. In contrast, an inference is an
explanation about a phenomenon that is not directly accessible to the senses.

Teacher can then continue to add Nal(,q) to the mixture, and ask, “Did the type of
substance (precipitate) change?” and, “Has the proportion of elements in the substance
changed?”. As required by the guided inquiry method teachers can supply to students such
questions (Heron, 1971). Students’ answers will allow for monitoring changes in their
inferences during the instruction.

2. Exploration

Teacher should ask the students to follow the procedures (with teacher guidance)
(Kellow, 2016) below and conduct the investigation about the combustion reaction of
magnesium, a popular laboratory activity, in cooperative groups of three or four at the most.
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Steps
1. Weigh and record the mass of a crucible and its lid. Weigh about 0.050g magnesium
ribbon.

Math:

At this point, teacher may ask the students to read the instrument by using the
principles of scientific measurement. They will include certain numbers and estimated
number. For example, if the instrument can measure the mass of a substance up to
hundredths place with certainty, students will not be able to measure any value in between
hundredths and thousandths. However, they will estimate any digit that falls within this
range (e.g. they can estimate as 0,052 if the pointer closer to 0.05, as 0,059 if it closer to
0,06, and as 0,055 if it shows the exact midpoint of the two values). While the latest digit in
the value will be estimate number, the others will be certain numbers.

Lid
Magnesium
ribbon Crucible
S ———. — Clay
triangle
Bunsen d
burner
Tripod
stand

2. Fold and put the ribbon into the crucible.

3. Burn until all the magnesium ribbon turns into gray-white powder (probably around
two minutes). After cooling record the mass of the crucible, lid, and contents.

4. Repeat above steps for amounts of 0.100g, 0.150g, 0.200g and 0.300g magnesium
ribbons.

5. Weigh and record the total mass of crucible, lid, and magnesium oxide formed at the
end of each combustion process.

Math:

Teacher may ask the students

- to subtract the total mass of crucible, lid, and magnesium from the total mass of
crucible, lid, and magnesium oxide. It will give the mass of oxygen in the magnesium
oxide.

- to find the ratio between the elements in the magnesium oxide compound by taking
the mass of the magnesium element and dividing it by the mass of the oxygen
element.

- to graph the data as the mass of magnesium versus that of oxygen. Once the data is
plotted on the graph paper students will draw a trend line (or best fit line). The trend
line must be at equal distance to as many data points as possible as in the graph
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below:

to take the slope of the trend line and compare it with the calculated mean ratio.
Taking any two points on the trend line and dividing the rise by the run will
determine the slope.

6. After drawing your graph answer the question, “What is your inference, based on
your graph?”

Figure 3. Investigation steps

Teacher may then ask, “Do you have any evidence to support your claim/conclusion?”
to point out that scientific knowledge is based on and/or derived from observations of the
natural world. Typically, the students would answer, “We tested and inferred it based on our
observations through our experiments or investigations.” At this point, teacher should
explain to students that what they have done is very similar to what scientists do in their
scientific investigations, and scientists need to gather empirical data through scientific
investigations in order to support and justify their conclusions. Teacher should point out that
its empirical character distinguishes science from other subjects such as history, art, and
mathematics. If the students do not get the anticipated answer. This is a good place to stress
how different students will interpret data differently and it can be used to stress
tentativeness, another objective of the activity, as well as inference.

3. Explanation

Teacher should guide students in making inferences through with additional data, and
in reaching a conclusion by asking, “Did using different amounts of reactants change the
type of product?” and, “Did using different amounts of reactants affect the proportions in
the product?”

Teacher may then ask, “What changes have you made to your inferences throughout
the investigation?” Students’ responses probably would indicate that their inferences
changed. At this point, teacher may ask the reasons for this change, and guide the students
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to realize that scientific knowledge is not absolute and certain; therefore, it is tentative and
subject to change. Scientific knowledge changes when new data are acquired through new
scientific investigations and developments in theory or technology, or when the existing data
are reinterpreted in the light of new theoretical advances or by different viewpoints.

4. Elaboration:

Teacher should ask the students to extend their investigation for different amounts of
magnesium samples.

1. Assume that you have 0.35g, 0.45g, and 0.60g - magnesium ribbons. Without
conducting any experiment, can you predict the mass of elements and their relative
proportions in the product of magnesium oxide (MgO)?

2. Design a model for combustion reaction of magnesium by using play-dough in
different colors and toothpicks.

3. Build your model based on your previous investigations in this activity. Your model
should, to the some extent, represent the magnesium-oxide compound.

4. Present your model and test it for different amounts of the reactants in class.

Teacher may then ask, “What are the similarities and differences between your model
and the real phenomenon (magnesium-oxide)?” and “Is your model an observation or
inferential information? Explain”. Teacher can then explain that any scientists have not seen
a single atom looks like. However, they generated explanations about these types of
phenomena, which are not accessible through our senses. Since the information related to
atoms is inferential, the atomic models have changed throughout the history of science,
such as Dalton’s model, Thomson’s model, and Rutherford’s model. In our case, we saw the
results when we mixed the reactants, but could not see how the reaction happened at the
atomic level. Based on what we investigated, we built models to explain this phenomenon.
Your models have both similarities and differences with the reaction. Therefore, your models
are inferential information acquired through your observations.

The students can also investigate the combustion reaction of sulfur with copper,
another popular laboratory activity.

5. Evaluation:

To assess students’ content knowledge and math skills, teacher may ask,

“Describe the law of definite proportions with your own words.”

“In the water compound, for each 16 grams of oxygen, two grams of hydrogen are
needed. If 40g of H, reacts with 80g of O, how much water compound will be produced?”

Further, to assess NOS, teacher may ask,

“Assess your own studies during this activity in terms of the development of scientific
knowledge and by comparing yourself with scientists”(in groups of three or four students).

“How would you decide which inference is more plausible, if there are more than one
inference about the same natural phenomena? Explain” (empirically based).
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“What natural phenomena can scientists make observations about? Explain with
examples from the activity” (observation vs. inference).

“What natural phenomena can scientists make inferences about? Explain with
examples from the activity” (observation vs. inference).

“What do you think about whether the results would change, if you gathered different
and more data or if you interpreted the same observational data from different point of
views? Explain (tentativeness).

Results and Implications

In this paper, we describe an activity that promotes students’ learning about NOS
concepts and relevant math concepts in the context of teaching about the law of definite
proportions for the students in high school level.. NOS teaching in the context of science
content might be the most effective and feasible because it makes learning about NOS more
meaningful for students (Abd-El-Khalick, 2002). Students will also employ mathematical
concepts and models, such as graphing, calculating ratio and slope, and measuring, to derive
scientific knowledge. It will improve their cognitive, reasoning, analytical, and problem solve
skills, which are very essential in order to develop more adequate NOS views. In addition,
some suggestions for teaching of NOS activity listed below;

e Science teachers have an important role in the implementation integrated science and
math activity that promotes students’ understanding about nature of science.
Therefore, they should improve views about NOS, and they should know to reflect
their views to the learning environment.

e The similarities between the work of scientists and student activities are critical to
students understanding about NOS. So science teachers should particularly emphasize
such similarities in the activity procedures.

e Science teachers should allow each group to adequately answer questions and then
they should explicitly explain the characteristics of scientific knowledge.
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