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Oz

Bu aragtirmada bir STEM projesi olarak ele alinan “Cevreci Sifon Etkinligi” uygulanmis olup bu
uygulamaya dayali sonuglar incelenmistir. Ege Bolgesinde bulunan bir ortaokulun 7. sinifinda 6grenim
gormekte olan 26 Ogrenci calismanin katilimcilarini olusturmaktadir. Caligmada nitel arastirma
desenlerinden durum c¢alismasindan faydalanilmistir. Calismada nitel degerlendirmeler igin
katilimeilarin ders iglenisi esnasinda kullandiklari ¢alisma kagitlar1 dokiiman incelemesi ile incelenmis
olup, nicel degerlendirmeler igin 3 farkli rubrikten yararlanilarak frekans analizleri uygulanmustir.
Arastirmada Ggrencilerin atik suyun yeniden kullanimina iliskin bir miihendislik tasarimi ortaya
cikararak siiregte matematiksel becerilerini etkili bir sekilde kullanmalari beklenmistir. Ancak
ogrencilerin matematiksel akil yiiriitme ve matematiksel sonuglarin anlamliliklarin1 degerlendirmede
sorunlar yasadigi tespit edilmistir. Bunun yaninda miihendislik tasarimlarini olustururken fen bilimleri

kavramlarim etkili kullandiklar1 ve malzeme bilgisine dair farkindalik gelistirdikleri gdzlemlenmistir.
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Giris

Teknolojinin hizla gelistigi giiniimiizde meslek gruplari farklilagirken bu meslek gruplarinin
bireylerden bekledigi donanimlar da degismektedir. Bu beklentilerden biri de bir konuda
yogunlasip onun uzmani olmak yerine birden fazla disiplini bir araya getiren alanlarda
uzmanlik elde etme olarak ortaya ¢ikmaktadir. Bu nedenle de son yillarda fen, matematik,
miihendislik ve teknoloji (STEM) egitiminin éneminin arttigi gézlemlenmistir (Becker ve
Park, 2011; Manly, Wells ve Kommers, 2018). Ogrencilerin STEM alanlarina ilgisini
arttirmak, yeni nesli bu alanlarda egitim almaya yoneltmek ve gelecekte STEM isgiiciine
katilmalarin1 saglamak STEM egitiminin amaglarindandir (DeCoito ve Myszkal, 2018;
Kennedy ve Odell, 2014). Yirmi birinci yiizyilda uluslarin STEM isgiiciine oldukga ihtiyag
duyacag1 bir¢cok arastirmaci tarafindan ongoriilmektedir (Corlu, Capraro ve Capraro, 2014,
English, King ve Smeed, 2017). Nitekim iilkemizin de 21. ylizyilda kiiresel ekonomide
rekabet edebilmesi i¢in STEM alanlarinda c¢alisacak 1isgiicline ihtiya¢ duyulacagi
vurgulanmistir (Tiirk Sanayicileri ve Is Insanlar1 Dernegi [TUSIAD], 2017).

Corlu ve Call1 (2017) STEM egitimini merkezde bulunan disipline ait 6zel bilgi ve
becerilerin diger STEM disiplinleri ile biitiinlestirilerek 6gretimin gergeklestirilmesi olarak
tanimlamaktadir. Merkezde bulunan disiplinin yapis1 geregi ilgili disiplinin temel unsurlarin
icinde daha ¢ok bulunduran STEM uygulamalarinda S yani fen agirlikli ¢aligmalarda
ogrencilerin bir deneyi tasarlamalar1 ve deneyin gereklilikleri olan foy olusturma gibi
basamaklar1 kendilerinin gerceklestirmeleri beklenmektedir. Benzer sekilde STEM’de yer
alan T yani teknoloji ise Ogrencilerin teknolojiyi aktif sekilde kullanmalarinin yani sira
ozellikle kodlama gibi yazilim unsurlarini da kendilerinin olugturmalari, hazirda bulunan kod
listelerini yeniden tasarlayabilmeleri ve stlirece kendi katkilarini yapmalar1 seklinde ortaya
cikmaktadir. STEM’in E’si olan miihendislik tasariminda ise temel hedef 6grencilerin ¢alisan
prototipler gelistirmeleridir. Buna 6rnek olarak Donna (2012) ile English ve King (2015)
caligmalarinda 6gretmenlere ve 4. simif 6grencilerine tasarlamalarimi sagladiklart roket ve
kagit ucak gosterilebilir. Son olarak da STEM’de yer alan M ise matematigi temsil etmekte
olup STEM etkinliklerinde matematiksel islemler yapmanin 6tesinde matematiksel model
olusturmay1 gerektirmektedir. Matematiksel modelleme ise giinliikk yasam problemini
matematiklestirerek bir matematiksel model olusturmayir bu model ile ¢oziimlemeyi ve
matematiksel ¢ozlimlerin giinliikk yasam problemine uygunlugunu test etmeyi kapsamaktadir

(Lesh ve Doerr, 2003). Bu baglamda matematiksel model olarak ele alinabilecek unsurlar bir
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formiil veya denklem olabildigi gibi tablo olusturmak, grafik c¢izmek ya da iliskileri

gozlemleyebilmek adina driintiiler olusturmak da olabilir.

STEM egitimi, dogas1 geregi disiplinlerarasi olup, oOgrencilerin problemlere
disiplinleraras1 bakis ac¢isiyla bakmasini, biitiinciil bir egitim yaklasimiyla bilgi ve beceri
kazanmasini hedefler (Holmlund, Lesseig ve Slavit, 2018). STEM egitimi ile konu igerigi ve
ger¢ek yasam problemleri arasinda baglant1 kurularak 6grencilerin bilgiyi farkli disiplinlere
aktarabilmeleri saglanabilir (Kennedy ve Odell, 2014; Margot ve Kettler, 2019; Stohlmann,
Moore ve Roehrig, 2012). Bununla birlikte STEM egitimi formal ve informal ortamlarda okul
oncesinden lisansiistili egitim seviyelerine kadar egitim faaliyetlerini kapsamaktadir (Gonzalez
ve Kuenzi, 2012). STEM egitimi yaklagimiyla arastiran, sorgulayan, elestirel ve analitik
diistinen, problem ¢dzme ve karar verme becerilerine sahip bir neslin yetistirilmesi; ayrica
yetenekli 6grencilerin tiniversitelerin bilim, matematik, miihendislik ve teknoloji alanlarina
yonlendirilmesinin amaclandigi belirtilmektedir (Milli Egitim Bakanligi [MEB], 2016).
Amerika Birlesik Devletlerinde 2013 yilinda yayinlanan “Yeni Nesil Fen Standartlar1” (Next
Generation Science Standarts) adli 6gretim programinda STEM egitiminin alt1 ¢izilerek bu
egitimin okul Oncesinden baslayarak ortaokul ve lisede devam etmesine yonelik eylem
planlar1 sunulmustur (NGSS, 2013). Ulkemizde de 2018 yilinda yenilenen Fen Bilimleri Dersi
Ogretim Programinda STEM egitimi vurgulanmis ve alana dzgii beceriler bashgi altinda
bilimsel siire¢ becerileri ve yasam becerilerinin yaninda ilk defa miihendislik ve tasarim

becerileri yer almistir (MEB, 2018).

Egitimciler ve aragtirmacilarin STEM egitiminin 6neminin farkinda olmalarma
ragmen bu egitimin nasil olmasi gerektigi konusunda goriis birligi bulunmamaktadir (Wang,
Moore, Roehrig ve Park, 2011). Orgiin egitimde STEM disiplinlerinin ayr1 ayr1 6gretimi
yapilmakta olup miihendislik dersleri bulunmamaktadir (Bozkurt-Altan, Yamak ve Bulus-
Kirikkaya, 2015). Ancak miihendislik uygulamalarinin diger STEM disiplinleri ile entegre
edilmesi, miihendislik ve tasarim becerilerinin Ogrencilere kazandirilmasi ve hedeflenen
biitiinciil 6grenmenin gergeklestirilmesinde 6nemli bir yer tutmaktadir. STEM 6grencilere
parcalar1 6grenmek yerine gercek bir yasam problemiyle biitiinsel 6grenmeyi deneyimleme

firsatt sunar. STEM programi ile 6grenciler matematik, fen ve miihendislik bilgilerini
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uygulamali, deneyler tasarlamali ve yiiriitmeli, verileri analiz etmeli ve yorumlamali,

takimlarla iletisim kurmali ve isbirligi yapmalidir (Wang ve digerleri, 2011).

Margot ve Kettler (2019) tarafindan ilkokul, ortaokul ve lise diizeyinde etkili STEM
egitimi i¢in alt1 ana prensibi igeren ¢ergeve dnerilmistir. S6z konusu ¢ercevede (a) matematik
ve fen kazanimlarinin dahil edilmesi, (b) 6grenci merkezli pedagoji, (c) derslerin ilgi ¢ekici
ve Ogrenmeye tesvik edici baglamda olmasi, (d) miihendislik tasarimini igermesi, (e)

Ogrencilerin hata yapmay1 6grenmesi ve (f) ekip ¢alismasi vurgulanmaktadir (Margot ve

Kettler, 2019).

Ulkemizde STEM’in egitim siirecine biitiinlesmesini zorlastiran en énemli faktorler
fen bilimleri ve matematik dersinin ayr1 ayr1 6gretiminin  yapilmasi, miihendislik
uygulamalarinin ders olarak bulunmamasi ve okullarda merkezi programin uygulanmasi
gosterilebilir. Halbuki her dersin igerik bilgisinin diger STEM disiplinlerinin ilkeleri ve
uygulamalariyla biitiinlestirilerek STEM egitimi gerceklestirilebilir. Bu biitiinlestirmeye
yonelik olarak Corlu ve Call1 (2017) tarafindan STEM egitiminin fen bilimleri ve matematik
Ogretmenlerinin smiflarinda uygulanabilmesi i¢in bu derslerin siireclerinin agiklandigi
“STEM Cemgisi®” 6nerilmektedir. Corlu ve Calli’ya (2017) gore STEM Cemgisi bilissel
slire¢, sosyal liriin ve ders planlamasi alanlarindan olusmaktadir. Biligsel siireg; bilgi temelli
hayat problemi (BTHP), bilgi edinme, fikir gelistirme ve sinirlamalardan olusur. Sosyal {iriin

asamas1 Urlinii gelistirme, Uriinii test etme, paylasma ve yansitmayi icermektedir. Ders

! Cemgi: Ingilizcede “Cycline” olarak kullanilan kelime yerine tercih edilen ve déngii anlamina gelen
kelimedir.
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planlamasi ise derse giris, deneme, destekleme, derinlesme ve degerlendirme asamalarindan

olusur. Bu agsamalar asagidaki gorselde 6zetlenmistir.
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Sekil 1. Corlu’dan (2017) adapte edilen STEM Cemgisi

STEM ¢emgisi bu arastirmada olusturulan etkinligi uygulama siirecinde yol gosterici
olmustur. BTHP olarak cevreci sifon etkinligi olusturulmus bu etkinlik 6grencilerin kendi
yasamlarindan  gbzlemler yapmalarini saglayacak asamalart kapsayacak sekilde

tasarlanmistir. Bu asamalarin detaylar1 bir sonraki boliimlerde verilmistir.

Son yillarda STEM egitimi ile biitlinlestirilmesi 6nerilen bir baska alan siirdiirtilebilir
kalkinma egitimidir (Kuvag, 2018). Dogal kaynaklarin tilkenmesi ve ¢6llesme, kuraklik, arazi
bozulmasi, tath su kithigi, biyolojik cesitlilik kayb1 ve iklim degisikligi dahil olmak {iizere
cevresel bozulmanin olumsuz etkileri, insanligin son yillarda yiiz yiize oldugu
problemlerdendir (United Nations [UN], 2015). Hizla artan cevresel bozulmalar bir dizi
kiiresel ekonomik, g¢evresel, sosyal ve Kkiiltiirel degisimlere yol agmistir. Sirdiiriilebilir
kalkinma, “bugiiniin gereksinimlerini, gelecek kusaklarin gereksinimlerini karsilama
yeteneginden 6diin vermeden karsilama” olarak tanimlanmaktadir (World Commission on
Environment and Development [WCED], 1987). Siirdiiriilebilir kalkinmanin, birbirleriyle
karsilikli baglantilar1 olan ve i¢ i¢e ge¢mis cevresel, ekonomik ve sosyo-kiiltiirel boyutlar
bulunmaktadir. Siirdiiriilebilir kalkinmay1 hayata gecirebilmek i¢in egitim siirecleri kritik
onem tasimaktadir (Barth ve Rieckmann, 2012). Siirdiiriilebilir kalkinma egitiminde
ogrencilerin siirdiiriilebilirlik ile ilgili biligsel, duyussal ve davranigsal alanlarda bilgi, beceri,
tutum ve degerleri edinmesi amaglanir (Cebrian ve Junyent, 2015). Siirdiiriilebilir kalkinma

egitimi disiplinler arasi olup, 6grenme ortamlarinda 6grenci merkezli yontemlerin hakim
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olmasini gerektirir. UNESCO tarafindan 2018 yilinda yayinlanan rapora gore, siirdiiriilebilir
kalkinma egitimi ile uyumlu temel 6grenme siiregleri, isbirligi ve iletisim, biitiinciil yaklasim,
yenilikg¢ilik, aktif ve katilimci 6grenmedir. Bu tiir 6grenme stireclerinde kullanilabilecek
egitim yaklagimlarindan birisi de STEM’dir. STEM egitimi ile 6grencilerin gergek yasam
problemlerini disiplinler aras1 ve biitiinciil yaklasimla ele almasi, bu yonde bilgi ve beceri
kazanmas: siirdiiriilebilir kalkinma egitimini destekler niteliktedir. Tklim degisikligi, kiiresel
1sinma, buzullarin erimesi, hava kirliligi, biyolojik tiir kaybi gibi kiiresel olarak biitiin diinyay1
etkileyen zorluklara yanit vermede ve kompleks siirdiiriilebilirlik problemleri ile basa ¢ikmada
bireylerin STEM bilgisinin gelistirilmesi biiylik 6nem tasimaktadir (Tikly, Joubert, Barrett,

Bainton, Cameron ve Doyle, 2018).

Candan-Helvaci ve Helvaci (2019) tarafindan 18 ortaokul Ogrencisiyle yapilan
calismada STEM temelli ¢evre egitimi etkinligi uygulanmistir. Calisma sonunda STEM
disiplinleri, ¢evresel farkindalik ve STEM temelli ¢evre egitimi etkinliklerine yonelik 6grenci
goriiglerinin olumlu oldugu belirtilmistir. Kuvag (2018) tarafindan 6gretmen adaylariyla
yapilan calismada STEM temelli ¢evre egitiminin fen bilimleri 6gretmen adaylarinin g¢evresel
bilgi, cevresel tutum, ¢evre dostu davranis, 21. yy dgrenimine yonelik tutum ve STEM’e
yonelik algilarina istatistiksel olarak anlamli katki sagladigi belirtilmistir. Benzer sekilde
Ozgakir-Siimen ve Calisic1 (2016) tarafindan 42 dgretmen aday ile yapilan calismada, cevre
egitimi dersinde toplam altt STEM etkinligi uygulanmistir. Caligmanin sonunda 6gretmen
adaylar tarafindan yapilan zihin haritalarinin incelenmesiyle, 6gretmen adaylarinin STEM
egitimine iliskin zengin bir kavramsal yapiya sahip olduklar1 ve STEM alanlarini hem

birbirleriyle hem de gevre egitimi ile iliskilendirdikleri belirtilmistir.

Smith ve Watson (2016) tarafindan yapilan alanyazin taramasinda STEM egitimi ile
sirdiiriilebilirlik  egitiminin  biitiinlestirilmesi  tartisilmis, bireylerin ekonomik veya
uluslararas1 rekabete dayali siirdiiriilebilirlik sorunlarini ve g¢evre sorunlarmi ¢ézmek icin
STEM bilgi ve becerilerini uygulayacaklari 6ne siiriilmiistiir. Nguyen, Nguyen ve Tran (2020)
yaptiklar1 c¢aligmada ortaokulda STEM disiplinlerinde gorev yapan 635 Ogretmenle
goriismeler gerceklestirmis, 6gretmenlerin kirlilik, siirdiirtilebilir tiiketim ve tiretim, enerji ve
su tasarrufu gibi ger¢ek yasamdaki siirdiiriilebilirlik sorunlarimi ele almak i¢in STEM
egitimini kullanmak istedigini belirtmistir. Suh ve Han (2019) tarafindan 42 iiniversite
ogrencisi ile yapilan caligmada, matematik derslerinde alti hafta boyunca uygulanan
matematiksel modelleme ile bir STEM projesinin siirdiiriilebilirlikle ilgili 6grenci

yetkinliklerini nasil etkiledigi arastirilmistir. Yapilan caligmada Ogrencilerin mevcut
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problemleri tanimak, gelecekteki toplumsal degisimleri tahmin etmek, mevcut ve gelecek
nesillerin ihtiyaglarini dengelemek ic¢in olast ¢oziimleri belirlemek igin matematiksel

modelleme ve STEM projesinin faydali oldugunu algiladiklar belirtilmistir.

Yukarida kisaca ozetlenen alanyazin taramasinda siirdiiriilebilir kalkinma egitiminin
STEM ile biitlinlestirilmesiyle, siirdiiriilebilir bir yasam hedefine ulasmak icin bireylerin
STEM bilgi ve becerilerini; mevcut siirdiiriilebilirlik problemlerinin veya gelecekte ortaya
cikabilecek ekonomik, c¢evresel ve sosyal problemlerin ¢oziimiinde kullanmasi
beklenmektedir (Nguyen ve digerleri, 2020; Smith ve Watson; Suh ve Han, 2019, 2016).
Ayrica STEM egitimi ile bireylerin ¢evresel bilgi edinmesi, ¢cevreye yonelik olumlu tutum ve
cevre dostu davranis gelistirmesi vurgulanmaktadir (Candan-Helvaci ve Helvaci, 2019;
Kuvag, 2018; Ozcakir-Siimen ve Calisict, 2016).

Siirdiiriilebilirlik ve ¢evre problemlerinin temelde toplum ve gergek diinya ile ilgili
oldugu icin STEM calismalarinin 6grenciler icin biiyiik etkisinin olabilecegi belirtilmis,
ogretmenlerin siirdiiriilebilir kalkinma egitimi ile biitlinlestirilen STEM ders planlari
hazirlamast ve &grencilerin gruplar halinde nasil etkilesimde bulundugunun incelenmesi
alanyazinda oOnerilmektedir (Suh ve Han, 2019). Bu nedenle bu arastirmada ortaokul
ogrencileri i¢in siirdiiriilebilir kalkinma egitimini temel alan ve icerisinde bir STEM
etkinligini barindiran ve STEM’in S’sini, M’sini, E’sini 6n plana ¢ikartan bir dersin
uygulanmasi ve bu siirecin incelenmesi hedeflenmistir. Temiz suya erisim sorunu son yillarda
tiim diinyanin en 6nemli konular1 arasinda yer almaktadir. Giderek azalan su kaynaklar1 ve
degisen doga dengeleri nedeniyle temiz su kaynaklar1 giderek azalmakta azalan temiz suya
erisim konusunda da adaletsiz bir dagilim ile diinya halklar1 kars1 karsiya kalmaktadir (UN,
2015). Bu nedenle yeni neslin siirdiiriilebilir kalkinmaya, bu baglamda da temiz suya dair
kavrayislarina yonelik calismalar yapilmali ve 6zellikle egitim yoluyla suyu koruma ve
stirdiiriilebilir kalkinmaya katkida bulunmay1 6gretmek ve bunu ig¢sellestirmelerini saglamak
zorundayiz. Diinya iizerindeki yasamin ve gelecek nesillerin dogal kaynaklara yonelik kitlik
yasamamasi ve yasanilabilir bir diinya geride birakmak i¢in bu egitimleri en etkili yollarla

vermek 6gretmenlerin, egitimcilerin ve ailelerin gorevi olmalidir.

Bu etkinligin uygulama siirecinde 6grencilerin deneyimleri incelenmistir. Bu nedenle
arastirmanin hedefi bir STEM etkinliginin uygulama siirecinde 6grencilerin basarilarini,
suyun 6nemine dair farkindaliklarini, tasarim tiriinlerini ¢izme ve ortaya ¢ikarma asamalarini

degerlendirmektir. Bu baglamda da arastirmaya yon veren sorular STEM ¢emgisi basamaklari
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temel alinarak 4 asama (arastirma sorusu asamasi, deney ve gézlem asamasi, miihendislik ve
tasarim asamasi, iiriin ve sunum agamasi) olarak belirlenmistir: Arastirma sorusu agamasinda
STEM g¢emgisinin BHTP siireci temel alinmigtir. Bir giinliikk yasam durumunu incelemeleri
beklenen bu asamada Ogrencilere bazi gézlem sorular1 verilmis ve bu sorular1 gézlemleri
dogrultusunda cevaplamalar1 beklenmistir. Bu asamada 6grenciler gozlemler yaparken
ogretmenin de 6grencilerin gozlemlerini yonlendirmesi ve sorgulamasi beklenmektedir.

“Arastirma sorusu asamasi’na yonelik olarak belirlenen sorular asagidadir:
Arastirma sorusu asamasi:

1. Bilgi Temelli Hayat Probleminde yer alan arastirma sorularinda 6grencilerin temiz suyun

canlilar i¢cin 6nemi ile ilgili yorumlar1 nelerdir?

2. Bilgi Temelli Hayat Probleminin arastirma siirecinde 6grencilerin arastirma (bilgi edinme)

rubrigi? iizerinden basar1 durumlari nedir?

3. Bilgi Temelli Hayat Probleminin ¢6ziimiinde gerekli olan bilgiye dair 6grenci

farkindaliklar1 nasildir?

STEM c¢emgisinin Bilgi edinme, Fikir Gelistirme ve Sinirlamalar olarak belirlenen
asamasinda ise 0grencilerin arastirma sorusunu inceleyerek elde ettikleri bilgileri bir baglam
icinde anlamlandirmalar1 beklenmektedir. Ogretmen tarafindan hazirlanan ortamlarda
ogrencilerin kontrollii gbzlemler ve deneyler yapmalari1 beklenen bu agamada gruplar seklinde
calisan 6grencilerin deney sonuglarini sistematik olarak kaydetmeleri ve matematiksel verileri
degerlendirmeleri gerekmektedir. Bu asamaya yonelik olarak arastirma problemleri asagida

verilmistir:
Deney ve gozlem asamasi:

4. Bilgi Temelli Hayat Probleminin incelenmesi siirecinde gergeklestirilen gézlem ve deney
asamalarinda ogrenciler gézlem sonuglarini matematiksel olarak nasil anlamlandirmakta ve

deney sonuglarini nasil rapor etmektedirler?
5. Deney ve gozlem asamalarinda 6grencilerin matematiksel basarilart nasildir?

STEM ¢emgisinin “Uriin Gelistir” asamasmda &grencilerden miihendislik tasarimi
olusturmalar1 beklenmektedir. Ogretmen Ogrencilerinin tasarimi olusturma siireclerini

asamalandirarak Oncelikle tasarimlarinin taslak ¢izimlerini daha sonra da 6lgeklendirilmis

2 Corlu ve Call1 (2017, s. 236) bilgi edinme rubrigi kullanilmistir.
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yani asil triiniin belli oranlarda kiigiiltiilmiis versiyonunu ¢izmelerini beklemektedir. Bu

asamaya yonelik olarak tasarlanan arastirma sorulari da agagidadir:
Miihendislik ve tasarim asamasi:

6. Bilgi Temelli Hayat Probleminin ¢6ziimiiniin miihendislik ve tasarim asamasinda

Ogrencilerin tasarimlarina yonelik ortaya koydugu taslak ve olgekli ¢izimler nasildir?

7. Ogrencilerin taslak ve dl¢ekli ¢cizimlerinde dikkat ettikleri veya gozden kacirdiklar1 hususlar

nelerdir?

STEM c¢emgisinin “Test et, Paylas ve Yansitma” asamalari ¢caligmada {iriin ve sunum agamast
olarak ele alinmis olup bu asamada 6grencilerin gelistirmis olduklar1 prototipleri test etmeleri
ve basarili prototiplerin belirlenmesi beklenmektedir. Gruplar prototiplerinin ¢alisma
sistemini diger arkadaslarina sunum yaparak anlatip paylasirken 6gretmen de bu siireci
gozlem formlari ile degerlendirerek basarilarini belirlemektedir. Bu baglamda arastirmanin

problemleri asagidaki gibidir:
Uriin ve sunum asamasi:

8. Bilgi Temelli Hayat Probleminin {iriin ve sunum asamasinda 6grencilerin ortaya koydugu

iiriinlerin olusturulmasi ve sunumuna dair 6grencilerin basarilari nasildir?
Yontem
Arastirmanin Deseni

Bu calisma nitel arastirma yaklasimi ile gerceklestirilmis olup durum c¢alismasi deseninden
faydalanilmistir. Durum caligsmasi, giincel bir olguyu kendi yasam g¢ercevesi iginde ¢alisan ve
birden ¢ok veri kaynaginin bulundugu durumlarda kullanilan aragtirma yontemidir (Yin,
2012). Calismada katilmecilarin ders islenisi esnasinda kullandiklar1 ¢alisma kagitlar ve
arastirmacinin alan notlar1 lizerinde dokiiman incelemesi yapilmistir. Dokiiman incelemesi
kapsaminda arastirilmasi1 hedeflenen olgu veya olgular hakkinda bilgi i¢eren tiim yazili
materyallerin analizi yer almaktadir (Y1ldirim ve Simsek, 2008). Buna ek olarak katilimcilarin
stireclerinin ~ degerlendirildigi rubriklerden elde edilen verilerin analizinde nicel
yaklagimlardan yararlanilmistir. Arastirmanin nitel boyutunda yapilan incelemelerde analiz

birimi olarak 6grencilerin olusturdugu gruplar temel alinmistir.
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Cahsma Grubu

Bu ders planinin pilot uygulamasi 20 6grenci ile 2016-2017 6gretim yili bahar yariyilinda
yapilmis, ders plani yeniden gozden gegirildikten sonra asil ¢alisma 2017-2018 6gretim yili
bahar yariyilinda yapilmistir. Arastirmanin katilimcilart uygunluk o6rnekleme yontemi
(Fraenkel ve Wallen, 1996) esas alinarak se¢ilmistir. Fen Bilimleri 6gretmeni olan birinci
yazarin 6gretmenlik yaptig1 okulda dersine girdigi 7. smif dgrencileri ¢alisma grubu olarak
belirlenmistir. Belirlenen 6grencilere ¢alismadan bahsedilerek calismaya katilmaya dair
beyanlar1 alinmistir. Ogrencilerin velileri bir veli toplantisinda bilgilendirilmis ve onlara
caligma detaylar1 agiklanmis ve 6grencilerin bu ¢alismada yer alip almama durumlar1 sézel
olarak sorulmus bireysel olarak hepsinden onay alinmistir. STEM ders planmin temasini
olusturan “evsel atiklar” konusunun 7. smif Fen Bilimleri dersinde yer almasi bu smifin

sec¢ilme nedenidir.

Birinci arastirmacit mesleki gelisimi baglaminda katildigt STEM c¢alistaylart ve
doktora Ogrenimi siirecinde aldig1 derslerden kazanimlarini goézlemlemek i¢in STEM
cemgisini temel alan bir ders plani hazirlayarak bu ders planini uygulamak ve 6grencilerinin
stireclerini gézlemlemek istemistir. Bu hedefle yola ¢ikan birinci yazar ilgili donem isleyecegi
konulara bakarak 6grencilerinin toplumsal sorumluluk ve siirdiiriilebilir kalkinma anlayis1
gelistirmesini incelemek adina programdaki en uygun konuyu temel almis ve matematik

egitiminde uzman ikinci yazar ile birlikte bir STEM ders plan1 hazirlamistir.

Ders planinin uygulandigi smifta yer alan 26 6grenci 6 gruba ayrilarak verilen
gorevleri 3 haftada 5 ders saatinde gergeklestirmislerdir. 3 haftalik STEM derslerinde yer alan
siiregler asagida ayrintilariyla agiklanmustir. Ogrencilerin kendi istekleri ile akranlarmi

se¢melerine dayali olarak gruplar olusturulmustur.
STEM Temelli Derslerin islenisi

Bu caligmada ortaya koyulan STEM etkinliginde her bir alana dair vurgular ayni olmayacaktir.
Etkinligin igerisinde fen bilimleri 6ncelikli olmak iizere sirasiyla matematik, miithendislik ve
teknoloji alanlar yer almaktadir. Bu STEM alanlarinin etkinlige hangi baglamlarda katkilar

oldugu Tablo 1’de sunulmustur.
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Tablo 1. STEM alanlarinin etkinlikteki kapsamlart

STEM disiplinlerinin  STEM disiplinlerinin ¢calisma ile iliskili oldugu konu

calismadaki onceligi

icerigi ve kavramlar

1. Fen Bilimleri

2. Matematik

3. Miihendislik

4. Teknoloji

Evsel s1v1 atiklar

Kaynaklarin tasarruflu kullanimi
S1v1 basinci

Bilimsel siire¢ becerileri

Yasam becerileri (21. yiizyil becerileri)

Matematiksel modelleme
Dogru orant1 ve ters oranti
Olgeklendirme (oranlara dikkat ederek ¢izim yapma)

Yiizde hesaplama

Fikir tiretme
Tasarlama ve insa etme
Uriinii test etme ve degerlendirme

Yeniden yapilandirma

Aragtirma yapma

467

Konusu belirlenen dersin ve proje konusunun planlama asamasi Corlu (2017)

tarafindan ortaya koyulan STEM Cemgisi temel alinarak hazirlanmistir. 3 hafta stiren STEM

temelli derslerin ilk haftasinda grup olarak c¢alisacak olan Ogrencilerin gruplarinin

belirlenmesi ve Bilgi Temelli Hayat Problemi (BTHP) olarak hazirlanan “Cevreci Sifon

Insas1” probleminin (EK 1) tanitimi yapilmustir. Bu problem ile derse giris yapilarak STEM

temelli dersin baslangic1 yapilmistir.

Derse girig asamasinda gruplara dagitilan BTHP ve ilgili gorevlerine dair 6grencilerin

fikirler tiretmesi ve siirecte neler yapilabilecegine dair tartigmalar1 saglanmaistir. Bu siiregten

sonra suyun onemine dair simif i¢i tartisma ortami hazirlanmis ve dersin sonunda arastirma

sorular1 (Ek 2) 6dev olarak dgrencilere verilerek sonraki derste tartisilacagi belirtilmistir.
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Ikinci hafta STEM temelli ders icin 2 ders saati ayrilmistir. Bu siirecte dgrenciler
fikirler gelistirmis, sinif disinda ve sinif i¢inde arkadaslar ile tartigarak bilgi edinmistir. Bir
onceki hafta 6dev olarak verilen sorularin yanitlari, gruplar icerisinde secilen sozcii
ogrencilerin yaptig1 agiklamalar ile sinifta paylasilmistir. Arastirma sorularinin sonunda
ogrencilerden BTHP nin ¢6zlimiinde tasarlamalar1 gereken bir ¢evreci sifonun taslak ¢izimini
yapmalar1 beklenmistir. Ogrencilerin taslak ¢izimleri toplanmis ve arastirma kayit defterleri
dagitilarak 6grencilerden siirecte yaptiklart arastirmalart ve elde ettikleri verilere dair sorulari
cevaplamalart istenmistir. 2 ders saati siiren dersin ikinci kisimda 6grenciler okul bahgesine
c¢ikarilarak bahg¢ede bulunan ¢esmeleri kullanarak “Musluktan Akan Suyun Hacmi” gézlemini
yapmalar1 istenmistir. Bu gozlemde bir musluktan birim zamanda ne kadar su aktigini
Olemeleri saglanmistir. Boylece 6grencilerin verileri kaydetmeleri beklenmis ve sonrasinda
Odev olarak verilecek evimizde kullanilan suya dair gézlem tablosunu evde doldurmalari
istenmistir. Bir sonraki haftaya 6dev olarak derste yapmis olduklar taslak cizimi, 6l¢ekli
olarak ¢izmeleri istenmistir. Son olarak ise “Cevreci Sifon” tasarimlarini {iretmek igin
kullanacaklar1 malzeme listesini yaparak bu malzemeleri derse gelirken getirmeleri

istenmistir.

3. hafta derste (son 2 saat) 6grenciler doldurduklar1 gézlem tablosuna dayanarak, ilgili
sorulara verdikleri cevaplarmi grup olarak tartismislar ve gozlemlerinin tutarlhiliklarim
sorgulamislardir. Taslak ¢izim olarak yaptiklar1 ¢evreci sifonun Olgeklendirilmis ¢izimini
ogretmene teslim eden gruplar, malzemelerini c¢ikararak {iriinii olusturma asamasina
gecmislerdir. Uriin olusturma asamasinda Ogrencilerin tamamu laboratuvara gecmis ve
cizimlerini yaptiklar1 gevreci sifonu getirmis olduklar1 malzemeleri kullanarak iiretmistir.
Olusturduklarr tasartmi su kullanarak test etmislerdir. Ogrenciler olusturduklar: iiriinii
tamamladiktan sonra smif arkadaslarina hazirlamis olduklari bir sunum ile {riinlerinin
gosterimini yapmis ve tasarimlarini agiklamiglardir. Yukarida agiklanan bu siiregler Tablo

2’de Ozetlenmistir.
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Tablo 2. Arastirmanin 3 haftalik uygulama siireci

Haftalar ve
Ders Saatleri

Derste Yapilan Gorevler

Odev Olarak Verilen

Gorevler

1. hafta - 1 ders

saati

2. hafta - 2 ders

saati

3. hafta - 2 ders
saati

Ogrenci gruplar1 olusturuldu.

Bilgi Temelli Hayat Problemi tanitildi.
Suyun 6nemine dair sinif i¢i tartisma
yapild.

Ogrenciler arastirma sorularini .
cevapladi.

Ogrenciler gevreci sifonun taslak
cizimlerini yaptilar.

Arastirma Kayit Defteri (EK 3)
dagitild1 6grenciler kayit aldilar.
Musluktan Akan Suyun Hacmi isimli
gozlem yapildi.

Cevreci sifonu inga etmek i¢in gerekli
malzemeler 6grenciler tarafindan
listelendi.

Evimizde Kullanilan Suya Dair
Gozlem Tablosunun verileri 6grenciler
ile tartigildi.

Cevreci sifon insa edildi.

Cevreci sifon test edildi.
Calismayanlarin neden ¢alismadigi
sorgulandi.

Gruplarca olusturulan {iriinlerin

sunumu yapildi.

Arastirma Sorulari

Evimizde Kullanilan
Suya Dair Gozlem

Tablosu
Cevreci sifonun
Olgekli ¢izimi

Listeledikleri
malzemelerin temin

edilmesi

469
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Veri Toplama Araglari

Arastirma 3 haftada 5 ders saati siiren bir STEM temelli ders planinin uygulanmasi iizerine
tasarlanmistir. Bu ders planinin pilot uygulamasi sonrasinda STEM alaninda uzman bir
arastirmacinin doniitleri dogrultusunda ders plan1 gozden gegirilmistir. Alan uzmani
inceledigi ders planinin ilgili sinifin seviyesine uygun oldugunu belirtmis ve BTHP nin dersin
ilk asamalarinda verilmesi Onerisinde bulunmustur. Uygulanan ders planinin
degerlendirilmesi siirecinde 5 temel veri kaynagi Tablo 3’te sunulmustur. Bunlarin yan1 sira
temel veri kaynagi olarak kullanilmasa da uygulayici aragtirmaci siire¢ esnasinda alan notlari
da tutmus ve bu notlardan verilerin analizi esnasinda destekleyici unsur olarak

yararlanilmastir.

Tablo 3. Veri kaynaklar

Kullanim amaci

Veri kaynagi

Veri kaynaginin icerigi

1. Ogrenci ¢alisma

BTHP {zerine inceleme

BTHP’yi ve arastirma sorularini iceren

kagitlar sorulari calisma kagidi1 tlizerinde Ogrenciler
gevreci sifon ve su tasarrufu iizerine
hazirlanan sorular1 cevaplamislardir.
2. Musluktan Akan Gozlem tablolar1 Musluktan akan suyun hacmi goézlemi
Suyun Hacmi gozlem o6grencilerin deney ile birim zamanda akan suyun hacmi
raporu verilerini  girmesi  i¢in hesaplanmistir.  Bu  hesaplamalara
Evimizde Kullanlan hazirlanmistir. dayanarak  gozlem  tablosu ile
Suya Dair Gézlem ogrencilerin ev yasantilarinda
Tablosu ve ilgili harcadiklart suyu tespit etmeleri
sorulart saglanmistir. Bu islemler esnasinda
Ogrencilerin islemsel becerileri ile
matematiksel muhakeme yapabilme
becerileri incelenmistir.
3. Arastirma Kayit Ogrencilerin Bu defter ile 6grencilerin bilgi edinme
(Bilgi Edinme) aragtirmalarini nasil ve edindikleri bilgiyi
Defteri ve bu defter yaptiklari, nelere dikkat degerlendirebilme becerileri
ettiklerini  yansitict  bir incelenmistir.
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igeriginde yer alan

sorular

4. Cevreci sifon
tasarimina dair taslak

ve Olgekli ¢izimler

5. Arastirma (bilgi
edinme), sosyal iiriin
ve sosyal liriin sunum

rubrikleri

cerceveden yazacaklari bir

kay1t defteridir.

Ogrencilere yapmak

istedikleri  sifona  dair

¢izim yapmalari
beklenmistir.  Oncelikle
karalama seklinde olan
daha

¢izimleri sonra

detayli ve Olcekleme
yapilarak gergek boyutuna
yonelik  oranlart  da

kullanmalar1 beklenistir.

Aragtirma  rubrigi ile
Ogrencilerin  nasil  bir
aragtirma yaptigini

sorgularken, sosyal {iriin
ve sosyal {riin sunum
rubrikleri ogrenci

gruplarinin  olusturuldugu

uriine ve urinin
dinleyicilere  tanitimini
nasil yaptiklari
degerlendirmek
amaclanmustir.

Bu cizimler ile 6grencilerin tasarimlari
degerlendirilmistir. Oranti kavramini
anlama ve uzunluklar1 Olgerek islem
yapabilme becerileri

degerlendirilmistir.

Corlu ve Calli (2017) tarafindan
gelistirilen arastirma (bilgi edinme)
rubrigi (s. 236), sosyal {irlin rubrigi (s.
237) ve sosyal tiriin sunum rubrigi (s.
238) kullanilmistir. Arastirma rubrigi
ile 6grencilerin arastirma, sosyal iiriin
rubrigi ile iirlin olusturabilme ve sosyal
irtin sunum rubrigi ile {riinlerini

sunma becerileri degerlendirilmistir.

Veri kaynaklar1 arasinda ilk olarak su tasarrufu konulu BTHP’yi ve aragtirma

sorularii igeren Ogrenci calisma kagitlar1 yer almaktadir. Calisma kagidi arastirmacilar

tarafindan hazirlanarak pilot ¢alisma ile test edilmis, 6grenciler tarafindan anlasilabilirligi

lizerine iyilestirmeler yapilmustir. Ikinci veri kaynagi “Musluktan Akan Suyun Hacmi”

baglikli gézlem raporu ve Ogrencilerin evde gdzlemler yaparak doldurduklart “Evimizde

Kullanilan Suya Dair Gozlem Tablosu” ve bu tablo ile ilgili sorulara verdikleri cevaplardir.

Ugiincii veri kaynagi dgrencilerin siiregte dgrendiklerini yazmalari igin Corlu ve Calli (2017)

tarafindan tasarlanan Arastirma Kayit (Bilgi Edinme) Defteri ve bu defter igeriginde yer alan
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sorulara verilen cevaplardir. Dordiincii veri kaynagi ise 6grencilerin ¢evreci sifon tasarimina
dair olusturduklar taslak ve 6lcekli ¢izimlerdir. Besinci ve son veri kaynagi Corlu ve Calll
(2017) tarafindan gelistirilen 3 adet rubriktir. Bunlar arastirma (bilgi edinme), sosyal {iriin ve
sosyal lriin sunum rubrikleridir. Bu rubriklerde 1-4 puan araligi kullanilmis olup rubrikler

uygulamay1 yapan aragtirmaci tarafindan puanlanmistir.
Verilerin Analizi

Ik derse baslamadan once kullanilan arastirma sorularina 6grenci gruplari tarafindan verilen
yanitlar, arastirma kayit defterine yazilanlar, gozlem tablolarina ait sorulara verilen cevaplar
acik kodlama yontemi kullanilarak kodlanmistir. Kodlama siireci her iki arastirmacinin yan
yana gelerek tiim veriyi birlikte inceleyip tartisma ve degerlendirmesiyle gerceklestirilmistir.
Bunlarin diginda kullanilan rubrikler ise 1-4 puan araliginda puanlanmig ve basar1 diizeyini

belirlemek ve karsilastirabilmek i¢in de elde edilen puanlar yiizdelige ¢evrilmistir.
Gecerlik Incelemesi

Calismanin gecerlik incelemesi icin Maxwell’in (1992) one siirdiigli bes boyut dikkate
alimmustir. Bunlardan ilki betimsel gecerlik olup incelenen olgunun tiim detaylar ile ortaya
koyulmasini igerir. Buna gore arastirmacilar su tasarrufu kavramimin STEM temelli bir ders
plani baglaminda incelenmesini hedeflemisler ve bunu 6grencilere bir tasarim iiriin ortaya
koymalarini saglayacak siireclerden ge¢melerini saglayarak elde etmislerdir. Diger bir boyut
ise kuramsal gecerlik yani diger adi ile i¢ gegerlik olup, arastirmada ele alinan unsurun
kuramsal olarak da incelenmesini gerektirir. Bu baglamda Corlu ve Calli’nin (2017) kuramsal
caligmast temel alinmistir. Yorumlayici gecerligi (interpretive validity) yani siireci nesnel
olarak ortaya koyabilme, arastirmacilarin arastirmada yer alan durumlara dair yorumlarini ne
kadar 1y1 aktardiklari ile ilgilidir (Maxwell, 1992). Buna gore arastirmada incelenen olgu
coklu lgiim ve degerlendirme araglari kullanarak ortaya koyulmustur. Ogrencilerin iki yildir
ogretmeni olan birinci aragtirmacinin 6grencilerle kisisel deneyimleri de incelenen olgunun

degerlendirme siirecinde nesnel olabilmesini saglamistir.

Maxwell’in  (1992) gegerlik kavrami i¢in ortaya koydugu dordiincii boyut
genellenebilme gecerligi, diger adi ile dis gecerliktir. Arastirmada iizerinde calisilan ve
tiretilen ders plani bagka calismalar i¢in de kullanilabilmesi i¢in ayrintili bir sekilde anlatilmig
ve bu anlatimlar gorsellerle desteklenmistir. Son olarak degerlendirme gegerligi ¢aligilan
stirecin acik, anlasilir, sonuglarin tutarli ve bagka arastirmacilar tarafinda da onaylanabilir

olmas1 ile ilgilidir. Bu baglamda c¢alismada arastirma siireci olduk¢a detayli olarak
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tanimlanmis ve herhangi bir soru isareti iiretmeyecek sekilde agiklanmistir. Fen egitimi
alaninda uzman olan deneyimli iki aragtirmacinin, arastirmanin sunumuna iliskin goriis ve

Onerileri alinmstir.
Bulgular

Arastirmada 6grencilerin bir STEM projesini olustururken gectikleri evreleri incelemek ve bu
siireclere dair yorumlar yapabilmek amaglandig1 i¢in yapilan sorgulamalarin her birine

yonelik elde edilen bulgular ayr1 ayr alt basliklarda sunulmustur.

Ogrencilerin arastirma siirecinde temiz suyun canhlar icin 6nemine dair ortaya

koydugu yorumlar nelerdir?

Bu ¢alismanin birinci probleminde 6grencilerin Bilgi Temelli Hayat Probleminin arastirma
asamasinda arastirmalar1 beklenen temiz su ve bunun kullanimina yo6nelik aragtirmalart iki
temel unsur altinda toplanmistir (Sekil 2).

Saglik icin
Canlilar igin

Davranis degistirmek
Arag-gere¢ kullanmak

Sekil 2. Arastirma sorulart analizi

Sekil 2°de de gortilecegi lizere 6grencilerin grup olarak cevapladiklari sorulardan elde
edilen kodlara bakildiginda 6grenci sdylemlerinde suyun canlilar i¢in dnemini canliligin
devamliligi, saglik ve ihtiya¢ baglamlarinda dile getirdikleri, temiz suyun korunmasini ise
aritma gibi islemlerde arag-gere¢ kullanma, yeniden kullanma ve koruma gibi davranig
degisikligi baglaminda inceledikleri belirlenmistir. Su tasarrufu tizerine sorulan soruda da
ornekler vererek (sebze yikama, balkon temizleme, otomobil yikama, vb.) yeniden kullanma
yollar1 bulmak, gereksiz kullanmamak, musluklar1 agik birakmamak, kisa dus almak, bozuk
musluklar1 tamir etmek, eski makinalar1 degistirerek yeni araglar kullanmak ve aritma yapmak
gibi konulara deginmislerdir. Ogrenci gruplarinin cevaplarindan birkac tanesi asagida

verilmistir:

Grup 3: Canli organizmalar hiicrelerden meydana gelir ve hiicrelerin
organizmanmin canliligini saglayabilmesi igin kendilerinin de canli olmas: gerekir.

Ancak hiicreler susuz canli kalamaz.
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Grup 5: Balkon vb. yerleri siipiirge ile temizleyin. Aksam ve sabahlart bahge

sulayn ¢iinkii 6glenleri buharlasma fazla oluyor.
Grup 6: Arizali musluklar: tamir ettirmek.
Ogrencilerin arastirma siirecinde bilgi edinmeye dair basar1 durumlari nedir?

Ogrencilerin arastirma yapma siireglerini degerlendirmek i¢in Arastirma (Bilgi Edinme)
Rubrigi (Corlu ve Calli, 2017) kullanilmistir. Buna gore gruplarin elde ettikleri bilginin
kalitesi, kullandiklar1 kaynaklar, bilgi edinme defterini kullanma durumlar1 ve son olarak da
grup icgerisinde gorev paylasimina dair yapilan incelemelerden 5 grubun oldukc¢a yiiksek
basar yiizdesi (%75 ve iizeri) elde ettigi ancak bir grubun (Grup 1) %50 diizeyinde basar1 elde
ettigi belirlenmistir. Incelenen kategorilerden ozellikle bilginin kalitesi ve kullandiklari
kaynaklarin degerlendirildigi maddelerinden diisilk puan alan Grup 1 yeterli diizeyde
arastirma yapmamis ve bilgi edinme defterini de yeterli diizeyde doldurmamustir. Ogrenci
gruplarina yaptiklar1 arastirmanin kaynagi soruldugunda ise istisnasiz hepsi interneti
kullandiklarin1  dile getirmislerdir. Ancak kullandiklar1 internet kaynaklarinin ise
bilimselligine yonelik inceleme yapmaya ya da giivenilir internet sitelerinin neler

olabilecegine dair bir incelemeleri ya da sorgulamalar1 bulunmamaktadir.

BTHP’nin incelenme siirecinde o6grencilerin kendilerine gerekli olacak bilgi

konusundaki farkindaliklar: nasildir?

Ogrenci gruplar1 ¢alismaya basladiklar1 andan itibaren topladiklar1 verilere dair kayit
tuttuklar arastirma defterlerinden elde edilen kodlardan Sekil 3’te verildigi gibi 3 tema ortaya
cikmistir. Gruplar sahip olduklar1 ve siiregte kendilerine gerekli olacagini diistindiikleri
bilgileri dile getirdiklerinde “Miihendislik/Tasarim Bilgisi, Fen Bilgisi ve Matematik Bilgisi”
olmak tiizere ii¢ temel unsur tespit edilmistir. Gruplar hangi bilgiye sahip olduklarini
siralarken, sivi basinci, su tasarrufu ve su tasarrufu yontemleri gibi konuya dair bazi

kavramlar1 saymislardir.
Grup 3: Bilesik kaplar nasil ¢calisir bilmeliyiz.
Grup 2: Dakikada kag litre su aktigint hesaplamay: bilmeliyiz.

Bunlarin yaninda ise tasarim bilgisine ve tasarlayacaklari {riiniin ¢aligma

mekanizmasina dair bilgiye gereksinimlerini dile getirmislerdir.

Grup 5: Cevreci sifonu nasil yapariz bunu bilmeliyiz.
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Grup 1: Sifonlarin ¢calisma mekanizmasini bilmeliyiz.

Mihendislik
/Tasarim
Bilgisi

Gorevi tamamlamak igin gerekli bilgiler

Sekil 3. Arastirma defteri analiz sonuglart

Tasarim ve gozlem asamalarinda 6grencilerin fen ve matematige yonelik deneyimleri

nelerdir?

Ogrencilerden tasarim esnasinda &grendiklerini rapor olarak yazmalari istendiginde bunu
gerceklestirebilen bir grup olmamaistir. Sadece birkag ciimle ile 6grendiklerini yazan gruplarin
cevaplart incelendiginde sivi basincini gézlemlemeyi ve buna dair siireci 68rendikleri ve
siklikla su tasarrufundan bahsedildigi i¢in su tasarrufu lizerine 6grenmelerinin oldugunu dile

getiren gruplar olmustur.

Grup 2: St basinct sayesinde suyu bir taraftan bosalttigimiz zaman diger

taraftan ¢ikiyor oldugunu 6grendik.
Grup 5: Ortalama 1 saatte akan suyun miktarini hesaplamayi 6grendik.

Veri kaynaklarindan tiglinciisii olan “Musluktan Akan Suyun Hacmi” gozlemi ve
“Evimizde Kullanilan Suya Dair Go6zlem Tablosu” verilerinin analizi sonuglarina gore
oncelikle matematiksel gozlemler yaptiklari, bu goézlemlerden yola g¢ikarak matematiksel
islemler ve incelemeler yaptiklar: son olarak da elde ettikleri matematiksel sonuglar1 giinliik
yasam durumunu anlamlandirma i¢in kullandiklart belirlenmistir. Bu siirecler giinlilk yasam
problemlerinde 6grencilerin gegmesi beklenen asamalar olup bu asamalar STEM projesi

kapsaminda net olarak gézlemlenebilmistir.
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BTHP’nin incelenme siirecinde 6grencilerin matematiksel basarilari nasildir?

Bu incelemede Ogrencilerden elde edilen veriler 3 tema altinda degerlendirilmistir. Bu

temalar; Matematiksel Gozlem, Matematik Bilgisi ve Giinliik Yasama Aktarma’dir.

“Matematiksel Gozlem” temasinda dgrencilerin “Musluktan Akan Suyun Hacmi®” adli
gozlemi yaparken Olgiim sonuclarini kaydettikleri tablo ve deney raporundan elde etmis
olduklar veriler ve bu verilerin matematiksel islemlere tabi tutulma asamalar1 incelenmistir.
Gruplar elde ettikleri sayisal verileri birkag kez 6l¢iim siirecini tekrarlayarak netlestirmis ve
Oleme hatalarmmi en aza indirmistir. Boylelikle her bir dakikada bir kaba ne kadar su
dolabilecegine dair yasamsal bir tecriibe edinerek matematiksel bir sonucu gézlemleme firsati

yakalamiglardir.

Uygulayici arastirmacinin 6grenci gruplarini gozlemlerken tuttugu alan notlarindan
elde edilen verilere gore; 6grenci gruplart musluktan dakikada ne kadar su aktigina iliskin veri
toplarken bazi degiskenleri sabit tutup denemeler yapmis (6rnegin, musluktan suyun akisi ilk
denemede hizl, ikinci denemede daha yavas ya da siire tutma araliklarini daha genis ve dar
alma gibi) ve matematiksel gozlemlerini netlestirmeye ¢alismislardir. Buna dayanarak onlara
verilen tablolara elde ettikleri verileri kaydetmislerdir. Arastirmacilar 6grencilerin tablolara
kaydettikleri verilere bakarak bu verilerin dogruluk degerlerini incelemis ve verileri “dogru-
yanlis” seklinde kodlamislardir. 6 grup icerisinde 3 grup dogru verileri gézlem siirecinde elde
edebilirken diger 3 grubun elde ettigi veriler yanlis olarak kodlanmistir. Ornegin Sekil 4’te
Grup 1’in verileri gercek bulgulara yakin iken Sekil 5’te Grup 6’nin verileri gergek

bulgulardan uzaktir.

Sekil 4. Grup 1’in musluktan akan suyun hacmine iligkin veri tablolar

3 “STEM Temelli Derslerin Islenisi” bashig1 altinda bu deneyin detaylar1 agiklanmustir.
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Sekil 5. Grup 6 ’nin musluktan akan suyun hacmine iliskin veri tablolar

Bu durumun arkasindaki gerekgelerin 6grencilerin muslugu acarak gozlemledikleri
suyun akis hizi olan su debisini oldukca diislik tutmalar1 ya da suyun akisi esnasinda siireyi

tutarken yasadiklar1 sorunlar diye diisiintilmektedir.

Ogrencilerin matematiksel incelemelerinin degerlendirildigi bu asamada ikinci tema
ise “Matematik Bilgisi” temas1 olup bu tema “Go6zlem Tablosu ve Sorular” baslikli 6lgme
aracinin ortaya koydugu verilere dayanarak elde edilmistir. Bu sorularda birim zaman igin
yapilan gozlemlerin bir giinde nasil degisimlere ugrayabilecegi (Sorul: Evlerde kullanilan bir
musluk dakikada kag litre su akitmaktadir?), bir rezervuarin ebatlari ve su kapasitesi (Soru2:
Bir sifonlu rezervuar kag litre su almaktadir? Rezervuarin boyutlarint cetvel yardimiyla
olcerek hacmini hesaplayabilirsiniz.), rezervuarin sarf ettigi su ile giin igerisinde harcanan
temiz suyun iliskisi (Soru3. Evimizde bir giinde sadece rezervuardan tuvalete giden temiz su
ka¢ litredir?), bir ginde ne kadar temiz suyun yapilacak cevreci sifon ile nasil
kurtarilabilecegi (Sorud: El-yiiz ytkama, meyve — sebze ytkama ve bulasik yitkama gibi basit
isler icin evimizde yaklasik olarak kag litre su kullanilir?; Soru5: Bu yontemle evimizde bir
giinde kag litre remiz suyu tasarruf edebiliriz?; Soru6: Bu yontemle bulundugunuz ilgede bir
giinde kag litre su tasarrufu yapilabilir?) gibi incelemeler yapmalari istenmistir. Bu sorulara
verilen matematiksel cevaplar incelendiginde islem hatalarmin yapildigi, cm? ile litre arasinda
dontistimiin yapilamadigi tespit edilmistir. Bu tespitlerde sonuclar “tamamen yanls, eksik ve
kabul edilebilir” seklinde 3 kategoride degerlendirilmistir. Tamamen yanlis sonuglarda
matematiksel islemlerin yanlis olmasi ve sayisal verinin olast cevaplarla Ortlismemesi

durumlari ele alinmistir.

Verilerin  matematiksel islemler baglaminda incelemesinde “eksik” olarak

siniflandirilan veriler, yapilan islemin sonucunun verilmesine ragmen siirecinin agiklanmamaisg



S.Uslu ve B. Boz Yaman/ Pamukkale Universitesi egitim Fakiiltesi Dergisi, 53, 457-494, 2021 478

oldugu ya da 6rnegin rezervuar kapasitesinin belirlenme siirecinde ebatlardan bir tanesinde
kabul edilir olmayan bir sayinin kullanilmas: gibi durumlarda kullanilmistir. Ornegin Grup 6,
ilce niifusu ile cevreci sifon kullanilarak tasarruf edilecek su miktarinin carpiminin
hesaplanmasi beklenen soruda ¢arpma isleminde ve sayilarin ifade sekillerinde yanlisliklar
yapmustir. Bu durum Sekil 6’da goriilmektedir. Bu nedenle bu veriler “eksik” olarak

kodlanmustir.
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Sekil 6. Grup 6 ’nin soru 6 ’ya verdigi cevap

Son olarak verilerin matematiksel bilgi baglaminda incelendigi sorularda kabul
edilebilir olarak yorumlanan sonuglarda ise 6grencinin elde ettigi sonuglarin makul smirlar
igerisinde olmasi gereklidir. Ornegin 1 dakikada normal basing altinda bir musluktan 14 litre
su aktig1 sdylenebilirken basing diizeyi azaltilan bir muslukta 7-8 litre olarak belirlenmesi
kabul edilebilir bir sonugtur. Ancak dakikada 2 litre akmasi durumu basincin oldukga diistik
bir diizeyde tutulmasi gerektigini gosterir ki boyle bir durum bu arastirmada s6z konusu
olmamaktadir. Bu nedenle Sekil 7°de Grup 1’in birinci soruya verdigi cevap olan 7,5 litre

cevabi kabul edilebilir olarak degerlendirilmistir.

PRIy

Sekil 7. Grup 1'’in ilk soruya verdigi kabul edilebilir cevap

Ogrenci gruplarinin verdikleri cevaplarin tamamen yanls, eksik ve kabul edilebilir
olarak incelenen verilerine sirasiyla 0, 1 ve 2 puanlan verildiginde Sekil 8’deki grafik elde
edilmistir. Buna gore 12 puan iizerinden gruplar tiim etkinligin “matematiksel bilgi”
temasinda %50°nin altinda bir basariya sahiptirler. Soru bazinda incelendiginde ise 6. soruda

oldukca basarisiz olan gruplar Sekil 8’de gosterilen toplam puan siitunlarina bakildiginda en
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cok 1. soruda basarili olmuslardir. Birinci soru ogrencilerin kendi yaptig1 deneyden de
faydalanarak evde bir musluktan dakikada kag litre su akacaginin belirlenmesi sorusudur ve
bu sorunun cevabi aslinda bahgede yapilan musluktan akan suyun hacmi deneyinden de elde
edilmistir. Ancak buna ragmen hala 6grenciler kendi yaptiklari deney sonucundan elde
ettikleri sonuglar1 bir hafta sonra sorulan benzer bir soruda kullanamamis ve bulgularini yeni

duruma aktaramamislardir.

Grupl Grup 2 Grup 3 Grup 4 Grup 5 Grup 6 Toplam Puan

|

— B W = N

o

M Sorul M Soru2 Soru3 M Soru4 M Soru5 Soru6 M Toplam Puan

Sekil 8. Matematik Bilgisi temasindaki basari durumu

Sekil 8’de toplam puan siitunlari incelendiginde gruplarin en basarisiz olduklar
sorunun 6. soru oldugu goriilmektedir. Bu soruda 6grencilerin yasadiklari ilgenin niifusunu
bilmeleri, bu say1 ile gézlemleri sonucu elde ettikleri tiiketilen su miktarin1 ¢arpmalar1 ve
bdylece tiim ilgede kag litre su tasarrufu yapabileceklerini hesaplamalar1 beklenmektedir.
Dolayist ile sonuglardaki bu basarisizligin nedeni ilgenin niifusuna ulagamamalarindan,
yaptiklar1 tahminlerin yanlis olmasindan, carpma islemlerindeki hatalardan ve sivi
oliimlerindeki doniisiim islemlerindeki hatalardan kaynaklanmakta oldugu belirlenmistir.
Sonug olarak 6grenciler matematiksel islemlerde kendilerinden beklenen basarty: ortaya

koyamamustir.

Ogrencilerin matematiksel incelemelere yonelik yaptiklarinin degerlendirilmesi
sonucunda elde edilen iiglincii tema ise “Giinliik Yasama Aktarma” temasi olup bu tema
altinda ogrencilerin 6lglim ve gdzlemler sonucunda elde ettikleri veri ve sayisal degerlerin
giinliik yasamdaki anlamliliklar ile iligskilendirme sonuglari degerlendirilmistir. Bu sonuglar
Gozlem Tablosu ve Sorular tablosuna dgrencilerin tuttuklart matematiksel kayit ve verilerin

gercek yasam ile iligkilerinin incelenmesiyle ortaya ¢ikmustir. Bu veriler “kabul edilebilir (1
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puan)” ve “kabul edilemez (0 puan)” seklinde iki kategoride incelenmistir. Ornegin rezervuar
ebatlarinin istendigi bir soruda Grup 3’ilin rezervuarin derinligini 6 cm olarak vermesi ya da
Grup 6’nin rezervuarin kapasitesinin istendigi soruya 6300 litre olarak verdigi cevaplar kabul
edilemez cevaplar olarak belirlenmistir. Bunun aksi giinliik yagam verileri ile 6rtiisen ve kabul
edilen say1 degerleri tastyan cevap ise kabul edilebilir olarak degerlendirilmistir. Gruplarin
her bir soru bazinda verdikleri cevaplarin matematiksel degerlerinin giinliik yasam verileri ile
karsilastirilarak kabul edilebilirligi incelendiginde, Sekil 9’daki grafikte de goriildiigi gibi
Grup 2’nin cevaplarinin diger gruplara gére daha fazla kabul edilebilir oldugu ancak diger
gruplarin cevaplarinin kabul edilebilirliginin olduk¢a diisiik oldugu goriilmektedir. Bu durum
ogrencilerin sayisal verilerle islemler yaparken elde ettikleri sonuglar1 giinliik yasamdaki
anlamlarinin iizerinde diisiinmeden kabul ettiklerini de gostermektedir. Yukaridaki 6rnekte de
verildigi gibi bir 6grencinin bir rezervuarda 6300 litre su olma ihtimalini mantikli bulmasi

sayisal verilerin gergekliklerini g6z 6niinde bulundurmadigina bir kanittir.

w

s

w

(4% ]

Grup 1 Grup 2 Grup 3 Grup 4 Grup 5 Grup 6 Toplam Puan

(=]

M Sorul M Soru2 Soru3 M Soru4 M Sorud Soru6 M Toplam Puan

Sekil 9. Giinliik Yasama Aktarma Temast Basart Durumlart

Sekil 9’daki grafige bakildiginda gruplarin en zorlandiklar1 sorunun 4. soru oldugu
goriilmektedir. Bu soru evde toplamda harcanan suyun hesaplanmasina dair sorulan bir soru
olup dgrencilerin hali hazirda doldurduklar1 tablodaki verileri toplamalar1 ve bu verilerin
giinliik yasam baglaminda yorumlanmalar1 gerekmektedir. Ancak 6grencilerin tablo okuma,
olusturma ve doldurma seklinde verilerin tabloya aktarilmasi {izerine zorluklar yasadiklari
belirlenmistir. En fazla dogru cevabin verildigi soru ise Toplam Puan siitunlarindan da

goriilecegi gibi 3. soru olup bir rezervuardan tuvalete giden temiz suyun miktarinin
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hesaplanmas1 iizerine sorulan bir sorudur. Burada yapilacak is rezervuarin hacminin
hesaplanmasi ve bir giin i¢inde rezervuarin kag¢ kere kullanilacagini tahmin ederek hacim ile
kullanim miktarini1 ¢arpmaktir. Bu islem Grup 1 ve 6 disinda diger gruplar tarafindan kabul

edilebilir sekilde yapilmistir.
Ogrencilerin ortaya ¢ikardig taslak ve élcekli cizimler nasildir?

Bu c¢izimlerin her biri kendi icinde incelenmis sonra da Kkarsilastirmali olarak
degerlendirilmistir. Tek tek yapilan incelemelerde hem taslak ¢izim hem de dlgekli ¢izimler
icin dikkat edilen unsur fen bilgisi temel bilgisinden sivi basinci ilkesine dikkat edilip
edilmedigi, gercek yasam detaylarina yer verilip verilmemesi ve dl¢ekli ¢izimler i¢in gercekei
Olceklendirme yapilip yapilmadigidir. Bunlardan Grup 3 taslak ¢izimi, Grup 6 ise 6lcekli
cizimi yapmay1 tercih etmemislerdir. Taslak cizimler incelendiginde fen bilgisi ilkelerinden
stvi basincini ti¢ grubun dikkate almadigi, sadece iki grubun bilesik kaplardaki sivi basinct
ilkesini goz Oniinde bulundurarak ¢izim yaptiklar1 belirlenmistir. Stv1 basinci ilkesini dikkate
almayan 1, 2 ve 5 nolu gruplardan ilki sifonun ¢esmeden daha asagida olmasi gerekirken tam
tersini ¢izmis, Grup 2 sifonu suyun depolandigi kaptan yukarida ¢izmis halbuki depolanan
yerden sifona bir akis olmasi istenmistir. Son olarak da Grup 5 ise kaplar1 aym yiikseklikte
¢izmis ve s1vi basinct ilkesini uygulayamamistir. Sivi basinci ilkesini géz 6niinde bulunduran
gruplardan Grup 4 lavabo olarak belirttigi kabi sifon olarak belirttigi kaptan yiiksekte
cizmistir. Grup 6 ise su deposu olarak adlandirdigi suyun biriktirildigi yerden kullanildig: yer
olan ev olarak belirtilen kap arasinda yiiksekte olan depo siv1 basinci ilkesine uymaktadir. Bu
cizimlerde ikinci incelenen unsur olan giinliik yasamdaki unsurlara yer verilmesi 6rnegin
sifon, depo ya da musluk gibi kavramlar1 gerek yazi yazarak sekillerin ilizerinde belirtmis
olmak gerek ise ¢izim ile agikca bu kavramlari ¢izmek olarak belirlenmistir. Bu durumda da
tiim ¢izimler bu unsurlar1 gerek isimler vererek gerek ise ¢izimlerindeki gorsel unsurlar ile
ifade etmislerdir. Bir gruba ait dlgekli ¢izim 6rnegi Sekil 10°da verilmistir.
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Sekil 10. Ogrencilerin élgekli ¢izim 6rnegi
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Olgekli ¢izimlere bakildiginda herhangi bir ¢izim yapmayan Grup 6 ve ¢izimleri
olmasia ragmen Olceklendirmeyen Grup 1 ve 4 disinda diger ¢izim yapan gruplarin
matematiksel Ol¢iimlere dikkat ederek Olgekli bir ¢izim yaptiklari belirlenmistir. Ancak
ogrenciler 6l¢ek kavramini anlamli olarak kullanamamusglardir, ¢iinkii gercek ebatlari ile ytlizde
kaclik bir kiiciiltme yaptiklarini higbir grup yazmamistir. Bu nedenle 6grencilerin iirettigi
Olcekli c¢izimlerin gergekgilikleri degerlendirilememistir. Ancak uygulamay1 yapan
aragtirmaciin gozlem notlarinda da belirlendigi lizere Ogrenciler ¢izimlerine yazdiklari
Ol¢iimleri gergek bir sifonun ebatlarinin belirli oranda kii¢tiltiilmesini dikkate almak i¢in grup
icinde verimli tartigmalar yaptiklari ancak bu Olgegi ¢izimlerinde gosteremedikleri

yoniindedir.
Ogrencilerin iiriinlerine ve sunumlarina dair basarilar: ne durumdadir?

Gruplar tartismalar sonucunda ortaya koyduklari ¢izimlerden faydalanarak iiretecekleri
cevreci sifon i¢in laboratuvar ortamina gegerek tasarimlarini insa etmislerdir. Bu esnada
onceden listesini yaparak yanlarinda getirdikleri tiim malzemeleri kullandiklar
gozlemlenmistir. Ancak tirlini test ettiklerinde bazi materyallerin ise yaramadigini tespit
etmis ve yeni materyal arayisina girmislerdir. Ornegin, bazi malzeme pargalarini bant ile
birbirine baglayan bir grup su kullanarak test ettikleri tasarimlarinin parcalarinin ayrildiginm
gozlemleyince bant yerine oyun hamuru kullanmay1 tercih etmis ve oyun hamuru getiren diger
grubun materyallerinden yararlanmislardir. Ogrencilerin tasarladiklar: {iriinlerden biri Sekil

11°de gosterilmektedir.

Sekil 11. Ogrencilerin tasarladigi miihendislik iiriinii 6rnegi

Gruplarin irettikleri {iriinlerin degerlendirmesi uygulamay1 yapan arastirmacinin
kullandig1 Sosyal Uriin Rubrigi ile yapilmistir. Sosyal iiriin rubriginde &grencilerin fikir
gelistirebilme durumlari, bu fikirlerin ilgili problem ile iliskililigi, iirliniin biitlinliik agisindan
ve dogruluk acisindan kalitelisi, materyallerin kullanimlar1 ve 6zgiinliik gibi Olgiitler temel
almmistir. Bu rubrikten de tiim gruplar oldukga yiiksek basar1 diizeyi (%75 ve ilizeri) elde

etmislerdir ve bu da yeterli ve islevsel {irlinler ortaya koyduklarini gdstermektedir.
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Ogrencilerin taslak ve 6lgekli ¢izim yapmakta zorlandiklari, ancak iiriinii laboratuvar
ortaminda basit malzemeler ile yapabilmede daha basarili olduklar1 goriilmiistiir. Bu durum
Ogrencilerin grup i¢i tartismalar yapma, tasarimini yaparak test etme, degerlendirme,
caligmayan {riinii yeniden yapma veya iyilestirme, yeniden test etme asamalarin1 kullanarak
iirline son halini vermeleri ile agiklanabilir. Son olarak ise sosyal {iriiniin sunum rubriginde
sunum yapan gruplarin hazirbulunusluklari, konuya hakimiyetleri ve sunum becerileri
degerlendirilmistir. Bununla birlikte kullandiklar1 fen ve matematik kavramlarinin yerinde ve
etkili kullanim1 da 6gretmen tarafindan dikkate alinmistir. Ogrenci gruplar1 oldukg¢a basarili
(%75 ve lizeri) bulunmus ve hazirbulunusluklar ile konuya hakimiyetleri hususunda yeterli

goriilmiislerdir.
Sonuc, Tartisma ve Oneriler

Bu c¢alismada arastirmacilar STEM temelli bir ders plan1 tasarlamis, uygulamis ve uygulama
stirecini, O0grencilerin deneyimlerini degerlendirmislerdir. Hazirlanan dersin igeriginde sivi
basinci ve su tasarrufu temel alinmis ve temiz suyun tasarrufunda kullanilabilecek “cevreci
sifon” projesi tasarlanmistir. Bu etkinligin en 6nemli amaci Ogrencilerin siirdiiriilebilir
kalkinmaya dair duyarliligini, temiz suyun korunumu ve suyu israf etmeden kullanimi
konularinda farkindaligini arttirmak ve bu baglamda da 6grencilerin STEM alanlarindaki

yetkinliklerini belirlemektir.

Birlesmis Milletler tarafindan 2015 yilinda yayinlanan stirdiiriilebilir kalkinma
amaclarindan altincis1 “Herkes i¢in erisilebilir su ve atik su hizmetlerini ve siirdiirtilebilir su

2

yonetimini glivence altina almak™ olarak aciklanmistir (UN, 2015). Bu amaca yonelik
belirlenen hedeflerde diinya {izerinde su kaynaklariin siirdiiriilebilirligi, temiz suya erisim,
temiz suyun kirlilikten korunmasi, suyun tasarrufu, atik sularin aritimi vurgulanmistir. Bu
caligmada 6grenci sOylemlerinde suyun canlilar i¢in 6nemini canliligin devamliligi, saglik ve
ihtiya¢ baglamlarinda dile getirdikleri, temiz suyun korunmasini ise aritma vb. arag-gereg
kullanimi, yeniden kullanma ve koruma gibi davranis degisikligi baglamlarinda inceledikleri
belirlenmistir. Aydiner-Boylu ve Yertutan (2012) yiriittiikkleri calismada 6grenim diizeyi
arttikca su tasarrufu davranisinin arttigini tespit etmistir. Bu nedenle suyun canlilar ve yasam
icin 6nemine ve su tasarrufuna dair farkindaligin, ilkokul ve ortaokul gibi temel 6grenim
diizeylerinde olusturulmast onemlidir. Yapilan bu calismada da ogrencilerin temiz su

kaynaklarinin korunmasi ve suyun tasarrufuna yonelik aragtirmalar yapmasi saglanmis olup

ogrencilerin yaptiklar1 arastirmalarin sonuglarin1 smif iginde tartismalari ig¢in ortam
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hazirlanmigtir. Bu siiregte israf edilen suyun matematiksel islemler ve Olgiimler ile
gbzlemlenmesi, il¢e capinda tahminlerde bulunulmasi ve bu israfin 6niine gegecek bir tasarim
ortaya ¢ikarmaya ¢aligmalar1 ile 6grencilerin yasadigimiz diinyada temel gereksinimlerden
olan temiz suyun énemine ve korunmasina odaklandiklar1 sdylenebilir. Ogrenci gruplari sahip
olduklar1 ve siirecte kendilerine gerekli olacagini diisiindiikleri bilgileri dile getirdiklerinde
“Miihendislik/Tasarim Bilgisi, Fen Bilgisi ve Matematik Bilgisi” olmak iizere ii¢ temel unsur
tespit edilmistir. Yapilan derslerde Ogrencilerin bir STEM projesi iiretme esnasinda
gereksinim duyacaklart bilgi ve beceriye dair (6rnegin, tasarim becerisi, matematik ve fen
bilimleri ihtiyac1t gibi) farkindaliklarinin olustugu goézlemlenmistir. Katilimc1 6grenciler,
uygulanan dersler esnasinda miithendislik tasarim siirecini deneyimlemis ve bir tasarim ortaya
cikarmislardir. Miihendislik tasarim siireci, gercek yasam miihendislik problemine yonelik
tasarim gergeklestirmek icin STEM disiplinlerinin biitiinlestirilmesini gerektirir. Miithendislik
tasarim siirecini igeren STEM egitimi 6grencileri daha anlamli ve 6zgiin etkinliklerle mesgul
eder, meraklarin1 ortaya cikarir ve elestirel diistinme becerilerini gelistirir (Moreno ve
digerleri, 2016). Ger¢ek yasamda miihendislik, matematik ve fen ile bir arada bulunur ve
miihendislik tasarim problemlerini ¢6zmek isteyen dgrencilerin matematik ve fen alanlarina
iliskin bilgi ve becerilerinin de artacagi alanyazinda belirtilmektedir (Bozkurt-Altan ve
digerleri, 2015). Ortaokul yillar1 6grencilerin mithendislik ilkelerini tanimasi ve uygulamasi
icin Onemlidir (Moreno ve digerleri, 2016). Uygulayic1 arastirmaci tarafindan yapilan
gozlemlerde, 6grencilerin iirlinli tasarlama ve yapim asamalarinda grup arkadaslariyla ve
diger gruplarla isbirligi yaptig1, slirecte yasadiklar1 sorunlara ¢oziimler gelistirdigi, Uiriiniin
yapim asamasindan keyif aldiklar1 gozlemlenmistir. Yapilan ¢aligmada 6grencilerin gozlem
yapma, 0lgme, verileri kaydetme, say1 ve uzay iligkileri kullanma, verileri yorumlama, sonug
cikarma, verileri kullanma ve model olusturma gibi becerileri kullanmasi gerekmistir.
Knezek, Christensen, Tyler-Wood ve Periathiruvadi (2013) tarafindan 6. ve 7. Siif
ogrencileriyle yiiriitiilen bir STEM projesinde; 6grenciler elektrikli ev aletlerinin bekleme
modunda tiikettigi elektrigi 6lgmiis, bir ailenin elektrik faturasini diisiirmek ve kiiresel
isinmaya katkida bulunan sera gazi emisyonlarini dislirecek proje gelistirmek ig¢in
arkadaslariyla veri toplamislardir. Calisma ile Ogrencilerin STEM igerik bilgilerinde
kazanimlar elde ettigi ve yaraticilik egilimlerine katki sagladigi belirtilmistir. Fen bilimleri
ogretmenleri ile yapilan bir ¢galismada 6gretmenlerin, STEM temelli etkinliklerin 6grencilerde
motivasyonu ve ilgiyi arttiracagina, bilimsel siire¢ becerilerini ve yaraticilii gelistirecegine

inandi@1 belirtilmistir (Eroglu ve Bektas, 2016). Benzer sekilde, Bozkurt-Altan ve digerleri
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(2015) tarafindan yapilan g¢alismada, O0gretmen adaylar1 miihendislik tasarim siirecinin
yaparak 6grenmeyi ve kalic1 6grenmeyi sagladigini, motive edici oldugunu ve sorgulamaya
dayali oldugunu ifade etmistir. Ogretmen adaylarinin inanglarina paralel olarak bu ¢alismada
da 6grencilerin derse oldukca motive oldugu ve miihendislik tasarimi esnasinda elde ettikleri

verilere ve sonuglara dair sorgulayici olduklar tespit edilmistir.

STEM c¢alismalarmin en somut ¢iktis1 mithendislik tasarimlar1 olmaktadir. Kennedy
ve Odell’e (2014) gore yiiksek kaliteli STEM egitimi programlari; mithendislik tasarimi ve
problem ¢6zme, bir problemi tanimlama, c¢oziimde yenilikgilik, prototip olusturma,
degerlendirme ve yeniden tasarlama siireclerini tesvik etmelidir. Yapilan calismada 6grenciler
miihendislik becerilerini kullanarak tasarim ortaya ¢ikarmislardir. Ardindan tasarimlarini test
ederek temel miihendislik becerilerini kullanmiglardir. Bu siiregte 6grencilerin eksik ya da
kullanisli olmayan malzeme tespit ettiklerinde farkli ¢oziimler gelistirdikleri de belirlenmistir.
Tastan-Akdag ve Giines’in (2017) calismasindaki 6grenci goriisleri de bizim arastirmamizi
destekler niteliktedir. S6z konusu ¢alismada 6grenciler STEM etkinliklerinin yaraticiligi
gelistirdigini, eksik malzeme olmasi halinde ¢6ziim bulma becerilerinin arttigini ifade
etmiglerdir. Miihendislik tasarimi iceren STEM projeleri 6grencilerin fen ve matematik
bilgisini, iletisim becerilerini gelistirirken, STEM disiplinlerine yonelik ilgiyi ve olumlu

tutumu arttirir (Lesseig, Slavit ve Nelson, 2017).

Sorgulama siireglerinde Ogrencilerin siklikla bagvurdugu beceri olan akil yiiriitme
becerisi bireylerin matematigi kavrayabilmeleri ve kullanabilmelerinde onemli bir yere
sahiptir. Akil yiiriitme becerisi 6grencilerin mantiga dayali ¢ikarimlarda bulunabilmelerine,
kendi diisiincelerini agiklarken matematiksel modelleri, kurallar ve iliskileri kurabilmelerine,
problem ¢o6ziimii yaparken alternatif yollar Onerebilmeleri ve bu Onerdikleri yollari
savunabilmelerine, incelenen olgunun siirecine dair tahminlerde bulunabilmelerine yardimci
olmaktadir. Oran orant1 konusu da dgrencilerin akil yiiriitme becerilerini kullanabilecekleri
akil yiriitme tiirlerinden birisidir (Umay, 2003). Akil yiiriitme becerisi sadece matematik
derslerinde degil kimya, fizik ve fen bilimleri derslerinde de siklikla kullanilmakta olup, fen
ve matematik derslerinde akademik basar1 i¢in gerekli bir beceri oldugunun alt1 ¢izilmistir
(Al-Wattban, 2001; Greenes ve Findell, 1999; Heller, Ahlgren, Post, Behr ve Lesh, 1989).
Matematik dersi 6gretim programinda 7. smifta yer alan “oranlari verilen g¢okluklari
belirlemeleri, gergek hayat durumlarini inceleyerek orantisal durumlar tespit etmeleri, dogru
ve ters orantili ¢okluklar1 anlayarak ilgili problemleri ¢ozmeleri beklenmektedir” (MEB,

2018, s. 12) ifadesine gore ¢aligmanin 6rneklemi olan yas grubunun oranti konusuna dair bilgi
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sahibi olmasi beklenmektedir. Ancak calisma kagitlar1 incelendiginde matematiksel
hatalarinin biiyiik ¢cogunlugunun kurmalar1 gereken basit oran ve oranti i¢eren orantisal akil
yirlitme ile ilgili problemlerden kaynaklandigi goriilmiistiir. Bu duruma benzer sekilde
alanyazindaki pek ¢ok calismada hem ¢ocuklarin hem de yetiskinlerin zorluklar ¢ektigi ifade
edilmistir (Ben-Chaim, Fey, Fitzgerald, Benedetto ve Miller, 1998; Heller ve digerleri, 1989;
Reiss, Behr, Lesh ve Post, 1985; Singh, 2000).

Caligmanin bir diger 6nemli bulgusu ise Ogrencilerin elde ettikleri matematiksel
sonuclarin  giinlilk yasamdaki anlamliliklarini  degerlendirememis olmalaridir. Bu
degerlendirme siireci matematiksel modelleme dongiisiiniin (Bliss, Fowler ve Galluzzo, 2014)
onemli bir bileseni olup modeli analiz etme ve degerlendirme basamaginda kullanilan bir
uygulamadir. Ogrenciler bulduklar1 matematiksel modeli gercek yasam durumunu agiklayip
aciklamamasina bakarak, agiklamamasi halinde modele geri donerek yeniden bir model
olusturmalar1 ile gerceklestirilmektedir. Ogrencilerin yapilan matematiksel incelemeler
sonucunda gelistirdigi model bir fonksiyon, grafik veya tablo olabilir (Erbas ve digerleri,
2014). Dolayist ile yapilan dersler esnasinda gerek ders ici gerek ise ders dist siirelerde
ogrenciler yaptiklart gozlem verilerini tablolara kaydederek bir matematiksel model
olusturmuslar ve elde ettikleri sonuclarin ger¢ek yasam ile tutarliligini degerlendirmislerdir.
Ancak bu siirecte zorlandiklar1 belirlenmistir. Bunun nedeni olarak ise ne matematik ne de fen
bilgisi derslerinde bir matematiksel model olusturma ve bu model yardimi ile ger¢ek yasam
durumlarin1 yorumlama iizerine bir egitim almamis olmalar1 gosterilebilir. Ogrencilerin
yaptiklar1 degerlendirmelere dayanarak ¢ikarimlarda bulunmalari, yapilan bu STEM temeli

derslerde matematiksel model siireglerinin de etkin kullanildigin1 géstermektedir.

Ogrencilerin cevreci sifon tasarimma dair taslak ve dlgekli ¢izimleri her biri kendi
icinde incelenmis sonra da karsilastirmali olarak degerlendirilmistir. Taslak c¢izimler
incelendiginde fen bilgisi ilkelerinden sivi basincini ii¢ grubun dikkate almadigi, sadece iki
grubun bilesik kaplardaki sivi basinct ilkesini géz Oniinde bulundurarak ¢izim yaptiklar
belirlenmistir. Olgekli ¢izimlere bakildiginda ise dgrenciler dlgek kavramini anlamli olarak
kullanamamiglardir. Yaptigimiz ¢alismada da 6grenciler tasarladiklari {riiniin taslak ve
Olcekli ¢izimini yapmis, daha sonra ¢izimlerine dayanarak {iriinii olusturmuslar, bu siirecte
miihendisligin tasarimla iligkisini deneyimlemislerdir. Miihendislik tasarim igeren STEM
projelerinde taslak ¢izimleri planlama ve olusturma, problem ¢ézmenin énemli bir 6zelligi
olarak goriilmektedir (English ve digerleri, 2017). Gokbayrak ve Karisan (2017) tarafindan
yapilan c¢alismada, 6.smif 6grencilerinin STEM etkinlikleri yaparken miihendislik bilgisi
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kullandiklari, tasarimlar yaptiklari, 6grencilerin biiyiik boliimiiniin miihendisligin tasarim ile

iligkili oldugunu diisiindiikleri belirtilmektedir.

Bu caligmada ogrenciler gruplar halinde etkinligi gergeklestirmislerdir. Yapilan
etkinliklerde 6grencilerin grup icinde gorev paylasimi yaptiklari, arastirma yaptiklar1 ve
arastirma sonuglarini tartistiklari, olasit sonuglar1 paylastiklar1 ve sorunlara ¢6ziim yollari
gelistirdikleri gozlemlenmistir. Ayrica 6grencilerin etkinlikler esnasinda motivasyonlarinin
yilksek oldugu ve tasarimlarini test etme asamasinda olduk¢a heyecanli olduklari,
tasarimlarinin  basarilt sekilde calistigini gordiiklerinde basart duygusunu hissettikleri
gozlemlenmistir. Benzer sonuglara alanyazinda baska ¢alismalarda da ulasildig1 gorilmiistiir.
Vennix, Brok ve Taconis (2017) problem temelli STEM etkinliklerinin 6grencilerin STEM
disiplinlerine yonelik motivasyonunu arttirdigini belirtmistir. Tastan-Akdag ve Giines’in
(2017) ¢alismasinda 6grenciler STEM etkinliginde grup ¢alismasi ve is boliimii yaptiklarini,
sorumluluk aldiklarini ve sorunlar karsisinda birlikte ¢6ziim aradiklarini ifade etmistir. Yasak
(2017) tarafindan ortaokul 8. smf Ogrencileri ile yapilan STEM uygulamalar ile ilgili
goriismelerde; 6grenciler disiplinli ¢alisma ortami bulduklarini, akranlartyla fikir aligverisi
firsat1 yakaladiklarini, verimli ¢alisma gerceklestirdiklerini ve calismalarini grupta gorev

dagilimi icerisinde yaptiklarini ifade etmistir.

Sonug olarak hazirlanan STEM temelli ders planinin uygulanmasinda 6grenciler bir
miihendislik tasarimini olusturmay1 deneyimlemis, malzeme bilgisine dair farkindaliklar:
artmis, grup calismasi yapmay1 deneyimlemis, giinliik yasamdaki bir problemi matematiksel
verilere dayanarak incelemis, tablolar olusturmus ve matematiksel model gelistirmislerdir.

Bunlara ek olarak ise su tasarrufu konusunda farkindaliklar1 artmastr.

Bu calismanin sonucunda gelecek caligsmalarda gelistirilen STEM temelli ders
planlarmin farkli 6rneklemlerde de uygulanmasi ve elde edilen sonuglarin karsilagtirilmasi
Onerilebilir. Arastirmacilara katilimci 6grencilerle goriismeler de yaparak derinlemesine bir

durum analizi yapilmasi onerilebilir.

Etik Kurul izin Bilgisi: Bu calismanin verileri 2019 yilinda toplandigindan etik kurul izni
alinmamustir.

Yazar Cikar Catismasi1 Bilgisi: Bu calismada yazarlar arasinda c¢ikar ¢atigmasi

bulunmamaktadir.

Yazar Katkisi: Yazarlar calismaya esit oranda katki saglamistir.
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EK 1: Bilgi Temelli Hayat Problemi (BTHP)

Kendinizi bir miithendis olarak hayal ediniz ve evlerde suyun tasarruflu kullanimina yonelik
bir proje hazirlamaniz gerekmektedir. Projede lavabolarda el — yiiz yikama, bulasik
durulama gibi islemlerde kullanilan sabunlu-deterjanli sularin lavabo gider borusundan
tuvalet rezervuarina akmasi ve rezervuarda biriktirilen sabunlu sularin sifon ¢ekilince
tuvalet temizliginde kullanilmas1 gerekmektedir. Lavabo sularmin toplandigr ve
kullanildig1 “Cevreci Sifon” tasarlamaniz ve basit malzemelerle tasariminizi prototip

olarak yapmaniz ve test etmeniz beklenmektedir.
EK 2: Arastirma Sorulari
1. Suyun canlilar i¢in 6nemi nelerdir?
2. Temiz (icilebilir) su kaynaklarinin korunmasi i¢in neler yapabiliriz?
3. Temiz (icilebilir) suyu nasil tasarruflu kullanabiliriz?
4. Temiz (icilebilir) sularin gereksiz kullaniminin ve su israfinin 6niine nasil gegebiliriz?

5. Lavabolarda el yikama gibi islemlerde kullanilan suyu lavabo gider borusundan tuvaletin

rezervuarlarina doldurup nasil biriktirebiliriz? Cevreci sifon sisteminin taslagini ¢iziniz.
EK 3: Arastirma Kayit (Bilgi Edinme) Defteri
1. Projeye yonelik hangi bilgiye sahipsiniz, ne biliyorsunuz?

2. Projeyi tasarlama, planlama ve prototipi yapma asamalarinda hangi yeni bilgiye ihtiyaciniz

olacak? Ne bilmeniz gerekiyor?

3. Proje ile ilgili arastirma yontem ve kaynaklariniz nelerdir? Nasil ve hangi kriterlere gore

arastiracak, sececek, saglamasini yapacaksiniz? Nasil raporlayacaksiniz?

4. Bu projeyi gerceklestirme siirecinde neler 6grendiniz? Arastirma raporunuzu sununuz.
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Introduction

In today's world, where technology is rapidly developing, while professional groups differ,
the qualifications that these professional groups expect from individuals are also changing.
One of these expectations is to gain expertise in areas that combine more than one discipline
instead of focusing on one subject and becoming its expert. For this reason, it has been
observed that the importance of science, mathematics, engineering, and technology (STEM)
education has increased in recent years (Becker & Park, 2011; Manly, Wells & Kommers,
2018). Increasing students' interest in STEM fields, encouraging the new generation to receive
education in these fields, and enabling them to participate in the STEM workforce in the future
are among the objectives of STEM education (DeCoito & Myszkal, 2018; Kennedy and Odell,
2014). Many researchers predict that nations will greatly need the STEM workforce in the
twenty-first century (Corlu, Capraro & Capraro, 2014; English, King & Smeed, 2017). It has
been emphasized that our country will need a workforce to work in STEM fields in order to
compete in the global economy in the 21% century (Turkish Industry and Business Association
[TUSIAD], 2017).

Corlu and Call1 (2017) define STEM education as teaching by integrating the special
knowledge and skills in the center with the other STEM disciplines. Due to the nature of the
discipline in the center, in the STEM applications, which include the basic elements of the
relevant discipline; that is, in science-focused (S) activities, students are expected to design
an experiment and perform the steps themselves, such as creating an experiment template,
which are the requirements of the experiment. Similarly, T, technology, which is included in
STEM, emerges as students' using technology actively and creating software elements such
as coding themselves, redesigning existing code lists, and contributing to the process. In
engineering design, which is the E of STEM, the main target is for students to develop working
prototypes. An example of this is the rocket and paper airplane which Donna (2012) and
English and King (2015) got teachers and 4™"-grade students to design in their studies. Finally,
M in STEM represents mathematics and requires a mathematical model beyond mathematical
operations in STEM activities. On the other hand, mathematical modeling involves creating a
mathematical model by mathematicizing a daily life problem and analyzing it with this model
and testing the suitability of mathematical solutions to the daily life problem (Lesh & Doerr,

2003). In this context, the elements that can be handled as a mathematical model can be a
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formula or an equation, as well as patterns developed to create a table, draw graphics or

observe relationships.

STEM education is interdisciplinary in nature and aims to enable students to look at
problems from an interdisciplinary perspective and gain knowledge and skills through a
holistic approach to education (Holmlund, Lesseig & Slavit, 2018). By establishing a
connection between STEM education and subject content and real-life problems, it can be
ensured that students can transfer information to different disciplines (Kennedy & Odell,
2014; Margot & Kettler, 2019; Stohlmann, Moore & Roehrig, 2012). In addition, STEM
education includes educational activities from pre-school to post-graduate levels in formal and
informal settings (Gonzalez & Kuenzi, 2012). It is stated that the STEM education approach
is aimed is to train generations that have research, questioning, critical and analytical thinking,
problem-solving, and decision-making skills, and also to direct talented students to the
departments of science, mathematics, engineering, and technology of universities (Ministry
of National Education [MoNE], 2016). In the curriculum named "Next Generation Science
Standards” published in the United States in 2013, STEM education was underlined, and
action plans were presented to continue this education starting from pre-school to middle
school and high school (NGSS, 2013). In the Science Curriculum, which was renewed in 2018
in our country, STEM education was emphasized, and under the title of field-specific skills,
engineering and design skills were included for the first time, and scientific process skills and
life skills (MoNE, 2018).

Although educators and researchers are aware of the importance of STEM education,
there is no consensus on how this education should be (Wang, Moore, Roehrig & Park, 2011).
Informal education, STEM disciplines are taught separately, and there are no engineering
courses (Bozkurt-Altan, Yamak & Bulus-Kirikkaya, 2015). However, integrating engineering
applications with other STEM disciplines plays an important role in imparting engineering
and design skills to students and achieving the targeted, holistic learning. STEM offers
students the opportunity to experience holistic learning through real-life problems instead of
learning parts. With a STEM program, students should be fostered to apply their knowledge
of mathematics, science, and engineering, design and conduct experiments, analyze and

interpret data, and communicate and collaborate with teams (Wang et al., 2011).

A framework including six main principles for effective STEM education at primary,
middle, and high school levels has been proposed by Margot and Kettler (2019). In this

framework, the following elements are emphasized; (a) inclusion of mathematics and science
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objectives, (b) student-centered pedagogy, (c) delivery of lessons in an interesting and

stimulating context, (d) inclusion of engineering design, (e) students' learning to make
mistakes, and (f) teamwork (Margot & Kettler, 2019).

In our country, the most important factors that make it difficult to integrate STEM into
the educational process can be shown as teaching science and mathematics lessons separately,
not having engineering applications as a separate course, and application of centrally-imposed
curriculums in schools. However, STEM education can be carried out by integrating the
content knowledge of each course with the principles and practices of other STEM disciplines.
For this integration, Corlu and Call1 (2017) recommended the "STEM Cycline™ in which the
processes of these lessons are explained so that STEM education can be applied in the classes
of science and mathematics teachers. According to Corlu and Call1 (2017), STEM Cycline
consists of cognitive process, social product, and planning instruction. The cognitive process
consists of authentic problems of the knowledge society (APKS), fact-finding, ideation, and
constraints. The social product phase includes product development, refinement,
dissemination, and reflection. On the other hand, planning instruction consists of the stages of
engage, explore, explain, extend, and evaluate. These stages are summarized in the figure

given below.
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Figure 1. STEM cycle adapted from Corlu (2017)

The STEM cycle guided the implementation process of the activity created in the

current study. The environmental siphon activity was created as APKS, and this activity was
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designed in such a way as to include stages to allow students to make observations in their

own lives. The details of these stages are given in the following sections.

Another area suggested to be integrated with STEM education in recent years is
sustainable development education (Kuvag, 2018). The negative effects of environmental
degradation, including depletion of natural resources and desertification, drought, land
degradation, freshwater scarcity, loss of biodiversity, and climate change, are among the
problems humanity has faced in recent years (United Nations [UN], 2015). Rapidly increasing
environmental degradation has led to global economic, environmental, social, and cultural
changes. Sustainable development is defined as "meeting the needs of today without
compromising the ability to meet the needs of future generations” (World Commission on
Environment and Development [WCED], 1987). Sustainable development has environmental,
economic, and socio-cultural dimensions that are interconnected and embedded. Education
processes are critical for the achievement of sustainable development (Barth & Rieckmann,
2012). In sustainable development education, it is aimed that students acquire knowledge,
skills, attitudes, and values in cognitive, affective, and behavioral areas related to
sustainability (Cebrian & Junyent, 2015). Sustainable development education is
interdisciplinary and requires student-centered methods to be dominant in learning
environments. According to the report published by UNESCO in 2018, basic learning
processes compatible with sustainable development education are cooperation and
communication, integrated approach, innovation, active and participatory learning. One of the
educational approaches that can be used in such learning processes is STEM. With STEM
education, students' engaging with real-life problems through an interdisciplinary and
integrated approach and gaining knowledge and skills support sustainable development
education. Developing STEM knowledge of individuals is important in responding to global
challenges such as climate change, global warming, melting glaciers, air pollution, loss of
biological diversity, and complex sustainability problems (Tikly, Joubert, Barrett, Bainton,
Cameron & Doyle, 2018).

A STEM-based environmental education activity was implemented in the study
conducted by Candan-Helvaci and Helvaci (2019) with the participation of 18 middle school
students. At the end of the study, it was stated that the students' views on STEM disciplines,
environmental awareness, and STEM-based environmental education activities were positive.
The study conducted by Kuva¢ (2018) on pre-service teachers stated that STEM-based

environmental education made a statistically significant contribution to the pre-service science
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teachers' environmental knowledge, environmental attitude, environmentally friendly

behavior, and attitude towards 21%-century learning and perception of STEM. Similarly, in
the study conducted by Ozgakir-Siimen and Calisic1 (2016) with the participation of 42 pre-
service teachers, a total of six STEM activities were implemented in the environmental
education course. At the end of the study, by examining the mind maps prepared by the pre-
service teachers, it was stated that the pre-service teachers had a rich conceptual structure
regarding STEM education and that they associated STEM fields with each other and with

environmental education.

In the literature review conducted by Smith and Watson (2016), the integration of
STEM education with sustainability education was discussed. It was suggested that
individuals would apply STEM knowledge and skills to solve sustainability and
environmental problems based on economic or international competition. In their study,
Nguyen, Nguyen, and Tran (2020) interviewed 635 teachers working in STEM disciplines in
middle schools and stated that the teachers wanted to use STEM education to address real-life
sustainability problems such as pollution, sustainable consumption, and production, energy,
and water-saving. The study conducted by Suh and Han (2019) on 42 university students
investigated how a STEM project-affected student competencies related to sustainability by
using mathematical modeling applied for six weeks in mathematics lessons. The study stated
that the students perceived the mathematical modeling and the STEM project to be useful in
recognizing existing problems, predicting future social changes, and identifying possible

solutions to balance the needs of current and future generations.

In the literature review briefly summarized above, through the integration of
sustainable development education with STEM, individuals are expected to use their STEM
knowledge and skills to solve current sustainability problems or future economic,
environmental, and social problems in order to achieve a goal of sustainable life (Nguyen et
al., 2020; Smith & Watson, 2016; Suh & Han, 2019). In addition, with STEM education, it is
emphasized that individuals should acquire environmental information, develop a positive
attitude towards the environment and develop environmentally-friendly behaviors (Candan-
Helvaci & Helvaci, 2019; Kuvag, 2018; Oz¢akir-Siimen & Calisict, 2016).

Since sustainability and environmental problems are related to society and the real
world, it has been stated that STEM studies can have a great impact on students, and it is
recommended in the literature that teachers should prepare STEM lesson plans integrated with

sustainable development education and examine how students interact in groups (Suh & Han,
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2019). For this reason, the current study aimed to apply and examine the application of a

lesson plan based on sustainable development education, including a STEM activity and
bringing the S, M, and E of STEM to the fore with middle school students. The problem of
access to clean water has been among the most important issues in recent years. Due to
decreasing water resources and changing natural balances, clean water resources are gradually
decreasing, and the world's people are faced with an unfair distribution in terms of access to
clean water (UN, 2015). Therefore, studies should be carried out on the new generation's
understanding of sustainable development and clean water. We have to teach and make them
internalize how to contribute to water conservation and sustainable development, especially
through education. It should be the duty of teachers, educators, and families to provide this
education in the most effective ways so that life on Earth and future generations do not

experience a shortage of natural resources and we can leave a liveable world behind.

In the implementation process of this activity, students' experiences were examined.
For this reason, the current study aimed to evaluate students' success, their awareness of the
importance of water, and the stages of their drawing and demonstrating design products in the
implementation process of STEM activity. In this context, the questions guiding the study
were determined as four stages (research question stage, experiment and observation stage,
engineering and design stage, product and presentation stage) based on the STEM cycle
stages: At the stage of the research question, the APKS process of the STEM cycle was taken
as the basis. At this stage, where they are expected to examine a daily life situation, the
students were given some observation questions, and they were expected to answer these
questions in line with their observations. While the students are making observations, the
teacher is expected to guide and question the students' observations. The questions determined

for the "research question stage™ are as follows:
Research question stage:

1. What are the students' comments about the importance of clean water for living beings in
the research questions in the Authentic Problems of Knowledge Society?

2. What is the students' success over the research (obtaining information) rubric! during the

research process of the Authentic Problems of Knowledge Society?

! Information obtaining rubric of Corlu and Call1 (2017, p. 236) was used.
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3. What is the students' awareness of the information required in solving the Authentic

Problems of Knowledge Society?

In the stage of the STEM cycle, which is defined as Fact Finding, Ideation, and Constraints,
students are expected to make sense of the information they have obtained by examining the
research question within a context. At this stage, where students are expected to make
controlled observations and experiments in environments prepared by the teacher, students
who work in groups must systematically record the results of the experiment and evaluate the

mathematical data. The research problems for this stage are given below:
Experiment and observation stage:

4. During the observation and experiment stage carried out during the Authentic Problems of
Knowledge Society examination, how do students make mathematical sense of the

observation results and report the results of the experiment?

5. What are the mathematical achievements of students in the experimental and observation

stage?

Students are expected to create an engineering design in the "Product Development" stage of
the STEM cycline. By presenting the design creation processes of students at stages, the
teacher expects students first to create the draft drawings of their designs and then draw a
scaled version of the actual product, in other words, the reduced version of the actual product
to a certain extent. The research questions designed for this stage are given below:

Engineering and design stage:

6. How are the draft and scaled drawings that students put forward for their designs during the

engineering and design stage of the solution to the Authentic Problems of Knowledge Society?
7. What elements do students pay attention to or overlook in their draft and scaled drawings?

The "Test, Share and Reflect" stages of the STEM cycle are considered the product and
presentation stage in the current study, and at this stage, students are expected to test their
developed prototypes and identify successful prototypes. While groups explain and share the
working system of their prototypes with other students through presentations, the teacher
determines their success by evaluating this process with observation forms. In this context,

the problems of the study are as follows:

Product and presentation stage:
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8. What is students' success regarding the creation and presentation of the products during the

product and presentation stage of the Authentic Problems of Knowledge Society?
Method
Research Design

The case study design, one of the qualitative research methods, was employed in the current
study. A case study is a method researching a current phenomenon in its life frame and is used
in situations where there is more than one data source (Yin, 2012). In the current study,
documents analysis was conducted on the worksheets used by the participants during the
teaching and on the field notes taken by the researcher. Within the context of the document
analysis, the analysis of all the written materials containing information about the
phenomenon or facts aimed to be investigated is conducted (Yildirim & Simsek, 2008). In
addition, quantitative approaches were used to analyze the data obtained from the rubrics
through which the processes the participants underwent were evaluated. In the qualitative

dimension of the study, the groups formed by the students were taken as the analysis unit.
Study Group

The piloting of this lesson plan was carried out with 20 students in the spring semester of the
2016-2017 school year, and after the lesson plan was revised, the actual study was carried out
in the spring semester of the 2017-2018 school year. Participants of the study were selected
using the convenience sampling method (Fraenkel & Wallen, 1996). The 7""-grade students
who were instructed by the first author, a science teacher at the school, were determined as
the study group. The students in the study group were informed about the study, and their
consent for participation in the study was gained. The students' parents were also informed
about the study in a meeting, the details of the study were explained to them, they were asked
whether they would accept the participation of their children in the study, and their consents
were individually sought. The reason for selecting the 7™ graders as the study participants

were the subject "domestic wastes™ in the 7th-grade science course curriculum.

The first researcher wanted to prepare a lesson plan and implement it based on the
STEM cycle to observe the gains she acquired within the context of the STEM workshops she
had participated in and her doctoral studies and to observe the processes engaged in by the
students. The first author, who set out with this goal, selected the most appropriate topic in
the curriculum in order to examine the students' development of social responsibility and

understanding of sustainability by looking at the topics to be covered in the relevant semester
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and prepared a STEM lesson plan together with the second author, who is an expert in

mathematics education.

The 26 students in the classroom where the lesson plan would be implemented were
divided into six groups and carried out the assigned tasks in 5 class hours in 3 weeks. The
processes involved in the 3-week STEM lessons are explained in detail below. The groups

were formed by allowing the students to choose their group members.
Delivery of the STEM-Based Lessons

In the STEM activity used in the current study, the emphasis on each field will not be the
same. The greatest emphasis is placed on science, followed by mathematics, engineering, and
technology within the activity. The contexts in which these STEM fields contribute to the

activity are presented in Table 1.

Table 1. The scopes of the STEM fields in the activity

Priority of the STEM  The subject contents and concepts through which the STEM

disciplines in the study disciplines are related to the study

1. Science e Domestic liquid wastes
o Efficient use of resources
e Fluid pressure
e Science process skills
o Life skills (21%-century skills)
2. Mathematics e Mathematical modeling
e Direct proportion and inverse proportion
e Scaling (drawing by paying attention to proportions)
e Percentage calculation
3. Engineering e ldeation
e Designing and building
e Product testing and evaluation
e Restructuring

4. Technology e Researching

The planning phase of the lesson and the project subject was prepared based on the
STEM cycline introduced by Corlu (2017). In the first week of the 3-week STEM-based
lessons, the groups of students were determined, and the "Environmental Siphon

Construction™ problem (Appendix 1), which was prepared as an Authentic Problem of
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Knowledge Society (APKS), was introduced. With this problem, the introduction was made

to the lesson, and thus, the STEM-based lesson was started.

In the introduction phase, the students were encouraged to produce ideas about the
APKS and the related tasks distributed to the groups and discuss what could be done. After
this process, an in-class discussion environment on the importance of water was conducted,
and at the end of the lesson, the research questions (Appendix 2) were given to the students

as homework, and it was stated that they would be discussed in the next lesson.

In the second week, 2 class hours were allocated to the STEM-based lesson. In this
process, the students developed ideas and gained information by discussing with their friends
outside and in the classroom. The answers to the questions given as homework in the previous
week were shared in the classroom through the explanations made by the spokespeople
selected in the groups. At the end of this question-answering process, the students were
expected to draw the draft of the environmental siphon that they had to design as a solution to
the APKS. The students' draft drawings were collected, the research logbooks were
distributed, and the students were asked to answer the questions about the research they did
in the process and the data they obtained. In the second part of the lesson, which lasted for 2
class hours, the students were taken to the school garden and were asked to observe the
"Volume of the Water Flowing from the Tap" in the fountains in the garden. The students
were asked to measure how much water flowed from a tap per unit time during this
observation. Thus, the students were expected to record the data and fill in the observation
form on the water used in their houses as homework. The next week, they were asked to draw
the draft that they had done in the class as homework in scale. Finally, they were asked to
make a list of the materials to be used to produce their "Environmental Siphon" designs and

bring these materials to the class.

In the 3@ week (last 2 class hours), the students discussed their answers to the relevant
questions in groups, based on the observation chart they filled in, and questioned the
consistency of their observations. The groups, who handed in the scaled drawings of the
environmental siphon they drew as a draft to the teacher, progressed onto the stage of creating
the product with the materials they had. At the product creating stage, all the students went to
the laboratory and created the environmental siphon they had drawn with the materials they
had brought. They tested their design using water. After the students finished the product they
created, they demonstrated their products with a presentation they prepared and explained
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their designs to their classmates. These processes described above are summarized in Table

2.

Table 2. The 3-week application process of the study

Weeks and

Class Hours

Tasks Performed in the Class

Tasks Assigned as Homework

15t week-1

class hour

2" week-2

class hours

3" week-2

class hours

Student groups were formed.
Authentic Problem of Knowledge
Society was introduced to the
students.

A whole-class discussion was
conducted on the importance of
water.

The students answered the
discussion questions.

The students completed the draft
drawings of the environmental
siphon.

The research loghooks (Appendix
3) were handed out to the students.
The observation named "The
Volume of Water Flowing from the
Tap" was made.

The students listed materials
required to build the environmental
siphon.

The data in the observation chart
regarding water used in our house
were discussed with the students.
The environmental siphon was
built.

e Research questions

e Observation chart regarding
water used in our house

e Scaled drawing of the
environmental siphon

e Provision of the materials

in the list
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e The environmental siphon was

tested. It was questioned why some
of the siphons were not working.

e The demonstration of the products
created in groups was made.

Data Collection Tools

The current study was designed to implement a STEM-based lesson plan that lasted 5 class
hours in 3 weeks. After the pilot implementation of this lesson plan, the lesson plan was
revised in line with the feedbacks given by a researcher specialized in the field of STEM. The
field expert stated that the lesson plan he/she examined was suitable for seventh graders and
suggested that the APKS should be given in the earlier stage of the lesson plan. The five
primary data sources used in evaluating the implemented lesson plan are presented in Table
3. In addition to these, although not used as the primary data source, the practitioner-researcher
also took field notes during the process, and these notes were used as a supportive element

during the data analysis.

Table 3. Data sources

Data source Content of the data source Intended use

1. Student worksheets Questions to conduct On the worksheet, including the APKS
investigations on the and research questions, the students
APKS answered the questions prepared about

the environmental siphon and water

saving.

2. The observation Observation charts were ~ The volume of water flowing from the
report for the volume  prepared for the students  tap was calculated by observing the

of the water flowing  to enter the experimental ~ volume of water flowing per unit time.
from the tap data. Based on these calculations, the

The observation chart students could determine the water

regarding water used they spent in their domestic life with

in our house and the observation chart. During these

related questions operations, the students' computational
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3. The research
logbook (Obtaining
information) and the
questions in the
content of this

logbook

4. Draft and scaled
drawings on the
environmental siphon

activity

5. Research
(obtaining
information), social
products and social
product presentation

rubrics

It is a logbook prepared
for students to write how
they did their research and
what they paid attention
to in a reflective

framework.

Students were expected to
draw a drawing about the
siphon they wanted to
create. They were
expected to use the
drawings, which were in
the form of scribbling at
first, then they were
expected to produce
detailed and scaled
drawings of the product.

With the research rubric,
it was aimed to question
the research process
conducted by the students
and with the social
product and social
product presentation
rubrics, it was aimed to
evaluate the products
created by the groups and
how they presented their
product to the audience.

skills and their mathematical

reasoning skills were examined.

With this logbook, students' ability to
obtain information and to evaluate the
information they had acquired was

examined.

Students' designs were evaluated with
these drawings. The skills of
understanding the concept of
proportion and of performing
operations by measuring lengths were

evaluated.

The research (obtaining information)
rubric (p.236), social product rubric
(p.237) and social product presentation
rubric (p.238) developed by Corlu and
Call1 (2017) were used. With the
research rubric, students' ability to
research, with the social product
rubric, their ability to create products
and with the social product
presentation rubric, their ability to

present their products were evaluated.
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Among the data sources, there are student worksheets including the APKS with the

topic of water saving and the relevant research questions. The worksheet was prepared by the
researchers and tested with a pilot study, and then some changes were made to increase its
comprehensibility. The second data source is the observation report titled "The Volume of
Water Flowing from the Tap™ and the "Observation Chart for Water Used in Our House",
which the students filled out by making observations at home, and their answers to the
questions about this chart. The third data source is the research record logbook (obtaining
information) designed by Corlu and Call1 (2017) for students to write what they have learned
during the process and the answers given to the questions included in the content of this
logbook. The fourth data source is the draft and scaled drawings produced by the students
about their environmental siphon designs. The fifth and the last data source is the 3 rubrics
developed by Corlu and Calli (2017). These rubrics are research (obtaining information),
social product and social product presentation rubrics. These rubrics use the score interval of

1-4 points and they were scored by the researcher having conducted the implementation.
Data Analysis

The answers given by the student groups to the research questions used before starting the
first lesson, what was written in the research logbooks and the answers given to the questions
in the observation chart were coded using the open coding method. The coding process was
carried out by both researchers coming side by side, examining all the data together,
discussing and evaluating them. Apart from these, the rubrics used were scored with a point
ranging from 1 to 4 and the points obtained in this way were converted into percentages in

order to determine the levels of success and compare them.
Validity Study

For the validity analysis of the study, five dimensions proposed by Maxwell (1992) were taken
into consideration. The first of these is descriptive validity and it involves presenting the
investigated phenomenon with all its details. In this connection, the researchers aimed to
examine the concept of water saving in the context of a STEM-based lesson plan and achieved
this by having them go through processes that would enable them to produce a design product.
Another dimension is theoretical validity, in other words, internal validity and it requires the
theoretical analysis of the element addressed in the research. In this context, the theoretical
work of Corlu and Call1 (2017) was taken as the basis. The interpretative validity, that is, the
ability to present the process objectively, is about how well the researchers convey their

comments on the situations in the research (Maxwell, 1992). Accordingly, the phenomenon
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examined in the study was presented using multiple measurement and evaluation tools. The

personal experiences of the first researcher, who had been a teacher of the students for two
years, also rendered the evaluation process of the phenomenon being studied more objective.

The fourth dimension put forward by Maxwell (1992) for the concept of validity is
generalizability validity also called external validity. The lesson plan studied and produced in
the research was explained in detail so that it could be used for other studies and this
explanation was supported with visuals. The last dimension is the evaluation validity, which
is about the process' being clear, understandable, having consistent results and being
approvable by other researchers. In this context, the research process in the current study was
described in detail and explained in a way that would not lead to any question marks. The
opinions and suggestions of two experienced researchers, who are experts in the field of

science education, were taken regarding the presentation of the research.
Findings

Since the current study aims to examine the stages students go through while creatinga STEM
project and to make comments on these processes, the findings obtained for each of the

inquiries are presented under a separate subheading.

What are the students’ comments about the importance of clean water for living beings

during the research process?

Within the context of the first problem of the current study, clean water, which is expected to
be researched by students in the research stage of the Authentic Problem of Knowledge

Society and their research on its use are gathered under two basic elements (Figure 2).

For health
For living beings

Using tools-equipments

- Changing behaviour

Figure 2. Research questions analysis

As can be seen in Figure 2, when the codes derived from the questions that the students
answered in groups were examined, it was determined that the students expressed the
importance of water in the context of continuity of life, health and need, and examined the
conversion of clean water within the context of behaviour changes in relation to using

equipment, reuse and purification. In the question about water saving (washing vegetables,
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cleaning the balcony, car washing, etc.), they touched on issues such as finding ways to reuse,

not using it unnecessarily, not leaving the taps open, taking a short shower, repairing broken
taps, replacing old machines and using new tools and purifying by giving examples. Some of

the student answers are given below:

Group 3: Living organisms are made up of cells, and in order for cells to maintain
the vitality of the organism, they must be alive themselves. But cells cannot survive

without water.

Group 5: Clean the places such as balcony with a broom. Water the garden in the

evening or in the morning because evaporation is high at noon.
Group 6: Broken taps should be repaired.

What is the students' state of achievement in obtaining information during the research

process?

The Research (obtaining information) Rubric (Corlu & Call1, 2017) was used to evaluate the
students' research processes. As a result of the evaluations made on the quality of the
information obtained, the resources used, the state of using the information obtaining loghook
and the sharing of the tasks within the group, 5 of the groups were found to have a high
percentage of achievement (75% and more) while one of the groups (Group 1) was found to
have a moderate level of achievement (50%). The Group 1 got low scores especially from the
evaluations made on the quality of the information and the resources used as they did not do
enough research and did not properly fill in the information obtaining logbook. When the
student groups were asked the resource of the research they conducted, all of them stated that
it was the internet. However, they did not make any inquiry on the reliability and scientificity
of the resources they found in the internet.

What is the students' awareness of the information they will need in the process of
investigating the APKS?

As shown in Figure 3, three themes emerged from the codes obtained from the research
logbooks where the student groups kept records of the data they collected from the moment
they started working. When the groups expressed the information that they had and that they
thought would be necessary for them in the process, three basic elements were identified,
namely "Engineering / Design Knowledge, Science and Mathematics Knowledge". While the
groups listed what knowledge they had, they mentioned some concepts such as fluid pressure,

water saving and water saving methods.
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Group 3: We need to know how communicating vessels work.

Group 2: We must know how to calculate how many litres of water flow per

minute.

In addition, they expressed the need for knowledge of design and the working

mechanism of the product they would design.
Group 5: We must know how to make the environmental siphon.

Group 1: We must know the working mechanism of siphons.

Knowledge
of Science

Knowledge

Knowledge required to
complete the task

Figure 3. Research notebook analysis results

What are the students’ experiences of science and mathematics in the stages of design

and observation?

When the students were asked to write what they learned during the design in a report, there
was no group that could do this. When the answers of the groups who wrote what they had
learned with only a few sentences were examined, it was seen that there were groups who
mentioned that they learned how to observe fluid pressure and the process related to it, and
that they learned about water saving because it was an issue widely discussed in various

environments.

Group 2: Through our knowledge about the fluid pressure, we learned that when

we discharge the water from one side, it comes out from the other side.
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Group 5: We learned to calculate the amount of water flowing in an average of 1

hour.

According to the results of the analysis of the data obtained from the "Volume of Water
Flowing from the Tap™ observation and the "Observation Chart of Water Used in Our House™,
which is the third of the data sources, it was determined that they first made mathematical
observations, made mathematical operations and investigations based on these observations,
and finally used the obtained mathematical results to make sense of the daily life situation.
These processes are stages students are expected to go through in daily life problems, and

these stages could be clearly observed within the scope of the STEM project.

What is the students’ mathematical achievement in the process of investigating the
APKS?

In this investigation, the data obtained from the students were evaluated under 3 themes.
These themes are; Mathematical Observation, Knowledge of Mathematics and Transferring
to Daily Life.

In the theme of "Mathematical Observation", the data obtained from the chart and
experiment report in which the students recorded the measurement results while making the
observation named "Volume of Water Flowing from the Tap" and the stages of subjecting
these data to mathematical operations were examined. The groups clarified the numerical data
they obtained by repeating the measurement process several times and minimized
measurement errors. Thus, they had the opportunity to observe a mathematical result by

acquiring a vital experience of how much water can be filled in a container every minute.

According to the data obtained from the field notes taken by the practitioner researcher
while observing the student groups, the student groups kept some variables constant while
collecting data on how much water flowed from the tap per minute (for example, the flow of
water from the tap was fast on the first attempt, slower on the second attempt, or keeping time
intervals broader or narrower), they tried to clarify their mathematical observations. Based on
this, they recorded the data they obtained in the charts given to them. The researchers
examined the accuracy values of these data by looking at the data recorded by the students in
the charts and coded the data as "true-false”. While 3 groups from among the 6 groups could
obtain correct data during the observation process, the data obtained by the other 3 groups
were coded as "false". For example, while the data of Group 1 in Figure 4 are close to the real
findings, the data of Group 6 in Figure 5 are far from the real findings.
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Figure 4. Data charts of Group 1 regarding the volume of water flowing from the tap

Figure 5. Data charts of Group 6 regarding the volume of water flowing from the tap

The reasons behind this situation are thought to be that the students kept the water flow
rate, which was the flow rate of the water they observed by turning on the tap, very low, or

the problems they experienced while keeping the time during the flow of water.

At this stage where the students' mathematical examinations were evaluated, the
second theme was found to be theme of "Knowledge of Mathematics™ and this theme was
obtained based on the data revealed by the measurement tool titled "Observation Chart and

Questions". Through these questions, the students were asked to conduct investigations on
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issues such as what changes observations made in a unit time can undergo in a day (Question

1: How many litres of water per minute can flow from a tap used in homes?), sizes and water
capacity of a reservoir (Question 2: How many litres of water can a siphon reservoir take?
You can calculate the volume of the reservoir by measuring the sizes with the help of a ruler.),
the relationship between the water consumed by a reservoir and the clean water consumed
during the day (Question 3: How many litres of clean water are going from the reservoir to
the toilet in a day in our house?), how much clean water can be saved in a day with an
environmental siphon (Question 4: Approximately how many litres of water are used in our
home for simple tasks such as hand and face washing, fruit and vegetable washing and dish
washing?; Question 5: With this method, how many litres of clean water can we save in our
home in a day?; Question 6: With this method, how many litres of water can be saved in your
district in a day?). When the mathematical answers given to these questions were examined,
it was determined that there were operation errors and that the conversion between cm3 and
litre could not be made. In these determinations, the results were evaluated in 3 categories as
"completely false, incomplete and acceptable”. In completely false results, the cases where
mathematical operations were wrong and numerical data did not match with possible answers

were discussed.

During the analysis of the data in terms of mathematical operations, the data was
classified as "incomplete” in cases where although the result of the operation performed was
given, the process itself was not explained or where an unacceptable number was used in the
calculation of one of the sizes while calculating the volume of the reservoir. For example,
Group 6 made mistakes in multiplication and expressing the numbers in the question in which
the students were expected to calculate the amount of water to be saved by using the
environmental siphon by the population of a district. This can be seen in Figure 6. Thus, these

data were coded as "incomplete”.
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Figure 6. The answer given by Group 6 to the 6™ question

Finally, in the results considered to be "acceptable” in the questions in which the data

were examined within the context of the knowledge of mathematics, the results obtained by
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the students had to be within reasonable limits. For example, when it was already told to

students that a total of 14 litres of water flow from the tap under normal pressure in a minute,
and then they were asked to calculate the amount of water coming from this tap under reduced
pressure, if they answered this question for example as 7-8 litres, then this answer was
considered to be "acceptable”. For this reason, the answer given by Group 1 to this question

as 7.5 litres was considered to be acceptable in Figure 7.

PATEY

Figure 7. The acceptable answer given to the 1% question by Group 1

The graph in Figure 8 was obtained when the data of the answers given by the student
groups, which were examined as completely incorrect, incomplete and acceptable, were given
0, 1 and 2 points, respectively. According to this, out of 12 points, the groups have an
achievement below 50% in the theme of "the knowledge of mathematics” of the whole
activity. When examined on the basis of individual questions, the groups that were highly
unsuccessful in the 6™ question were most successful in the 1t question according to the total
score columns shown in Figure 8. The first question is about determining how many litres of
water will flow per minute from a tap at home by making use of the experiment conducted by
the students themselves, and the answer to this question was actually obtained from the
experiment of the volume of water flowing from the tap in the garden. However, despite this,
the students still could not use the results they obtained from their own experiment in a similar

question asked a week later and could not transfer their findings to the new situation.
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Figure 8. The state of achievement in the theme of the knowledge of mathematics

When the total score columns in Figure 8 are examined, it is seen that the question in
which the groups are most unsuccessful is the 6™ question. In this question, the students are
expected to know the population of the district they live in, multiply this number with the
amount of water consumed a result of their observations, and thus to calculate how many litres
of water they can save in the whole district. Therefore, the reason for this failure in the results
was determined to be the fact that they could not find the population of the district, that their
estimates were wrong, that they committed some mistakes in the multiplication processes and
in the transformation operations of liquid measurements. As a result, the students could not

demonstrate the success expected from them in mathematical operations.

The third theme obtained as a result of the evaluation of the students' works related to
mathematical operations is the theme of "Transferring it to Daily Life" and under this theme,
the results of associating the data and numerical values obtained by the students as a result of
measurements and observations with their meaning in daily life were evaluated. These results
emerged as a result of the examination of the relationship between the mathematical records
and data that the students kept in the Observation Chart and the Questions Chart and the real
life. These data were analyzed in two categories as "acceptable (1 point)" and "unacceptable
(0 point)". For example, to the question asking for the sizes of a reservoir, Group 3 answered
that the depth of the reservoir is 6 cm and to the question asking for the capacity of the
reservoir, Group 6 answered as 6300 litres and these two answers were considered to be
"unacceptable”. On the other hand, an answer, which coincides with the daily life data and has
accepted numerical values, was considered "acceptable”. When the acceptability of the

answers given by the groups on the basis of each question is examined by comparing the
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mathematical values with the daily life data, as can be seen in the graphic in Figure 9, the

answers of Group 2 are more acceptable than the other groups, but the acceptability of the
answers of the other groups is quite low. This situation shows that the students accepted the
results they obtained while performing operations with numerical data without thinking about
their meaning in daily life. As given in the example above, a student's finding the possibility
of having 6300 litres of water in a reservoir as reasonable is evidence indicating that the

realities of numerical data were not taken into account.
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Figure 9. The State of Success in the Theme of Transferring to Daily Life

When the graph in Figure 9 is examined, it is seen that the most difficult question for
the groups is the 4™ question. This question asks for the calculation of the total amount of
water consumed at home, and the students needed to collect the data in the chart they had
already filled out and interpret these data in the context of daily life. However, it was
determined that the students had difficulties in transferring the data to the chart such as
reading, creating and filling a chart. As can be seen in the total score columns, the highest
number of correct answers were given to the third question. This question asks for the
calculation of the amount of clean water going from a reservoir to the toilet. What should be
done here is to calculate the volume of the reservoir and estimate the number of times the
reservoir will be used in a day and multiply the volume by the number of use. This operation

was performed by the groups except for Groups 1 and 6 in an acceptable manner.
How are the draft and scaled drawings produced by the students?

Each of these drawings was examined in itself and then evaluated comparatively. In individual

examinations, the point of attention for both the draft and scaled drawings was whether the
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principle of fluid pressure was taken into consideration from the basic knowledge of science,

whether real-life details were included and whether realistic scaling was performed for the
scaled drawings. Group 3 did not produce the draft drawing while Group 6 did not produce
the scaled drawing. When the draft drawings were examined, it was determined that three
groups did not take into account the fluid pressure, which is one of the science principles, and
only two groups drew by considering the principle of fluid pressure in the communicating
vessels. Groups 1, 2 and 5 did not take the principle of fluid pressure into account and Group
1 drew the siphon somewhere below the tap (the exact opposite is true in real life), Group 2
drew the siphon somewhere above the vessel where the water is stored (but there should be a
flow from the vessel to the siphon). Finally, Group 5 drew the vessels at the same height and
thus ignored the principle of fluid pressure. Group 4, one of the groups taking the principle of
fluid pressure into account, drew the vessel that it specified as the sink above the vessel it
specified as the siphon. Group 6, on the other hand, drew a vessel they called water tank where
water is stored and then drew another vessel they called the house and placed the water tank
above the house, indicating that they took the principle of fluid pressure into consideration.
The second element examined in these drawings was the inclusion of the objects of daily life;
for example, whether the concepts such as siphon, tank or tap are illustrated either with the
words written on the objects in the drawings or clearly depicted in the drawings. An example

of a scaled drawing belonging to a group is given in Figure 10.
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Figure 10. An example of a scaled drawing

When the scaled drawings were examined, it was determined that the groups, except
for Group 6, which did not make any drawing, and Groups 1 and 4, which did not scale
although they had drawings, produced scaled drawings by paying attention to mathematical
measurements. However, the students could not use the concept of scale meaningfully,
because no group wrote what percentage reduction they made against the actual size of the
product. For this reason, the realism of the scaled drawings produced by the students could

not be evaluated. However, as determined in the observation notes of the researcher who
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carried out the application, the students had efficient discussions in the group to consider the

reduction of the size of a real siphon, but they could not show this scaling in their drawings.
What is the students' success in terms of their products and presentations?

The groups went to a laboratory to construct their environmental siphon on the basis of their
drawings. To this end, they used the materials they had already brought. However, when they
tested their products, they realized that some materials did not work and started a search for
new materials. For example, when they observed that the pieces of their design, which they
connected with tape, came apart as a result of the test they conducted by using water, a group
decided to use play dough instead of tape and made use of the materials of another group
which had already brought play dough. One of the products designed by the students is shown
in Figure 11.

Figure 11. A sample engineering product designed by the students

The evaluation of the products produced by the groups was made with the Social
Product Rubric used by the researcher who carried out the application. In the Social Product
Rubric, criteria such as students' ability to develop ideas, the relevance of these ideas to the
related problem, the quality of the product in terms of integrity and accuracy, the use of
materials and originality are taken as the basis. All the groups achieved a very high level of
success (75% and above) from this rubric, indicating that they produced adequate and
functional products. It was observed that the students had difficulty in producing draft and
scaled drawings, but they were more successful in making the product with simple materials
in the laboratory environment. This situation can be explained by the students' giving the final
form of the product by following the stages of conducting within-group discussions, testing
by designing, evaluating, rebuilding or improving the non-working product, and retesting.
Finally, with the presentation rubric of the social product, the readiness of the groups, their
mastery of the subject and presentation skills were evaluated. In addition to these, the students'

proper and effective use of science and mathematics concepts were also taken into
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consideration by the teacher. The student groups were found to be quite successful (75% and

above) and they were found sufficient in terms of their readiness and mastery of the subject.
Discussion and Suggestions

The researchers designed and implemented a STEM-based lesson plan in the current study
and evaluated the implementation process and students' experiences. The content of the lesson
prepared is based on fluid pressure and water saving, and an "environmental siphon" project
that could be used in saving clean water was designed. The most important aim of this activity
is to increase students' awareness of sustainable development, conservation of clean water and
the use of water without wasting, and in this context, to determine the competencies of
students in STEM fields.

The sixth of the sustainable development goals published by the United Nations in
2015 was declared as "To ensure access to clean water and to provide wastewater services and
sustainable water management for all" (UN, 2015). To this end, a great emphasis is put on the
sustainability of water resources, access to clean water, protection of clean water from
pollution, water saving and treatment of wastewater. In the current study, the students
expressed the importance of water for living beings within the context of continuity of life,
health and need and they expressed the importance of protection of clean water within the
context of behaviour changes such as the correct use of tools and equipments, reuse and
purification. Aydmer-Boylu and Yertutan (2012) found in their study that water saving
behaviour increases as the level of education increases. For this reason, it is important to raise
awareness about the importance of water for living things and life and about saving water at
basic education levels such as primary and middle schools. In the current study, it was ensured
that the students did research on the protection of clean water resources and water saving, and
an environment was prepared for students to discuss the results of their research in the
classroom. In this process, it can be said that the students focused on the importance and
protection of clean water, which is one of the basic needs in the world we live in, through the
opportunities provided for them to observe the wasted water with mathematical operations
and measurements, to make predictions for the whole district and to try to come up with a
design that would prevent this waste. When the student groups expressed the information that
they had and that they thought would be necessary for them in the process, three basic
elements were identified, namely "Engineering / Design Knowledge, Science and
Mathematics Knowledge™. During the lessons, it was observed that the students developed the

awareness of the knowledge and skills they would need during the production of a STEM
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project (such as design skills, mathematics and science needs). The participating students

experienced the engineering design process during the lessons and came up with a design. The
engineering design process requires the integration of STEM disciplines for a real life
engineering problem design. STEM education, which includes the engineering design process,
engages students with more meaningful and original activities, nurtures their curiosity and
improves their critical thinking skills (Moreno et al., 2016). In real life, engineering coexists
with mathematics and science and it is stated in the literature that students who want to solve
engineering design problems will increase their knowledge and skills in the fields of
mathematics and science (Bozkurt-Altan et al., 2015). Middle school years are important for
students to get to know and apply engineering principles (Moreno et al., 2016). In the
observations made by the practitioner researcher, it was observed that the students
collaborated with their group members and other groups during the design and production
stages of the product, developed solutions to the problems they experienced during the
process, and enjoyed the production phase of the product. In the current study, the students
were required to use skills such as observing, measuring, recording data, using number and
space relationships, interpreting data, drawing conclusions, using data and creating models.
In a STEM project conducted by Knezek, Christensen, Tyler-Wood and Periathiruvadi (2013)
with the participation of 6™ and 7™ grade students, the students measured the electricity
consumed by electrical appliances in standby mode and collected data together with their
classmates about how to reduce a family's electricity bill and greenhouse gas emissions so that
they could contribute to decreasing global warming. With the study, it was stated that the
students developed their STEM content knowledge and their creativity. In a study conducted
on science teachers, it was stated that the teachers believed STEM-based activities would
increase students' motivation and interest, and improve their scientific process skills and
creativity (Eroglu & Bektas, 2016). Similarly, in the study conducted by Bozkurt-Altan et al.
(2015), the pre-service teachers stated that the engineering design process provided the
opportunity to learn by doing and to make learning more permanent and was motivating and
based on inquiry. Parallel to the pre-service teachers' beliefs, in the current study, it was found
that the students were highly motivated for the lesson and were questioning about the data and

results they obtained during the engineering design.

The most concrete output of STEM studies is engineering designs. According to
Kennedy and Odell (2014), high-quality STEM education programs should encourage the

involvement in the processes of engineering design and problem solving, defining a problem,
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innovation in solution, prototyping, evaluation and redesigning. In the current study, the

students created a design by using their engineering skills. Then they tested their designs and
used their basic engineering skills. In this process, it was determined that the students
developed different solutions when they detected missing or not useful materials. Student
views elicited in the study by Tastan-Akdag and Giines (2017) also support the findings of the
current study. In their study, they also reported that that STEM activities improved students'
creativity and ability to find solutions when there were missing materials. STEM projects
involving engineering design improve students' science and mathematics knowledge and
communication skills, while increasing interest in and positive attitude towards STEM

disciplines (Lesseig, Slavit & Nelson, 2017).

Reasoning skill, which is a skill frequently used by students in inquiry processes, has
an important place in individuals' ability to comprehend and use mathematics. Reasoning skill
helps students to make logical inferences, to establish mathematical models, rules and
relationships while explaining their own thoughts, to suggest alternative ways while solving
problems and to defend these suggested ways, and to make predictions about the process of
the phenomenon being studied. The subject of ratio-proportion is also one of the types of
reasoning through which students can use their reasoning skill (Umay, 2003). Reasoning skill
is frequently used not only in mathematics lessons but also in chemistry, physics and science
lessons, and it is underlined that it is a necessary skill for academic success in science and
mathematics lessons (Al-Wattban, 2001; Greenes & Findell, 1999; Heller, Ahlgren, Post, Behr
& Lesh, 1989). According to the objective stated in the 7" grade math curriculum "they are
expected to determine the multiplicities whose proportions are given, to determine the
proportional situations by examining the real life situations, to understand the correct and
inversely proportional multiplicities and to solve the related problems” (MoNE, 2018, p.12),
the students in the study group of the current research are expected to have information about
the subject of proportion. However, when the worksheets of the students were examined, it
was seen that the majority of mathematical errors were caused by problems related to
proportional reasoning, including simple ratios and proportions. Similarly, in many studies in
the literature, it has been stated that both children and adults have difficulties (Ben-Chaim,
Fey, Fitzgerald, Benedetto, & Miller, 1998; Heller et al., 1989; Reiss, Behr, Lesh, & Post,
1985; Singh, 2000).

Another important finding of the study is that the students could not evaluate the

meaning of the mathematical results they obtained in daily life. This evaluation process is an
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important component of the mathematical modelling cycle (Bliss, Fowler, & Galluzzo, 2014)

and is an application used in analyzing and evaluating the model. The model developed by
students as a result of mathematical analyses can be a function, graphic or table (Erbas et al.,
2014). Therefore, during the lessons, both in-class and out-of-class periods, the students
created a mathematical model by recording their observations in charts and evaluated the
consistency of the results they obtained against real life. However, it was determined that they
had difficulties in this process. The reason for this can be that they did not receive any training
in neither mathematics nor science lessons on creating a mathematical model and interpreting
real life situations with the help of this model. The students' making inferences based on their
evaluations showed that mathematical model processes were also used effectively in these
STEM-based lessons.

Each of the draft and scaled drawings of the students for the environmental siphon
design was examined in itself and then evaluated comparatively. When the draft drawings
were examined, it was determined that three groups did not take into account the fluid
pressure, which is one of the science principles, and only two groups drew by considering the
principle of fluid pressure in communicating vessels. When the scaled drawings were
examined, it was seen that the students could not use the concept of scale meaningfully. In the
current study, the students produced the draft and scaled drawings of the product they
designed, then created the product based on their drawings, and experienced the relationship
of engineering with design in this process. Planning and creating draft drawings in STEM
projects involving engineering design are seen as an important feature of problem solving
(English et al., 2017). In the study by Gokbayrak and Karisan (2017), it was stated that 6"
grade students used engineering knowledge while doing STEM activities, they made designs,

and most of the students thought that engineering is related to design.

In the current study, the students carried out the activity in groups. During the
activities, it was observed that the students shared tasks in the group, conducted research and
discussed research results, shared possible results and developed solutions to problems. In
addition, it was observed that the students were highly motivated during the activities, they
were very excited during the testing of their designs, and they felt a sense of accomplishment
when they saw that their designs were working successfully. It has been observed that similar
results have been reached in other studies in the literature. Vennix, Brok and Taconis (2017)
stated that problem-based STEM activities increased students' motivation towards STEM

disciplines. In their study, Tastan-Akdag and Giines (2017) stated that students worked in
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groups in collaboration in the STEM activity, took responsibility and looked for solutions

together in the face of problems. In the interviews conducted by Yasak (2017) with middle
school 8" grade students about STEM applications, the students stated that they found a
disciplined working environment, had the opportunity to exchange ideas with their peers,
worked efficiently and carried out their work in the group with tasks distributed among the

group members.

As a result, in the implementation of the STEM-based lesson plan, the students
experienced the process of creating an engineering design, increased their awareness of
materials knowledge, experienced group work, analyzed a problem in daily life based on
mathematical data, created charts and developed a mathematical model. In addition to these,

their awareness of water-saving increased.

As a result of the current study, it can be suggested that STEM-based lesson plans
developed in future studies should be applied to different samples and the results obtained
should be compared. It may be suggested to the researchers to conduct an in-depth case
analysis by conducting interviews with the participating students.
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APPENDIX 1: Authentic Problem of Knowledge Society (APKS)

Imagine yourself as an engineer and you need to prepare a project for the efficient use of
water in homes. In the project, soapy-detergent water used in processes such as hand-face
washing, dish rinsing in the sinks should flow from the sink drain pipe to the toilet reservoir
and the soapy water collected in the reservoir should be used for toilet cleaning after
flushing. You are expected to design an "Environmental Siphon" where sink water is
collected and used, and to make a prototype of your design and test it.

APPENDIX 2: Research Questions

1. What is the importance of water for living beings?

2. What can we do to protect clean (potable) water resources?

3. How can we use clean (potable) water efficiently?

4. How can we prevent unnecessary use of clean (potable) water and waste of water?

5. How can we store the water used in activities such as hand washing in the reservoir of the

toilet through the sink drain pipe? Draw the draft of the environmental siphon system.
APPENDIX 3: Research Logbook (obtaining information)
1. What information do you have about the project, what do you know?

2. What new knowledge will you need in designing and planning the project and making the

prototype? What do you need to know?

3. What are your research methods and resources related to the project? How and according

to what criteria will you research, select and verify? How will you report?

4. What did you learn in the process of conducting this project? Submit your research report.



