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OZET

STEM (Science, Technology, Engineering, Mathematics — Fen, Teknoloji,
Miihendislik, Matematik) son donemde hem Tiirkiye hem de diinyada egitimsel
platformlar i¢in giindeme gelmis bir kisaltmadir. STEM egitimi ise Amerika’da
STEM alanlarindaki is giiciiniin azalmasi ile endiistri liderleri tarafindan Amerikali
egitimcilerin oniine konulan bir egitim reformudur. Ote yandan Tiirkiye’de bu
egitim Fen Ogretim programlarina dahil edilmeye baslanmistir. Gerek ¢ikis
noktalarinin benzemezligi gerekse de bu egitim kapsaminda igerik, kazanim ve
hedefler noktasinda nasil bir egitimin yapilmasi gerektiginin mechul olmasi Tiirkiye
orneklemi igin dnemli problemlerdir. Bu noktada bu ¢aligmanin amaci Tiirkiye’de
STEM alanlarinda oncti bilim insanlarinin Fen, Matematik, Miihendislik ve
Teknoloji arasindaki iligkiler hakkindaki inanglarini ortaya ¢ikarmak ve bu inanglart
kullanarak Post-normal Bilim (PNB) kapsaminda STEM i¢in pedagojik bir ¢ergeve
olusturmaktir. Bu kapsamda Tiirkiye’de STEM alanlarindaki bilimsel faaliyetleri ile
one ¢ikan bir iiniversite secilmis ve bu iiniversitede STEM alanlarindan birinde
uzman olan 17 bilim insant ile yari-yapilandirilnig goriismeler yapilmustir.
Goriigmelerde Fen, Matematik, Miihendislik ve Teknolojinin tanimlari, bunlarin
birbirleriyle ve toplumla olan iligkileri ve bu alanlarda etigin 6nemi iizerine sorular
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sorulmustur. Verilerin igerik analizleri sonrasinda PNB kapsaminda STEM’in
pedagojik bir g¢erceveye oturtulabilecegi ve bu g¢ercevenin bes temel pargcadan
olustugu gozlenmistir. Bunlar 1) Fen, Matematik, Miihendislik ve Teknoloji
tanimlari, 2) Fen, Matematik, Miihendislik, Teknoloji ve Toplum iliskileri, 3) Ortak
yanlar, farkliliklar ve birbirlerinden yararlanma, 4) Post-normal sorunun kanita
dayali olarak cevaplanmasi ve 5) Etik boyutlardir.

Anahtar Kelimeler: STEM, Post-normal bilim, bilim insanlari.

STEM academicians’ beliefs about the relationships
between Science, Mathematics, Engineering and
Technology: A pedagogical framework for STEM

ABSTRACT

STEM (Science, Technology, Engineering and Mathematics) is an
abbreviation that is on the agenda of educational platforms both in Turkey and
around the world in recent times. When it comes to STEM education, it is an
educational reform that has been put on the table of American educators particularly
by industrial leaders due to the lack of workforce in the STEM areas. In parallel with
these developments, this education has been incorporated into Turkish Science
Education programs. Both the dissimilarity of the starting points and uncertainties as
to how this education would be applied in school environments in terms of content,
learning outcomes and purposes are crucial problems for Turkish context. At this
point, the purpose of the present study was to uncover the STEM academicians’
beliefs about the relationships between Science, Mathematics, Engineering and
Technology and to develop a pedagogical framework using a Post-Normal Science
(PNS) approach. We conducted semi-structured interviews with 17 STEM
academicians who were the experts in one of the STEM areas in one of the top
universities in Turkey. The questions about definitions of Science, Math,
Engineering and Technology, the relationships among these areas and society and
the importance of ethics in these areas were asked. After the content analysis of the
transcripts, we concluded that a pedagogical framework for STEM could be
developed and it could include five dimensions: 1) The definitions of Science, Math,
Engineering and Technology, 2) The relationships among Science, Math,
Engineering, Technology and Society, 3) Common aspects, differences and
benefiting from each other, 4) Responding post-normal questions based on the
evidence, 5) Ethical aspects.

Key Words: STEM, STEM Education, Post-normal Science, Scientists.
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1. GIRIS

STEM (Science, Technology, Engineering, Mathematics — Fen,
Teknoloji, Miihendislik, Matematik) kelimesi son birka¢ yil i¢erisinde Fen
ve Matematik egitimcilerinin, hatta bir¢gok diger branstan (STEAM
kisaltmasinda sanat ve sosyal bilimlerin (arts) de dahil olmasi gibi)
egitimcinin siklikla duydugu kavramlardan biridir. STEM kelimesi her ne
kadar Turkge’de Fen, Teknoloji, Mihendislik ve Matematik kelimelerinin
ilk harflerinin birlesimi olsa da STEM egitimi adim aldiginda {izerine
yiiklenen egitsel deger acisindan akademisyenlerde ‘Acaba yeni bir egitim
teorisi mi?’, 6gretmenlerde ise ‘Acaba yeni bir 6grenme/6gretim stratejisi
mi?’ sorularim uyandirmistir. Ancak bu ‘kisaltmanin (STEM)’ ve
‘kisaltilmis egitimin (STEM Egitimi)’ dogru anlasilmasi ve var olan
O0grenme/0gretim teorileri ve stratejilerinde nereye konulacaginin (ya da
konulmayacaginin) netlestirilmesi 6nemlidir.

STEM kisaltmast Amerika’da 2000°1i yillarin baslarmmda 6n plana
cikarilmistir. Amerika’da o6zellikle Fen, Matematik ve Miihendislik
alanlarini tercih eden dgrencilerde ciddi azalmalarin olmasi, 6te yandan bu
alanlarin teknolojik gelisim ve akabinde geldigi diisiiniilen siiper giic olma
durumunun ana kompetani olmasi bu iilkede bir ¢gikmaz yaratmistir (Bybee,
2010; National Science Foundation, 2010; National Research Council,
2012). Genel olarak bakildiginda Amerika’da {niversite tercihi yapan
bireylerin sozel alanlarda okumay1 sayisal alanlara nazaran daha ¢ok tercih
etmeleri ve Hindistan ve Cin gibi iilkelerden gelen sayisal alanlarinda
uzmanlasmis kalifiye calisanlarin o iilkelerde iyilesen kosullar nedeniyle
arttk Amerika’y1 tercih etmemeleri STEM alanlarinda ciddi bir is giicii
kaybmin yasanacagini gostermistir (Business Rountable, 2005). Bu durum
Ozellikle diinya genelinde ciddi bir ekonomik guice sahip olan Amerikan
endiistri devlerinin egitimsel silireclere miidahalesi ile sonuglanmigtir
(Zeidler, 2016). Bu miidahale kapsaminda bazi raporlar (Tapping America’s
potential: The education for innovation innitiative[Business Rountable,
2005]; A decade of action: Sustaining Global Competetiveness [BSCS,
2007]) hazirlanmis ve bu raporlarda STEM alanlarinda giderek biiyiiyen is
giicli eksikligi vurgulanmigtir.

Bu gelismelere kayitsiz kalmayan Amerikan yonetimi 6grencilerin
STEM alanlarina olan ilgilerinin arttirtlmasi yoniinde bir strateji ortaya
koymustur (Duncan, 2009). Bu strateji okullardaki Fen ve Matematik
egitimini etkileme potansiyeline sahip olan ‘Next Generation Standards’
(Gelecek Jenerasyon Standartlar1) dokiimanina yansimistir (National
Research Council, 2012). Bu dokiimana is giiciiniin arttirilmasinin yaninda,
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PISA ve TIMSS gibi sinavlarda Amerika’nin istenen siralarda olmamasi,
STEM okuryazarliginin arttirtlmasi, modern is giicii i¢in gereken becerilerin
saglanmasi ve Amerikali 6grencilerin genel basarilarindaki diismeler gibi
egitim odakli amacglar da eklenmistir. Bu standartlart temel alan ve tiim
eyaletlerde uygulanmak (zere 6nerilen K-12 Fen Cercevesi’nde (National
Research Council, 2011) ise Fen, Muhendislik ve Teknolojinin modern
yasamin vazgeg¢ilmez parcalart olduklari, Fen ve Mihendislik hakkindaki
bazi bilgilerin dogru tedavilere karar verme ya da enerji acisindan daha
verimli 1smmma yollarii tercih etme gibi halkin aldigi kararlarda etkili
olabildigi vurgulanmistir. Bu g¢ergeve ‘Fen ve Miihendislik uygulamalar1’,
‘Ortak kavramlar’ ve ‘Disiplinlerin ana fikirleri’ olmak Uzere U¢ boyuttan
olugmaktadir. ‘Fen ve Miihendislik uygulamalar’ boliimiinde 6grencilerin
hem Fen hem de Mihendislik pratikleri ile ilgilenmelerinin 6zellikle bilim
insanlar1 ve miihendislerin neler yaptiklarini 6grenmelerinde ve Fen ile
Miihendislik arasi iligkilerin anlagilmasinda etkili olabilecegi vurgulanmustir.
Fen ve Miihendislik uygulamalari i¢in 1) Soru sorma (Fen i¢in) ve problemi
tanimlama (Miihendislik icin), 2) Modeller kullanma ve gelistirme, 3)
Gozlemler planlama ve yapma, 4) Verileri analiz etme ve yorumlama, 5)
Matematiksel ve hesaplama odakli diisiinme, 6) Ac¢iklamalar olusturma (Fen
icin) ve c¢ozliimler dizayn etme (Miihendislik igin), 7) Kanit {lizerinden
argumanlar tretme ve 8) Bilgiyi toplama, degerlendirme ve iletisime sunma
seklinde bir liste olusturulmustur. Goriilecegi lizere listedeki bazi pratikler
Fen ve Miihendislik i¢in birlikte planlanmistir. ‘Ortak kavramlarda’ ise Fen
alanindaki uygulamalar ve Miihendisligin ortak kavramlar1 olarak 1)
Oriintuler, 2) Neden-sonug iliskileri: Mekanizmalar ve aciklamalar, 3)
Olcek, oran ve nicelik, 4) Sistemler ve sistem modelleri, 5) Enerji ve madde
6) Stabilite ve degisim belirlenmistir. ‘Disiplinlerdeki ana fikirler’ i¢in ise 1)
Fiziksel bilimler, 2) Yasam bilimleri, 3) Yer ve uzay bilimleri ile 4)
Miihendislik, Teknoloji ve Fen uygulamalari olmak iizere dort disiplinin yan
yana getirildigi gozlenmistir. Burada 6zellikle Miihendislik, Teknoloji ve
Fen uygulamalar1 disiplini altinda Miihendislik dizayn1 ve Muhendislik,
Teknoloji, Fen ve Toplum arasi iligkiler 6n plana ¢ikarilmustir.

Amerika’da  sanayi-okul-politika uzayinda  gerceklesen bu
egilimlerin Avrupa’da da belli bir karsilik buldugu sdylenebilir. Avrupa
iilkelerinde de benzer sekilde STEM is giiciinde azalmalarin olmasi bu
iilkeleri benzer Onlemler alma yoniinde hareketlendirmistir. Bu noktada
Amerika kadar olmasa da bazi Avrupa iilkelerinin kendi Fen ve Matematik
Ogretim programlarina Miihendislik ve Teknoloji odakli temalar1 dahil
ettikleri gozlenmistir (European School Net, 2017).
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Tiirkiye’ye bakildiginda (sorunun kaynagi farkli olsa da) STEM is
giiciinde baz1 sikintilarin olacag1 vurgulanmaktadir. Ornegin Tiirkiye Sanayi
ve Is Adamlar1 Dernegi (TUSIAD) (2017) 2023 yili i¢in tiim sektdrlerdeki
toplam istihdamin yaklasik 34 milyon ve bunun yaklasik 3,5 milyonunun
STEM alanlarinda olmasmi beklemektedir. Ayrica TUSIAD 2016-2023
doneminde STEM istihdam gereksiniminin 1 milyona yaklasacagini ve bu
ihtiyactn 300 bininin yani yaklasitk % 31’inin karsilanamayacagim
ongdérmektedir. Ote yandan STEM ve STEM odakl1 egitimin Amerika’daki
gelisim siireciyle benzer sekilde Tiirkiye’de TUSIAD, 6zel bir iiniversite
(Akgiindiiz vd., 2015) ve Milli Egitim Bakanliginin (MEB, 2016) hazirlamig
oldugu baz1 strateji raporlar1 bulunmaktadir. Bu raporlarda Amerika
ornekleminden ciddi oranda esinlenerek Tirkiye’de de benzer problemlerin
gozlenecegi, 6zellikle Tiirkiye sanayisinin rekabet edebilirliginin arttirilmasi
noktasinda acil eylem planlarinin yapilmasiin gerekliligi ve MEB’in bu
noktada harekete ge¢mesinin 6nemli oldugu vurgulanmustir. Bu Onerileri
dikkate alan MEB 2017 yili itibariyle giincellemis oldugu Fen Bilimleri,
Fizik, Kimya ve Biyoloji 6gretim programlarina Fen uygulamalar1 ve
Miuhendislik-Teknoloji odakli temalar1 eklemistir. Ornegin ortaokul Fen
Bilimleri Ogretimi Programima (2017a) dort yillik egitimin her yilinda son
iinite olarak ‘Uygulamali Bilim: Fen ve Mihendislik Uygulamalart’
eklenmistir. Bu eklemede STEM is giiclinde yasanan problemlerin yanina
Amerika’daki Gelecek Jenerasyon Standartlarinda oldugu gibi Tiirk
ogrencilerin PISA ve TIMMS gibi sinavlarda diisiik basari gdstermesi,
gelecegin meslekleri icin STEM odakli becerilerin {iniversite oncesinde
verilmesinin gerekliligi gibi faktorler gerekce olarak eklenmistir. Ote yandan
initeye detayli bakildiginda Fen bilimleri, Matematik, Miihendislik ve
Teknolojinin biitiinlestirilmesinin  saglanarak &grencilerin  problemlere
disiplinler aras1 bir bakis agisiyla bakmalari, 6gretmenlerin biitiinlestirme
icin rehberlik yapmasi, Ogrencilerin ise {ist diizey diislinmesi ve Tiriin
gelistirmesi On plana c¢ikarilmistir. Yine bu iinite kapsaminda giinliik
hayattan problemlerin tanimlanmasi, problemler i¢in belli kriterlere gore
¢Oziimler tretilmesi, triinlerin tasarlanmasi, sunumu ve {riinii pazarlamak
icin  stratejilerin  gelistirilmesi  gibi  asamalar  Onerilmistir.  Lise
programlarinda ise Ornegin Fizik Ogretim Programinda (MEB, 2017b)
‘Modern  Fizigin Teknolojideki Uygulamalar®> ve Kimya Ogretim
Programinda ‘Enerji Kaynaklari ve Bilimsel Gelismeler’ gibi Miihendislik
ve Teknoloji odakli iiniteler yer almistir (MEB, 2017¢).
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1.1. Elestirel Yaklasim
STEM ve STEM egitimi kavramlarina elestirel olarak
bakildiginda ii¢ temel durumun 6ne ¢iktig1 gdzlenmektedir:

1.1.1. STEM trendinin egitsel girdiler olmadan sekillenmesi:

STEM kavramm goriildiigli lizere Ozellikle sanayi temsilcileri
tarafindan ortaya atilmis ve sonrasinda egitimcilerin masasina birakilmis bir
durumdadir (Williams, 2011). STEM is giiciiniin Amerika’da azalmaya
baglamasit ‘bir sekilde boslugu kapat’ seklinde yorumlanacak basit bir
politika ile is ve ekonomi diinyasindan yoneticiler ve uzmanlarin {iniversite
Oncesi egitime miidahalesi ile sonuglanmistir. Bu politikanin gelistirilme
stireclerinde egitim uzmanlarinin goriislerinin dikkate alinmadig1 ve 6zellikle
eleman yetistirme, hizli iiretim, rekabet ve pazarlama gibi noktalara vurgu
yapildig1 ve ahlaki unsurlarin geri plana atildigi farkli platformlarda dile
getirilmistir (Zeidler, 2016). Bu durum hem STEM fikrinin ortaya g¢iktigi
Amerika’da hem de son donemde transfer edildigi Tiirkiye’de dgretmenlerin
STEM odakli egitimlerde neyi nasil ve neden Ogretmeleri gerektigi
konusunda kafa karigikliklar1 i¢inde kalmalarina neden olmustur.

1.1.2. STEM alanlari yan yana getirilebilir mi?:

Bybee (2013) onerdigi STEM egitimi perspektiflerinde STEM’in
Fen ya da Matematik yerine kullanilabilecegini; hem Fen hem de
Matematigi kapsayan bir yapida olabilecegini; Teknoloji, Miihendislik ve
Matematigi igeren Fen seklinde algilanabilecegini; ayni derste birbirinden
farkli alanlarin bir arada verilebilecegi bir yapida olabilecegini; Teknoloji ve
Miihendislik yardimiyla Fen ve Matematigin bir araya getirilmesi olarak
diisiiniilebilecegini ya da alanlar arasinda kavramlar, siire¢ler ve kaynaklar
acisindan bir koordinasyon olarak diisiiniilebilecegini ifade etmistir. Ancak
uzmanlar dort alanin nasil yan yana getirilecegi ve bu birlikteligin nasil bir
pedagojik triine donlisecegi hakkinda ciddi belirsizlikler oldugunu ifade
etmislerdir (Williams, 2011; Zeidler, 2016).

Ornegin Fen ampirik anlamda dogada belli varliklarin oldugunu ve
bu varliklarin belli yasalar ve mekanizmalar halinde bir diizen i¢inde bir
arada olduklarin1 varsayar. Fenin amaci belli bir merak i¢ giidiisii ile bu
mekanizmalar1 ve patternleri ortaya ¢ikararak bilgi tiretmektir (Boyd, Gasper
ve Trout, 1999). Matematikte ise Fenin ilgilendigi gozlenebilir varliklarin
yerini artik duyusal gbzlemlere ve zaman-uzay zeminine tabii olmayan ve
farkli bir meta-gerceklik sunan sayilar ve dogrular gibi yapilar almistir. Bu
unsurlar belli bir dil yapisim1 olusturarak dogal ve dogal olmayan siireglerin
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temsilleri haline gelmistir (Clark, 2014; Horsten, 2017). Miihendislige
bakildiginda ise Fendeki gibi ‘zaten olan’ varlik durumlarindan ya da
Matematikteki gibi ‘zaten olmayan’ varlik durumlarindan 6teye gidilerek
‘olmast gereken’ varlik durumlarina bir gecis s6z konusudur (Bunge, 2014;
Franssen, 2014). Miihendislik sosyal fayday1 amaglayarak Fen ve Matematik
alanlarindan gelen bilgileri belli yapilar, tiriinler ve ¢oziimler tiretmek iizere
kullanmaktir (Mitcham ve Schatzberg, 2009).

Bu agilardan bakildiginda Fen, Miihendislik ve Matematik arasinda
temel diizeyde ontolojik farkliliklarin oldugu ve bu durumlarin dogal olarak
bu alanlarin epistemolojilerine yansidigi gézlenmektedir. Ornegin Fen bilgisi
gbzlem siirecleri gibi kanitlara dayanmakta olup (a posteori) gelecek
calismalarla yeniden revize olma ihtimaline sahip olan bir yapidadir (Boyd,
Gasper ve Trout, 1999). Ancak Matematik bilgisi belli mantik silsileleri ile
ilerlemekte, fiziksel kanit gerektirmeyen (a priori) ve gelecek bilgilerle
revize olma durumlari oldukg¢a sinirli olan yapilardir (Clark, 2014; Horsten,
2017). Mihendislik ise ihtiyaclara odaklanan prosedurel bir bilgi Gretmekte
ve bu bilgi, ihtiyac1 karsiladigi siirece revizyona tabii tutulmaktadir. Bu
noktada eski Yunan’da kullanilan Techne ve Episteme ayrimlari 6nemlidir.
Techne teknoloji kelimesinin kokeni olarak Uretim ve gergeklestirmeye
odaklanan ve deneyim (know-how veya Emperiria) ile teorik bilgi
(Episteme) arasinda yer alan bir bilgi tipidir. Techne deneyim ile degisme ve
revize olma oOzelliginde iken Episteme Ornegin Matematikteki gibi
degismeyen ve saf olarak var olan bilgi anlaminda kullanilmaktadir
(Schadewaldt, 2014).

Alanlarin felsefi olarak bir araya getirilebilirligi ile ilgili olarak bir
diger durum ise bilim sosyolojisinden gelmektedir (Kuhn, 1962).
Matematikgiler, Fenciler ve Miihendisler en azindan iiniversite diizeyinde ve
sonrasinda farkli egitimlere ve kiiltiirlemelere tabii tutulmaktadir. Farkli
aragtirma amaglarina yonelik farkli topluluklarda bir araya gelmeleri ve bu
topluluklardaki gostergelerin ve iletisim kanallarimin farkli olmasi alanlarin
psikolojik ve sosyolojik anlamda ayrilmalarin1 kolaylastirmistir (Kuhn,
1962; Snow, 1964).

Alanlarin aralarindaki iligkiler ile ilgili olarak ta farkli yaklagimlar
s6z konusudur. Ornegin bazi arastirmacilar bir siire teknolojiyi Uygulamali
Fen olarak goérmiis ancak bu goriis ilerleyen siireglerde ciiriitiilmiistiir. Baz1
arastirmacilar ise teknolojiyi ‘Sonlandirilmis Fen’ olarak gérmiis ve Fenin
bilingli veya bilingsiz olarak bir sekilde dis sosyal amacglar ve cikarlar
dogrultusunda ilerledigi diistiniilmiistiir. Bir diger durum ise deneysellik ve
gbzlem durumlart iizerinden Fen ve Teknoloji arasindaki iligkilendirmedir.
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Bu iliskilendirmede Fende bir nevi Miithendislik yapildig1 ve yapilan gozlem
ve deneylerin bir sekilde dogadan bagimsiz olarak dizayn edildigi ve liretilen
bilginin dizayn edilmis bilgi oldugu diislinilmistiir (Mitcham ve Schatzberg,
2009). Bazi arasgtirmacilar ise Feni Teknoloji olarak goriip TeknoFen
(technoscience) goriisii altinda toplanmustir. Bu gériiste hem Fenciler hem de
Miihendislerin miidahale, miizakere ve yapilandirma gibi pratiksel siire¢lerin
icinde olduklari; her iki alandada materyalitenin 6nemli oldugu, Fennin son
yillarda ‘Biiyiik Fen (Big Science)’ haline geldigi ve endiistriyel bir
organizayona ihtiyaci oldugu ifade edilmistir (Mitcham ve Schatzberg,
2009). Ote yandan Matematigin diger alanlarla olan iliskilerinde bir dil veya
ara¢ olarak Fen ve Miihendislikteki iligkileri modelledigi ve gelecege
yonelik tahminlerde veya iliskilerin anlasilmasinda ve agiklanmasinda bu
modellerin kullanildig1 diisiiniilmektedir. Uygulamay1 barindirmayan ya da
hedeflemeyen piir matematik alanlarinda ise farkli bir gerceklik alaninda ve
pratige Oykiinmeyen bir matematigin yapildigi bilinmektedir (Horsten,
2017).

Genel olarak bakildiginda STEM alanlarinin bir araya getirilebilirligi
noktasinda alanlarin ontolojik, epistemolojik ve sosyolojik acidan net
farkliliklar barindirdiklari,  ancak uygulama siireclerinde Dbirbirlerini
etkiledikleri, birbirlerine dogru sizdiklart ve birbirlerinden yararlandiklar
gozlenmektedir.

1.1.3. Tiirkive’de STEM ve STEM egitiminin gerekcelerinin
Amerika’dan farkli olmasi:

Her ne kadar Amerika’da STEM is giiciinde ciddi azalmalarin
oldugu ve bu azalmalarin ilgi azalmasi gibi bir parametreden kaynaklandig
sOylense de Tirkiye’de bu c¢ikis noktasinin gerekge olarak kullanilmasi
problemlidir. Tiirkiye’de son yillarda bircok {iiniversitede Fizik, Kimya,
Biyoloji ve Matematik gibi temel bilim boliimlerinin 6grenci yoklugundan
dolay1 kapatildigi bilinmektedir (Hiirriyet, 2015). Ancak bu kapanma
stirecleri 6grencilerin bu boliimleri zor bulmalari ya da sosyal bilimlere olan
ilgilerinde artmanin olmasi seklinde agiklanamaz. Nitekim is garantisi olarak
algiladiklart Tip, bazt Muihendislikler ve gucli Gniversitelerin Fen ve
Matematik bolimlerinde 0Ogrenci sayilarinda bahsedilen degisimlerin
olmadig1 gozlenmektedir. lgili meslegin ‘is garantisi’ saglamasi ve
siireklilik arz eden bir maas, sigorta ve diger giivencelere sahip olmasi
Tiirkiye’de meslek se¢imindeki temel faktorler oldugu bilinmektedir (Kiling,
Watt ve Richardson, 2012). Tirkiye’de belirtilen Fen ve Matematik
boliimlerinin sanayinin ve is sektoriiniin ihtiyag ve beklentilerini
karsilamayan elemanlar yetistirmesi ya da ‘piyasaya yonelik’ bir egitimi
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amaglamamasi ve bunun sonucunda ortaya ¢ikan ciddi igsizlik oranlari bu
boliimlerin kapatilmasinin nedenleri olarak diisiiniilebilir. Béyle énemli bir
farklilik s6z konusu iken Amerika ile benzer ¢ikis noktalar1 varmis gibi
STEM egitiminin Tiirkiye’ye tasinmasi gelecege yonelik yeni ¢ikmazlara
neden olabilir. Sonugta belirtilen alanlarda is giicii ve sanayi kapasitesinin
olusturulmasi1 ve tiniversite programlariin bu ihtiyaca yonelik olarak dizayn
edilmesi gibi ¢oziimler varken, 6grencilerde STEM’e yonelik ilgiyi arttirma
gibi bir ¢ikis noktasini kullanmak Tiirkiye 6rneklemindeki is giicli liretme
problemini gérmezden gelmek anlamina gelir. Nitekim STEM alanlarina
Universite Oncesinde 1ilgisi artan Ogrencilerin bu alanlardan mezun
olduklarinda is bulamamalar1 uzun yillar boyunca yapilan egitimsel
yatinmlarin bosa gitmesine ve ilgili bolimlerde daha fazla sayida bos
sandalye olusmasina neden olacaktir.

1.2. PNB bir cikis noktasi olabilir mi?

STEM egitsel girdiler hesaba katilmadan, felsefi olarak bir arada
bulunabilirlik stnanmadan ve farkli 6rneklemlere konteks odakli degiskenler
diistiniilmeden transfer ediliyor olsa da, Fenden Teknolojik bir iiriine dogru
giden siiregte Normal Fen, Uygulamali Fen ve Mihendisligin nasil
birbirlerini takip ettiklerini ve Matematikte dahil edilirse hangi siirecte
hangisinin devreye girdigini bilmek Fen ve Teknoloji iirlinleri ile donatilmig
olan modern yasamda, 6grencilere daha genis ve etkili bir 6grenme kiimesi
sunabilir. Ote yandan niikleer santrallerin kurulmasi, yapay zeka, kiresel
1isinma ve GDO’lu besinler gibi sosyobilimsel konularda karar verirken
sadece Fen degil Miihendislik ve Teknoloji ile ilgili tanimsal, prosediirel ve
ahlaki bilgilere sahip olunmasi giiniimiiz vatandaslarinin = 6nemli
ihtiyaglarindan biridir (Yazar, 2017; Zeidler, 2016).

Bu durum STEM’in bir sekilde gerekli oldugu ancak daha farkli bir
cikis noktasi iizerine kurulmasinin uygun oldugu anlamina gelmektedir.
Sanayiciler, hiikiimetler ve zorunlu olarak egitimcilerin artan dikkati,
STEM’e PNB (Funtowicz ve Ravetz, 2003; Ravetz, 2012) uzerinden bir
felsefi ¢erceve kurarak etkili bir sekilde kullanilabilir. Teknolojiyi
uygulamali bilim, sonlandirilmig bilim ya da dogrudan bilim olarak gdsteren
cercevelerden (Mitcham ve Schatzberg, 2009) farkli olarak PNB alanlar
birbirlerinden bagimsiz ve i¢ ice gosterebilen genis bir cerceve sunmaktadir.

PNB Thomas Kuhn (1967) zamaninda vurgulanan Normal bilimden
farklidir. Normal bilim sadece merak ile puzzle ¢ozme ile ilerleyen bir
dogaya sahip iken son otuz yilin bilimi, insanlarin sosyal ihtiyaclarini1 hesaba
katan ve kompleks insani problemlerle (kiiresel 1sinma ve kanser gibi)
belirsizlikler altinda c¢alismayr gerektiren bir Post-normal Bilime dogru
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kayma egilimindedir. PNB’de merakla ilerleyen ve puzzle ¢6zen Normal
Bilim, bunu i¢ine alan ve miisteri ihtiyaglarina gére sekillenerek bilgi iireten
Uygulamali Bilim, Uygulamali Bilimi i¢ine alan ve belirsizlik durumlarinda
verilerin analiz edilmesini ve bir dneride bulunmay1 gerektiren Profesyonel
Danigsmanlik ve bu ilk ii¢ yapiy1 igine alan ve belirsizlikler ve ihtimallere
dayali olan Post-normal Bilim olmak tlizere dort yapi i¢ icedir. Burada
Miihendislik her ikisinin de bazi 6zelliklerini kullandig1 i¢in Uygulamali
Bilim ile Profesyonel Danigmanlik arasinda yer alir.

Normal bilimde belirsizliklere izin verilmeyip, degerler sakli
tutulurken Post-normal bilimde belirsizlikler yonetilir ve degerler herkese
aciktir. Post-normal bilimde doga, insandan bagimsiz degil insanla olan
iliskileri iizerinden ele alir. Uretilen bilimsel bilgi Normal bilimdeki gibi
sadece bilim insanlar tarafindan degil, halk, medya, politikacilar gibi baska
paydaslar tarafindan da degerlendirilir. Ayrica bu siireclerde etik endiseler
de dikkate alinir (Funtowicz ve Ravetz, 2003; Ravetz, 2012).

1.3. Amag

Bu c¢aligmanin amaci Tiirkiye’de STEM alanlarinda 6ncii bilim
insanlarmin Fen, Matematik, Miihendislik ve Teknoloji arasindaki iliskiler
hakkindaki inanglarini ortaya ¢ikarmak ve bu inanglar1 kullanarak (PNB
kapsaminda) STEM i¢in pedagojik bir ¢ergeve olusturmaktir.

2. YONTEM

Calisgma nitel bir c¢oklu durum aragtirmasidir (Yin, 2013).
Calismanin analiz iinitesini (Yin, 2013) STEM alanlar1 bilim insanlarinin
(toplam 17 kisi) STEM alanlan ile ilgili tanimlar, iliskiler ve etik boyutlar
hakkindaki inan¢ sistemleri olusturmustur. Bu noktada Rokeach (1968)
inanct birinin bilingli ya da bilingsiz bir sekilde séylediklerinden ¢ikarilan
onermeler seklinde tanmimlamigtir. Bu kapsamda bilim insanlarinin
goriismelerde verdigi cevaplarda benzer sekilde kullanilan inanglar se¢ilmis
ve oOzellikle bransa bagli durumlar arasi (bilim insanlar arasi) farkliliklar
irdelenmistir. Ayrica belirtilen analiz iinitesi net bir sekilde neden-sonug
iligkileri barindirmadigi i¢in neden ve nasil sorularimin yerine ne (6rnegin
matematik nedir?, matematik ile miihendislik arasinda ne gibi iligkiler
vardir?, fende etigin yeri nedir?) sorusu iizerine odaklanilmistir.

2.1. Bilim insanlarimin Se¢imi

Bilim insanlarinin se¢iminde temel Fen bilimleri ve Miihendislik
alaninda uluslararasi derecelendirme kuruluslar (6rnegin World Universities
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Rankings gibi) tarafindan yapilan siralamalarda Tiirkiye’de giiclii
pozisyonlari elde eden bir liniversiteden se¢im yapilmasi kararlastirilmigtir.

STEM alanlarinda segilen bilim insanlarmin her bir alan1 yeterince
temsil edebilmesi icin kasitli Ornekleme prensipleri (Patton, 1990)
kullanilmistir. Bu amagla segilen iiniversitede Fizik, Kimya, Biyoloji,
Matematik ve Miihendislik boliimlerindeki bilim insanlarinin online olarak
ulagilabilen CV’leri incelenmis ve c¢alisma alanlar1 dikkate alinmistir.
Iletisime gecilen bilim insanlarinda aymi bilim alaninda benzer arastirma
konularmi ¢alismamalarina ve Fen ile Matematik branglarinda hem teorik ve
hem de uygulamali alanlardan bireylerin se¢imine dikkat edilmistir. Bu
noktada Fizik, Kimya, Biyoloji ve Matematik alanlarinin her birinden tger
ve Miihendislik alaninda ise 10 bilim insan1 olmak {izere toplam 22 bilim
insan1 ile (e-mail yoluyla) iletisime gegilmistir. E-mailde calismanin
amaglari, katilmin goniillik prensiplerine dayali oldugu ve kisa streli bir
goriisme icin ofislerine gelinmek istendigi ifade edilmistir. Bu iletisimin
sonucunda Tablo 1’de belirtilen 15 bilim insanm goriigme teklifini kabul
etmigtir. Diger bilim insanlar1 ise ya calisma yogunluklarindan dolayr
calismaya katilamayacaklarini ifade etmis ya da e-maili cevaplamamuglardir.
Ayrica galisma verilerinin ¢esitlendirilmesi ve zenginlestirilmesi amaciyla
BOTE ve Felsefe béliimlerinden birer bilim insan1 ile benzer sekilde (e-mail
yoluyla) temasa gecilmis ve Onlarin da katilimcilara dahil olmasi ile toplam
17 kisilik bir ¢aligma grubu olusturulmustur.
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Tablo 1. Caligmaya katilan bilim insanlar1 ve 6zellikleri

Bilim
insam  Unvan Brans Lisans Y.Lisans Doktora
No

Bil Profesér  Insaat Miih. Ingaat Miih. Kiy1 Miih. Kiy1 Miih.

. . N . N . N Makine Miih./Is1
BI 2 Docent Makine Muh. Makine Muh. Makine Muh. Transferi
Bi3 Dogent  Makine Miih. Makine Muh. Makine Mih/Ist o o feri

Transferi
Bi 4 Docent Makine Muh. Makine Muh. Makine Muh. Makine Mih.
Bi's Dr Ot Elektrik- Elektrik ve Elektronik Elektrik ve Elektrik ve
"OE T Elektronik Miih. M. Elektronik Miih.  Elektronik Miih.

. . - . _— . Bilgisayar Muh/
BI6 Profesér Bilgisayar Mih. Bilgisayar Muh. Bilisim Bilimi Programlama

. . . . . . " Molekiler ve
BI7 Docgent Biyoloji Biyoloji Biyoloji Hiicresel Biyoloji
Bi 8 Dr Ogrt  Biyoloji Biyoloji Biyoloji Biyoloji
Bi9 Dogent Kimya Kimya Teorik Kimya Fiziksel Kimya
Bi10 Profesor Kimya Kimya Kimya Biyokimya
Bi1l  Profesor Fizik FizikMatematik ~ .o2unMadde yksek Enerji

Fizigi Fizigi
Bi12 Dogent  Fizik Fizik Fizik Fizik
Bi13 Profesér ~ Matematik Matematik Matematik Matematik
Bi14  Professr Matematik Elgktrlk-. Elektromk Matematik Matematik
Miihendisligi
Bi1s Profesér ~ Matematik Elgktnk—' E.I.e k tronik Matematik Matematik
Miihendisligi
Bilissel
Bi16 Professr BOTE Matematik Bilgisayar Miih. Bilimler/Egitim
teknolojisi

Bi17  Profesér  Bilim Felsefesi Felsefe Jeoloji Mih Jeoloji

2.2. Yar1-Yapilandirilmis Goriismeler

Bilim insanlarinin inanglarim ortaya ¢ikarmak amaciyla bes grup
goriisme sorusu iiretilmistir. Birinci grupta bilim insanlarinin egitim bilgileri
ve calisma alanlar1 alinmustir. ikinci grupta bilim insanlarinin  Fen,
Matematik, Miihendislik ve Teknolojiyi tanimlamalar1 istenmistir. Ugiincii
grupta bilim insanlarmin Fen, Matematik, Miihendislik, Teknoloji ve
Toplum arasindaki iligkileri bir model ¢izerek anlatmalari ve bu iliskileri
gercgek bir 6rnek tizerinde agiklamalari istenmistir. Dordiincii grup soruda ise
STEM alanlan ikili ¢iftler haline getirilerek (Fen ve Miihendislik gibi) bu
ciftlerin ortak diisiinme yollari, ¢ifti temsil eden branglardan birinin
digerinden nasil yararlandigi ve branglarin bilim iiretme sekilleri arasindaki
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farkliliklara odaklanilmistir. Son grupta ise STEM alanlarinda etigin rolii
sorgulanmugtir.

Bes grup sorunun olusturulmasi ve goriisme sorularinin son
versiyonlariin sekillenmesinde PNB yaklasimi (Funtowicz ve Ravetz, 2003;
Ravetz, 2012), STEM alanlarmin felsefi (ontolojik ve epistemolojik) ve
sosyolojik acidan yan yana getirilebilirligi (6rnegin Boyd, Gasper ve Trout,
1999; Clark, 2014; Mitcham ve Schatzberg, 2009), STEM ile ilgili egitim
reformlar1 (European School Net, 2017; MEB, 2017; National Research
Council, 2012) ve STEM egitim reformlar1 ile ilgili elestiriler (Willams,
2011; Zeidler, 2016) dikkate alinmistir. Ayrica Fen egitimi alaninda galigsan
iki aragtirmaci ile 6zellikle STEM egitimine odaklanan biri Fen ve biri de
Matematik egitimcisi olmak iizere toplam dort arastirmacinin goriiglerine
danisilmistir. Fen egitimi ¢alisan arastirmacilardan biri etik odakli sorularin
eklenmesinin ¢alismay1 giiglendirecegini ifade etmistir. STEM egitimi
calisan arastirmacilar ise STEM alaninda giftler yaratip bunlar arasi ortak ve
farkli yonlerin ortaya ¢ikarilmasi noktasinda onerilerde bulunmustur. Ayrica
arastirmacilar sorular {izerinde anlasilirligi kolaylastiracak bazi dil odakli
diizeltmeler ve o6neriler yapmustir. Ote yandan gdriisme sorulari igin bir
iiniversitenin Etik Kurulu’ndan onay alinmustir.

Yar yapilandirilmig gériisme sorularinin son versiyonu Tablo 2’de
verilmistir. Bu tabloda goriilecegi gibi sorular farkli STEM alanlar1 icin
farkli sekillerde diizenlenmistir. lk iki grupta sorulan kisisel bilgiler ve
STEM alanlariin belli bir model iginde iliskilendirilmesi tiim bilim
insanlarma sorulurken, Ornegin Miihendislikte etigin Onemi sadece
Miihendislik bransi bilim insanlarina sorulmustur. Bu sekilde branglara 6zgii
inanglar ortaya ¢ikarilmustir.
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Tablo 2. Yar1 yapilandirilmig gériisme sorulari

Sorular Fen Mat. Mih. Fels.

1. Egitim bilgilerinizi ve ¢alisma alanlarinizi paylasabilir misiniz? + + + +
2. Asagidakileri sirasiyla tanimlayabilir misiniz? (a. Fen, b. Teknoloji, c.
Matematik, d. Mihendislik)

3a. Fen, Matematik, Miihendislik ve Teknoloji arasindaki iliskileri bir
kagt tizerinde model seklinde ¢izseniz bu model nasil olurdu? (Kagit + + + +
veriniz). Kagit tizerinde bu iliskileri nasil agiklarsiniz?

+ + + +

3b. Simdi modelinize ‘toplum’u ekleseniz toplumun model i¢indeki
pozisyonu ve diger elemanlarla olan iliskilerini nasil agiklarsiniz?

4. Simdi bu modeldeki tiim iliskileri bir 6rnek iizerinde agiklamak
isteseniz bu drnek hangisi olurdu ve bu 6rnek iizerinde iliskileri tekrar + + + +
anlatabilir misiniz?

Sa. Asagidaki ciftleri diisiindiigiiniizde her ikisinde de ortak olan
diisiinme yollar1 (anlamasilmazsa ortak ¢alisma yontemleri) neler +
olabilir? a. Fen ve Matematik, b. Fen ve Mihendislik

Sb. Asagidaki ¢iftleri diisiindiigiiniizde her ikisinde de ortak olan
diisinme yollar1 (anlasilmazsa ortak ¢alisma yontemleri) neler olabilir? a. +
Fen ve Matematik, b. Matematik ve Mihendislik

Sc. Asagidaki giftleri diisiindiigiiniizde her ikisinde de ortak olan
diisinme yollar1 (anlasilmazsa ortak ¢alisma yontemleri) neler olabilir? a. +
Fen ve Miihendislik, b. Matematik ve Mihendislik

5d. Asagidaki ciftleri diisiindiigiiniizde her ikisinde de ortak olan
diisinme yollar1 (anlasilmazsa ortak ¢alisma yontemleri) neler olabilir? a. +
Fen ve Mihendislik, b. Matematik ve Muhendislik, c. Fen ve Matematik

6a. Bilim insanlarinin nasil bilim tirettiklerini diisiiniiyorsunuz? + + +
6b. Fen alanlarindaki bilim insanlarinin kendi islerinde Miihendislikten + + +
nasil yararlandiklarini diisiiniiyorsunuz?
6¢. Miihendislerin kendi alanlarinda Fen biliminden nasil

o + + +
yararlandiklarini diisiiniiyorsunuz?
6d. Mithendislerin kendi alanlarinda Matematikten nasil yararlandiklarini + + +

diistinliyorsunuz?

7a. Mithendislerin kendi alanlarinda (Fen) bilimden yararlanma sekilleri
ile (Fen) bilim insanlarmin (Fen) bilim iiretme sekilleri arasinda sizce + + +
farkliliklar var m1? Agiklar misiniz?

7b. Matematikgilerin kendi alanlarinda matematigi tiretme sekilleri ile
Miihendislerin kendi alanlarinda Matematikten yararlanma sekilleri + + +
arasinda sizce farkliliklar var m1? Ag¢iklar misiniz?

7c. Matematikgilerin kendi alanlarinda matematigi tiretme sekilleri ile
Fen bilimcilerin kendi alanlarinda Matematikten yararlanma sekilleri + + +
arasinda sizce farkliliklar var mi1? Ag¢iklar misiniz?

8a. Fen biliminde etigin yeri hakkinda neler diisiiniiyorsunuz? +
8b. Matematikte etigin yeri hakkinda neler diistiniiyorsunuz? +
8c. Muhendislikte etigin yeri hakkinda neler diigtiniiyorsunuz? +

8d. Fen Bilimi, Matematik ve Miihendislikte etigin yerini sirastyla
aciklayabilir misiniz?

+: Soru soruldu
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E-mail yazigmasi sonrasinda olumlu yanit veren bilim insanlan ile
yari-yapilandirilmig  goriismelerin  yapilmast amaciyla telefon yoluyla
iletisim kurulmustur. Telefonda ¢alismanin genel amaglar1 tekrar 6zetlenmis
ve uygun bir glin ve saatte bulusmak tizere sozlesilmistir. Yari-
yapilandirilmis goriismeler ¢alismanin iki farkli yazari tarafindan bilim
insanlarimin ofislerinde ses kayd1 alinarak yapilmistir.

2.3. Verilerin Analizi

Veri analizinde igerik analizi prosediirlerinden yararlanilmig ve ii¢
asamaya dikkat edilmistir (Patton, 1990). Birinci asama olan hazirlik
asamasinda goriisme transkriptleri ¢alismanin iki farkli yazari tarafindan iki
kez okunmus ve okumalar sirasinda se¢ilecek muhtemel inanglar ile ilgili
kiiciik notlar alinmustir. Ikinci asama olan inang secimi asamasinda ise acik
kodlamalardan (Charmaz, 2014) yararlanilmig ve her bir bilim insaninin
kullanmis oldugu ifadelerde ortaya g¢ikan temel inanglar segilmistir. Secim
sirasinda sOylemin dogasinda olan asirt 6rneklendirmeler ve konu dist
ifadeler inanclarin disinda tutulmustur. Uglincii asama olan tematik
gruplamalarda ise aksiyal kodlamalar yapilmistir (Corbin & Strauss, 2014).
Bu asamada (brans i¢i ve farkli branslar arasinda) bilim insanlarinin segilen
inanglart arasinda kiyaslamalar yapilmis ve ortak veya farkli olan inanglar
temalar halinde birer durum seklinde yazilabilir hale getirilmistir. Ayrica her
bir tematik inan¢ grubunu temsil eden o6rnek ifadeler belirlenmistir.

2.4. Gegerlilik ve Guvenilirlik

Caligmada naturalistik sorgulamada (Lincoln & Guba, 1985) esas
alinan gegerlilik ve giivenilirlik siirecleri kullanilmistir. Buna gore bilim
insanlar1 ile uzun siireli bir ¢aligma yiiriitilmemis olsa da akran giivenilirligi,
on yargilarin yonetimi, negatif verilerin incelenmesi ve detayli bilgilendirme
gibi unsurlara dikkat edilmistir. Akran giivenilirliginde ¢alismanin iki yazari
verilerin analizlerini once birbirlerinden bagimsiz, sonrasinda ise bir araya
gelerek tekrarli kiyaslamalar ile yapmiglardir. Her bir segilen inangta tam bir
konsensiis olusturulmadan yeni datalara gecilmemistir. Ayrica bu analizler
sirasinda belirtilen iki yazarin STEM ve STEM egitimi ile ilgili bazi
onyargilarinin analiz siirecini etkilememesine dikkat edilmigstir. Boyle bir
durum herhangi bir yazar tarafindan fark edildiginde 6n yargiy1 ifade eden
yazar uyarilmistir. Secilen inanglarin aksi ydniinde verilerin bulunup
bulunmadig1 ise negatif verilerin incelenmesi ile arastirilmistir. Ozellikle
ortaya ¢ikan inanglarin aksi yoniinde ifadeler ve inanglarin varligi igin tiim
veriye geri doniilmiig ve her bir bilim insani i¢in son kez detayli bir okuma
yapilmistir. Ote yandan ¢aligmanin katilimeilari, katilimeilara ulasim, veri
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toplama siirecleri, analizler ve Ornek ifadeleri de barindiran detayl:
bilgilendirmeler yapilmustir.

3. BULGULAR

Yari-yapilandirilmis goériismelerde bes grup soru kullanilmustir.
Bunlardan ilki olan bilim insanlarinin kisisel bilgileri yontem kisminda
verildigi i¢in diger dort grup soruya verilen cevaplardan secgilen inanglar
asagida bagliklar halinde sunulmustur.

3.1. Fen, Matematik, Miihendislik ve Teknoloji tamimlari

Bilim insanlarinin tanimlarina bakildiginda iki grup tanimlamanin
yapildig1 gozlenmistir. Bilim insanlarindan 12’si verilen alanlar birbirleriyle
dogrudan iliskiler kurmadan tanimlamaya calisirken, kalan besi (bir Fizikei,
bir Kimyager, bir Matematik¢i, bir Insaat Miihendisi ve bir Makine
Muhendisi) alanlar arasindaki iligkileri kullanarak tanimlamalar yapmustir.

3.1.1. Alanlar arast iligkiler kurulmadan yapilan tanimlamalar

Birinci gruptaki bilim insanlarinin tanimlamalarina bakildiginda Fen
Ozellikle dogayi, hayati ve sosyal yasami anlamak ve agiklamak olarak
tammmlanmaktadir. Bir Fizik¢i Fenni dogal olaylar: anlamak igin bir arag
olarak tanimlarken bir Matematik¢i bu tanimi insan diistincelerini ve dogal
olaylart anlamak olarak yapmistir. Bir Makine Miihendisi ise benzer sekilde
dogadaki olaylart agiklamaya calismak olarak ifade etmistir. Detayli bir
tanimda ise bir Biyolog Fennin 6zellikle bulmaca ¢6zen dogasma vurgu
yapmustir: Fen, bana gore, var olan bir takim seylerin c¢alisilarak
anlasilmaya ¢alisilmasi ... Dogru yontemler kullanarak ve kanitlar sunarak
daha oOnce bilinmeyenleri anlamaya ¢alismak. Matematikgilerin ise diger
branslardan farkli olarak Fen tanimlamalarina insan diisiincelerini anlamak
ya da sosyal mekanizmalar1 ¢oztimlemek gibi dogal siireclere ek olarak insan
temelli faktorleri de dahil ettikleri gbzlenmistir.

Yine birinci grup bilim insanlarmin Matematik ile ilgili
tanimlamalarina bakildiginda genel olarak Fen Dbilimlerinin ya da
Miihendisligin anlamlandiriimasinda kullanilan dil ya da arag olarak ifade
ettikleri gozlenmistir. Tanimlamalar branglara gore bazi degisiklikler
gbstermistir. Ornegin Matematikgiler kendi Matematik tanimlarinda arag
odakl1 tamimlar yerine anlama odakli tanimlara yer vermislerdir. Ornegin bir
Matematik¢i Matematigi insan diisiincelerini ve dogayr anlamak ve anlayip
dzuine inebilmek olarak tanimlarken, Matematik kokenli bir BOTE uzmani
her seyin en alt yapr birimi, dogada her seyin altinda olan ya da her seyin
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tizerine kurulu oldugu seklinde bir tanim kullanmistir. Fen ve Miihendislik
alan1 bilim insanlar1 ise Matematigi daha g¢ok islerinde kullandiklar1 dil
odakli bir ara¢ olarak diisinmiislerdir. Mesela bir Bilgisayar Miihendisi
Matematigi daha soyut diisiinme gerektiren ve Fen bilgilerini
soyutlastirmaya yarayan ara¢ diye tanimlarken, benzer sekilde bir Makine
Mduhendisi Fen bilgilerini ifade etmek icin kullamilan bir dil seklinde
tammlamustir. Bir Biyolog ise Matematigin dil odakli bir ara¢ olmasi ile
ilgili olarak bir Kimyager ile tanigmasii ve Matematik sayesinde
anlasabilmelerini 6rnek vermistir: ... ben bir kere bir hoca ile tanistum.
Kimyager kendisi ... Hoca Iranh. Hi¢ Ingilizce bilmiyor. Gegti tahtaya ve
Sformiillerle konusmaya basladi. Hayran kaldim. Hig¢ Tiirkce bilmiyor. Hig
Ingilizce bilmiyor. Farsi biraz anlayabiliyorsun, viicut dilinden falan ama
hocanmin ne demek istedigini ben anladim ... 1.5 saat Matematikle Kimya
konustu. Ote yandan bir Bilim Felsefecisi Matematik taniminda yine Fenden
gelen bilgileri dile aktarmak olarak bir ifade kullanmis ama bunun
matematiksel modelleme ile oldugunu grupta ilk defa ifade etmistir.

Birinci grup bilim insaninin Mhendislik tamimlarina bakildiginda
genelde Fen ve Matematigin giinliik hayat problemlerine uygulanmasi ile bu
problemlerin ¢oziimiinii saglayan bilim dali olarak bir tanimin kullanildigi
gbzlenmistir. Burada 6zellikle Fen alanindaki bilim insanlariin tanimlarinda
Fen bilimlerinden elde edilen bilgilerin giinliik yasam problemlerinin
¢oziimiinde kullamlmast gibi bir tamm tercih ettikleri gdzlenmistir. Ornegin
bir Kimyager, Miihendisligi Fen bilimlerinin ortaya koydugu seyleri
insanliga sunmaya ¢alisan alan olarak tanimlamistir. Matematikgiler ise Fen
bilimleri-Miihendislik bagini tanimlarinda tercih etmemis ve Miihendisligi
somut iiriinler liretmeye calisan ve Teknoloji ile bunlar1 yaratmaya c¢alisan
alan olarak tanimlamiglardir. Ayrica Matematik¢ilerden biri Miihendisligin
aslinda askeri kokenli bir yapist oldugunu ve sonradan savas digi amaclara
yoneldigini vurgulamistir. Kendisi Miihendislik aslinda askeri kokenli bir
kavramdir. Miilki olmasi onun ikinci asamasidir. Mesela Insaat
Miihendislerine civil engineer denmesi bundandir demistir. Ote yandan
Miihendisler Miihendislik tamimlarinda 6zellikle giinliikk yasam problemleri
ve insanlarin ihtiyaglarmi 6n plana ¢ikarmis ve Fencilerin aksine
Miihendisligin sadece Fenden degil Fen, Matematik ve Teknolojiden koken
aldigmi ifade etmislerdir. Mesela bir Bilgisayar Miihendisi Fen ve
Matematik bilgilerinin gercek hayata uyarlanmasi ve hayat problemlerinin
sistematik bir sekilde ¢oziilmesi olarak Miihendisligi tanimlamigtir. Benzer
sekilde bir Elektrik-elektronik Mdihendisi Miihendislik hepsini birlestiren
nokta. Fen ve Matematik kullanarak Teknoloji tireten bilim dali demistir.
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Birinci grup bilim insaninin Teknoloji tanimlarina bakildiginda ise
Fen ve Matematikgilerin Teknolojiye daha ¢ok Miihendisligin {iriinii olarak
baktiklar1 ya da Miihendislikle yer degistirilebilir bir tanima sahip oldugunu
diisiindiikleri gézlenmistir. Ornegin bir Matematikgi Teknoloji Muhendislikle
beraber diigtiniilebilir seklinde bir ifade kullanirken, bir Biyolog Teknolojiyi
Fen bilimlerinin Muhendislik araciligiyla giinliik hayata uygulanmasi
seklinde tammlamustir. Ote yandan bazi Fenciler Teknolojinin Fen bilimine
olan katkismna da vurgu yapmuslardir. Ornegin bir Kimyager Teknoloji igin
ben anladikca daha iyi anlamami saglayan seyler bunlar. Teleskoplar veya
PH metre gibi. Sistematik analiz ve olgiimler yapmak igin (kullanilan)
araclar demistir. Miihendislerin ise Teknolojiyi sadece somut iiriinler degil
sorunlart ¢6zme yontemlerini de barindiracak sekilde tanimladiklar
gdzlenmistir. Ornegin bir Makine Mhendisi Teknolojiyi Fen, Matematik ve
Miihendislik  kullamilarak hayat problemlerini ¢ozme yontemleri diye
tammlanustir. Bir BOTE uzmam ise iiriin odakli ve yontem odakl
Teknolojileri birbirinden ayirmustir. Kendisi Teknolojiyi ara¢ olarak gérme
egilimi var. Aslinda (teknoloji) bir seyi en verimli, en maksimum sekilde
yapma yoludur. Bazen arag olabilir, bazen yontem olabilir. Elle tutulanlar
var. Béyle olmayanlar var. Ogretim tasarimlart mesela. Daha etkili bir
yontem olarak bu tasarimlar gelistiriliyor demistir.

3.1.2. Alanlar arasinda iliskiler kurularak yapilan tanimlamalar

Fen, Matematik, Miihendislik ve Teknoloji arasindaki karsilikli
iligkileri kullanarak tanimlamalar yapan ikinci gruptaki bilim insanlarma
bakildiginda, bir Fizik¢inin Miihendislik ile Fen bilimleri arasinda net bir
ayrim yapmadigi, her ikisinde de hipotetik Onerilerin ispatlanmaya
calisildigint ve giivenilirligin 6nemli oldugunu vurguladigi goézlenmistir.
Kendisi hepsi igin elimizde bir hipotez olmast ve test edilebilir bir dizayn
olmas: ve tekrarlanabilir bir deney yapilmasi so6z konusu. Eger
tekrarlanabiliv bir seyler yapumiyorsa Fen ve Teknoloji diyemeyiz ...
Tiirkiye’'de Fen ve Miihendislik ¢ok ayri gibi goriiniiyor ama giiniimiizde
boyle bir ayrim sahte duruyor demistir. Bir Kimyager ise tanimlamalarinda
Matematik ve Miihendisligin Fen bilimine hizmet ettigini, Matematik ve
Miihendisligin ortak bir sekilde yaratict siirecler barindirdigimi  ve
Miihendisligin Fencilerin destegine ihtiyag duydugunu belirtmistir. Benzer
sekilde bir Ingaat Miihendisi Fen ve Matematik alanlarmin temel bilimler
oldugunu ve bunlar olmazsa Miihendisligin ilerlemeyecegini ifade etmistir.
Bu noktada kendi alam1 olan Deprem Miihendisligini 6rneklendirmistir.
Kendisi temel bilimler denizde olacak bir deprem ile ilgili hesaplamalar
vaparlar. Mesela sularin bes metre yiikselecegini hesaplarlar. Biz de
Miihendisler olarak buna gére ki tasarimlart yapariz. Bu alanda Fen
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bilimleri, Matematik, Sosyal bilimciler, Mihendisler ve karar vericiler
olmak iizere bircok alan beraber ¢alisiriz demistir. Ote yandan bir Makine
Miihendisi Matematigi Fen bilimlerini formiilize etmek olarak tanimlamuistir.
Kendisi bir fiziksel olayin nasil meydana gelebilecegini Matematiksel
metotlar sayesinde ©nceden tahmin edebiliyoruz ... diyelim ki bir gaz
genlestigi zaman genlesen gazin sicakligi ne olacak? Yahut da bir motor
calisirken ona verdiginiz yakit ne gekilde dénme enerjisine doniisecek gibi ...
Biitiin bunlari Matematik yardimi ile biliyoruz demistir. Son olarak bir
Matematik¢i Fen bilimlerinin  Matematik gibi aksiyomatik bir yapida
olmadigini, dolayisiyla bazi sinirliliklar barindirdigini ifade etmistir. Ornegin
Fende kullanilan metotlarin ¢ogu bizim icin saglhkli degil. Bu metotlar
aksiyomatik sistemlerin amaci olan, i¢inde mantiksal bosluk bulundurmayan
sistemleri kurmak gibi bir dogada degil. Ama Fende aksiyomatik ¢calisma
sansi yok. Yine de deney yapma sanslart var ama yine de ucu agik durumlar
s6z konusu demistir. Ote yandan Matematigin tarihsel gelisiminde dncelikle
Fen ve Miihendislik kaynakli problemlerle yola ¢iktigini ama daha sonra bu
problemlerden gercek yasamin Gtesine gecebilen soyut bir diinyaya dogru
evrildigini ifade etmistir. Matematigin 6zellikle dinamik sistemleri anlama
ve modelleme ile gelecegi veya gegmisi tahmin etme lizerinden Fen ve
Mihendislige hizmet ettigini de ifade etmistir. Ayrica Teknolojinin Fenden
elde edilen sonuglari giinliik hayatta kullanilabilir hale getirme isi oldugunu
sOylemistir. Ancak bu siirecte Ozellikle Teknolojinin ihtiyag gérmeyi
hedeflemesi, kazang odakli olmas1 ve rekabetten dolay1 etik unsurlara dikkat
edilmeden {retilebildigini vurgulamistir. Bu durumu ilag¢ firmalari, cep
telefonlar1 ve uzaktan savas araglar ile hedeflerin vurulmasi gibi 6rnekler
tizerinden agiklamugtir.

3.2. Fen, Matematik, Muhendislik, Teknoloji ve Toplum arasi iliskiler

Bilim insanlarimin Fen, Matematik, Miihendislik, Teknoloji ve
Toplum aras1 iliskileri gosterdigi modeller incelendiginde bes bilim
insaninin Matematige (iki Makine Miihendisi, bir Biyolog, bir Matematik¢i
ve bir BOTE uzmani) digerlerine gére en temel rolii/yeri verdigi
gozlenmistir. Kalan 12 bilim insani ise herhangi bir alani temel olarak
almamustir.

3.2.1. Alanlardan Matematigin temel olarak alindig iliskiler

Bir BOTE uzmani piramit seklinde en altta Matematik, onun
lizerinde Fen ve en iistte Miithendislik ve Teknoloji birlikte olacak sekilde ti¢
katmanli bir model olusturmustur. Bu modelde Matematigin digerlerinin
ortak paydasi oldugunu ve evrensel bir dil oldugunu belirtmistir. Kendisi
uzayl biri gelse onlarla bile muhtemelen Matematik sayesinde konusacagiz
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demistir. Ayrica Matematigin iizerindeki Fennin Matematikten kdken
aldigmi ve diinyada olup bitenleri agiklayan mekanizmalar ve kurallari
iirettigini ifade etmistir. Ote yandan Miihendislik ve Teknolojinin hem
Matematik hem de Fenden koken alarak bu alanlarin uygulamalari oldugunu
disiinmiistiir. Bir Makine Miihendisi ise matematigin en i¢ halkayi
olusturdugu i¢ ice daireler cizmistir BOTE uzmani ile benzer sekilde
Matematigi kapsayan daireyi Fen, Fen ve Matematigin i¢ ice oldugu daireyi
Mihendislik ve Mihendisligi de kapsayan daireyi Teknoloji olarak
gdstermistir. liskilendirmelerine bakildiginda Matematigi en temel arag
olarak gordiigli ve hem Fen ile etkilesim halinde oldugu hem de onun igin
gerekli bir ara¢ oldugunu disiindiigii gozlenmistir. Benzer sekilde
Miuhendislik igin bu ikisi (Fen ve Matematik) ile etkilesim halinde olan ve
ikisini de kullanan seklinde bir ifade kullanmigtir. Ayrica Miihendisligin Fen
ve Matematikten faydalanarak giinlilk problemleri ¢ozme yontemi oldugu,
Teknolojinin ise Miihendisligi kapsayarak problem ¢6zme siirecindeki
yetenekler oldugunu ifade etmistir. Bir baska Makine Miihendisi ise yine
Matematige Snemli bir rol vermis ancak asil amacin Fenden Teknolojiye
gecis oldugunu ifade etmistir. Cizmis oldugu modelde Matematigin Fen,
Miihendislik ve Teknolojiye modellemeler sayesinde yardimci oldugunu
ifade etmistir. Ayrica Fenden Teknolojiye giden yolda Miihendisligi,
Miihendislik ile Teknoloji arasinda baglanti kurarak sonradan devreye
sokmugtur. Kendisi asi/ ama¢ Fenden Teknolojiye gitmek. Matematik
yardimct unsur. Kendi basina bir bilim degil, bir dil, bir formiilize etme
sekli. Matematik bir bilgiyi size anlasilabilir kiliyor ... takip edilebilir ve
ondan bir sonug ¢ikarilabilir (kilryor) demistir. Bir Biyolog ise modelinde
Matematigi merkeze koymus, bir tarafina Fen diger tarafina ise Teknoloji ve
Miihendisligi koymustur. Her iki tarafla da Matematigi c¢ift yonlii oklar
cizerek iliskilendirmis ancak sadece Teknoloji ve Miihendisligin Fen ve
Matematigi hayata gecirdigini ifade etmistir. Bir Matematikci ise
Matematigi en altta biiyiik bir dikdortgen olarak gostermis, karsisina benzer
biiyiikliikte bir dikdortgende Teknoloji ve Miihendisligi koymustur. Bu iki
dikdortgeni ise Fizik, Kimya ve Biyoloji olarak belirledigi kiiciik
dikdortgenler araciligiyla birbirlerine baglamistir.

Bu bes bilim insan1 da Toplumu modellerine eklediklerinde,
Toplumu son kullanici ve/veya bilgi veya Teknoloji iirlinlerinden istifade
eden bir yap1 olarak gostermislerdir. Ornegin BOTE uzmani1 Matematik, Fen
ve Teknoloji ile Miihendisligin basamaklarini olusturdugu piramit modelini
bir daire ile ¢evrelemis ve bu dairenin Toplum oldugunu ifade etmistir.
Ayrica toplumun bilimin driinleri iizerinden ya dogrudan ya da bilim
yaparken dolayli olarak etkilendigini disiinmiistiir. Kendisi bu faktorler
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insan hayatini etkilerler. Bilim bilim i¢in mi? Bilim toplum i¢in mi? Her ikisi
de gegerli. Bilim bilim i¢in ama bir siire sonra topluma aktarilmis olur.
Bilim toplum i¢in’de ise insanlart daha ileriye gétiirmek icin ¢alisiliyor. Bir
sekilde toplum etkileniyor demistir. Alanlari i¢ ige halkalar halinde gésteren
Makine Miihendisi ise bu halkalarin disinda bagka bir daire ¢izmis ve bu
daireyi Toplum olarak adlandirarak, Toplum ile alanlar arasinda ¢ift yonlii
oklar kullanmistir. Kendisi Toplum bu bilgilerin icinde degil ama bunlari
kullaniyor demistir. Diger Makine Miihendisi Fenden Teknolojiye dogru
olan temel yolu, Teknolojiyi insan ve topluma baglayarak tamamlamigtir.
Kendisi sadece toplumun teknolojilerden istifade ettigini sdylemistir.
Biyologun modelinde ise aralarindaki karsilikli iligkiler bir serit halinde
gosterilen Fen, Matematik ve Teknoloji ile Miihendislikten Topluma dogru
her birinden birer ok ile baglanti kurulmustur. Kendisi toplumun hepsiyle
iligki halinde oldugunu ifade etmistir. Matematik¢inin modeline bakildiginda
ise Toplumu modelde gostermedigi ancak belirtilen alanlar ile toplum
arasindaki iliskilerin insan1 merkeze alan iktisat, edebiyat, tarih ve sanat gibi
beseri bilimler sayesinde oldugunu ifade etmistir.

Bes bilim insaminin alanlar arasindaki iliskileri gosterdikleri
orneklere bakildiginda ise BOTE uzmani1 otomobili érnek olarak vermistir.
Kendisi Toplum bu sekilde enerjiyi etkili kullaniyor, ulasimi sagliyor.
Altinda Matematik, Fen, Miihendislik ve Teknoloji var. Matematik iginde
kullamiliyor. Mesela diferansiyel sistemi var. Diferansiyel denklemler
Matematikten geliyor ... Bunun Fen boyutu var. Mesela hareket agisindan,
kinetik enerji, ivme gibi. Bunlarin hepsinin hayata gecmesi gerekiyor. Bu
kurallar var, tamam ama, matematigin temel prensiplerini alipp Fen
kanunlarint alip bunu da Miihendislik ve Teknoloji olarak ben bunu nasil
yiirtitecegim? Hangi Teknolojiyi kullanacagim boyutu var. Bir Makine
Muhendisi ise 6rnek olarak nukleer teknolojiyi vermistir. Yapmis oldugu
halka modelinde en igteki Matematikten en distaki Teknolojiye dogru
giderken Fen ve Miihendisligin de devreye girdigini ve bu Teknolojinin
topluma kadar ulastigini ifade etmistir. Diger Makine Miihendisi ise buharh
makineleri 6rnek olarak vermistir. Kendisi buharli makineler kesfedildi
degil mi? Insanlarin ne buharli makineden haberi vardi, ne de seyden ...
Ama bununla ilgili temel bilgileri biliyorlardi. Suyu kaynattigin zaman
basincimin arttigini ve faz degistirdigini biliyorlardi. Bu Fen oluyor ... Ama
yvalnmiz basina bir sey ifade etmiyor ... Bir Miihendis gelip ¢ikiyor diyor ki
ben bunu insanligin faydasi icin kullanacagim ... Bir silindirin igine bir
piston koyacagim, bunu isitacagim. Bir tekerlegi dondiirecek. Bunu ne kadar
dondiirebilecegini Matematikten bulabiliyorsun. Yani bir piston ne kadar
hizlv doner? Donen tekerler ne kadar kuvvetle seyi ¢eker falan bunlarin
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hepsi Matematik gerektiriyor. Miihendislikte bunun imalati oluyor. Pistonun
imalati, igindeki kaynama, ondan sonra genlesme vs. bunlar Miihendislik
uygulamalart oluyor. Bir Biyolog ise karsilikli iligkiler i¢in 6rnek olarak tip
alanin1 vermis ancak bu iligkilerin bu alanda nasil sekillendigini
aciklamamustir. Bir Matematik¢i ise sosyal gelisimde alt yapisal
faktorlerin etkileri tizerine bu iliskileri agiklamustir. Kendisi fikri hayatin
kisirligi gibi toplumsal meselelerin kokiinde ne yatmaktadir? Iste reklama
doniismiis bir formiille egitim sart denecektir. Kisa vadede ilk bakista
bunlarin halledilmesinde, yani insanlarin fikir iiretebilmesi icin kendilerini
emniyette hissetmeleri, huzur ve refaha sahip olmalar: gerekir. Bunun icin
insanlara medeni vasitalar hediye etmemiz lazim, yol yapmamiz koprii
yapmamiz lazim ... Mesela egitim meselelerinin %95’ maddi olarak
halledilebilir. Lyi havalandirilmis, 1sitilmis bir sinif huzur icinde cocuklar:
getirirsiniz, baslarina da sahasinda bilgili bir 6gretmen koydugunuzda
egitim  problemlerinin % 95’ biter. Ondan sonra miifredati
tartisabilirsiniz... Oniimiizdeki 10-15 yil icinde insanlara asgari bir fikir
hayatimin saglanmast icin oncelikle maddi vasitalarin temini gerekiyor
demistir.

3.2.2. Alanlardan birini temel olarak almayan iliskiler

Kalan 12 bilim insan1 ise olusturmus olduklar1 modellerde
alanlardan herhangi birini temel olarak kullanmadan daha ¢ok daireler ile
kesisim kiimelerini tercih etmislerdir. Ornegin bir Bilim Felsefecisi
Matematik dairesini Fenle, Fen dairesini Muhendislikle, Miuhendislik
dairesini ise Teknoloji ile kesistirmis ve bu sekilde bir zincir olusturmustur.
Kendisi alanlar arasindaki iligskinin bir belirlenim iliskisi oldugunu, hepsinin
karsilikli olarak birbirlerini etkiledigini ifade etmistir. Bir Bilgisayar
Miihendisi ise Matematik ile gosterdigi daireyi Fen ile kesistirmis ve kesisim
kiimesinin oldugu yere bir dikdortgen c¢izmistir. Bu dikdortgene Miihendislik
demis ve dikdortgenin icine Fen ve Matematigin kesistigi bolgede kiiglik bir
daire daha ¢izmis ve onu Teknoloji olarak isimlendirmistir. Kendisi
Matematikle Fenin kesistigini ancak Matematigin tamamen Fennin iginde
olmadigini ifade etmistir. Ayrica Teknolojinin Fen ve Matematik igererek
Miihendisligin altinda oldugunu ve Miihendisligin Fen ile Matematigin
sonucu oldugunu sdylemistir. Bir Makine Miihendisi ise Miihendislik ve
Teknoloji arasinda karsilikli oklar ¢izmis ve Fen ve Matematigi hem
Miihendislige hem de Teknolojiye birer okla baglamistir. Kendisi Fen ve
Matematik Miihendislige girdidir. Birer arag¢ olarak katkida bulunurlar.
Dolayli olarak Fen ve Matematik Teknolojiyi etkiliyor demistir. Bir Elektrik-
elektronik Miihendisi ise Miihendislikten Teknolojiye bir ok ¢izmis,
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sonrasinda ise Teknolojiden Miihendislige dogru geri bildirim seklinde bir
ok daha c¢izmistir. Ayrica Fen ve Matematigi Miihendislige birer okla
baglamistir. Kendisi Fen ve Matematik girdiler. Miihendisligin ¢iktisi ise
Teknoloji. Teknolojiden geri besleme geliyor bize (Mihendislere). Bu
Teknolojiyi daha iyi yapmak i¢in gerekli tasarimlart yapryoruz demistir. Bir
Insaat Miihendisi ise dort alanin da dairelerini birbirleri ile kesistirecek
sekilde bir model olusturmustur. Miihendisligin yasamin her yerinde
oldugunu, Fen sayesinde daha biiyiikk yerlere gelebildigini ve Fen ve
Matematigi bir arada diisiindiigiinii ifade etmistir. Bir Fizik¢i ise Matematik
ve Fen dairelerini ayni biiylik daire iginde toplamis, bunlarin karsisina ise
icinde Miihendislik ve Teknoloji olan baska bir biiyilk daire koymustur.
Kendisi hepsinin birbiri i¢ine gegmis durumda oldugunu, Matematigin Fen
tarafindan kullanilan bir dil oldugunu, onun i¢in Fen ve Matematigi bir arada
gosterdigini, Teknoloji ve Miihendisligin ise Fen-Matematik ikilisine gore
daha yakin olduklarim ifade etmistir. Bir diger Fizikgi ise belirtilen alanlar
arasinda aslinda net ayrimlar olmadigini, bunun ozellikle Tiirkiye gibi
iilkelerde sekillendigini ifade etmistir. Bu durumu 6zellikle Thomas
Kuhn’un paradigma degisimleri iizerinden agiklamistir. Kendisi Fen ve
Teknolojideki degisimler sabit degildir. Birdenbire bir devrim yasanir ve
ona gore ilerlemeler olur. Bazen beklenmedik bir devrim olur ve alanlar
arasinda ayrismalar olur. Bu model benim hayatimda dogrulandi. Diinyada
boyle ama Tiirkiye’de sahte bir ayrim var. OSYM 'nin yaptigi puanlama ile
ilgili demistir. Ote yandan bir Kimyager Matematik dairesini kapsayan bir
Fen dairesini Teknoloji dairesi ile kesistirmis ve bu kesisim kiimesine
Miihendislik ismini vermistir. Kendisi Fen ve Matematik i¢ ice olmall.
Teknoloji biraz daha disarida olmali, Miihendislik ise bunlari insanliga
sunan seklinde konusmustur. Bir diger Kimyager ise Fenden Miihendislik ve
Matematige karsilikli oklar ¢izdigi ve Miihendislik ile Matematigi bir ¢izgi
ile birlestirdigi model i¢cin Fen olmadan Mduhendislik zor var olur ama
Matematik her kosulda var olur demistir. Ote yandan Matematigin yine de
ihtiyactan dogdugunu eklemistir. Bir Biyolog ise bu alanlar arasindaki
iligkilerin yan yana geldigi asil 6nemli konunun bir biyolojik problemi dogru
bir sekilde ¢dzmek oldugunu soylemistir. Kendisi temel olan biyolojik
sorudur. Bu tip bir deneyi yapmak icin nasil bir deney diizenegi kurmalyyim?
Nasil bir teknik kullanmalyim? Bazen tesadiifen bile bulabildigimiz seyler
oluyor. Ama 6nemli olan biyolojik sorudur demistir. Ayrica bilim insaninin
gorevi biyolojik problemi gérmek, ortaya ¢ikarmak ve sonrasinda diger
alanlardan yardim alarak bunu ¢6zmektir diyerek devam etmistir. Kalan iki
Matematikgi ise herhangi bir model ¢izmeden sadece agiklamalar (izerinden
iligkileri anlatmigtir. Matematikg¢ilerden biri belirtilen alanlarin kavramsal
olarak farkli nitelikleri ve kendilerine 6zgili noktalar1 oldugunu, 6te yandan
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birbirlerinden de kopuk olmadiklarini ifade etmistir.  Ornegin biri
digerlerinin alt yapis: olarak kabul edilebilir, 6zellikle Muhendislikte bunun
alt yapisi iyi bir Fen bilimleri egitimi, Matematik egitimi, iyi bir algilama ve
biraz da yaratict dizayn yetenekleri. Matematik egitiminde digerleri o kadar
belirgin degil, bir Matematik¢i ¢ok iyi Fizik ve Kimya bilmeden bir seyler
yvapabilir. Kendine 6zgii olarak yapabilir. Giliniimiizde uygulamal
Matematik ¢ok yayginlasti, teknolojik sorunlaria ilgili modeller gelistirip
¢ozmeye ¢alistyor. Bu alanda ¢alisan Matematikgilerin diger alanlardan
anlamast gerekiyor demistir. Bir diger Matematikgi ise 6ncelikle Teknoloji
ile Matematik iliskisine odaklanmigtir. Kendisi bu iliskinin iki yonli
oldugunu ifade etmistir: ilk olarak olgiimlerden elde edilen sonuglart
denklem haline getirerek anlamak icin yani basit bir dizeyde hesaplama
yapmak icin olabilir. Ikincisi dayandigi bilimsel prensipler acisindan ¢ok
kuvvetli bir matematigin kullamlmas: séz konusu olabilir demistir. Ote
yandan Fen ve Teknolojinin iliskinde Fen ne kadar ileri giderse Teknolojinin
de o kadar ileri gidebilecegini ama Teknolojik ihtiyaclarin da Fenne yon
verebilecegini belirtmistir. Fen ile Matematigin iligkisine geldiginde ise ¢ift
yonlii bir iliski oldugunu Fizik ile Matematik iliskisi iizerinden agiklamustir.
Kendisi bunlarin en basinda teorik Fizik geliyor. Fiziksel olaylar:t ve
kainatin yapisint anlamak icin Fizik¢iler tirettikleri bir teoriyi Matematiksel
olarak ifade etmeye ihtiya¢c duyuyorlar, bu ¢ok kuvvetli bir geometriye
dayaniyor. Ornegin elektromanyetik dalgamin gercekte geometrik ozellikte
oldugunu séyleyen bir teori bize ¢ok farkl bir Matematik soylemek zorunda.
Bu Fizigin Matematige katkisi. Yani Fizikten ¢ikan teorilerin Matematiksel
modellere uygulanmasi. Fizik¢iler i¢in de béyle. Mesela yaptikiart model
Matematik olarak irrasyonel sonuglar veriyorsa teoriyi yeniden duzeltmek
zorundalar demistir. Matematik ile Miihendisligin iliskisine geldiginde
aslinda Matematigin Fen ile olan iliskisine nazaran Miihendislikle iliskisinin
daha sl oldugunu ifade etmistir. Bu noktada Miihendislere yogun
Matematik egitimi verilmesine ragmen mezun olduklarinda 6grendikleri
Matematigin ¢ok az bir bolimiini islerinde kullandiklarini belirtmistir.
Ayrica Matematigin Miihendislikle ilgili baz1 teknolojik problemlere ¢6ziim
icin kullanilabilecegini ve sonrasinda buradan soyutlanarak farkli bir yonde
ilerleyebilecegini ifade etmistir. Kendisi mekanikten gelen bir soru var
diyelim, bu soruyu Matematikle ¢ozdiiniiz ve bu hizla dondiirmeyin su hizla
dondiiriin bunu da bu hizla kaydirin derseniz sorun ortadan kalkar, problem
¢oziiliir. Matematikgiler icin bu sistem, verilen élgiimlerden soyutlandig
zaman mekanikte ciddi bir problem haline doénebilir veya diferansiyel
denklemlerde ¢ok ciddi bir hale gelebilir ve bir stabilite problemi olabilir ...
Matematigin gelismesine bunun katkisi olabilir ama bu ¢ok kisa zamanda
kendisini kokiinden kopararak giden soyut bir ¢alismadir demistir.
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Belirtilen 12 bilim insan1 Toplumu diger alanlari igine kapsayan bir
sekilde modellerine ya da agiklamalarina dahil ettikleri gozlenmistir. Bilim
Felsefecisi Toplum ile diger alanlar arasindaki iliskiye aslinda Fen,
Matematik ve Miihendisligin de birer topluluk halinde hareket etmesi
tizerinden yaklastigi gbzlenmistir. Kendisi her biri kendi icinde birer toplum.
Bunlar biiyiik toplulugun parcasi. Ama kendi otonomileri var. Disarida
kaldiklar yerde (toplum dairesini kesmedikleri yerde) otonomlar. Mesela
Matematigin kendi iginde bir kiiltiirii ve kurallart var demistir. Bir
Bilgisayar Miihendisi ise Toplumun belirtilen alanlarim hepsini iginde
barindirdigin1 ancak 6zellikle Miihendisligin Toplumla dogrudan temas
halinde oldugunu, Fen ve Matematigin Toplumla dolayl iliskileri olan
yerlerin olabildigini ifade etmistir. Bir Makine Miihendisi ise modelinde
Miihendislik ve Teknolojiyi Toplum ile iligkilendirmistir. Toplumun
Miihendislik ve Teknolojiden f{irlin olarak yararlandigimi, Fen ve
Matematikten ise egitim amagli olarak yararlandigimi ifade etmistir. Bir
Elektrik-elektronik Mihendisi ise dretilen butin Grdnlerin  toplumdaki
problemleri ¢cozmeye yonelik oldugunu ifade etmistir. Ayrica Mithendislerin
Teknolojiler ile ilgili toplumdan gelen geri beslemeler ile calistigini da
sdylemistir. Bir Insaat Miihendisi ise Miihendisligin toplum hayatinda
teknolojiler lizerinden yer edindigini, ugakta, otobiiste, yapilarda ve evdeki
cihazlarda Miihendisligin oldugunu ifade etmistir. Bir Fizik¢i ise Tiirkiye’de
toplumun Fen ve Teknolojiden kopuk oldugunu, bu iliskiyi kurmaya yonelik
cabalarin oldugunu ama bunun yeterli olmadigini ifade etmistir. Ayrica
Turkiye’deki medya ile ilgili olarak medyanin bilim haberlerini simnirl
oranda verdigini ve verilen haberlerde de bazi bilimsel hatalarin olabildigini
ifade etmistir. Bir Kimyager ise biitiin alanlardaki bilgi birikiminin 6zellikle
toplum i¢in oldugunu ve toplumdaki bilginin gelisimine katkida
bulundugunu ifade etmistir. Bir diger Kimyager ise toplumun alanlar
arasindaki iligkileri beslemesi gerektigini ancak Tiirkiye’de bu durumun
giiniimiizde olmasmin miimkiin olmadigim ifade etmistir. Ozellikle
toplumun ekonomi ve giivenlik ile ilgili problemlerle ugrastigin1 ve genel
egitim ortalamasinin ve kadmlarin egitim oraninin gorece diisiik oldugunu
ifade etmistir. Kendisi foplum kitap okumazsa bunlari idrak edecek diizeye
gelemeyebilir. Toplum sorgulamali. Mesela 6grencileri siirekli sorsunlar
diye cesaretlendiriyorum. Kendi kendine ¢alisma yapma durumlarin
yaratmaya ¢alistyorum demistir. Ayrica bilimin inter-disipliner bir dogaya
sahip oldugunu, seminer ve kongreler gibi ¢aligmalarla alanlarin birbirinden
ogrendiklerini ifade etmistir. Ancak Tirkiye’de farkli boltimlerdeki bilim
insanlar1 arasinda bu tip ¢alismalarin sinirli oranda yapildigim ifade etmistir.
Bir Biyolog ise Tiirkiye’de bir bilgi kirliligi oldugunu ifade etmistir.
Ozellikle herhangi bir bilimsel gelismenin ya da saglik ile ilgili bir sorunun
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takip edebilecegi herhangi bir yerin olmadigini ifade etmistir. Kendisi
Amerika’da NIH (National Institute of Health) var. Insanlar bu kurumun
web sitesine girerek hastaliklarin nedenlerini, tedavi yontemlerini ve
sonuglarint gorebiliyorlar demistir. Bir Matematik¢i ise toplumda egitim
agisindan temel bilimlerin 6n plana c¢ikmasi gerektigini ve sadece
Miihendislik iiriinlerine odaklanildig1 zaman belli bir siire {irlin iretilecegini
ancak bir siire sonra bu iiretimin duracagmi ifade etmistir. Ote yandan
Miihendisligin topluma gore sekillendigini Fen ve Matematikteki gelisimin
ise bazi durumlarda uzun siire sonra topluma yansidigini ifade etmistir. Bir
diger Matematik¢i ise toplum hareketlerinin belirtilen alanlar arasindaki
iligkiler dogrultusunda yonlendirildigini ve sekillendigini ifade etmistir.

12 bilim insaninin alanlar arasindaki iliskileri gosterdikleri 6rneklere
bakildiginda bir Bilim Felsefecisinin bilimde etigi 6rnek olarak verdigi
gozlenmistir. Burada 6zellikle Fen, Matematik, Teknoloji ve Miihendisligin
birer topluluk olarak genis toplumun birer pargasi olduklart ve genel
toplumun etik unsurlarindan bu topluluklardaki etik yapilarin etkilendigini
ifade etmistir. Kendisi bilim insan: toplulugunda ilerleme esas oldugu igin
bazi zalim deneyler iyi c¢alismalar olarak diisiiniilebilirken bunlar genel
toplumda karsilik bulmadigi icin kisitlanabiliyor demistir. Bir Bilgisayar
Mdhendisi ise internet teknolojisini drnek olarak vermistir. Bu teknolojide
ozellikle sosyal aglarda algoritmalar {izerinden c¢alisildigini ve bu
algoritmalarin sekillenmesinde Matematik, Fizik, Bilgisayar Miihendisligi ve
Elektrik Miihendisliginin beraber calistigini ifade etmistir. Kendisi mesela
Matematiksel modellerle kullanicilara reklam oneriliyor veya yeni bir iiriin
oneriliyor. Arkadas oneriliyor. Bunlar hep Matematiksel modellerle
yvapilyor. Miihendislik var. Zaten o ¢ok agik bir sekilde. Fen nerede derseniz
bunun, Fen de Elektrik Miihendisligi var isin icinde. Elektrik Miihendisligi
zaten Fizigin tiirevi demistir. Bir Makine Mithendisi 6rnek olarak otomobili
vermistir. Otomobili olusturmak i¢in Fen ve Matematigin gerekli oldugunu
ama onu gelistirebilmek icin teknolojinin ise girmesi gerektigini ifade
etmistir. Kendisi daha iyi bir araba olmasi yéniinde yapilacak arastirma
calismalari, Teknoloji oluyor biraz. Yani Miihendisligin temel bilimleri ve
Matematigi o ikisini esit goriiyorum. Ama bunu daha faydali, daha iyi bir
iiriine déniistiirme siirecinde Teknoloji ile birlestiriyoruz demistir. Bir Insaat
Muhendisi de otomobili 6rnek olarak vermistir. Ozellikle Teknolojinin diger
alanlarla nasil calistigimi ifade etmek acisindan detayli bir agiklama
yapmistir. Kendisi otomobil yapmak icin énce Fizik bilmek lazim. Yani
kuvvet nedir?, tork nedir? ... Bunlarin hepsi fizigin temeli. Tekeri ¢evirecek
elektrik, iste dogru akim ... Matematik zaten her zaman var. Ivmesi, hizi.
Onlar hep Matematiktir yani. Yolun zamana béliimii hiz. Hizin zamana
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boliimii ivme diye. Bunlar arabamin iginde var. Ama bu bilgileri getirip
Miihendislikte kullanarak araca ¢evirmek icin Malzeme Miihendisligi,
Makine Miihendisligi motoru yapar. Elektrik Miihendisi elektrik donanimi
yapar. Teknoloji de burada var. Bunu tasarlar. Ama orada bu teknisyeni,
Teknoloji  bilgisi olanlar wuygularlar. Ustabasilar, isgiler uygular.
Miihendislik de bunlarin hepsini yapmaz. Miihendis sOyler. Ama oradaki
iscilerin basinda duran Teknoloji bilgisi olanlardir. Sonra bunu halk alir
kullanwr demistir. Bir Elektrik-elektronik Muhendisi 6rnek olarak kamerayi
vermistir. Kendisi toplum ag¢isindan kameranin hayati kolaylastirdigini ifade
etmistir. Bu teknolojik iiriini Miihendislerin yaptigini ancak burada
kullanilan know how bilgisinin ise Fen ve Matematikten geldigini ifade
etmistir. Kendisi siz iginde bir tane hafiza kullantyorsunuz ya da optik
kullantyorsunuz. Bunlarin hepsi optigin icinde. Lenslerin tasariminda Kimya
da var Fizik te. Bu lensin tasariminda Matematik te kullamliyor. Iste bu
focal lengthten bahsediyoruz ya da odak uzakhigindan. Bunlarin hepsinin
altinda bir Matematiksel temel var. demistir. Bir Fizik¢i ise cep
telefonlarim Ornek olarak gostermistir. Bu aletlerin birer Miihendislik ve
Teknoloji harikas1 olduklarini, devrelerin Fizik¢iler ve Matematikcilerden
gelen bilgilerle gelistirildigini ve sonrasinda Miihendislik ve Teknoloji
uygulamalari ile son hallerini aldiklarini ifade etmistir. Bir Kimyager ise
televizyonu ornek olarak vermistir. Burada Matematik ve temel bilimlerin
beraber calisarak Miihendislik i¢in temel olusturdugunu ve Miihendislerin
Teknologlarla beraber bu cihazi gelistirdiklerini ifade etmistir. Bir diger
Kimyager ise evrim kuramim 6rnek olarak gostermistir. Bu kuramin Fen ve
hatta Sosyal bilimlerin bile yadsimadig: bir kuram oldugunu ancak toplumda
dini yaklagimlardan dolay1 kabul gérmeyebilecegini ifade etmistir. Kendisi
bu noktada evrim kurami olmadan AIDS hastaligim tedavi edemeyiz. Viriis
siirekli degisime ugruyor. Ilaglara karst siirekli direncli hale geliyor.
Evrimsel kurama gore biz séyle tedavi yontemleri kullaniyoruz. Bir siire bazi
ilaglar kullaniliyor. Ama bir siire sonra ilag birakiliyor. Bu sekilde secilim
engelleniyor demistir. Bir Matematikgi ise iliskileri gosterecek bir Ornegi
vermenin zor olacagim ancak toplumsal ilerlemede iligkilerin 6nemli
oldugunu ifade etmistir. Kendisi 6zellikle toplumun bdyle bir Uretim ve
gelisim hizina ulagabilmesi icin iyi donatilmis bireylere ihtiyaci var, ozellikle
egitim kisminda temel bilimler ve Matematik oncii rol oynuyor. Temel
egitimlerini aldiktan sonra 6zellesme doneminde bu tabii ki iiniversitelerde
olacak Teknoloji egitimi én plana ¢ikabilir demistir. Bir diger Matematikgi
ise Domuz Gribi vakasim Ornek olarak vermistir. Burada salgin bir
hastaligin ilerlemesi ile ilgili olarak tahmin odakli bazi Matematiksel
modellerin yapildigini, Fencilerin hastaligin kaynaklarini arastirdiklarini ve
Miihendislerin ise ilag ve as1 siireclerinde calistiklarini ifade etmistir. Ancak
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biitiin modellerde yiiksek sayida insan 6lmesi beklenirken boyle bir durumun
olmadigmi ve burada ekonomik kaygilarla bu c¢alismalarin yapildiginin
anlasildigini ifade etmistir.

3.3. Ikililer arasinda ortak yanlar, farkli yénler ve birbirlerinden
yararlanma

3.3.1. Fen ve Matematik arasi

Fen ve Matematik arasindaki ortak yanlar ile ilgili olarak bir
Bilgisayar Miihendisi bu soru kendisine sorulmamasina ragmen pattern
bulma ve buna bagli soyut diisiinmeyi ortak olarak diisiinmiistiir. Kendisi
Fen bir doga olayimi agiklamak igin patternlere bakiyor. Matematik de onu
acgiklayacak formiilleri yazmak i¢in o da patternlere bakabiliyor veya
Fendeki bulguyu Matematiksel olarak aciklayabiliyorsunuz. Ikisinde de bir
soyutlama ve bir pattern, tam Tiirkcesini bulamadim, dizi, dizgi, desen, bir
seri tamma. Tekrarlayan bir seyi bulma gibi demistir. Benzer sekilde bir
Makine Muhendisi hem Fen hem de Matematikte bilginin organize
edildigini ve diizenli bir hale getirildigini ifade etmistir. Kendisi Fen mevcut
bilgi, fiziki bilgi, yasadigimiz diinya ile ilgili fiziki bilgi. Matematik ise
diisiinme sekli. Her ikisi de bilgiyi organize etme sekli. Bir seyi sadece
bilmek yeterli degil. Evde mesela sadece esyalarin olmasi yeterli degil.
Bunlarin belirli bir seye gore dizili olmasi gerek. Halyr yere koyacaksiniz,
buzdolabini mutfaga koyacaksiniz ... Yani Fen ve Matematik farkl bilgileri
size organize ediyor ve size tamamen bir sonu¢ ¢ikarmamzi sagliyor
demistir. Ayrica Matematigin Fendeki bilgileri formiillestirerek tahmin
yapmay1 sagladigini da ifadelerine eklemistir. Bir Fizik¢i ise hem Fen hem
de Matematigin dogaya bakarak ¢ozimii olmayan problemleri ¢dzme
amaciyla ortak olarak yola ¢iktiklarini ifade etmistir. Bir Matematikgi ise her
iki alanda da problem ¢6zmede bilimsel diisiinmeye dair unsurlarin 6n plana
ciktigini ifade etmistir. Kendisi ister Teknoloji problemi olsun ister Fizik
problemi olsun, bireyin burada soruya nasil yaklastigi ve nasil diistindiigii
¢cok onemli. Egitim bu konuda bir seyler vermek durumunda; birey once
soruyu anlamak, onunla ilgili olabilecek olamayacak yan etkiler ... bunlart
arastirmast gerekir. Bunu Matematik¢i de Fizik¢i de yapmak zorunda. Bu
anlamda diistinme sekli bence farkly degil. Calisma yontemi farkli. Bir
Kimyager ise hem Matematik hem de Fende ileriye donik tahminler
yapildigim ifade etmistir. Ayrica Matematik ile daha zengin ve daha soyut
diistiniilebilecegini, matematigin reel olmayan yapilar1 anlayabildigini ve
Fende kavramsal olarak netlestirilemeyen olgulart netlestirdigini,
modelledigini ve formiile ettigini ifade etmistir. Bir Matematikgi ise bilimsel
diistinmenin Matematiksel diisiinmeden 6nemli bir farki olmadigini ve her
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iki alanda da teorilerin yaristigim ifade etmistir. Kendisi Fende mesela ¢ok
yitksek hizlarla gidersek ya da ¢ok hassas Olclimler yaparsak Kklasik
mekanikten vazgegmek lazim. Ornegin belli bir hiz icin klasik teori yeterli
olabilir. Hizin diisiik oldugu yerlerde neyle yapilsa yapilsin sonu¢ aymi
ctkiyor. Ancak bunun diginda olan haller var. Giinliik mekanikten gelen
Newton mekaniginin yapist diisiik hizlarda gegerli ama yiiksek hizlarda
rélativistik faktorleri ekleyince daha iyi ¢alistigr gézleniyor. Ama bu Newton
mekanigini oldiirmiiyor, bunun teknolojide ve giinliik hayatta tuttugu yerler
var. Bu eldeki teorinin her seyi agiklamadigi ve eski teoriyi kaldirmadigimizi
ve bu teorinin bazi ozel hallerinde hala eski teorinin agiklayabildigini
gosteriyor. Eskinin daha ince bir versiyonunu, daha genis bir spektrum icin
getiriyoruz. Matematikte de bu var. Mesela yilarca insanlar Euclid’in
paralellik aksiyomunu ispat etmeye ¢alistilar. Bu aksiyom diizenli gézleme
dayanan bir aksiyom. Elinizde bir dogru varsa ve bunun disinda bir nokta
varsa buradan ancak ve mutlaka bir tane paralel cizebilirsiniz. Bunu
Euclid’in diger aksiyomlart ile ispatlamaya ¢alisiyorlar. Ama sonrasinda
bunun bir¢ok seyinin gecerli oldugu ama bu ozelligin gecerli olmadigi bir
geometri yazamaz myiz? diyorlar. Boylece Euclidian olmayan geometri
cikiyor. Ornegin dogrunun tanimi degisiyor. Bunlar iki bin yillik kabul goren
aksiyomlarin yapisini degistiriyor. Geometri yazmak i¢in sadece Euclid
olmadigint ve farklt tirler olabilecegini ve daha kompleks hesaplar
yvapilabilecegini goriiyorsunuz demistir,

Matematikgilerin kendi alanlarinda matematigi liretme sekilleriyle
Fencilerin kendi alanlarinda Matematikten yararlanma sekilleri arasindaki
farklar sorulmus olsa da bilim insanlariin daha ¢ok bu iki alanin
birbirlerinden yararlanmalar1 iizerine cevaplar verdigi goézlenmistir.
Ornegin bir Fizik¢i aslinda ciddi farklar olmadigin1 ancak Matematikgilerin
her adimlarimin dogru olmasina 6zen gosterdiklerini Fencilerin ise daha
cok calisarak o adimlarin neden dogru oldugunu anlamaya ¢alistiklarini ifade
etmistir. Bir Kimyager ise Matematikgilerin Fencilerin dogay1 anlamasi igin
yontemler (retebildiklerini, Matematikgilerin ise uygulama odaklh
diisiinmediklerini ve iirettikleri bazi bilgilerin, sonrasinda Fen alaninda ise
yarayabilecegini ifade etmistir. Bir Biyolog ise Matematigin bir dil ve arag
oldugunu ve cesitli arastirmalarda kendilerine yardim ettigini ifade etmistir.
Ancak biyolojide yasam ile ilgili sorulari cevaplamanin biyologlarin amaci
oldugunu ama Matematikte bdyle bir amacin s6z konusu olmadigim ifade
etmistir. Bir Matematik¢i ise yiiz yi1l Oncesinde sorulan temel alanlar
arasinda bulanikliklar oldugunu, 6rnegin Euler’in hem Matematik¢i, hem
Astronom hem Felsefeci hem de Miihendis oldugunu, Newton’un
Miihendislik {izerine isler yaptigimi ifade etmistir. Ancak 6zellikle Teorik
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Fizik ile Matematik arasinda ciddi bir aligveris oldugunu, Fizik¢ilerin
tretimlerinden Matematigin zuhur ettigini, Fizikc¢ilerin ise Matematiksel
ifadelerden yogun olarak yararlandiklarim1 ifade etmistir. Bir diger
Matematikgi ise ornegin Fizik¢ilerin Matematigi arag olarak kullandiklarim
ama Ozellikle son zamanlarda Matematikgilerle beraber ¢alismaya
basladiklarim1 ifade etmistir. Kendisi Fencilerin 6zellikle bulduklarin
Matematiksel bir modele oturtturduklarinda mutlu olduklarint ve bu
kapsamda hazir Matematiksel model ve formiillerden yararlandiklarini ifade
etmigtir. Bunun 6zellikle hazirci bir yap1 oldugunu ancak bazi Fizikgilerin
Matematige ciddi bir katkisinin oldugunu sdylemistir.

3.3.2. Fen ve Miihendislik arast

Fen ve Miihendislik arasindaki ortak yanlar ile ilgili olarak bir
Makine Mihendisi analitik diisiinmeyi 6nermistir. Kendisi her iki alanda
da somut yargilardan yola ¢ikarak soyut sonu¢lara ulagmak olarak analitik
disiinmeyi tanimlamistir. Bir diger Makine Miihendisi ise ortak diisiinme
yollart olarak deneysellik ve Matematiksel modellemeyi Onermistir. Bir
Elektrik-elektronik Miihendisi ise analitik diisiinme, problem ¢6zme ve
grupla calismay:1 ortak yollar olarak gostermistir. Analitik distinmeyi
problem ¢ozme ile harmanladigi agiklamasinda Problemi ortaya
koyacaksimiz.  Tammlayacaksimz. Daha sonra ¢ozime gidecek stepleri
belirleyeceksiniz.  Hipoteziniz  olacak vs. sonra su ara stepleri
gergeklestireceksiniz. Deneyler yapacaksimiz ya da tasarim yapacaksiniz.
Sonra da sonucu dogrulayacaksiniz. Problem ¢ozebilme kapasitesi ve
analitik diigtinme ... bence biitiin hepsinde var demistir. Grup halinde
calisma ile ilgili olarak, bireysel calismalar sonrasindaki {iriinlerin hem
Fende hem de Miihendislikte diger ¢aligmalarla kiyaslandigini, herkesin her
konuda uzman olamayacagini ve bu sayede de ortak ¢oziimler gelistirildigini
ifade etmistir. Bir Bilgisayar Miihendisi de Fen ve Miihendislikte ortak
disiinme yolu olarak problem ¢ozmeyi Onermistir. Kendisi Fen ve
Miihendislik dogayr anlama ¢abasi oldugu i¢in dogada bilinmeyen sorulart
cevaplamaya yénelik ¢calismalar yapilir. Bir olgunun sebebi arastirdir. Bu
bir problem ¢ozme becerisi gerektirir. Muhendislik te gercek hayattaki bir
problemi ¢ozmeye dayalr bir ¢alismadir demistir. Bir Fizik¢i ise Fen ve
Miihendislik gibi ayrimlarin artik Massachusetts Institute of Technology
(MIT) gibi tniversitelerde ortadan kalkmaya basladigini ve Ozellikle
interdisipliner caligmalarin ortaya ¢iktigim ifade etmistir. Bu noktada egitim
sisteminin de farklilasmas1 gerektigini vurgulamistir. Kendisi bir gocuk Fen
ve Muhendislikten mezun olabilmeli, istedigi boliimden istedigi dersi alarak
... ¢ocuklara hi¢bir zaman ne olmak istediklerini sormam, bu yanls bir soru.
Ne yapmak istiyorsun? Cocugun biri ben duyma cihazi yapmak istiyorum
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dedi, annesi az duyuyor, ne okuman lazim bunun igin dedim, sunu diistindii:
Biyoloji bilmem lazim, cihaz yapmak i¢in makine, biraz da elektronik dedi.
Iste tamam dedim, senin iiniversiteye gidip bu ii¢ dalda ders alman lazim.
Yani insanlart iiniversiteye biz ne okumak istedigine dair kabul ediyoruz ne
yapmak istedigine dair degil, MIT ile aramizdaki fark bu demistir. Bir
Kimyager hem Fen hem de Miihendisligin toplum icin ¢alistigimi, insanlarin
yasamini kolaylastiracak bilgi, bulgu ve sonuglar trettiklerini ifade etmistir.
Bir Biyolog ise hipotetik diisiinme ve test etmenin her iki alan igin ortak
olabilecegini ifade etmistir. Bir BOTE uzmam ise Fen alami bilim
insanlarinin da uygulamali alana kaydigim1 ve bu uygulama alaninin
Miihendislikle ortak olabilecegini ifade etmistir.

Fen alanindaki bilim insanlarinin Miihendislikten kendi alanlarinda
nasil yararlandiklan ile ilgili olarak bir insaat Miihendisi aslinda Fen ve
Matematikgilerin Miihendislerin pratige uyguladiklarindan esinlendiklerini
ancak yine de kendi alanlart  ¢ercevesinde = Miihendislikten
yararlanmadiklarin1 ifade etmistir. Kendisi O temel bilimcinin dogruya
gitmesi, onun iyi bir temel bilimci olmasidir. Miihendislikten etkilenmemesi
daha dogrudur. Miihendisi dinler, elestirir, bildigini yapar demistir. Bir
Insaat Miihendisi Fencilerin kendi alanlarinda Miihendislik {iriinii bazi
cihazlar1 bir arag¢ olarak kullandiklarini ifade etmistir. Benzer sekilde bir
Makine Miihendisi de Fencilerin Miihendislerin gelistirdigi teknolojilerden
kendi alanlarinda yararlandiklarimi hatta bazi bilim insanlarinin Miihendislik
faaliyeti yaparak kendi alanlari i¢in cihazlar {irettiklerini ifade etmistir. Bir
diger Makine Miihendisi ise Fen ile Miihendislik arasinda karsilikl bir iliski
oldugunu ifade ettikten sonra Fencilerin hizlandiric1 6rneginde oldugu gibi
Miihendislerden kendi c¢aligmalar1 ig¢in cihazlar dizayn etmelerini
istediklerini sdylemistir. Bir Bilgisayar Miihendisi ise Fen alaninda yogun
olarak veri biriktigini ve Ozellikle Bilgisayar Miihendislerinin bu veriyi
Matematiksel yontemlerle modelleyerek islediklerini belirtmistir. Kendisi
Biyoloji iste veya Fizik bilimi, Astronomi vs. Kimyada da ayni sekilde. Simdi
buralarda ¢ok veri birikiyor. Mesela Biyolojide bir gen haritasi ... o kadar
cok bilgi var ki. Bunun ¢dzimiine insan enerjisi yetmiyor. Ama Matematiksel
modellerle  Bilgisayar Miihendisligi  biitiin  buradaki gercek hayat
problemlerini, doga ile ilgili olan hayat problemlerini hizli inceleyebildigi,
analiz edebildigi icin ¢oziimler bulabiliyor demistir. Bir Bilim Felsefecisi ise
giiniimiizde teknolojilerin Fen alanmi arastirmalarini belirledigini hatta bu
teknolojiler olmadan bilimsel aragtirma yapmanin imkansizlagtigini ifade
etmistir. Bu noktada CERN’deki Miihendislik iiriinii teknolojilerin Fizik ile
ilgili caligmalarda kullanilmasini 6rnek olarak vermistir. Bir Fizik¢i ise
Miihendislik {irlinii bilgisayarlar1 kendi Fizik galigmalarinda kullandiklarini,
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0zellikle Hizlandiric1 Fizigi, Parcacik Fizigi ve Dedektor Fizigi ¢alisanlarda
ciddi oranda Miihendislikten yararlanildigini ifade etmistir. Bir diger Fizik¢i
ise Fenci ve Miihendis ayrimimin uygun olmadigimi 6nemli olanin bilim
insam sifati oldugunu ifade etmistir. Bu noktada Muhendis olsa da bilim
insanidir, temel bilimci olsa da bilim insamidir. Insan arastirmasinin
gerektigi her isi yapar. Ben simdi bilgisayar programi da yaziyorum,
elektronik igleri de yapryorum. Ben Miihendis degilim deyip birakayim mi?
demistir. Bir Kimyager Fen bilimlerinde Miihendislerin gelistirdigi cihazlari
kullandiklarini ifade etmistir. Osiloskop labinda, canlilar veya optik ile ilgili
bir deneyde Miihendislik iiriinlerinden yararlandiklarini ifade etmistir. Bir
Kimyager ise 1Ileri Teknoloji cihazlar1 kullandigmi, Bilgisayar
Miihendislerinin 6zellikle ellerindeki yogun veriyi process etmede yardim
ettiklerini ifade etmistir. Bir Biyolog ise elektron mikroskobu &rnegini
vererek biyolojik ¢alismalarin  ¢ogunda veri toplarken teknolojiden
yararlandiklarini ifade etmistir. Bir diger Biyolog ta Fencilerin Miihendislik
iiriinii olan teknolojilerden yararlandiklarim ifade etmistir. Ancak buna ek
olarak bazi Biyologlarin da belli teknikler ve teknolojiler gelistirdigini DNA
ornegi iizerinde aciklamistir. Bir BOTE uzmam ise Fen alanlarmin
Miihendislige son zamanlarda yaklastigini, beraber calistiklarini ve iiriin
irettiklerini ifade etmistir. Kendisi Fen alanindaki bilim insanlari cihaz, alet
olarak Mihendislikten yararlaniyorlar. Ayrica Miihendisler yapilanlardan
nasul yararlanabilirler gibi bir kaygi da bazilarinda olabilir. Buna gére son
zamanda teknoloji gelistirmek arastirma sorularim gekillendiriyor olabilir
demistir.

Miihendislerin  kendi alanlarinda Fen  bilimlerinden nasil
yararlandiklar ile ilgili olarak bir Ingaat Miihendisi Miihendislerin Fenden
yararlanmak zorunda oldugunu eger yaralanmazlarsa yaptiklari iglerde etkili
sonuglar alamayacaklarim ifade etmistir. Ornegin kendisi Fizigi o kadar iyi
bilmeniz lazim ki bir tanesini atlarsaniz o ugak diiser ... Araba gitmez ...
demistir. Benzer sekilde bir Makine Miihendisi ise Miihendislerin Fenden
bir arag olarak yararlandiklarini ifade etmistir. Kendisi iste belirli bir yasa
olusturulmus. Onunla ilgili bazi ¢alismalar yapilmis, belirli denklemler
biitiinii  olugturulmug Fende. Onlart aliyoruz, Miihendislikte kendi
yapacagimiz tirtinlerde kullaniyoruz demistir. Bir diger Makine Miihendisi
ise Mithendisligin de aslinda bir Fen bilimi oldugunu, fark olarak daha ¢ok
pratik problemleri ¢ozmeye c¢alistigini ifade etmistir. Ayrica Fenciler gibi
yeni bir bilgi kesfetmediklerini de eklemistir. Ote yandan Uygulamali
Fencilerin Fenciler ile Miihendisler arasinda ara bir katmani teskil ettiklerini
ve bu grubun Miihendislerin Fenden yararlanmalarinda oldukga onemli
oldugunu ifade etmistir. Kendisi bu arada ashinda bir katman var. Yani
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direkt olarak Miihendisler ve Fenciler degil de bir de bu applied science
dedigimiz insanlar var. Fen ile gercek hayat arasinda iliskiyi kuran bir
tercuman gibi ... iki tarafla da haberlesen, iki tarafian da biraz anlayan
bilim insanlari var demistir. Bir diger Makine Miihendisi de benzer sekilde
Fencilerin yeni buluslar1 ile Miithendisligin ilerledigini ve 6rnegin yeni Fizik
kanunlarmin yeni Miihendislik alanlar1 demek oldugunu sdylemistir. Bir
Bilgisayar Miihendisi ise Ornegin Bilgisayar Miihendislerinin Fizikten,
Kimyadan ve Malzeme biliminden yogun olarak yararlandigini, bunlardan
gelen materyal ve bilgileri kullandiklarin1 sdylemistir. Bir Bilim Felsefecisi
ise deprem gibi bazi toplumsal problemlerin ¢oziimiinde Fen bilimciler ile
Mihendislerin beraber ¢alistiklarini ifade etmistir. Bir Fizik¢i ise 6zellikle
Tilrkiye’de Mihendislerin  kendilerini  Fencilere goére daha Ustlin
gordiiklerini, dolayisiyla Fen bilimlerinden kopuk olduklarini ifade etmistir.
Bir Kimyager ise Miihendislerin bilim insanlarinin bilgi ve tecriibelerinden
yararlandiklarii ve gelistirdikleri {iriinlerde Fencilerle beraber ¢aligtiklarini
ifade etmistir. Ornek olarak sensor konusunda ¢alisiyorsa bir dizayn
yapiyor, oraya koyacagi kimyasalr benimle ¢alismak zorunda ... ya kimyaci
ise alacak ya da benimle ya da kimya labinda ¢alisan biriyle, her haliikarda
temel bilimciyi isin icine sokmak zorunda demistir. Bir diger Kimyager ise
Miihendislerin yaratic1 tirlinler gelistirmek istiyorlarsa muhakkak bilimsel
yardim aldiklarii ve gii¢lii bilim insanlar ile temas halinde olduklarini ifade
etmistir. Bu durumu insan genomunun sekanslanmasi 6rnegi ile agiklamistir.
Bir Biyolog ise Biyomedikal Miihendisligi 6rneginde genetik ile ilgili temel
bilgileri bu alanda ¢alisan doktora 6grencileri ile paylastigini ve digaridan bir
g0z ile onlarin pratiksel problemlerine yorumlar yaptiginda baska bir bakis
acist ile ufuklarinin gelistigini ifade etmistir. Bir BOTE uzmam ise Fen
bilimlerinden yararlanmadan Miihendislik yapilamayacagini ifade etmistir.
Kendisi dogada bir olay var. Fencilerin ortaya ¢ikardigi bu olay
Miihendisler kullaniyor. Mesela Fizik alaninda Nobel alan ¢alismada belli
bir let wigini tiretemiyorduk. Ama Fizik¢ilerin yaptigi ¢alisma sayesinde
bunun iistesinden geldiler. Sonrasinda da Miihendisler bunu alip plazma
ekranlar gibi iiriinleri hayata gegirdiler. Yani Fen alamindaki bilinmezin
¢oziilmesi sonucunda hayatimiza uygulamalari yansidi demistir.

Miihendislerin kendi alanlarinda Fen bilimlerinden yararlanma
sekilleri ile Fencilerin kendi alanlarinda bilim {iretme sekilleri arasinda
farklihk agisindan bir Insaat Miihendisi her iki grubun da deneyler yaptigini
ancak Mihendislerin deneylerinde hatalarin Fene gore ¢aligmanin ayrilmaz
bir pargasi oldugunu ifade etmistir. Kendisi bizim deneylerimizde hata
vardir. Hem sayisal deneylerde hem de fiziksel deneylerde vardwr. Ama
analitik bilimsel deneylerde hata yoktur ... Muhendisler uygulama igin
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deneyler yapabilirler. Daha ¢ok deney yaparlar. Yaptiklar: deneylerde
hatalar olur. Hatalarin da ne kadar oldugunu bilir ama o deneyi yapar.
Sonra sonucunu alwr, hatayr diigiiniir ve uygular demistir. Bir Makine
Miihendisi ise temel bilimlerde topluma yonelik kullanilabilir bir iiriin
gelistirme gibi bir kayginin olmadigimi ifade etmistir. Ancak Uygulamali
Fizik ve Uygulamali Kimya gibi alanlarda pratige yonelik c¢aligmalar
yapildigin1 vurgulamistir. Bir Makine Miihendisi ise Fencilerin Fen
uretirlerken irettikleri bilginin ne ise yarayacagini ya da iiriine doniisiip
doniismeme  potansiyelini  diisiinmediklerini  ancak ~ Miihendislerin
muhakkak insanlara faydali tiriinler iiretmeyi temel alarak calistiklarini ifade
etmigti. Bu durumu penisilin ve elektromanyetik dalgalarin kesfi
orneklerinde agiklamigtir. Bir Bilgisayar Mithendisi ise Muhendislerin
deneyleri, yaptiklar islerin ve modellerin dogrulugunu onaylamada,
Fencilerin ise deneyleri dogruya varmada ve anlamada kullandiklarini ifade
etmistir. Bir Bilim Felsefecisi ise Miihendislerin daha ¢ok Fen alaninin
iriinlerinden ve sonuglarindan faydalandiklarini ancak Fen bilimlerinde ise
Miihendislikten yararlanilsa da asil amacin yeni diigiinceler iretmek
oldugunu ifade etmistir. Bir Fizik¢i ise Tiirkiye’de Miihendislerin Fenden
yeterince yararlanmadiklarint  ve ¢ok hizli ¢6ziime gideceklerini
disiindiklerini  sOylemistir.  Ama  realitede  Fenciler = olmadan
ilerleyemediklerini sdyleyen Miihendis arkadaslarinin da oldugunu ifade
etmistir. Benzer sekilde bir baska Fizik¢i Tiirkiye’de Fencilerin destegi
alinmadigi i¢in yenilik¢i teknolojilerin tretilemedigini ve Muihendislerin
bazi durumlarda kendilerini istiin gorebildiklerini ifade etmistir. Kendisi
(Mihendisler) temel bilim insanlart ile ¢alismiyorlar. Kendilerini iistiin
gortiyorlar. Mesela Oxford ‘u konusacaksan orada béyle bir sey yok. Biz
orada elektronikgilerie de ¢alistik. Bu titriler onemli degil. CERN de oyle.
Biz bir is yapiyoruz, karsimdaki insan Miihendis mi?, Teknisyen mi?, egitimi
ne? sorgulanmiyor. Yaptiklar: ise bakiliyor demistir. Bir Kimyager ise temel
bilimcilerin  sadece temel kavramlara ve olgulara odaklandigini,
Miihendislerin ise bunlarin uygulamalari {izerine ¢alistiklarini ifade etmistir.
Bir diger Kimyager ise bilim insanlarinin bilinmeyenleri aradiklarini, 6nemli
buluslarin 6zellikle merak ve soru sorma ile elde edildigini ifade etmistir.
Miuhendislerin ise Fendeki tahminler yerine daha somut verilerle
calistiklarini ifade etmistir. Ornedin yeni bir ¢ip iiretme konusunda
Miihendislerle olan isbirligi sirasinda, kendilerinin (Kimyager) bilinmeyen
bir seyi kesfetme yoniinde ilerlerken, Miihendislerin bilinmezlik durumunda
calismanin olamayacagi yoniinde bir dogaya sahip olduklarimi sdylemistir.
Kendisi ortak bir proje hakkinda (biz Kimyagerler) bilseydik zaten
yapmazdik (dedik). Muhendisler ise onu bilebilmek icin modellememiz
gerekir ama modellenecek bir sey yok dediklerini ifade etmistir. Bir Biyolog
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ise Miihendislerin yiizeysel bir sekilde Fen bilimlerinden yararlandiklarini,
Ozellikle ¢ok ince detaylarda Fen bilimcilerin ilerlemeler kaydettiklerini ve
bu noktalarda Muhendislerin Fen bilimcilerden yararlanmalar1 gerektigini
ifade etmistir. Bir BOTE uzmani hem Fende hem de Miihendislikte bilim
tizerinde ¢alisildigi i¢in ve bunun temelinin merak olmasindan dolay: arada
ciddi farklar olmadigini ifade etmistir. Kendisi Fen bilimci dogada ne var ne
yok onu arastiriyor, Miihendiste ise benzer sekilde temel itici giic merak. Ben
dogada bu oluyor da ben bundan nasil faydalanirim, bu problemi nasil
cozerim, nasil bir tiriin olustururum. Temel amacg her ikisinde de bu merak
tatmin etmek, ortadan kaldwmak, kafasindaki sorulart cevaplayabilme
demistir. Ayrica gecmiste ciddi ayrimlar s6z konusu iken bugiin bunun
azaldigim ve Fencilerin 6rnegin hayat problemlerine yonelik ¢aligtigini ifade
etmistir. Ama bir fark olarak c¢ikis noktalar1 (Fende dogayr anlamak,
Mihendislikte Uriin tiretmek) olabilecegini ifade etmistir.

3.3.3. Matematik ve Miihendislik aras:

Matematik ve Miihendislik aras1 ortak yanlar ile ilgili olarak bir
Makine Mihendisi analitik diisiinmeyi ortak bir diisinme yolu olarak
gostermistir. Burada 6zellikle Matematigin soyut ve teorik olan kismi degil,
somut ve belirgin noktalar olan boliimlerinde ortak hareket edildigini ifade
etmistir. Bir diger Makine Miihendisi ise hem Matematigin hem de
Miihendisligin matematiksel araglar1 kullandigini ve bu araglarin arkasindaki
kuramsal durumlarin ortak oldugunu ifade etmistir. Bir Bilgisayar Miithendisi
ortak yan olarak modellemeyi onermistir. Her ikisinde de bir problemin
¢cOziimii icin Once soyutlandigini sonrasinda ise modellendigini ifade
etmistir. Bir BOTE uzmam ise oncelikle Piir ve Uygulamali Matematik
ayrimini yapmanin faydali olacagini ifade etmistir. Piir Matematikgiler igin
yapilanlarin ne ise yarayacagiin ¢ok Onemli olmadigini sdyleyerek MR
cihazim1 o6rnek vermistir. Kendisi MR cihazlarimin  arkasinda bazi
matematiksel mekanizmalar var. Bu adamin o dénemde boyle bir cihaz gibi
bir kaygisi yok. Bu adamin derdi aslinda o Matematik problemini ¢ézmek.
Iste  bunu Miihedisler ya da Uygulamali Matematikgiler — alp
kullanabiliyorlar demistir. Pir Matematikgilerin diisiinme yolunun bir
problemi ¢6zmek, uygulamacilarin ise daha ¢ok uygulamak oldugu igin
ozellikle ikinci grubun Miihendislerle ortak bir dil konusabildiklerini ifade
etmistir. Bu noktada Kriptografi’yi o6rnek vermistir. Kendisi bunun
arkasinda yatan Matematik. Ama bunun uygulamali tarafi var. Bir takim
¢coziimlerin ve iiriinlerin ortaya ¢ikmast gerekiyor. Burada Miihendisler ve
Bilgisayar bilimciler beraber ¢alisiyorlar demistir.
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Miihendislerin kendi alanlarinda Matematikten yararlanmalar ile
ilgili olarak bir Insaat Miihendisi ve bir Makine Miihendisi Miihendislerin
Matematikten her alanda faydalandiklarim1 ve  Matematikgilerin
gelistirdikleri metotlar1 kullandiklarii ifade etmistir. Yine bir diger Makine
Mduhendisi Matematikteki formilleri modelleme ve ¢6zim asamalarinda
kullandiklarini ifade etmistir. Kendisi (Matematik) bizim icin bir arag, amag
degil. Anlayabildigimiz  kadar kullantyoruz. Modelleme ve ¢oziim
asamasinda. Yani Matematik¢iler kadar olaya hdkim degiliz ama ihtiyacimiz
kadarin ogrenmeye ¢alistyoruz demistir. Bir Elektrik-elektronik Muhendisi
ise girdi-tasarim-¢ikt1 ligliisii {izerinden Matematik kullanimini agiklamaya
calismustir. Ornegin girdi var, sistem var, ¢iktiyr ¢ozmemiz gerekiyor. Benim
elimde iste kamera var. Kameranin ozellikleri su. Buraya kaydediyorsun.
Nasil  kaydediyorsun?  Nasil  bir goriintii  elde edersin?  Onu
modelleyebilmemiz gerekiyor. O da iste Matematik demistir. Ote yandan
Miihendisligin Matematik olmadan olmayacagin1i ve Ogrencilerin de
Matematigin uygulamalarint bu tip Miihendislik problemleri iizerinden
gorebilecegini ifade etmistir. Kendisi dgrencilerin de aslinda bunlar
kullanacagim? Ya da iste orada kareleri aliyorlar. Iki bilinmeyenli
fonksiyonlar ¢oziiyorlar. Bunu nerede kullanacagim, yani ne gereksiz X’ler
y’ler diyorlar ama bunun aslinda Miihendislikte gercek zaman tanimli
problemleri, gercek hayattaki problemleri ¢dzmek icin nerelerde
kullamldigimi  gorseler bu kadar uzakta durmaziar, severler konulart
demistir. Ayrica bu muhakemesini bir bagka 6rnek iizerinde siirdiirmiistiir:

.. mesela lisede denklem ¢oziiliiyor ve denklemlerin aslinda fiziksel olarak
bir siirii alanda karsiligr var. O denklemin fiziksel bir olayr simgeledigini
cogu zaman bilmiyorlar. Sonugta Matematik siirekli buna dayansin
demiyorum ama boyle ornekler de verilebilir demistir. Bir diger Makine
Miihendisi ise Miihendisligin hendese yani geometri kelimesinden geldigini
dolayisiyla Matematigi Miihendislerin yogun olarak kullandiklarini ifade
etmistir. Kendisi mesela diyelim ki Miihendis bir bina yapacak ... Bu binanin
diyelim ki bir yerine kolon konulacak. O koydugunuz kolon dayanacak mi
dayanmayacak mi? Nereden bileceksiniz? Onun bir Matematik formiilii var.
O Matematik formiiliinii kullaniyorsunuz demistir. Bir Bilgisayar Miihendisi
ise Ozellikle trigonometri ve vektorlerin internette veri olusturulmasi ve
paylasilmasinda ¢ok oOnemli oldugunu ancak bu tip bir Matematigin
YGS/LYS gibi sinavlarda ge¢gmedigini ifade etmistir. Kendisi internetten
bilgi alimi mesela. Internette siz bir kelime yaziyorsunuz. Onun sonucu
geliyor, degil mi? ve sizin istediginiz birinci veya ikinci sirada gelebiliyor.
Bu hani ¢ok kolay bir sey gibi goriiniiyor. Ama arkasinda tamamen
Matematik var ... Lineer cebirdeki vektorlere denk geliyor. Onlarmn
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arasindaki aciya denk geliyor ... Matematiksel bir modelleleme webteki sizin
sorgunuzu gekillendiriyor. Orada hi¢ bir sihir yok. Tamamen Matematiksel.
Iki tane vektor arasindaki agi. Hep bunu YGS sorularinda bilmem nelerde
sorularinda sorarlar ya, biz orada ona oyle Matematiksel pattern olarak
Ogreniriz. Bu aciyi, cosiniistinii, bilmem nesini hesaplatip dururlar. Buradaki
cosinus agist sizin oradaki dékiimanlar: diizgiin almaniza yariyor demistir.
Bir Bilim Felsefecisi Miihendisligi Matematik olmadan yapmanin imkéansiz
oldugunu ve Matematigin 06zellikle modellemede kullanildigini ifade
etmistir. Bir Matematik¢i ise Ozellikle mekanik analizde Miihendislerin
yogun olarak Matematikten yararlandiklarini ve genelde Matematigi temele
oturtma gayretinde olduklarini ifade etmistir. Bu noktada kendisi hatta bu
yuzden hocamiz Cahit Arf biraz mekanige bulagma ihtiyacim hissetmistir. O
giinlerden sonra Miihendisler Cahit Arf’a saygi gostermisler demistir. Bir
Matematikgi ise klasik anlamda bazi Miithendislerin hesaplamalardan istifade
ettiklerini ancak bu Miihendisligin ilerlemeci olmadigm ifade etmistir.
Ozellikle AR-GE faaliyetleri icin Mihendislerin Fen ve Matematikteki
yenilikleri ve giincel bilgiyi takip etmelerinin dneminden bahsetmistir. Bir
BOTE uzmani ise Matematigin Miihendisler igin olmazsa olmaz oldugunu
ancak Matematik  kullanimimin  Mihendislik alanina  gore artip
azalabilecegini ifade etmistir. Kendisi mesela Elektrik Miihendisliginde
orada kullanilan Matematik daha yiiksek seviyede olmak zorunda, ama bir
Gida Miihendisliginde daha az olmak durumunda demistir. Ayrica
Miihendislerin Uygulamali Matematikgilerle yakin ¢aligtiklarini ve onlarin
iiriinlerini kullandiklarimi ifade etmistir. Bir Matematik¢i ise Matematigin
biiyiik bir kisminin Miihendislerin ilgi alaninda olmadigini ifade etmistir.

Matematikgilerin kendi alanlarinda Matematigi iiretme sekilleri ile
Miihendislerin kendi alanlarinda Matematikten yararlanma sekilleri arasinda
herhangi bir farkhlik olup olmadigina dair bir Insaat Miihendisi
Matematikgilerin yaptiklar ¢6ziimlerin dogru olmasina 6zen gosterdiklerini
ve hatayt en aza indirecek sekilde calistiklarini sdylemistir. Miithendislerde
ise Matematigi kullanirken belli oranda hatayr bastan kabul ettiklerini
sOylemistir. Bu durumu kendi egitiminden bir 6rnekle agiklamistir: Ben iki
tane ders aldim, doktora yaparken. Sayisal modelleme diye. Birisini
Miihendislik  bilimlerinden  digerini ise  Matematik  boliimiinden.
Miihendislikten aldigimda virgiilden sonra ii¢ basamak bile yeter. Matematik
boliimiinden aldigimda ise 12 basamak, 24 basamaga kadar hatay
kiigiiltmeye ¢aligtiklarimi gordim demistir. Bir Makine Miihendisi ise
Matematikgilerin daha ¢ok kagit kalem iizerinden teorik olarak
gelistirdiklerini; Miithendislerin ise bunlar1 alarak uygulamalara yonelik bazi
hesaplara ve iriinlere doniistiirdiiklerini ifade etmistir. Bir diger Makine
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Mihendisi ise Miihendisligin daha deneysel oldugunu ve ispat ile
ilgilenmedigini ifade etmistir. Kendisi bir model iyi ve kavrami agikliyorsa,
neden agikladigini pek merak etmiyoruz biz. Matematikgiler daha titiz o
konuda. Bir denklemin ¢oziimiinii bulduklar: zaman onunla yetinmiyorlar.
Yok iste teknik ¢oziimii falan gibi daha baska ¢oziimler ne olabilir diye
soruyorlar demistir. Baska bir Makine Miihendisi ise Matematigin tarihinde
gelistirilen bazi formiil ve diisiinme sekillerinin ilerleyen zamanlarda
Miihendislikte ise yarayabildigini ifade etmistir. Ayrica Matematikgilerin
Oornegin 1ii¢ bilinmeyenli denklemlerin nasil ¢o6ziilmesi ile ilgilenirken
Miihendislerin bu ¢6ziimleri alarak ihtiyaci olan bilinmeyenleri formiillerde
ilgili yerlere yazdiklarini, yani veri sagladiklarini ifade etmistir. Bir Elektrik-
elektronik Miihendisi ise agiklamasimi farkliliklardan ziyade daha cok
Matematigin Miihendislige nasil yardim ettigi lizerine kurgulamustir. Bu
yardim i¢in gorintii isleme Ornegini kullanmistir. Kendisi 0 hareketin
modellenmesi. Temelinde bir Matematik var. Bir polinomla modellememe
lazim mesela. Kriptoloji. Bu ¢ok énemli konulardan bir tanesi. Sifreleyerek
gondereceginiz. Onun temelinde Matematik yatiyor ve ¢ok farkl alanlara o
teoremler uygulanabilir demistir. Bir Bilim Felsefecisi ise Muhendislerin
onceden gelistirilmis olan Matematiksel modelleri kullandiklarini ancak
Matematikgilerin bundan farkli olarak hem kendi soyut iiriinlerini hem de
diisiinsel yapilar1 gelistirdiklerini ifade etmistir. Ancak bir kesisim durumu
olarak  Mihendislerin  kullandigi ~ Matematiksel =~ modellerin  bazi
Matematikgileri daha iyi modeller gelistirmek konusunda motive ettigini de
eklemistir. Bir Matematik¢i ise Miihendislik ile Matematik arasinda bir
alacakaranlik kusagi oldugunu, sadece ve Ozellikle ‘engineering science’
denen gruptaki Miihendislerin Matematik bilgilerinin giiclii oldugunu ifade
etmistir. Bir diger Matematikci ise Matematikeilerin {irettikleri {iriinlerin
nerede kullanilacagina dair bir diirtii ile hareket etmediklerini, Miithendislerin
ise koken aldig1 kelime olan hendese ile uyumlu olacak sekilde Matematigi
iyi bilmelerinin gerekli oldugunu ifade etmistir. Bir diger Matematikgi ise
Matematiksel  diisiincenin  miihendisler i¢in  kati  gelebilecegini,
Mdhendislerin daha ¢ok pratik sonug¢ c¢ikarma hedefinde olduklarini ifade
etmistir. Ornegin Edison 'un kurdugu ampiil fabrikasinda ampiiliin ambalaji
yvapilacakmig. Ampiiliin hacmi hesaplanmali. Matematikgiler ampiiliin bir
egri olarak sekline bakiyorlar, dondiiriince ¢ikan hacimi hesapliyoriar.
Edison getirin ampiilii demig, dibini kesin, icine su doldurun ve tartin demis.
Bu iste Miihendislik. Onemli olan sorunu ¢ozmek demistir. Ayrica
Matematiksel hesaplamalarin gerektirdigi cihaz ve sistemlerin aslinda
gunluk hayatta bazi durumlarda tutmadigini ancak Miihendislerin yaklasik
hesaplarla bu cihaz ve sistemleri sekillendirdiklerini ifade etmistir. Burada
Miihendislerin yeni Matematik kesfetmediklerini aslinda bu durumun
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Matematigin imalat noktasinda caligmamasindan kaynaklandigimi ifade
etmistir. Bu noktada Miihendisler ile Matematik¢iler arasindaki diisiinme
sekli farki olarak Miihendislerin giinliikk yasami dikkate almalarinin nemli
oldugunu ifade etmistir.

3.4. STEM alanlarinda etik
3.4.1. Fende etik

Bir Fizik¢i Tiirkiye’de bilimsel etik konusunda bazi problemlerin
oldugunu, o6zellikle intihal noktasinda dikkat edilmesi gerektigini ifade
etmistir. Bu tiir problemlerin Gnlenmesi i¢in iiniversite egitiminde hatta
lisede dikkatli olunmas1 gerektigini vurgulamistir. Kendisi birinci siniflara
laboratuvar dersi veriyorum. Siirekli her seye referans vereceksiniz, nereden
aldigimizi  soyleyecekseniz, c¢alamazsamiz ¢urpmazsaniz  (diyorum)
Insanlarin orijinal diisiinmesi lazim. Bunun liseden baslamasi lazim. Lisede
hoca bir édev veriyor, gidiyor Vikipedia’dan yaziyor. Bu ¢ok sakat. Internet
kopyalamak icin var degil demistir. Bir Kimyager etigin Fen bilimlerinde
olmazsa olmaz oldugunu, Ozellikle baskilar ve hirslar sonucunda etik
cizgilerin disina c¢ikilmamasi gerektigini ve topluma zarar verebilecek
davraniglardan sakinilmasi gerektigini vurgulamigtir. Bir diger Kimyager ise
Fende etigin ¢ok 6nemli oldugunu ifade etmis 6zellikle referans vermeden
alintt yapmanin tehlikeli oldugunu sdylemistir. Ayrica kanitlarin bir bilim
insam tarafindan kolaylikla olusturulabilecegini ifade etmistir. Kendisi bu
durumla ilgili olarak bu korkung¢ bir sey. Yapiimamasi gereken bir sey. Bu
toplumun kaynaklarimin ziyan edilmesi anlamina bile gelebilir demistir. Bir
Biyolog ise yayinlar ve biitiin iiretimlerinde etige dikkat edilmesi gerektigini,
bazi durumlarda yapilan ¢alismalarin muhtemel negatif sonuglarinin tahmin
edilemeyecegini ama tahmin edilebilir olanlarin énlenmesi gerektigini ifade
etmistir.

3.4.2. Matematikte etik

Bir Bilim Felsefecisi Fen ve Miihendislige nazaran Matematigin
genis toplum karsisinda daha rahat oldugunu ve toplumsal etik sorunlarindan
daha az etkilenecegini ifade etmistir. Kendisi bir Matematik¢i daha fazla
Kaos Matematigi gelistirebilir. Toplumun sonu olur diye kaygisi da
olmayabilir. Yani genis toplum ¢ok fazla Matematikgileri stkmaz gibi geliyor
bana demistir. Bir Matematikci ise bltun ilmi ve insani faaliyetlerde etik
unsurlarin énemli oldugunu ifade etmistir. Ayrica Perelman 6rneginde bazi
Matematikgilerin yiiksek ahlak kistaslar1 uyguladiklarim ifade etmistir. Bu
kisilerin Matematik alaninda 6diil veren kurumlarla irtibatin1 kestiklerini ve
inzivaya cekildiklerini ve ¢ok yiiksek ahlaki kistaslar olusturduklarini ifade
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etmistir. Bir diger Matematik¢i de benzer sekilde etigin genel bir insanlik
degeri oldugunu ve sadece Matematik degil tiim insani faaliyetler igin
disiiniilmesi gerektigini ifade etmistir. Ayrica yayin yapma ile ilgili bazi
temel etik degerlerin akademik yiikselme ya da dis zorlamalar gibi
nedenlerle ihlal edilmemesi gerektigini soylemistir. Kendisi glnimiizde
intihal olaylart artmaya basladi, intihalin de diizgiin bir tammi yok,
neresinden baksaniz diiriist olmamaktir. Insanlar diiriist olmadiklar: zaman,
kendilerine saygilarim yitirdikleri zaman bilim insan olarak veya teknoloji
tireten bir insan olarak topluma ne kadar yarar saglayabilirler demistir. Bir
diger Matematikgi ise etigin profesyonel yasamda intihal yapmamak gibi bir
anlama geldigini sdylemistir. Ote yandan toplumsal agidan bakildiginda
toplumda Miihendislikten farkli olarak dogrudan kullanilma yeri olmadigi
igin kotli bir Matematigin ya da topluma zarar verecek bir Matematigin
olmadigini ifade etmistir. Ancak Matematikgilerin Fenciler ve Miihendislerle
beraber ¢alistiklari, niikleer projelere Ozellikle Lineer Matematik
calisanlardan bazilarinin itiraz ettiklerini ifade etmistir.

3.4.3. Muhendislikte etik

Miihendislikte etik ile ilgili olarak bir Insaat Miihendisi etigin
maksimum diizeyde olmasi gerektigini ve bunun insanlar arasi iligkilerden
uygulamalara kadar gegerli oldugunu ifade etmistir. Kendisi Muhendisler
arasi iliskiler .... is icabi ... Insaat Muhendisi olarak soyliiyorum, biyiik
yapilar var. Insanlar kullandigi icin orada etik onemli. Yani uygulamada
etik onemli. Tasarimda onemli. Ciinkii iiretim, tiriin insan icin oluyor
demistir. Bir Makine Miihendisi ise Miihendislikte etigi akademik ve
profesyonel etik olarak ikiye ayirdiklarim ifade etmistir. Ozellikle
profesyonel etik ile ilgili olarak yani firmalarin olsun, Ar-Ge ¢alisanlari
olsun bunu on planda tutmalar: gerektigini diigiiniiyorum. Topluma faydali
olacak. Cevre olsun, insan olsun. Onlarin belirli haklarint ihlal etmeyecek
sekilde iiriinlere yonelmeleri gerektigini diisiintiyorum demistir. Bir diger
Makine Miihendisi benzer sekilde hem akademik hem de profesyonel etigin
onemli oldugunu ifade etmistir. Kendisi akademik etik i¢in yani kullanilan
bir kaynaga atif yapilmas: ... Bir Miihendislik faaliyeti sonucu ortaya ¢ikan
teknolojinin veya iiriiniin dogru amaglarla kullaniimasi, fikir haklarina saygi
duyulmast ... demistir. Profesyonel etik i¢cin ise Fen, Miihendislik ve
Teknolojinin amacinin insanliga faydali olmak ve gelistirmek oldugunu,
bunun disina ¢ikan calismalarin etik agidan problemli olacagimi ifade
etmistir. Bu durumu tabanca ve dinamitin gelistirilmesi oOrneklerinde
agiklamistir. Ornegin tabanca ile ilgili olarak Amerika’da ilk defa tabancalar
yapilmis. Tabancamin imalaty ile birlikte tabii cinayetler de artiyor. Bu da
bir teknoloji ... Biliyorsunuz eskiden tabancalar 6nden doldurmaliydi. Sonra
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mermiler bulundu, teknoloji gelisti ve teknoloji gelistikce ne oldu? Insanlar
daha iyi tabancalar yapmaya basladi. Daha iyi tabancalar yapmaya
baslayinca daha ¢cok insan olmeye basladi. Yani simdi bir kesif yaparken
bunun sonunda ne olacagini bilemeyebilirsiniz demistir.  Bir Elektrik-
elektronik Miihendisi ise daha ¢ok akademik etik iizerine diistinmiis ve etigin
Muhendislik egitimindeki Oneminden bahsetmistir. Kendisi bir yayin
yvapacaksiniz, o dogru olmast lazim. Diistiniin. Deney yapmadan iste siz
sunun direnci su kadar olmali diyemezsiniz. Her seyi kurallarina uygun
vapmaniz lazim. Yanhs bir bilgi veremezsiniz demistir. Bir Bilgisayar
Miihendisi de hem akademik hem profesyonel etikten bahsetmistir.
Profesyonel etikte 6zellikle kendi alaninda nelere dikkat edilmesi gerektigini
aciklamistir: iste bilgisayar programi yaziyorum diyelim ve internette
diyelim. Siz oraya tikladiginizda ben sizin datanizi alip onu paylasabilivim
mesela. Onu yapmamak etik bir seydir. Veya izin almadan sizin bilgilerinizi
paylasmamam gerekiyor. Ama buna uymayabilirsin. Orada bu bilgilerden
haksiz  kazanglar elde edebilirsin  demistir. Bir Bilim Felsefecisi
Miihendisligin Fen ve Matematige nazaran daha fazla toplumla i¢ ige
olmasindan dolay1 Miihendislik etiginin toplumun etik degerlerinden ve
normlarindan daha fazla oranda etkilenecegini diisiinmiistiir. Bir BOTE
uzmani ise Miihendisligin aslinda insan hayati ile yakindan iligkili olsa da
genel olarak biitiin alanlar icin etigin 6nemli oldugunu, hem bilgi iiretirken
hem de bu bilginin insana olan etkileri agisindan dikkat edilmesi gerektigini
ifade etmistir. Bu noktada drnegin tipta ‘karsidakine zarar verme’ kurali
var. Ya da sadece insana degil ‘dogaya zarar verme’ durumu da var.
Miihendislik te hem insani hem de dogayt etkiledigi icin etik 6nem arz ediyor
demistir. Ayrica yine Miihendislige 0zgii olarak ¢alisilan firmaya yonelik
etik ve baglayict durumlar var, aym sekilde isveren kurumun dikkat etmesi
gereken kurallar, ¢ikan iiriiniin takip edilmesi ile ilgili etik durumlar var
diyerek Miihendislikte etigin ¢ok boyutlu oldugunu ifade etmistir.

4. TARTISMA

Caligmanin bulgulan diisiiniildiigiinde, STEM alanlarinin aralarinda
ontolojik, epistemolojik ve sosyolojik farkliliklar olmasina ragmen (Bunge,
2014; Franssen, 2014; Schadewaldt, 2014), hem bu farkliliklarin
korunabilecegi hem de ozellikle birbirleri ile olan iligkileri iizerine
kurgulanabilecek pedagojik bir cercevenin olusturulabilecegi diistiiniilmistiir.
Bu cerceve bes boyuttan olusmaktadir. Bunlar: 1) Tamimlar, 2) Fen,
Matematik, Miihendislik, Teknoloji ve Toplum arasi iliskiler, 3) Ortakliklar,
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farkliliklar ve birbirinden yararlanma, 4) Post-normal sorunun cevaplanmasi
ve 5) Etik boyutlardir. Asagida her bir boyut sirasiyla tartigilmigtir.

4.1. Tanimlar

STEM alanlar1 bilim insanlarmin yapmis olduklar1 tanimlar
incelendiginde alanlar arasinda iligski kurulmadan yapilan ve iliski kurularak
yapilan tanimlamalar olmak iizere iki grubun oldugu gézlenmistir. iliskiler
bir bagka soruda ele alindigi i¢in bu bdliimde bilim insanlarinin alanlar ile
ilgili birbirlerinden bagimsiz olarak yaptiklar1 tamimlamalara dikkat
edilmistir. Bu kapsamda Fen ile ilgili tanimlamalara bakildiginda Fennin
dogayi, hayati, insami ve sosyal yasami kanitlar iireterek anlamaya ve
aciklamaya ¢alisan bilimler seklinde genel bir tanim ile tanimlanabilecegi
gozlenmistir. Matematik ile ilgili tanimlara bakildiginda ise Matematigin
mantiksal iliskilerin, bilimlerin, Miihendisligin ve insanmin anlasilmasinda ve
modellenmesinde kullanilan evrensel bir dil seklinde bir tanimlama ile
tanimlanabilecegi gozlenmistir. Mithendislik ile ilgili tanimlara bakildiginda
ise Mihendisligin Fen, Matematik ve Teknolojinin kullanilmas: ile
insanlarin giinliik yasamdaki ihtiya¢ ve problemleri icin somut ¢oziimler
Ureten bilim olarak tamimlanabilecegi gozlenmistir. Teknoloji ile ilgili
tanimlara bakildiginda ise Teknolojinin gunlik hayat problemlerinin en
verimli sekilde ¢oziilmesinde kullanilan yontemler ya da araglar seklinde
tanimlandig1 gozlenmistir. Bu tanimlamalar genel olarak alanlar ile ilgili
olarak literatiirde kullanilan tanimlamalar ile uyumludur (Bunge, 2014;
Clark, 2014; Franssen, 2014; Horsten, 2017; Mitcham ve Schatzberg, 2009;
Schadewaldt, 2014).

Yukaridaki genel tamimlamalarin disinda bilim insanlarinin
branglarina 6zgii baz1 farkliliklarin olduguna da dikkat ¢cekmek gerekir.
Ornegin Matematikgilerin Fen tammlamalarinda doga olaylarmi agiklamanin
yaninda insanin diigiincelerini ve sosyal mekanizmalari anlamak olarak
tanimlamalar1 Fen alaninin hedef konular1 arasindaki kaymalari ve
gecisgenligi gostermektedir. Matematik ile ilgili tanimlamalarda ise Fenci ve
Miihendislerin daha ¢ok dil ve ara¢ odakli tanimlar tercih ederken
Matematikgilerin daha ¢ok anlama ve acgiklama odakli tanmimlar1 tercih
ettikleri gdzlenmistir. Bu agidan Fen tanimi ile benzer sekilde anlama ve
aciklama yapilarinin  Matematik i¢in  6nemli oldugu soylenebilir.
Miihendislik ile ilgili tanimlara bakildiginda yine bilim insanlarinin kendi
perpektiflerinden yaklastiklari, 6rnegin Fencilerin sadece Fen bilgilerini
giinlik hayata uyarlama seklinde tanimladiklari, Matematikgilerin
tanimlarinda Fene atif yapmadiklari, ancak Miihendislerin Fen, Matematik,
Teknoloji ve Toplumu icine alan tamimlar tercih ettikleri goézlenmistir.
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Ancak bu tamimlarda da Fen ve Matematikteki gibi problemlerin
¢Oziimlenmesine vurgu yaptiklart gézlenmistir. Teknoloji tanimlarinda ise
Fen ve Matematikcilerin daha ¢ok somut iiriinler lizerinden tanimlar tercih
ettikleri ancak Miihendislerin somut veya somut olmayan sekilde problem
¢ozme yontemleri olarak bir tanim kullandiklar1 gdzlenmistir. Bu tip
farkliliklar alanlarin iginde yetisen bilim insanlarinin alanlara 06zgi
ontolojilere, epistemolojilere, ahlaki kriterlere ve kiltirlemelere maruz
kaldiklarin1 ve alanlar arasinda sinirli oranda is birligi ve iletisim oldugunu
gostermektedir (Kuhn, 1962; Snow,1964).

4.2. Fen, Matematik, Miihendislik, Teknoloji ve Toplum arasi iliskiler

Bilim insanlarinin ¢izmis olduklart modeller ve bu modeller ile ilgili
aciklamalar irdelendiginde ve bu iliskilere PNB ac¢isindan yaklasildiginda
(Funcovitz ve Ravetz, 2003; Ravetz, 2012) Fen, Matematik, Mihendislik,
Teknoloji ve Toplum arasindaki iligkiler i¢in Sekil 1’deki model
hazirlanmistir. Bu modelde dikdoértgenin iist yariminda alanlar bulunurken
alttaki yarimda Toplum bulunmaktadir. Ustteki yarimda alanlar birbirlerini
strast ile etkilemekte ve bir sonraki alan kendinden onceki biitiin alanlardan
beslenmektedir. Ayrica iist yarimdaki alanlarin alt yarimdaki Toplumu
kestigi yerler, ilgili alamin toplum ile olan iligkisinin yogunlugunu temsil
etmektedir.

Sekil 1’e gore diisiiniildiigiinde Matematik Normal Feni yogun
olarak beslemektedir. Burada Normal Fen doga olaylarinin arkasindaki
orintdleri ortaya ¢ikarmakta ve bazi iliskiler tespit etmektedir (Boyd, Gasper
ve Trout, 1999). Bu iliskilerin belirli testlere tabii tutulmasi ve bazi esitlikler
veya grafikler halinde modellenmesi noktasinda Matematik yogun olarak
kullanilmaktadir. Ote yandan Uygulamali Fen hem Normal Fen hem de
Matematigi igerisinde barindirmaktadir. Uygulamali Fen, c¢alisma
grubundaki bilim insanlarinin da 6nerdigi gibi Normal Fenden farkli olarak
doga olaylarinin arkasindaki nedenleri anlama ve agiklamadan ziyade belirli
uygulamalar1 ve miidahaleleri hedefleyen bir alandir. Ancak bu siiregte
Normal Fende iiretilen teorik aciklamalari ve bunlarin Matematiksel
ifadelerini kullamir. Ayrica kendi olusturdugu goézlem ve deney odakli
caligmalarda Matematiksel denklemlerden yararlanmaktadir. Mihendislik
ise Matematik, Normal Fen ve Uygulamali Feni kapsamaktadir. insan
yasamina ait ya da doga ile ilgili belirli bir problemin ¢6ziimii noktasinda
cozumin Matematiksel modellenmesinde Matematikten, ilgili ¢Ozimun
dizayn edilmesi ve modellenmesi sirasinda gereken doga yasalar1 ve teorik
aciklamalar icin Normal Fenden ve yine ¢dziimiin {iretimi siirecinde pratige
yonelik parametreler arasindaki iliskileri vermesi bakimindan Uygulamali
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Fenden yararlanmaktadir. Teknoloji ise oOzellikle teknisyenler tarafindan
Miihendislerin yonlendirmeleri sonucunda belli bir insan veya doga
problemine ydnelik ¢éziim yontemi ya da somut bir Griin Oretilmesidir.

Teknoloji

Muhendislik

Uygulamali Fen

Normal Fen

TOPLUM

Sekil 1. Fen, Matematik, Miihendislik, Teknoloji ve Toplum iligkileri

Matematik

Toplum ile olan iligkilere bakildiginda ise bazi hesaplamalar ve
Ol¢iimler noktasinda Matematik giinliilk yasamda Toplum tarafindan yogun
olarak kullanilsa da bazi bilim insanlar1 Matematigin Toplum ile kesistigi
noktalarin sinirli oldugunu ifade etmistir. Ancak Matematigin diger alanlar
(Normal Fen, Uygulamali Fen, Miihendislik ve Teknoloji) lizerinden dolayli
olarak Toplum ile siki iliskiler kurdugunu da belirtmislerdir. Ote yandan
Normal Fen ile toplumun kesisiminin biraz daha yogun iliskiler barmdirdigi
sOylenebilir. Hiz, ivime, insan fizyolojisi ve suyun kaynamasi gibi 6rnekler
bireylerin normal fenni ilk elden deneyimledikleri ve bazi nedensel
muhakemeler gelistirdikleri durumlardir. Uygulamali Fen ise 6rnegin belli
tedavi ve terapi yontemlerinin kullanilmasi, bir havuzun hangi kimyasal ile
daha kisa siirede temizleneceginin belirlenmesi gibi noktalarda toplumla
Normal Fene gore daha siki iliskiler kurmaktadir. Miihendisler ise dogrudan
halkin temas halinde olabildigi, laboratuvar ve iiniversiteler disinda bulunan
ve kendilerinden hizmet aliabilen bireylerdir. Sandalyeden kaleme, niikleer
santralden kopriilere kadar birgok alanda iiretilen ¢6ziim ve {iriinler dogrudan
halk tarafindan kullanilmakta ve halkin yasamini kolaylastirmaktadir. Bunun
disinda toplumdan ilgili alanlara dogru ihtiyaglar ve doniitler dogrultusunda
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da bir belirlenim iligkisi vardir. Ornegin Kirrm Kongo Kanamali hastaligina
yonelik bir aginin gelistirilmesi toplum saglig1 i¢in 6nemli bir problemdir.
Bu problemde Matematikgiler, Normal Fenciler, Uygulamali Fenciler ve
Miihendislerin ortak caligmalar1 gerekmektedir. Bu sekilde toplumun son
kullanict oldugu ve fayda oryantasyonlu pragmatik yaklasimlarin disinda
biitiin alanlarin kendi iginde birer topluluk oldugu da unutulmamalidir. Bu
noktada topluluklarin kendi i¢ psikolojileri ve sosyolojilerinin ile genel
toplumun psikolojisi ve sosyolojisinin karsilikli etkilesimlerinin de 6nemli
oldugu goriilmektedir (Kuhn, 1962; Snow, 1964). Ayrica PNB ile uyumlu
olarak (Funcovitz ve Ravetz, 2003; Ravetz, 2012) halkin alanlar1 algilamasi
noktasinda okullardaki Fen ve Matematik egitimi ile bilim iletisimi
calismalarinin 6nemli oldugu bilim insanlar1 tarafindan vurgulanmistir.
Ozellikle {iretilen bilimsel bilgi ve teknolojilerin halk tarafindan
degerlendirilmesi siirecinde bazi durumlarda sinirli bilgi, muhakeme ve risk
algilarmin devreye girmesi bilgi ve teknolojilerin revizyonu ve bazi
durumlarda ise ortadan kaldirilmasi ile sonuglanmaktadir (European
Commission, 2012). Fukushima niikleer felaketi sonucunda Avrupada bazi
iilkelerde halkin santrallerin kapatilmasi ydniinde baski yapmasi burada
ornek olarak verilebilir (Sjoberg, 2008). Burada alanlarin analitik diisiinme,
elestirel diisiinme ve karar verme gibi birgok beceriyi iginde barindirdiklar
ve toplumda sosyal bir degisim yaratmada alanlara yonelik egitimin énemli
oldugu da vurgulanmustir. Tersi bir durumda ise yalanci bilim, yanlig
propagandalar ya da para odakli teknolojik kiiltiirlemelerin toplum {izerinde
negatif etkilerinin olabilecegi de ifade edilmistir. Son bir durum ise bilim
insanlariin teknolojinin insan medeniyetinin sekillenmesinde kiiltiirel ve
tarihsel bir kavram olarak ele almmasinin ve ekonomiden sosyal siniflarin
olusumuna, politikalarin sekillenmesinden savaglara kadar genis bir
perspektiften diislinilmesinin gerekli oldugunu vurgulamalaridir.

4.3. Ortakliklar, farkliliklar ve birbirlerinden yararlanma

Tablo 3’te gosterildigi gibi Fen ve Matematik arasi iliskilerde
ortak olan yanlara bakildiginda alti ortak O6zelligin bilim insanlar
tarafindan 6n plana cikarildigi gozlenmistir. Bunlar: 1) Oriintii bulma, 2)
Bilgiyi organize etme, 3) Tahmin etme, 4) Problem ¢6zme, 5) Teorilerin
yarismast ve 6) Modellemedir. Oriintii bulma ile ilgili olarak hem Fen de
hem de Matematikte tekrar eden ve seri seklinde oldugu diisiiniilen olay ve
kavramlar1 anlama ve aciklama durumu ortak bir 06zellik olarak
gosterilmistir.  Ornegin Fende DNA molekiiliinde biitin  Adenin
niikleotitlerin Timin ile, Guanin niikleotitlerinin ise Sitozin ile bag yapmasi
bir oriintiidiir. Matematikte de benzer sekilde 6rnegin 7, 5, 3, 1 seklinde
kurulan bir seride Oruntinin ikiser azalma seklinde olmasi bir baska
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oriintiidiir. Ikinci durum ise hem Fenin hem de Matematigin bilgiyi organize
etmeleridir. Bu organizasyonda 6zellikle doga ve insan ile ilgili durumlarda
goriinenlerdeki karmasikligin arkasinda belli bir organizasyon ve netlik
iiretme cabasi diistiniilebilir. Fende 6rmegin Einstein’in bir¢ok fiziksel olay1
bir arada aciklamaya c¢alisan E = mc? formilii béyle bir diizen ve
organizasyon yaratma ¢abasidir. Yine benzer sekilde Matematikte yiizlerce
verinin ve iliskinin temsil edilerek ve gruplanarak fonksiyonlar halinde
gosterilmesi bilgiyi organize etmektedir. Bir diger durum ise hem Fende hem
de Matematikte tahmin etmenin ortak olarak var olmasidir. Fende genelde
belli gergekliklerin arkasindaki nedensel durumlari agiklamak amaciyla
teorilerin iiretildigi ve bu teorilerin aslinda gelecekte benzer olaylar1 tahmin
etme amaciyla kullanildigi gézlenmektedir. PV=nRT seklindeki ideal gaz
denkleminde oldugu gibi Fende iiretilen ve karsilikli iliskilere dayanan
Matematiksel esitlikler, esitlikte yer alan faktorlerin gelecekteki egilimlerini
tahmin etmek amaciyla kullanilir. Matematige bakildiginda ise ozellikle
istatistigin biiyiik oranda ge¢misi, mevcut durumu ya da gelecegi tahmin
etme iizerine kurgulandigi gozlenmektedir. Ornegin segim sirketleri 2000
kisilik kii¢lik 6rneklemler kullanarak 50 milyon segmenin hangi partilere oy
verecegi ile ilgili tahminlerde bulunmaktadir. Ayrica her iki alan iginde
problem ¢ézmenin ortak oldugu vurgulanmistir. Her iki alanda da soruyu
anlamaya calismak, soruyu test edilebilir bir forma doniistiirmek, soru igin
alternatif ¢éziimler olusturmak ve bu ¢ozlimleri test ederek ilerlemek gibi
siireclerin énemli oldugu ifade edilmistir. Ornegin Fende ‘az 151k alan
bolgelerde yetisen bitkilerin yapraklari daha ¢ok 1s1k alan bolgelerdekine
gore neden daha koyu renklidir?’ seklindeki bir soru kendi igerisinde
calisilmas1 gereken parametreleri (151k alma durumlari, yapraktaki renk
pigmentleri), bu parametrelerin nasil bir yontemle c¢alisilacagi (biri az 151k
alan diger cok 151k alan bitkilerin oldugu bir deney diizenegi) ve soru formu
(neden?) lizerinden nasil bir cevabin (kanita dayali nedensel bir agiklama)
talep edildigini gdstermektedir. Benzer sekilde Matematikte de ‘Istanbul’da
sehir aydinlatmasinda kullanilan enerji kaynaklarindan hangisi ekonomik
olarak daha avantajlidir?’ sorusu kendi igerisinde calisilacak parametreleri
(Istanbul, enerji kaynaklari, aydinlatma), bu parametrelerin nasil bir
yontemle calisilacagi (kiyaslamali bir Matematiksel modelleme) ve soru
formu (hangisi daha avantajli) {izerinden nasil bir cevabin (birinin
digerlerine gore istatistiksel olarak anlaml bir sekilde avantajli olmasi) talep
edildigini gostermektedir. Bir diger ortak nokta olarak teorilerin yarigmasi
One sirilmiistiir. Burada 6zellikle belli gergeklik ve orunttlerin hem Fen
hem de Matematikte belli teorilerle/teorik unsurlarla agiklanmaya calisildig
ve ayni durum ile ilgili olarak birkag farkli teorinin/teorik unsurun
bulunabildigi ve bu teorilerin/teorik unsurlarin belirtilen durumu agiklamak
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icin yaris halinde oldugu vurgulanmistir. Ornegin Fende 15181 hareketi ile
ilgili olarak Newton ve Einstein’in ortaya attig1 teoriler vardir. Newton’un
acgiklamalarinin gegerli oldugu bir¢ok durum séz konusu iken Einstein’in
aciklamalarinin Newton’un agiklayamadigi bazi durumlar da agiklayabildigi
gbzlenmistir. Benzer bir durum Euclid ve Labacowiski’nin paralellik lizerine
kurduklar1 aksiyomlari i¢in de gegerlidir. Modelleme ise son ortak noktadir.
Ornegin matematikgiler sadece doga olaylart (Fen) degil, birgok soyut
durumlar i¢in de modellemeler yaparak bilgiyi soyutlastirma ve organize
etmektedirler. Fen ve Matematik arasi farkhhklara bakildiginda ise iki
farkliligin  6zellikle vurgulandigi goézlenmistir. Bunlardan ilkinde Fende
hatalara ve mantiksal bosluklara dayali daha ucu agik bir ilerleme soz
konusu iken Matematikte biitiin sitire¢lerin dogrulanmasi ve mantiksal bosluk
ya da hata bulundurmayacak sekilde ilerlemenin oldugu ifade edilmistir.
Ikinci farklilikta ise Fende ana amacin doganin anlasilmasi ve agiklanmasi
oldugu Matematikte ise bdyle bir ilk amacin olmadig1 ancak Matematikte
iretilen bilgi ve ydntemlerin sonrasinda dogayr anlamak amaciyla
kullanilabilecegi ifade edilmistir. Fen ve Matematik alanlarmin
birbirlerinden yararlanmalar ile ilgili olarak ise karsilikli bir yararlanma
durumundan bahsedilmistir. Literatiir ile uyumlu olarak (Horsten, 2017)
genel olarak Fencilerin Matematigi, bulmus olduklar iliskileri formiil ya da
baska modellerle modellemede kullandiklarini, Matematik¢ilerin ise
Ozellikle teorik Fizik gibi Fen alanlarinda bulunan yeni kesifler ile yeni
Matematik alanlar: tirettikleri ifade edilmistir.
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Tablo 3. Alanlar arasinda ortakliklar,

yararlanma durumlari

Fen ve Matematik

1. Oriintii bulma

2. Bilgiyi organize etme
3. Tahmin etme

4. Problem ¢6zme

5. Teorilerin yarigmasi
6. Modelleme.

Ortakhiklar

Fende mantiksal bosluklar ile
ilerleme devam ederken
Matematikte mantiksal
bosluklara genelde izin
verilmez.
Farkliliklar Fende dogay1 anlamak igin
bilgi tretilirken Matematikte
doga ile ilgili bir temel hedef
s0z konusu olmayabilir ancak
retilen bilgi daha sonra dogay1
anlamak amaciyla
kullanilabilir.

Fen Matematigi bir dil olarak
kullanir. Ozellikle nedensel
iligkileri formiil ve grafiklerle
modellemede kullanir.
Matematik ise Fendeki bazi
iligkilerden yararlanarak
ilerleyebilir. Ozellikle teorik
Fizikte kesfedilenler yeni
Matematik alanlarinin
tiiremesini saglar.

Birbirlerinden
Yararlanma

Fen ve Mihendislik

1. Analitik diigiinme

2. Deney yapma

3. Problem ¢ozme

4. Grupla ¢alisma

5. Toplum sorunlari ile
ilgilenme

6. Modelleme

Fende belirsizlikler i¢inde
doga yasalari ile ilgili yeni
kesifler ve dogrular
Uretilirken Muhendislikte

belirsizlikler iginde hareket
edilmez ve var olan dogrular

onaylatilmaya ¢aligtlir.

Fende deney siireclerinde
hata yapmaya genelde izin
verilmezken Miihendislik

deneylerinde hatalar yogun

olarak yapilir, ancak bu

hatalar hesaba katilarak iriin

dizayn edilir.

Fende bilgi tUretme ana
motivasyon kaynagi iken
Mihendislikte bilgiyi bir
¢6zlm ya da Urline

doniistiirme ana motivasyon

kaynagidir.
Miihendisler gelistirdikleri

coziimlerde Fende kesfedilen

yasa Ve teorileri birer arag
olarak kullanir. Fen ise
Muhendislik Grtind
teknolojileri bilimsel

caligmalar ve yeni kesiflerde

kullanir.

Uygulamali Fen alani Fen ile

Miihendislik aras1 gegisleri
kolaylastirir.

farkliliklar ve birbirlerinden

Matematik ve
Muhendislik

1. Problem ¢6zme
2. Analitik diigiinme
3. Modelleme

Problem ¢ozerken
Matematikte ifadeler
detaylt olarak
kullanilirken
Miihendislikte amaca
gore bazi
sadelestirmeler yapilir.

Matematik gunliik
yasamin digina
cikabilen hesaplamalar
uretirken Mihendisler
bu hesaplamalari
giinlik yagama gore
pratik sonug ¢ikaracak
sekilde revize ederler.

Miihendislik deney
odakli ilerlerken
Matematik ispat odakli
ilerler.

Mihendisler dinamik
sistemleri anlama ve
modellemek igin
Matematik dilinden
(6rnegin denklemler)
yararlanir.
Matematikgiler ise bazi
Muhendislik
problemleri tizerinden
yeni bir Matematik
gelistirebilir.

Fen ve Miihendislik arasi iligkilere bakildiginda ise bilim insanlar
ortak yanlar olarak 1) Analitik diisinme, 2) Deney yapma, 3) Problem
¢ozme, 4) Grupla calisma ve 5) Toplumsal sorunlar ile ilgilenme ve 6)
Modelleme gibi faktorleri 6ne ¢ikarmuslardir. Bu ortak yanlardan analitik
diisiinme, deney yapma ve problem ¢6zme Amerika’da gelistirilen K-12 Fen
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Cercevesindeki (National Research Council, 2011) ‘patternler’, ‘neden-
sonug iliskileri: mekanizmalar ve agiklamalar’ ve ‘6lcek, oran ve nicelik’ ile
benzerlik gosterirken, modelleme yine ayni ¢ergevedeki (National Research
Council, 2011) ‘sistemler ve sistem modelleri’ ile benzerlik tasimaktadir.
Fen ve Miihendislik ile ilgili ortak yanlara tek tek bakildiginda Analitik
diisiinme ile ilgili olarak her iki alanda da belirli somut verilerin analizleri
ile soyut sonuglar cikarildigr ya da soyut bazi durumlarin deneylerle ve
iiriinlerle somutlastirilabildigi diisiiniilmiistiir. Ornegin esit uzunluktaki ii¢
yayin uglarina asilan farkli agirliktaki nesnelerin yarattigi uzama miktarlarini
gOsteren bir tablonun analiz edilerek yorumlanmasi ile esit biiyliklikte ancak
farkli malzemelerden iretilmis olan {i¢ farkli anahtarmm yipranma
katsayilarin1 goésteren bir tablonun analiz edilerek yorumlanmasi benzer
sekilde analitik diisiinmeyi gerektirmektedir. Deney yapma ile ilgili olarak
her iki alanda da belirli hipotezlerin kuruldugu ve bu hipotezlerin deneysel
diizenekler halinde test edildikleri ifade edilmistir. Ornegin bir kaptaki suyun
kaynama noktasini etkileyen faktorlerden birini degistirerek suyun kaynama
durumunun incelenmesi ile dizayn edilen bir Drone prototipinin ugmay1
etkileyen parametrelerden biri degistirilerek istenilen yiikseklikte ucup
ucmadigmin belirlenmesi her iki alanda da benzer sekilde deneylerin
kullanildigin1 gostermektedir. Problem ¢6zme ile ilgili olarak ise her iki
alanda da problemin ortaya atildigi, tammlandigi ve ¢oziime yonelik
asamalarin belirlendigi diisiniilmiistlir. Ayrica bu siiregte her iki alanda da
merakin 6nemli bir itici gii¢ oldugu ifade edilmistir. ‘Yalitimda siinger mi
yoksa poliester mi daha az 1s1 kaybina yol acar?’ sorusu Uygulamali Fen i¢in
soruyu kavrama, ¢oziime yonelik gozlem diizenekleri hazirlama ve bu
diizeneklerin test edilmesini cagristirmaktadir. “Silinger yaliiminda 1s1
kaybini iki kat azaltmak i¢in nasil bir ¢oziim gelistirirsiniz?’ sorusu ise
Muhendislik icin yine soruyu kavrama ve ¢oziime yoOnelik tasarimlar
olusturma ve bunlar1 test etme gibi basamaklar1 ¢agristirmaktadir. Grupla
calisma noktasinda ise hem Fende hem de Miihendislikte yapilan
calismalarin diger calismalar ile kiyaslandigi, farkli uzmanliklardan kisilerin
bir araya gelerek disiplin i¢i veya interdisipliner c¢alisabildikleri ifade
edilmistir. Ornegin Fenciler kongrelerde yan yana gelmekte ve bilimsel
calismalarint meslektaslar1 ile paylasarak doniitler almaktadirlar. Benzer
sekilde miihendisler de hem kongrelerde hem de fuarlarda yan yana
gelmekte ve iirlinleri ve ¢oziim Onerileri ile ilgili olarak meslektaglarindan
doniitler almaktadirlar. Toplumsal sorunlar ile ilgilenme noktasinda ise
ozellikle Uygulamali Fen ve Miihendisligin toplum igin calistiklart ve
insanlarin  yasamim1  kolaylastiracak  bilgi ve {rlinler {rettikleri
vurgulanmistir. Ornedin seker hastalarinda iki farkli diyetin etkilerinin
kiyaslanmasi1 Uygulamali Fencileri devreye sokarken, seker hastalarinda deri
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alt1 ¢iplerle kandaki seker dengesinin takip edilmesi Muhendisleri devreye
sokmaktadir. Her iki durumda da toplumsal bir sorun olan ve bir¢ok kisiyi
ilgilendiren seker hastalifi ele alinmustir. Modelleme noktasinda ise
Fenciler doga olaylar arasindaki iligkileri, Miihendisler ise dizayn ettikleri
cozlmler ve triinlerde etkili olan parametreler arasindaki iligkileri temsil
etmede denklemler ya da grafikler gibi Matematiksel modellerden
yararlanmaktadir. Ornegin basit bir elektrik devresinde 1s1gin parlaklik
miktari etkileyen faktorler (kablonun uzunlugu, cinsi, kalinhgi, vd)
tizerinden bir esitlik (model) kurulabilirken benzer sekilde bir riizgar
giilinde giiliin donme hizin1 etkileyen faktorler (riizgar hizi, giiliin agirhigi,
vd) lizerinden bir bagka esitlik (model) kurulabilir. Fen ve Miihendislik arasi
iliskilerde farkhhklara bakildiginda ise Fen alam ozellikle kesfetme
Uzerine kurgulanan ve belirsizlikler icinde ilerleyen bir alan olarak
vurgulanirken Miihendislikte benzeri belirsizliklerin olmadig1 ve yeni bir
durumun kesfi gibi bir amacin bulunmadigi ifade edilmistir. Diger bir
deyisle Miihendislerin model olarak olusturduklari belli dogrular1 deneylerle
test ederek dogrulatma cabasinda olduklart ancak Fencilerin bu tip
dogrulan kesfetme ve iiretme yoniinde ilerledikleri vurgulanmustir. Bir diger
farklilik olarak Fen deneylerinde hata yapma orani en aza indirilirken
Miihendislikte hem hesaplamalar hem de somut deneylerde siirekli hatalarin
yapildig1 ancak bu hatalar hesaba katilarak iirlinlerin dizayn edildigi ifade
edilmistir. Son olarak Fende bilgi iiretme tizerine kurulu bir motivasyon sgz
konusu iken Miihendislikte bilginin ¢6ziime veya iiriine doniigme potansiyeli
O6nemlidir. Fen ve Miihendislik arasi iliskilerde birbirlerinden yararlanma
noktasinda ise Miihendisler Fende {iretilen teoriler, yasalar ve esitlikleri
kendi calismalarinda arag olarak kullanirken, Fenciler Miihendislik {iriinii
teknolojileri ve ¢oziimleri kendi ¢aligmalarinda 6zellikle gbzlem ve verileri
isleme siireclerinde kullanmaktadirlar. Ayrica bazi Fenciler arastirma
sorularini ¢oziimleme siirecinde gerektiginde Miihendislik te yapmaktadir.
Ya da CERN o6rnegindeki gibi bazi arastirma sorulariin ¢oziimlenmesinde
Fenciler ile Miihendislerin beraber ¢alismasi s6z konusudur. Ancak Tiirkiye
gibi gelismekte olan {ilkelerde gerek {iniversite sinavlarindaki
kompartimanlagmadan gerekse interdisipliner ¢aligsma kiiltiiriiniin azligindan
dolay1 Fenciler ile Miihendisler sinirli oranda yan yana gelebilmektedir. Ote
yandan Uygulamali Fizik ya da Uygulamali Kimya gibi alanlarda hem
Normal Fen hem de Mihendislik bilgi ve becerilerinin kullanildigr ve bu
alanlarin PNB ile uyumlu olarak (Funcovitz ve Ravetz, 2003; Ravetz, 2012)
Normal Fen ile Miihendislik arasindaki bilgi ve teknoloji aktarimini
sagladiklari ifade edilmistir.
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Matematik ve Miuhendislik arasi iliskiler incelendiginde ortak
yanlar olarak 1) Problem ¢6zme, 2) Analitik diisinme ve 3) Modelleme 6n
plana ¢ikarilmistir. Problem ¢6zme noktasinda ise hem Matematigin hem de
Miihendisligin insan yasamui ile ilgili baz1 problemleri ¢6zme noktasinda
problemi tanimladiklari, ¢6zliim stratejileri gelistirdikleri ve bunlar1 test
ettikleri ifade edilmistir. Burada 6zellikle Piir Matematik yerine Uygulamali
Matematikgilerin Miihendislerle yakin bir problem ¢6zme yonteminden
istifade ettikleri diistiniilmistiir. Analitik diisiinme ile ilgili olarak ise soyut
ve teorik durumlarda Matematik ve Miihendisligin farkli davranabildigi
ancak somut veriler {izerinde yapilan degerlendirmeler ve ¢ikarimlarda
benzer sekilde analitik diisiiniildiigii ifade edilmigtir. Ornegin bir evdeki
elektrik faturalarinin yil boyunca aylik olarak dagilimlarimi gosteren bir
grafigin yorumlanmasi ile araba motorunun aylara bagli olarak tiikettigi
benzin miktarin1 gosteren bir grafigin yorumlanmasi1 benzer olup analitik
diigiinmeyi gerektirmektedir. Bir diger ortak yan olarak Modelleme
onerilmistir. Her iki alanda da problemin ¢6zimu icin 6ncelikle somut
durumlar iizerinden soyutlamalar yapildig1 ve bu soyut yapilarim modellere
cevrilerek problemin ¢éziimii icin bir taslak olusturuldugu ifade edilmistir.
Ornegin hava durumunun tahmin edilmesinde bircok aritmetik ve geometrik
datalar kullanilarak bir tahmin denklemi (modeli) olusturulurken bir robotun
bir sonraki hareketinin tahmin edilmesinde de benzer sekilde bir¢ok
aritmetik ve geometrik datanin yan yana geldigi modeller kullanilmaktadir.
Matematik ve Mihendislik arasi farkhihiklara bakildiginda ise oOzellikle
problem ¢6zme agamalarinda Miihendislerin amaglarini kolaylastirmak adina
virglil sonrasi sayilart belli bir ondalik basamaga kadar kullandiklar1 ancak
Matematikgilerin miimkiin oldugu kadar ¢ok basamaktan yararlandiklari ve
dolayisiyla bir problemin en dogru cevabini bulana kadar islem yapmaya
devam ettikleri ifade edilmistir. Ote yandan Matematikte (Srnegin bazi
hizlarin hesaplanmasinda) hesaplanan bazi degerlerin giinliik yasamin
simirlar1 disina ¢ikabildigi ancak bu degerleri Miihendislerin yasama
uydurmak amaciyla revize ettikleri ifade edilmistir. Bir diger durum ise
Matematikte ispat surecleri ile bilgi Uretilirken Muhendislikte deneyler ve
test etme ile bilgi iretildigidir. Matematik ve Miihendislik alanlarinin
birbirlerinden yararlanmalarina bakildiginda ise Miihendislerin ayni
Fende oldugu gibi Matematikten oOzellikle belli iliskileri modellemede
formiill veya denklemler olarak yani bir dil olarak yararlandiklari,
Matematikgilerin ise ornegin mekanik ve hiz ile ilgili baz1 Miihendislik
problemlerini kendi alanlarina ¢ekerek birer Matematik problemi haline
getirdikleri ve bunlarin {izerine Matematiksel ilerlemeler kaydettikleri
belirtilmistir. Ote yandan Miihendislik uygulamalarimin  Matematik

415



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

egitiminde etkili bir sekilde kullanilabilecegi ve Matematigin giinliik
yasamla olan baglantilarinin bu sekilde anlasilabilecegi ifade edilmistir.

4.4, Post-normal sorularin kanita dayal olarak cevaplanmasi

STEM alanlar1 bilim insanlarinin farkli sorulara vermis olduklar
cevaplar detayli olarak incelendiginde aslinda Fen, Matematik, Miihendislik
ve Teknolojinin ortak olarak problem c¢ézme iizerine kurgulandiklar
gozlenmistir. Ayrica bu durum ikililerin (Fen-Matematik, Fen-Muhendislik
ve Matematik-Mihendislik) ortak dzellikleri ile ilgili listede (Tablo 3) bitln
ikililerde gosterilen ortak bir 6zellik olmustur. Benzer sekilde Amerika’da
olusturulan K-12 Fen Cergevesi’nde ‘soru sorma’ ile baslayan problem
¢ozme silireci Fen ve Miihendislik uygulamalar i¢in ortak pratikler olarak
gosterilmistir (National Research Council, 2011). Ote yandan bilim
insanlarindan 6rnegin bir Fizik¢i Mithendislik ile Fen bilimlerinin diisiinme
sekli ve yontemler olarak benzer oldugunu ifade etmistir. Her ikisinde de
hipotetik Onerilerin oldugu ve bu onerilerin gegerlilik ve gilivenilirliginin
deneylerle test edildigini ifade etmistir. Benzer sekilde bir Biyolog Fen ve
Miihendislik arasinda kiyaslamalar yaparken aslinda énemli olanin biyolojik
problemi ¢ézmek oldugunu ve temel olanin biyolojik soru oldugunu ifade
etmistir. Benzer sekilde bir Elektrik-elektronik Muhendisi hem Fen hem de
Miihendislikte problemin ortaya kondugunu, tanmimlandigini, ¢6ziime
gidecek agsamalarin belirlendigini, hipotetik diisiiniildiigiinii, deneyler ya da
tasarimlar yapildigini ve bunun iizerinden dogrulamalar yapildigini ifade
etmigstir. Bir Matematik¢i ise Matematik problemleri, Teknoloji problemleri
ile Fizik problemlerini kiyaslarken dncelikle soruyu anlamak ve muhtemel
cevaplar1 diisiinmek ve test etmenin 6nemli oldugunu ifade etmistir. Her ne
kadar kullanilan yontemler farkli olsa da diisiinme seklinin ayni oldugunu
ifade etmistir. Bunu destekler nitelikte ayn1 Matematik¢i gecmiste alanlar
arasinda bulanikliklar s6z konusu iken bireylerin hem Astronom, hem
Filozof, hem Matematik¢i hem de Mihendis olabildiklerini Euler ve Newton
orneginde agiklamigtir. Benzer sekilde bir diger Fizik¢i ise Miihendis ve
Fenci ayriminin uygun olmadigini, her ikisinin de bilim insani oldugunu ve
insanin arastirmasi gereken her seyi arastirabileceklerini ifade etmistir. Bir
BOTE uzmam ile bir Fizik¢i ise ortak olarak Fen ve Miihendislik gibi
kompartimanlagsmalarin son donemde azaldigini ve her iki grupta da itici
giiclin merak ve sorular1 cevaplama oldugu vurgulanmustir.

Yukaridaki bilgiler bir araya getirildiginde aslinda Fen, Matematik
ve Miihendislik pratiklerinin insan, doga ve gerceklik Otesi sorularin
cevaplanmasinda kullamlan kamita dayali yontemler biitiinii oldugu
ortaya c¢ikmaktadir. Bu alanlarin ontoloji, epistemoloji ve sosyolojilerinin
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farklt oldugu dusiiniildiiginde (Bunge, 2014; Franssen, 2014) ve bu
farkliligin korunarak tiim alanlara nasil niifus edilecegi planlandiginda
sorunun igerigi ve sorulma seklinin belirleyici olacagi diistiniilmiistiir (Sekil
2). Ornegin “yenilenebilir enerji kaynaklarindan hangisi Ulkemiz igin
ekonomik olarak daha avantajlidir?” sorusu Matematiksel hesaplamalar1 ve
modellemeleri gerektiren bir sorudur. Bu sorunun cevaplanmasinda tablolar
ya da denklemler gibi Matematiksel modeller kullanilarak kanitlar
iiretilebilir. Ya da var olan (hazir) Matematiksel kanitlar kullamlabilir. “Yere
dogru birakilan bir tas neden diiser?” sorusu yogun olarak Normal Fen ve
sinirl1 oranda Matematik gerektiren bir sorudur. Bu soruyu ¢ézmek isteyen
birey ya var olan kanitlardan yararlanacak ya da goézlem ve deneyler
kurgulayarak ve elde ettigi iliskileri matematiksel olarak modelleyerek
(kanitlarim1 kendisi {ireterek) bir cevap verecektir. “Bugday ekimi yapilan bir
bolgedeki erozyonu dnlemede hangi bitkiler bugday yerine tercih edilebilir?”
sorusu yogun olarak Uygulamali Fen, belirli oranda Normal Fen ve
Matematik ile cevaplanabilecek bir sorudur. Sonugta Uygulamali Fen post-
normal agidan bakildiginda (Funcovitz ve Ravetz, 2003; Ravetz, 2012)
Normal Fen ve Matematigi igerisinde barindirmaktadir. Bu noktada yine
Uygulamali Fen arastirmalarindan gelen kanitlar hazir  olarak
kullanilabilecegi gibi, birey kendi gozlemlerini dizayn ederek (6rnegin
deneysel bir ortamda farkli bitkilerin erozyona olan katkilarin1 matematiksel
olarak kiyaslayarak) kendi kanitlarini iiretebilir ve bu sekilde bir cevap
olusturabilir. Ancak bu siirecte bitkilerin anatomisi, fizyolojisi ve
taksonomisi ile ilgili Normal Fen’e 6zgii bilgilerden de yararlanacaktir.
“Binalarda yagmur sularinin depolanmasi ve bu sularin tuvaletlerde
kullanilmasint nasil saglayabilirsiniz?” sorusu yogun olarak Miihendislik
gerektiren ve Miihendislikle beraber belirli oranda Uygulamali Fen, Normal
Fen ve Matematik gerektiren bir sorudur (Funcovitz ve Ravetz, 2003;
Ravetz, 2012). Burada 6zellikle Uygulamali Fen ve Normal Fen’e ait daha
Once var olan kanitlar irdelenebilir, bu kanitlar iizerinden bir Matematiksel
modelleme olusturulabilir, 6rnek bir tasarim yapilarak test edilebilir ve bu
tasarimin aksayan ydnleri yeni testlerle gelistirilebilir. Ote yandan birey var
olan Miihendislik tasarimlarini da dogrudan kanit olarak kullamilabilir.

Matematik, Normal Fen, Uygulamali Fen, Miihendislik siire¢lerinin
isleyisleri, iligskileri ve bu siireclerin Toplumla iliskilendirilmesi iizerine
post-normal sorularin olusturulabilecegi baglamlar olarak bilim insanlari;
etik, sosyal aglar, otomobil, kamera, cep telefonlari, televizyon, internet
teknolojisi, MR cihazi, kriptografi, evrim kurami, toplumsal ilerleme,
niikleer teknoloji, buharli makineler, sosyal degisim ve Domuz gribi vakasini
Onermiglerdir.
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Post-Normal Soru

Matematik Normal Fen Uygulamali Fen Mihendislik

Kanita Dayali Cevap

- Kanit Bulma
- Kanit Uretme

Sekil 2. Post-normal sorunun cevaplanmasi

4.5. Etik boyutlar

STEM alanlar1 bilim insanlarinin etik boyutlar ile ilgili
degerlendirmelerine  bakildiginda Fen, Matematik ve Miihendislik
alanlarinda bilim drettikleri i¢in 6ncelikle akademik ¢aligmalar ile ilgili etik
unsurlar1 6n plana c¢ikardiklar1 gozlenmistir. Atif yapmadan bilgileri
kullanma, akademik yiikselme ile ilgili baskilardan ya da popiilerlik adina
calismay1 maniiple etme ve yanlis bilgiler verme gibi etik agidan problemli
durumlardan kacinilmas: gerektigini ifade etmislerdir. Ote yandan
profesyonel anlamda dogrudan toplumu etkileyecek koti Fen ve koti
Miihendislik uygulamalar1 da etik agidan degerlendirilmistir. Fen ve
Miihendislik alanlarinda yapilan calismanin muhtemel sonuglarnin iyi
hesaplanmasi ve insana ve dogaya muhtemel zararlar s6z konusu ise o
calismanmn yapilmamast vurgulanmustir. Ozellikle Miihendislik alaninda
giiclii binalarin insa edilmesi, dinamit gibi teknolojilerin sadece iyi amaglar
i¢in kullanilmasi, kigisel bilgilerin online platformlarda paylasilmamasi ve
calisilan firmaya yonelik iiretilen iiriin ile ilgili simirlamalara dikkat edilmesi
gibi etik normlar ifade edilmistir. Matematik alaninda ise akademik
calismalar ile ilgili genel bilimsel etiklerin disinda halk ile dogrudan temasin
sinirlt olmasi nedeniyle iyi Matematik ve kotii Matematik ayrimini yapmanin
zor oldugu ancak bazi Matematikcilerin Ozellikle niikleer arastirmalara
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katkida bulunma konusunda endiselerinin oldugu belirtilmistir. Genel olarak
bakildiginda PNB (Funcovitz ve Ravetz, 2003; Ravetz, 2012) ile uyumlu
olarak Fen, Matematik ve Miihendislik alanlarinda hem akademik hem de
profesyonel yasam ile ilgili baz1 etik unsurlarin 6nemli oldugu ve Ornegin
niikleer santrallerin kurulmasi konusunda halkin karar vermesi noktasinda bu
etik unsurlarin halk ile net bir sekilde paylasilmasinin 6nemli oldugu
gozlenmistir.

5. SONUC VE PEDAGOJIK ONERILER

Her ne kadar STEM egitimi STEM is giicliniin azalmasi (Bybee,
2010) gibi bir ¢ikis ile temellendirilmeye calisilsa da gilinlimiizde niikleer
santrallerin kurulmasi, GDO’lu besinler ve yapay zeka gibi sosyobilimsel
konularimn anlasilmasi1 ve bu konularda saglikli kararlar verilmesi sadece
Normal Fen degil Matematik, Uygulamali1 Fen ve Miihendislik siire¢lerinin
de siirece dahil olmasini ve 6grencilerin bu alanlarda da gerekli bilgi, beceri
ve duyussal unsurlarla donatilmasini gerektirmistir (Kiling, Demiral ve
Kartal, 2017). Ote yandan STEM alanlarinin nasil yan yana getirilecegi ile
ilgili hem felsefi hem de pratik anlamda muallak durumlar s6z konusudur
(Williams, 2011; Zeidler, 2016). Dolayisiyla bu ¢alismada STEM i¢in PNB
kapsaminda pedagojik bir ¢ergeve olusturulmaya calisilmistir. Bu ¢ergevede
yer alan bes boyutun her birinin birer 6grenme alani olarak kabul
edilebilecegi diisiiniilmiis ve bu boyutlar Sekil 3’te gosterilmistir

Pedagojik anlamda bu 6grenme alanlarinin hangi 6gretim siiregleri
ile iliskilendirilecegi noktasinda gelecek ¢aligsmalara ihtiya¢ oldugu
asikardir. Ancak iki durumun bu stratejilere yon verebilecegi
diisiiniilmektedir. Birinci durumda belirtilen O6grenme alanlarina ait
kavramlar, beceriler ve duyugsal unsurlar ortaya cikarilip bunlarin farkl
ornekler ile agik bir sekilde dgretimi s6z konusu olabilir. ikinci durumda ise
ozellikle dordiincii 6grenme alani (Post-normal sorularin kanita dayali olarak
cevaplanmasi) baz alinarak tek bir baglamda farkli alanlarin nasil beraber
calistiklari, aralarindaki ortak yanlar ve farkliliklar, bu alanlarin toplumla
olan iligkileri ve etik boyutlar iizerine 6grenci merkezli ve sorgulamaya
dayali 6grenmeler yapilabilir.

Gelistirilen pedagojik cercevenin Ulkemizde ortaokul ve lise
programlarina dahil edilen STEM odakli {initelerin islenmesinde
Ogretmenlerimize ve Ogrencilerimize yardimci olacag disliniilmektedir.
Pratik anlamda bakildiginda bir Fen Bilimleri 6gretmeni ‘Erozyon ve
Onlenmesi’ gibi bir baglami tercih edebilir. Bu baglam ile ilgili ¢ok sayida
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post-normal soru iiretebilir: ‘Erozyonla kaybedilen toprak miktarinda hangi
faktorler etkilidir ve bu faktorler kullanilarak bir erozyon denklemi
kurulabilir mi? (Matematiksel Soru)’, ‘Bir derede suyun akis hizinda etkili
olan faktorler nelerdir? (Normal Fen Sorusu)’, ‘Bir dere kenarinda erozyon
neden olur? (Normal Fen Sorusu)’, ‘Erozyonun énlenmesinde aga¢landirma
m1 yoksa suyun debisinin degistirilmesi mi daha etkilidir? (Uygulamali Fen
Sorusu)’, ‘Erozyonun yogun olarak yasandigi bir dere yataginda nasil bir
¢ozlim, var olan su ve kara ekosisteme en az zarar1 vererek erozyonu
onleyebilir (Miithendislik Sorusu)?’ ‘Elektrik tiretiminde kullanilan HES’ler
erozyona neden olur mu? (Matematik, Normal Fen, Uygulamali Fen ve
Miihendislik gerektiren PNB Sorusu). Bu sorular farkli post-normal alanlar
tarafindan ¢6ziimlenecektir. Bazilar1 sadece Matematiksel modellerle,
bazilar1 gézlem ve deney diizenekleri (Normal Fen ve Uygulamali Fen) ile
bazilar1 ise Miihendislik gerektiren ¢oziimlerle ve bazilari biitiin alanlart
gerektirecek sekilde cevaplanacaktir (Sekil 2). Bu siireclere aktif olarak
katilan &grencilerin bu sirada alanlar ile ilgili tanimlamalar, karsilikli
iligkiler (Sekil 1 ve Tablo 3), alanlarin dogasi, alanlar arasi1 gecisler ve etik
boyutlar ile ilgili bilgileri kendilerinin iiretmesi saglanabilir.

Ogrenme Alam 1. Matematik, Fen, Miihendislik ve Teknolojiyi tanimlar1
Ogrenme Alam 2. Matematik, Fen, Miihendislik, Teknoloji ve Toplum arasi
iligkiler

2.1. Bilimsel sorudan teknolojiye alanlar arasindaki iligkiler

2.2. Bilimsel sorudan teknolojiye alanlarin toplumla iliskileri

2.3. Alanlarin birer 6zel topluluk halinde hareket etmesi

2.4. Halkin post-normal bilimi algilamasi, karar verme ve sosyal
degisim
Ogrenme Alam 3. Matematik, Fen ve Miihendislik arasindaki ortak yanlar,
farkliliklar ve birbirlerinden yararlanma durumlari

3.1. Alan ¢iftleri arasinda ortak yanlar

3.2. Alan ¢iftleri arasinda farkliliklar

3.3. Alanlarin birbirlerinden yararlanma durumlari
Ogrenme Alam 4. Post-normal sorularin kanita dayal olarak cevaplanmasi

4.1. Matematigin Dogas1 ve Matematiksel Sorgulama

4.2. Fenin Dogas1 ve Bilimsel Sorgulama

4.3. Miihendisligin Dogasi, Dizayn ve Teknoloji Odakli Sorgulama

4.4. Post-normal bilimin dogas1 ve Alanlar arasi gegisler
Ogrenme Alam 5. Etik boyutlar

5.1. Alanlarda akademik etik

5.2. Alanlarda profesyonel etik

Sekil 3. STEM icin Pedagojik Cerceve
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6. SINIRLILIKLAR VE GELECEK CALISMALAR

Normalde PNB c¢ergevesinde Normal Fen, Uygulamali Fen ve
Miihendisligin yaninda Profesyonel Danismanlik ve Post-normal Fen de yer
almaktadir. Ancak son iki unsur var olan STEM ile ilgili pedagojik
gercevelerde yer almadigi igin hem goriisme sorularinda hem de olusturulan
pedagojik c¢ergevede kullanilmamustir. Ancak 6zellikle lise seviyesinde
ornegin Domuz Gribi vakasinda verilerin sinirli oldugu durumlarda bilim
insanlarindan Profesyonel Danigmanlik hizmeti alindigi ya da kanser gibi
hastaliklarda uygun terapi yonteminin belirlenmesinde belirsizlik prensipleri
ile calisan Post-Normal Fen’den yararlamldigi vurgulanabilir. Boéyle bir
durumda Sekil 2’de gosterilen Post-Normal sorular1 cevaplayacak alanlar
genisleyecek ve yeni soru formlari olusturulabilecektir. Bu noktada ilgili
bilim insanlart ile biitiin PNB’yi kapsayan goriismeler yapilabilir ve kalan iki
alanin da siirece dahil edilmesi saglanabilir.

Bir diger siurlilik ise verilerin sadece Tiirkiye’deki bir iniversiteden
toplanmisg olmasidir. Bu durumda gelistirilen ¢ergeve bu iiniversitedeki
STEM anlayisin1 barindirmig olabilir. Bu kapsamda Tiirkiyede’ki ve
diinyadaki diger STEM alanlar1 bilim insanlar1 ile benzeri goériismelerin
yapilmasi olusturulan pedagojik ¢erceveyi giiglendirecektir.

Son olarak iiretilen pedagojik ¢ercevenin sadece 6grenme alanlarina
odaklandig1r gozlenmektedir. Bu noktada kazanmimlar, 6gretim stratejileri,
Olcme-degerlendirme siiregleri, Ogretmen ve Ogrenci rolleri ve Ogretim
vizyonu gibi bir &gretim programinin temel pargalarini olusturan diger
unsurlar (Tyler, 2013) da gelistirilebilir. Bu gelistirme sureglerinde
Ogretmenlerin ve egitim tzerine c¢alisan akademisyenlerin gorisleri
almabilir.

7. TESEKKUR

Bu calisma Uludag Universitesi Bilimsel Arastirma Projeleri
programi1 gercevesinde yiiritilen OUAP(E)-2015/17 nolu arastirma
kapsaminda gerceklestirilmistir. Uludag Universitesi’'ne bu destek icin
tesekkiir ederiz.

8. REFERANSLAR

Akgiindiiz, D., Aydeniz, M., Cakmak¢1, G., Cavas, B., Corlu, M. S., Oner, T. &
Ozdemir, S. (2015). STEM egitimi Tiirkiye raporu: Giiniin modasi mm
yoksa gereksinim mi? [A report on STEM Education in Turkey: A

421



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

provisional agenda or a necessity?][White Paper]. Istanbul Aydin
Universitesi: STEM Merkezi ve Egitim Fakiiltesi. Retrieved from
http://www.aydin.edu.tr/belgeler/|AU-STEM-Egitimi-Turkiye-Raporu-
2015.pdf

Biological Sciences Curriculum Study (2007). A decade of action: Sustaining
Global Competitiveness. Executive Summary. Colorada Springs,
CO:BSCS.

Boyd, R., Gasper, P. Ve Trout, J.D. (1999). The philosophy of science. London;
MIT press.

Bunge, M. (2014). Philosophical inputs and outputs of technology. In R. Scharff and
A. ValDusek (Eds). Philosophy of Technology (pp = 191-200). Oxford:
Blackwell.

Business Roundtable. (2005). Tapping America’s potential: The education for
innovation initiative. Washington, DC.

Bybee, R. W. (2010a). The teaching of science: 21st century perspectives. Arlington,
Virginia: NSTA Press

Bybee, R. W. (2010). What is STEM education? Science, 329, 996. doi:
10.1126/science.1194998

Bybee, R. W. (2013). The case for STEM education: Challenges and opportunities.
Arlington: NSTA Press. Carneval, A. P., Smith, N., & Melton, M. (2011).
STEM. Washington, DC: Center on Education and the Workforce

Charmaz K. (2014). Constructing grounded theory. 2nd ed. Thousand Oaks, CA:
Sage.

Clark, P. (2014). Mathematics. In M. Curd ve S. Psillos (Eds). The Routledge
Companion to Philosophy of Science. London: Taylor and Francis.

Duncan, A. (2009). Secretary Arne Duncan’s remarks to the President’s Council of
Advisors  on Science and  Technology. Retrieved  from
http:/mww2.ed.gov/news/speeches/2009/10/10232009.html.

European School Net (2017). STEM. http://www.eun.org/focus-areas/stem
adresinden 14.11.2017 tarihinde ulasilmistir.

Funtowicz, S. O., & Ravetz, J. R. (1993). Science for the post-normal age. Futures,
25(7), 739-755.

Franssen, M. (2014). Analytic Philosophy of Technology. In R. Scharff and A.
ValDusek (Eds). Philosophy of Technology(pp= 201-204). Oxford:
Blackwell.

Kiling, A., Watt, H. ve Richardson, P.(2012). Factors influencing teaching choice in
Turkey. Asia Pasific Journal of Teacher Education. 40(3), 199-226.

422


http://www.aydin.edu.tr/belgeler/IAU-STEM-Egitimi-Turkiye-Raporu-2015.pdf
http://www.aydin.edu.tr/belgeler/IAU-STEM-Egitimi-Turkiye-Raporu-2015.pdf
http://www2.ed.gov/news/speeches/2009/10/10232009.html
http://www.eun.org/focus-areas/stem%20adresinden%2014.11.2017
http://www.eun.org/focus-areas/stem%20adresinden%2014.11.2017

A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

Kiling, A., Demiral, U., & Kartal, T. (2017). Resistance to dialogic discourse in SSI
teaching: The effects of an argumentation-based workshop, teaching
practicum, and induction on a preservice science teacher. Journal of
Research in Science Teaching, 54(6), 764-789.

Kuhn, T.S., 1962. The Structure of Scientific Revolutions. University of Chicago
Press, Chicago

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Beverly Hills, CA: Sage.

Milli Egitim Bakanhg (MEB). (2017a). Fen Bilimleri Dersi Ogretim
Programi.Ankara http://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=143
adresinden 10.11.2017 tarihinde elde edilmistir.

Milli Egitim Bakanligi (MEB). (2017b). Fizik Dersi Ogretim Programi.Ankara
http://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=174 adresinden
10.11.2017 tarihinde elde edilmistir.

Milli Egitim Bakanhigi (MEB). (2017¢). Kimya Dersi Ogretim Programi.Ankara
XXX adresinden elde edilmistir.
http://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=178 adresinden
10.11.2017 tarihinde elde edilmistir.

Milli  Egitim  Bakanligt (MEB) (2016) STEM  Egitim  Raporu.
http://yegitek.meb.gov.tr/STEM_Egitimi_Raporu.pdf adresinden
10.11.2017 tarihinde elde edilmistir.

Mitcham, C. ve Schatzberg, E. (2009). Defining technology and Engineering
Sciences. In D. Gabbay, P. Thagard and J. Woods (Eds). Philosophy of
Technology and Engineering Sciences(pp 27-63). Amsterdam: Elsevier.

National Research Council (NRC). (2012). A framework for K-12 science
education: Practices, crosscutting concepts, and core ideas. Committee on a
Conceptual Framework for New K-12 Science Education Standards. Board
on Science Education, Division of Behavioral and Social Sciences and
Education. Washington, DC: The National Academies Press.

National Science Foundation. (2010). Preparing the next generation of STEM
innovators:; identifying and developing our nation’s human capital.
Retrieved from http://www.nsf.gov/nsb/publications/2010/nsb1033.pdf.

Patton, M. (1990). Qualitative evaluation and research methods (pp. 169-186).
Beverly Hills, CA: Sage.

Ravetz, J. (2012). The significance of the Hamburg workshop: Post-normal science
and the maturing of science. Nature and Culture, 7(2), 133-150.

Rokeach, M. (1968). Beliefs, attitudes, and values: A theory of organization and
change. San Francisco: Jossey-Bass

423


http://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=143
http://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=174
http://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=178
http://yegitek.meb.gov.tr/STEM_Egitimi_Raporu.pdf%20adresinden%2010.11.2017
http://yegitek.meb.gov.tr/STEM_Egitimi_Raporu.pdf%20adresinden%2010.11.2017
http://www.nsf.gov/nsb/publications/2010/nsb1033.pdf

A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

Schadewalt, W. (2014). The Greek concepts of ‘nature’ and ‘technique’. In R.
Scharff and A. ValDusek (Eds). Philosophy of Technology (pp = 25-32).
Oxford: Blackwell.

Snow, C.P. (1964). The two cultures. Cambridge: Cambridge University Press

Tiirkiye Sanayiciler ve Is Adamlar1 Dernegi (TUSIAD) (2017). 2023’e dogru
Tirkiye’de STEM  gereksinimi. Adresinden 14.11.2017 tarihinde
ulasilmugtir.

Tyler, R. W. (2013). Basic principles of curriculum and instruction. University of
Chicago Press.

Williams, J. (2011). STEM education: Proceed with caution. Design and
Technology Education: An International Journal, 1(16), 26-35. Yazar,
2017.

Yin, R. K. (2013). Case study research: Design and methods (Applied Social
Research Methods) (5th Ed.). United States of America: Sage Publications,
Inc.

Zeidler, D. (2016). STEM education: A deficit framework for the twenty first
century? A sociocultural socioscientific response. Cultural Studies of
Science Education, 11(1), 11-26.

424



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

STEM academicians’ beliefs about the relationships
between Science, Mathematics, Engineering and
Technology: A pedagogical framework for STEM

ABSTRACT

STEM (Science, Technology, Engineering and Mathematics) is an
abbreviation that is on the agenda of educational platforms both in Turkey and
around the world in recent times. When it comes to STEM education, it is an
educational reform that has been put on the table of American educators particularly
by industrial leaders due to the lack of workforce in the STEM areas. In parallel with
these developments, this education has been incorporated into Turkish Science
Education programs. Both the dissimilarity of the starting points and uncertainties as
to how this education would be applied in school environments in terms of content,
learning outcomes and purposes are crucial problems for Turkish context. At this
point, the purpose of the present study was to uncover the STEM academicians’
beliefs about the relationships between Science, Mathematics, Engineering and
Technology and to develop a pedagogical framework using a Post-Normal Science
(PNS) approach. We conducted semi-structured interviews with 17 STEM
academicians who were the experts in one of the STEM areas in one of the top
universities in Turkey. The questions about definitions of Science, Math,
Engineering and Technology, the relationships among these areas and society and
the importance of ethics in these areas were asked. After the content analysis of the
transcripts, we concluded that a pedagogical framework for STEM could be
developed and it could include five dimensions: 1) The definitions of Science, Math,
Engineering and Technology, 2) The relationships among Science, Math,
Engineering, Technology and Society, 3) Common aspects, differences and
benefiting from each other, 4) Responding post-normal questions based on the
evidence, 5) Ethical aspects.

Key Words: STEM, STEM Education, Post-normal Science, Scientists.

1. INTRODUCTION

STEM (Science, Technology, Engineering, and Mathematics) has
become one of the words that Science and Math educators and even Art and
Social Studies educators (STE-A-M) have most frequently heard in the last
couple of years. Even if STEM is the abbreviation of the words Science,
Technology, Engineering and Math, when it becomes ‘STEM education’, it
raises the questions such as ‘Is it an educational theory? (for educational
scientists) or 'ls it a learning/teaching strategy?’ (for the teachers) At this
point, it is important to put (or don’t put) STEM and STEM education into
correct place within existing theories and strategies.
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STEM has become popular in the USA in the beginning of 2000s.
STEM areas are considered to be main drivers of becoming a super power.
However, the decreases in the number of applicants to STEM majors were
considered an important problem for the USA’s future (Bybee, 2010;
National Science Foundation, 2010; National Research Council, 2012).
Particularly the fact that American students much commonly chose social
sciences than STEM areas for the university education and that the Indian
and Chinese qualified workforce preferred working in their own countries
due to healing conditions were considered the main reasons for the lack of
work force in the USA (Business RoundTable, 2005). These trends resulted
in the intervention of industrial leaders having enormous economical power
into the educational processes in the USA. These leaders have pioneered the
preparation of a range of reports (Tapping America’s potential: The
education for innovation initiative [Business RoundTable, 2005]; A decade
of action: Sustaining Global Competitiveness [BSCS, 2007]) and they
strongly emphasized the upcoming lack of STEM workforce.

The American government that was influenced by these
developments produced a strategy highlighting the importance of enhancing
school students’ interest in STEM areas (Duncan, 2009). This strategy was
reflected to Next Generation Standards document that had the potential to
influence the Science and Math education in the American schools (National
Research Council, 2012). In addition to the increase in the number of
applications to STEM areas, many educational components such as STEM
literacy and enhancement of America’s position in the PISA and the TIMSS
examinations were incorporated into this document as the justifications. The
K-12 Science Framework (National Research Council, 2011) was also
developed using these standards and suggested to use in the classrooms in all
of the states. In this framework, it was emphasized that Science, Engineering
and Technology were important components of the modern life and that
some knowledge about Science and Engineering could influence public’s
decisions such as choosing among medical interventions or among heating
systems. This framework had covered three dimensions: *Scientific and
Engineering practices’, ‘Cross-cutting concepts’ and ‘Disciplinary core
ideas’. In science and engineering practices, it was emphasized that students’
engagement with science and engineering practices was crucial in
understanding what scientists and engineers were doing and the relationships
between science and engineering. As scientific and engineering practices, a
list covering components such as 1) Probing question (for science) and
describing problems (for engineers), 2) Developing and using models, 3)
Planning and carrying out investigations, 4) Analyzing and interpreting data,
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5) Using mathematical and computational thinking, 6) Constructing
explanations (for science) and designing solutions (for engineers), 7)
Engaging in argument produced from evidence, 8) Obtaining, evaluating and
communicating information were suggested. Looking at this list, we can
argue that the scholars planned some common practices for both science and
engineering. As ‘Cross-cutting concepts’, 1) Patterns, 2) Cause and effect:
Mechanism and explanations, 3) Scale, proportion and quantity, 4) Systems
and system models, 5) Energy and matter, flows, cycles and conservation 6)
Stability and change were listed. In addition, ‘Core disciplinary ideas’ were
constructed within four disciplines such as 1) Physical sciences, 2) Life
sciences, 3) Earth and space sciences, and 4) Engineering, Technology and
Applications of Science. For the last discipline, engineering design and the
relationships between engineering, technology, science and society were also
emphasized.

These developments within the space of industry-school-politics in
the USA have also found a place in the European countries’ educational
programs. In parallel with the USA, the European countries also experience
same problems in the STEM workforce and have acted by taking similar
precautions. At this point, engineering- and technology-oriented components
were incorporated into science education programs in some European
countries despite the proportion was not as much as that in the USA
(European School Net, 2017).

Looking at Turkish context, even if the reason for the problem is
different, it was emphasized that Turkey would experience the decreases in
the STEM workforce in near future. The Turkish Industry and Business
Association (TUSIAD, 2017), for example, estimated that the employment
number would be about 34 million for all employment areas in 2023 and 3.5
million out of this number would be in the STEM areas. In addition, this
organization considered that the employment demand in the STEM areas
would be about 1 million in the term between 2016 and 2023 and Turkey
would not meet 31 % of this demand. There are some strategy reports
regarding STEM and STEM education prepared by different organizations
(TUSIAD[2017], a private university [Akgunduz et al., 2015] and Ministry
of National Education [MNE, 2016]) in Turkey. By strongly inspiring from
the USA context, it was emphasized that Turkey would experience similar
problems, that it was necessary to develop urgent action plans in order to
enhance the competitiveness of the Turkish industry and that MNE needed to
act shortly. The MNE taking these suggestions into account incorporated
scientific practices and engineering-technology oriented dimensions into
middle school science and high school physics, chemistry and biology
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programs that were updated at the beginning of 2017. In the middle school
science teaching program (MNE, 2017a), for example, a unit ‘Applied
Science: Scientific and Engineering Practices’ were incorporated into each
year’s programs (Grades 5, 6, 7 and 8). In this updated program, as in the
USA context, in addition to the problems in the STEM workforce, the
Turkish students’ achievement scores in the PISA and the TIMMS
examinations and the importance of STEM-oriented skills were used as the
justifications. In addition, making students to use an interdisciplinary
perspective by integrating science, math, engineering and technology, asking
teachers to guide students in this integration and to enable them to use
higher-order thinking skills and produce products were the pedagogical goals
of this reform. Similar to middle school level, ‘The technological
applications of modern physics’ were incorporated into Physics teaching
programs (MNE, 2017b) and ‘Energy resources and Scientific
developments’ were added into Chemistry teaching programs at high school
level (MNE, 2017c).

1.1. Critical Approach

Looking at the critics about STEM and STEM education, three
points were particularly offered by the scholars:

1.1.1. The development of STEM and STEM education without
educational inputs:

STEM was particularly put forwarded by industrial leaders and then left to
the tables of educators (Williams, 2011). The decreases in the STEM
workforce resulted in the intervention of managers and experts from the
platforms of economics and business to the school education by a simple
policy such as ‘somehow bridge the gap!” The fact that they did not take
educators’ opinions into account and that producing workforce, economic
competitiveness and marketing were particularly emphasized without
considering moral dimensions were declared in different platforms (Zeidler,
2016). This situation caused both American and Turkish teachers to face
uncertainties on what, how and why to teach STEM-oriented units.

1.1.2. Can STEM areas be come together?:

Bybee (2013), in his STEM education perspectives, suggested that
STEM could be used instead of science or math or it could cover both
science and math or it could be understood as science covering technology,
engineering and math or it could be a course offering pieces from each area
or it could put science and math together by means of technology and
engineering or it could be considered as an integrated system covering

428



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

coordination among the areas in terms of concepts, processes and resources.
However, the scholars argued that there were uncertainties on how these
areas come together and how this combination could become a pedagogical
structure (Williams, 2011; Zeidler, 2016).

Science, for example, assume that there are certain entities in the
nature and they are together thanks to certain laws and mechanisms. The
purpose of science is to uncover these mechanisms and patterns in order to
produce knowledge by a wonder-oriented intuition. On the other hand, in
math, there are structures such as numbers and lines that are not dependent
on time, space and sensual observations as well as that present a different
meta-reality. These structures construct a language representing natural and
unnatural processes and the entities (Clark, 2014; Horsten, 2017). Looking at
engineering, there is a shift from the beings that *already exist’ in science
and the beings that ‘do not already exist’ in math to the beings that ‘should
be existed’ (Bunge, 2014; Franssen, 2014). The engineering targets social
benefit and uses scientific and mathematical knowledge to produce
solutions, structures and products (Mitcham & Schatzberg, 2009).

From this lens, we can argue that there are differences regarding
ontologies among science, math and engineering and these differences
inform the epistemologies of these areas. In scientific knowledge, for
example, the knowledge is based on observation-oriented empirical evidence
(a posteriori) and has the potential to be revised by future studies. On the
other hand, math progress by logical chains and does not require physical
evidence (a priori). In addition, mathematical knowledge has limited
potential to be revised by future studies (Clark, 2014; Horsten, 2017). On the
other hand, engineering produces procedural knowledge focusing on the
needs and its knowledge experiences revisions according to how much it
meets the needs. At this point, the difference between the terms ‘Techne’
and “‘Episteme’ in ancient Greek is important. Techne, as the root of the term
‘technology’, is a knowledge type focusing on the production and realization
and that located between experience (know-how or Emperia) and theoretical
knowledge (Episteme). Techne has the potential to be revised and altered,
whereas Episteme, as in mathematics, is used as the knowledge that is pure
and unchanged (Schadewaldt, 2014).

One another situation about the possibility of putting the areas
together is related to sociology of science (Kuhn, 1962). Mathematicians,
scientists and engineers have been exposed to different enculturation and
trainings at least at the university and graduate levels. The demarcation
between the areas have easily been emerged because there are differences
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among the areas in terms of communication channels and the symbols
(Kuhn, 1962; Snow, 1964).

There are also different approaches regarding the relationships
among the areas. For example, certain scholars considered technology as
‘applied science’; however, this approach was rebutted in following stages.
One another group of researchers believed that technology was ‘finalized
science’ and that science progressed via external social goals and benefits
whether deliberately or undeliberately. One another situation is making
associations between science and technology in terms of experimentation
and observation. In this association, it was considered that scientists, as
engineers did, designed the produced knowledge independent from the
nature via observations and experiments (Mitcham & Schatzberg, 2009).
Some researchers, on the other hand, came together under the idea that
science was the technology (Techno-science). In this approach, it was
believed that both scientists and engineers realized practical processes such
as intervention, argumentation and construction and that the materialism was
crucial for both of the areas. They also considered that science became ‘big
science’ and required an industrial organization (Mitcham & Schatzberg,
2009). About mathematics, it was believed that math translated the
relationships within science and engineering into the models by certain
symbols and that these models were then used in the predictions and
explanations of the relationships. However, in the pure math areas in which
there was no any application, it was known that there was a different type of
math that did not produce applications and progressed within a different
ontological space (Horsten, 2017).

Taken together, about possibility of putting STEM areas together, it
can be argued that areas covered clear differences in terms of ontologies,
epistemologies and sociologies but they influenced and leaked into each
other in the practical processes.

1.1.3. The justifications for STEM education are not the same for Turkey
and USA:

Even if it was emphasized that the STEM workforce faded in the
USA and this stemmed from the decrease in the interest in these areas, using
such a justification for Turkish context is problematic. We know that many
departments of physics, chemistry, biology and math in many Turkish
universities in the last years were closed due to the lack of students
(Hdrriyet, 2015). However, we cannot explain this problem by the fact that
students found these departments tough to study or due to the enhancement
in their interest in social majors. The medicine, some engineering
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departments and the science departments in some top universities, for
example, still attract many students. At this point, we are aware that the
slogans such as ‘guaranteed job’ and ‘reliable profession’ (health insurance,
reliable income, etc.) are crucial in the selection of majors in the Turkish
context (Kiling, Watt & Richardson, 2012).

We can argue that one of the fundamental reasons for the problem in
Turkish context may be the fact that the departments of science and math
have educated many students that do not meet the expectations of
entrepreneurs and industrial organizations and that they have not targeted the
certificates that are easily usable in the market. This situation has resulted in
many unemployed graduates and follow up closed departments. While there
is such an important difference, we argue that transferring STEM education
to Turkey as if there are similar starting points would result in new problems
in the near future. At the end, while there are some other solutions such as
building workforce and industrial capacity in the respected areas and
revising university programs according to the demands of industry, using the
starting point such as enhancement of student interest in STEM areas would
be a myopic approach in the Turkish context. In other words, not to be able
to find jobs in the industry despite enhanced interest in the STEM areas
would result in much more number of empty seats in the university
classrooms and loose of money despite long-term educational investments.

1.2. Can the PNS be a starting point?

We believe that knowing how mathematics, normal science, applied
science and engineering come into play in the continuum from science
through the technology can present an efficient and extended pedagogical
structure about the modern life that is equipped with the products of science
and technology even if STEM is transferred from different contexts without
thinking of the context-oriented variables, without considering it in terms of
philosophical and sociological coherence and without taking educational
inputs into account. In addition, knowing propositional, procedural and
moral components of knowledge not only about science but also about
engineering and technology when people decide on socioscientific issues
such as nuclear plants, artificial intelligence, global warming and GM foods
is a crucial part of current scientific literacy (Kiling, Demiral, & Kartal 2017;
Zeidler, 2016). This situation means that STEM is somehow necessary but it
needs a different starting point. We believe that the increasing attention of
entrepreneurs, governments and educators on STEM can effectively be used
by building a philosophical and sociological background that is based on the
Post Normal Science (PNS) (Funtowicz & Ravetz, 2003; Ravetz, 2012).
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The PNS is a more overarching framework presenting the areas both
independently and nested in compare to the approaches such as technology
as applied science, technology as finalized science and technology as science
(Mitcham ve Schatzberg, 2009). The PNS is different from normal science
that was emphasized by Thomas Kuhn (1967). Normal science has the
nature of progressing by puzzle-solving with the powerful wonder, whereas
the science of the last three decades has shifted its direction through a post-
normal point emphasizing working on complex humanistic problems (such
as global warming and cancer) under the uncertainties and taking the needs
of humans into account. In addition, the uncertainties are not permitted and
values are not used in decision-making processes of normal science, whereas
uncertainties are managed and values are explicitly shared in the PNS. In
addition, the nature is not independent from the human; it is considered by
its relationships with the humans in the PNS. As one another point, in the
PNS, the produced knowledge is not only evaluated by the scientists but also
by other stakeholders such as public, media, politicians and so on. Ethical
dimensions are also an important part of these evaluations (Funtowicz &
Ravetz, 2003; Ravetz, 2012).

In the PNS (Funtowicz & Ravetz, 2003; Ravetz, 2012), there are
four nested structures: 1) Normal science that has progressed by the wonder
and puzzle-solving, 2) Applied science covering normal science and
producing knowledge according to customer’s demands, 3) Professional
consultancy covering both normal and applied science and presenting
suggestions based on the data analysis under uncertain conditions, and 4)
Post-normal science covering previous three areas and that is based on
predictions and uncertainties. The engineering here is between applied
science and professional consultancy because it uses the features of both of
these areas.

1.3. Research Purpose

The purpose of present study was to uncover the beliefs of the
leading academicians working in STEM fields in Turkey about relationships
between science, mathematics, engineering and technology and to create a
pedagogical framework for STEM using the PNS approach and these beliefs.

2. METHOD

Present study was a multiple case study. The analyze unit of the
research was the belief systems of the STEM academicians (17
academicians) about the descriptions, relationships and ethical dimensions
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regarding STEM. Rokeach (1968) defined beliefs as the propositions derived
from what someone has said consciously or unconsciously. Likewise, beliefs
used in the same way (as the responses given) by the academicians in the
interviews were selected and especially the differences related to the
branches (or between the cases) were examined.

2.1. The selection of the academicians

In the selection of the academicians, it was first decided that the
university from where the academicians would be selected should include
the departments of fundamental sciences and engineering that were ranked in
top positions according to the international ranking agencies (e.g., World
Universities Rankings). At this point, one of the top universities in Turkey
was considered to be appropriate.

Purposeful sampling procedures (Patton, 1990) were used so that
selected academicians in the STEM fields can adequately represent each
field. For this purpose, the online accessible CVs of the academicians in
physics, chemistry, biology, mathematics and engineering departments of the
selected university were examined and their study areas were taken into
consideration. We were careful in selecting the academicians who did not
work on similar research topics in the same field, and in particular in
selecting individuals from both theoretical and applied fields. At this point, a
total of 22 academicians, three from each of the fields of physics, chemistry,
biology and mathematics and 10 from the engineering field were contacted
via e-mail. The aims of the study, the fact that participation was based on
voluntary principles and that we were willing to come to their office for a
short time interview were stated in the e-mail. As a result, 15 academicians
displayed in Table 1 accepted our invitation. Other academicians either
expressed that they would not be able to participate in the study due to their
workload or did not respond the e-mail. Also, in an attempt to diversify the
study data, we contacted one academician from instructional technologies
and one another from philosophy departments via the e-mail and a sample of
17 people were formed with their inclusion.
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Table 1. Some features of the academicians in the sample

Academicians

No Title Department Major Master Ph D
AC1 Professor Civil Eng. Civil Eng. Coastal Eng. Coastal Eng.
. - Mechanical .
AC 2 Assoc. Prof. Mechanical Eng. Mechanical Eng. Eng Mechanical Eng.
AC 3 Assoc. Prof. Mechanical Eng. Mechanical Eng. MethnagmcaI Heat Transfer
AC4 Assoc. Prof. Mechanical Eng. Mechanical Eng. Me?:gnlcal Mechanical Eng.
Electrical- Electrical- Electrical- Electrical-
ACS Asst. Prof Electronic Eng.  Electronic Eng. Electronic Eng.  Electronic Eng.
Computer
Eng./ .
AC6 Professor Computer Eng. Computer Eng. Information Computing
Science
. . . Molecular and
AC7 Assoc. Prof. Biology Biology Biology Cellular Biology
AC 8 Asst. Prof. Biology Biology Biology Biology
. . Theoretical Physical
AC9 Assoc. Prof. Chemistry Chemistry Chemistry Chemistry
AC 10 Professor Chemistry Chemistry Chemistry BioChemistry
. Physics/Mathema  Condensed High Energy
AC11 Professor Physics tics Matter Physics Physics
AC 12 Assoc. Prof. Physics Physics Physics Physics
AC 13 Professor Mathematics Mathematics Mathematics Mathematics
AC 14 Professor Mathematics Electr_lcal— Mathematics Mathematics
Electronic Eng.
. Electrical- . .
AC 15 Professor Mathematics Electronic Eng. Mathematics Mathematics
Cognitive Science
Instructional . /
AC 16 Professor Technologies Mathematics Computer Eng. Instructional Tec
hnology
AC 17 Professor Philosophy of Philosophy  Geological Eng. Geology

Science

2.2. Semi-structured Interviews

Five groups of interview questions were produced in order to
uncover the beliefs of the academicians. In the first group, background
information and study fields of academicians were asked. In the second
group, academicians were asked to define science, mathematics, engineering
and technology. In the third group, academicians were asked to draw a
model in which they can explain the relationships between science,
mathematics, engineering, technology and society. They were also asked to
further explain these relationships in a real example. In the fourth group, the
STEM fields were matched as the binary pairs (such as science and
engineering) and the common thinking tools, how one field benefit from one
another and the differences between the fields in terms of production of
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scientific knowledge were asked. In the last group, the role of ethics in the
STEM fields was questioned.

In the production of these questions, the PNS approach (Funtowicz
and Ravetz, 2003; Ravetz, 2012), the philosophical (ontological and
epistemological) and sociological nature of the STEM fields (e.g., Boyd,
Gasper & Trout, 1999; Clark, 2014; Mitcham & Schatzberg, 2009),
educational reforms related to STEM (European School Net, 2017, MNE,
2017; National Research Council, 2012), and criticisms about these reforms
(Williams, 2011; Zeidler, 2016) were taken in consideration. In addition, the
opinions of two science educators, one mathematics educator and one
another researcher particularly studying STEM education were consulted.
One of the science educators expressed that the inclusion of ethically
oriented questions would strengthen the study. Researchers working on
STEM education suggested creating pairs using the fields of STEM and
asking their common and different features. In addition, researchers have
made some language-based corrections and suggestions to ease the
understanding of the questions. In addition, the approval of the Ethics
Committee of a university was obtained for the interview questions.

The final version of the semi-structured interview questions is given
in Table 2. First two groups of question about the personal information,
descriptions and the relationships were asked to all of the academicians.
However, for example, the place of the ethics was asked only to the
engineering academicians. By this way, the department-specific beliefs were
uncovered within the other groups of questions.

435



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

Table 2. Semi-structured interview questions

Science

Math.

Engin.

Phil.

1. Could you please introduce yourself briefly? Your education,
work experience and study areas.

+

2 Could you please describe .................... in your own terms?
(a. Science, b. Technology, c. Mathematics, d. Engineering)

3a. Could you please draw a model on a paper where you show
the relationships among science, math, technology and
engineering and please explain them?

3b. If you incorporate ‘society’ into your model, how could you
explain its position and its relationships with the other
components?

4. Could you please give an example in which you can
contextualize these relationships?

5a. Could you please explain cross-cutting concepts and study
areas between following pairs: a. Science and Math, b. Science
and Engineering (Prompts: history, problems and solutions,
methods and procedures, thinking tools, etc.)

5h. Could you please explain cross-cutting concepts and study
areas between following pairs: a. Science and Math, b. Math and
Engineering (Prompts: history, problems and solutions, methods
and procedures , thinking tools, etc.)

5¢. Could you please explain cross-cutting concepts and study
areas between following pairs: a. Science and Engineering, b.
Math and Engineering (Prompts: history, problems and solutions,
methods and procedures , thinking tools, etc.)

5d. Could you please explain cross-cutting concepts and study
areas between following pairs: a. Science and Engineering, b.
Math and Engineering, c. Science and Math (Prompts: history,
problems and solutions, methods and procedures , thinking tools,
etc.)

6a. How do you think that scientists use math in their works?

6b. How do you think that scientists use engineering in their
works?

6¢. How do you think that engineers use science in their works?

6d. How do you think that engineers use math in their works?

7a. Is there any difference between how engineers use science
and how scientists use science in their works?

7b. Is there any difference between how mathematicians use
math and how engineers use math in their works?

7c. Is there any difference between how mathematicians use math
and how scientists use math?

8a. Could you please explain the place of ethics in science?

8b. Could you please explain the place of ethics in math?

8c. Could you please explain the place of ethics in engineering?

8d. Could you please explain the place of ethics in science, math
and engineering respectively.

+: The question was asked.

436




A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

After the e-mail correspondence, the academicians who responded
positively were contacted by the telephone in order to conduct semi-
structured interviews. The general objectives of the study were summarized
again and we agreed to meet at a suitable day and time on the telephone.
Semi-structured interviews were carried out by the second and third authors
by using audio recording tools in the academicians’ offices.

2.3. Data Analysis

Content analysis procedures were utilized and three steps were
considered in the data analysis (Patton, 1990). During the preparation phase,
the interview transcripts were read twice by two authors, and notes regarding
possible beliefs to be selected were taken. In the belief selection phase, open
codes (Charmaz, 2014) were used and the fundamental beliefs expressed in
the statements used by each academician were selected. Excessive examples
and the expressions that were not essential in the discourse were then
excluded from these beliefs. In the thematic grouping phase, axial coding
was done (Corbin & Strauss, 2014). At this stage, comparisons were made
between the selected beliefs of the academicians within the branch and
among different branches and the common or different beliefs were written
in a thematic way. In addition, example quotations representing each group
of thematic beliefs were chosen.

2.4. Validity and Reliability

The validity and reliability procedures of the naturalistic inquiry
(Lincoln & Guba, 1985) were used. Even though a long-term study was not
conducted with academicians, attention was paid to factors such as peer
agreement, prejudice management, examination of negative data, and
detailed information. For the peer agreement, the two authors analyzed the
data by first independently working and by then making iterative
comparisons together. The new data was not processed until a complete
consensus was established in each chosen belief. In addition, it was noted
that the two authors did not influence the analysis process using their
prejudices regarding STEM and STEM education. When such a situation
was noticed by any author, the author expressing the prejudice was warned.
Whether or not the data were found to be opposite to the selected beliefs was
investigated by examining the negative data. Especially for the availability
of the expressions and the beliefs in the opposite direction to the selected
beliefs, the whole database was returned and a detailed reading was done for
each academician for the last time. In addition, the participants were
informed in detail in terms of research purposes, data collection processes
and analyzes.
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3. FINDINGS

We used five group of questions in the semi-structured interviews.
Because first group was related to the personal information about the
academicians and we shared them in the methods section, we presented the
beliefs selected in the responses of academicians in the other questions in
this section.

3.1. The descriptions of science, math, engineering and technology

Looking at academicians’ descriptions, we noticed that there were
two group of descriptions. 12 academicians described the areas without
building connections between them, whereas remaining five (one physicist,
one chemist, one mathematician, one civil engineer and one mechanical
engineer) used the relationships among the areas in their descriptions.

3.1.1. The descriptions that do not cover the relationships among the areas

Looking at the first group academicians’ descriptions, science was
described as understanding and explaining the nature, human and social life.
One physicist, for example, described science as the tool for understanding
natural cases, whereas one mathematician described it as understanding
humans’ thoughts and natural cases. Similarly, one mechanical engineer
stressed that science was trying to explain the natural cases. In a detailed
description, one biologist focused particularly puzzle-solving nature of
science. She said ... to me, science is trying to understand something ...
using correct methods and presenting evidence. Trying to understand
something that have not been known before. In general, we can argue that, in
compare to the others, the mathematicians incorporated human-oriented
components such as understanding of humans’ thoughts and social
mechanisms in their description of science.

Looking at first group academicians’ descriptions of math, they
generally described it as the language or the tool that is used for making
science and engineering meaningful. However, the descriptions varied
according the branches. The mathematicians preferred understanding-
oriented descriptions rather than tool-oriented ones in their descriptions. One
mathematician, for example, described it as understanding humans’ thoughts
and the nature and reach to the core, whereas an instructional technologist
with a math background described math as fundamental unit of everything,
the thing that is under everything in the nature or the thing on which
everything is grounded. When it comes to academicians from science and
engineering disciplines, we can argue that they used math as a language-
oriented tool that they used in their works. One computer engineer, for
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example, considered math as the tool abstracting the scientific knowledge
and requiring abstract thinking. Similarly, one biologist exemplified how
she met a chemist and they used math for the communication: | met one
scholar in the past... he was a chemist ... he was from Iran and did not
speak any English. He was talking by formulae on the blackboard. He
amazed me. He did not know any Turkish. No English. You could understand
little Farsi, or from his body language, but I could understand what he tried
to explain ... He talked chemistry by math for about one and half hours. On
the other hand, a philosopher of science considered math as the way to
translate the scientific knowledge to a type of language by making
modelling.

Looking at first group academicians’ definitions of engineering,
they generally considered engineering as the scientific field applying science
and mathematics to daily life problems and solving these problems.
Particularly those from science departments preferred the definition such as
using scientific knowledge in solving the daily life problems. A chemist, for
example, defined engineering as the branch presenting the things that
science has produced to the humanity. On the other hand, the
mathematicians did not prefer the connection between science and
engineering in their descriptions and defined engineering as the area
producing concrete products and creating them with the technologies. In
addition, one of the mathematicians emphasized that engineering indeed
stemmed from military activities at the beginning and then moved through
into the other areas. He said engineering is indeed an army-rooted term. It
became civilized at its second phase. For example, civil engineers ... On the
other hand, engineers underlined the daily life problems and the needs of the
humans in their descriptions and considered that engineering stemmed not
only from science but also from math and technology. A computer engineer,
for example, defined engineering as applying scientific and mathematical
knowledge to daily life and solving the daily life problems by a systematic
method. Similarly, an electrical-electronic engineer said engineering is the
point combining all. It is a science producing the technology using (natural)
science and math.

3.1.2. The descriptions including the relationships among the areas

Looking at the second group of academicians using the relationships
among science, math, engineering and technology in their descriptions, one
physicist did not make a clear demarcation between engineering and science
and considered that people tried to prove the hypothesis and cared the
reliability of produced knowledge in both of the areas. She said we need to
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have a hypothesis, a testable design and repeatable experiment for all of
them. Unless it is a repeatable thing, we cannot call it science or technology.
It seems that science and technology are different in Turkey but such a
difference is illogical in current times. A chemist considered that math and
engineering served to science, they both included creative processes and
engineers needed the support of scientists. One civil engineer similarly
thought that science and math are fundamental sciences and that engineering
would not progress without them. At this point, he used an example from
earthquake engineering that was his specific study area: The fundamental
sciences make calculations about a possible earthquake within the sea. For
example, they result in that the water level will increase by five meters. We,
engineers, then, produce the coast designs. We study together with scientists,
mathematicians, social scientists, engineers and decision makers in this
area. In addition, one machine engineer described math as the formulizing of
science. He said we can estimate how a physical case would happen by the
mathematical methods ... For example, what will be the degree of
temperature once a type of gas gets expand? Or how does a type of fuel will
turn into turning energy? ... we know all of these with the help of
mathematics. Finally, a mathematician considered that science did not have
an axiomatic nature like mathematics, so it had certain limitations. For
example, he said most methods used in science are not healthy for us. These
methods did not have a nature like establishing systems which do not have
any logical gaps and which axiomatic systems targeted. However, in science,
there is no chance of axiomatic work. Nevertheless, they have the chance to
conduct the experiments, but they are still open-ended situations. In addition,
he stated that, in the mathematics’ historical development, it first settled with
problems stemming from science and engineering, but then it had evolved
from these problems into an abstract world that could go beyond the real life.
He also stated that mathematics served for science and engineering,
especially through understanding and modeling dynamic systems and
predicting the future or the past. Technology is the job of making the results
obtained from science available for everyday life. However, in this process,
he emphasized that the technologies were produced without paying attention
to ethical factors due to their demand- and profit-oriented nature and the
economic competition. He explained this situation through the examples
such as drug companies, mobile phones and shooting targets with remote
combat vehicles.
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3.2. Relationships between Science, Mathematics, Engineering,
Technology and Society

Looking at the models in which academicians showed the
relationships between science, mathematics, engineering, technology and
society, we noticed that five academicians gave the most fundamental role to
mathematics (two mechanical engineers, one biologist, one mathematician,
and one instructional technologist). The remaining 12 academicians did not
take any field as their basis.

3.2.1. Relationships in which math was taken as the basis

An instructional technologist created a three-tiered model in the
form of a pyramid, with mathematics at the bottom, science on it, and
engineering and technology on top together. In this model, he stated that
mathematics was the common ground of the others and that it was a
universal language. He said if aliens come to Earth, we would probably talk
to them through mathematics. He also stated that science originated from
mathematics and it produced mechanisms and rules that explained what
happened on the Earth. He also considered that engineering and technology
were the applications of science and math. In addition, a mechanical
engineer built nested circles whose inner one was math. Much like the
instructional technologist, he showed the circle covering mathematics’s
circle as science, the circle covering both the circles of math and science as
engineering and the circle covering the circle of engineering as technology.
Looking at the interactions he built, he argued that mathematics was the
most fundamental tool interacting with science. He said these (science and
math) interact with engineering and engineering uses both. He also stated
that engineering was a method of solving everyday problems using science,
mathematics, and technology and that technology was the skills in solving
these problems by using engineering. Another mechanical engineer too gave
an important role to mathematics, but he stated that the main objective was
the transition from science to technology. In his model, he argued that
mathematics helped science, engineering and technology by mathematical
models. In addition, he put engineering into play by building a connection
between it and technology. At this point, he said the main goal is to go from
science through technology. Mathematics is an auxiliary element. It is not a
science, it is a language, a way of formulating something ... Math makes a
knowledge understandable to you ... it make something measurable and a
conclusion can be drawn from it. In the model of the biologist, she put
mathematics in the center, putting science on one side and technology and
engineering on the other side. She associated mathematics with both sides by
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drawing bidirectional arrows. He considered that technology and engineering
translated science and mathematics into the daily life products. In addition, a
mathematician showed mathematics as a large rectangle at the bottom and
technology and engineering as a rectangle of similar size on opposite side.
These two rectangles were connected to each other through small rectangles
he named as physics, chemistry and biology.

When these five academicians incorporated the society into their
models, they showed it as a final user or a structure using the knowledge or
the technological products. For example, an instructional technologist
surrounded his model including mathematics, science, technology and
engineering as steps of a pyramid by the circle of society. He also thought
that society were influenced either directly through the products of science
or indirectly while conducting science. He said these factors affect human
life. Is science for science? Alternatively, is science for the society? Both are
valid. Science is for science, but after a while it is transferred to the society.
Science is working for society because it takes people further. The
mechanical engineer who used nested circles to represent the fields drew one
another circle outside the others and called it as society. In addition, he drew
bidirectional arrows between this circle and nested ones. He said society is
not in this knowledge body, but uses them. The other mechanical engineer
completed the way from science through technology by connecting society
to the technology. He considered that only the society benefited from
technology. In the model of the biologist including links among the fields,
she built bidirectional arrows between the society and each field. She said
the society is in contact with all of the fields. Looking at mathematician’s
model, he did not show the society in the model, but he mentioned such
relationships between the society and the fields via social sciences such as
economy, literature, history and arts.

Looking at the examples of the five academicians in which they
contextualized the relationships among the fields, the instructional
technologist gave the automobile as an example. He said society use this
energy effectively, they commute by it. There are math, science, engineering
and technology under it. Math is used inside of it. For example, there is a
differential system. Differential equations come from math ... There is a
scientific dimension. For example, kinetic energy, acceleration and so on.
All of these must be passed on to daily life. | have these rules, okay, but how
do | take the basic principles of mathematics and take scientific laws and
make it move via engineering and technology? Therefore, there is also the
dimension of which technology | need to use. A mechanical engineer gave
nuclear technology as an example. In his nested circles model, he
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expressed that science and engineering entered the line from the innermost
mathematics to the outermost technology, and this technology reached to
society. The other mechanical engineer gave the example of steam engines.
He said steam engines were discovered, right? People did not know what
steamed machine was or what ... But they knew the basic information about
them. They knew that when the water boiled, the pressure increased and the
phase changed. This is science ... But it does not mean anything alone ... An
engineer comes up and says that I will use it for the benefit of humans... |
will put a piston in a cylinder, I will heat it. It will turn a wheel. You can find
out from mathematics how much you can turn it. So how fast does a piston
spin? They all require mathematics. Engineering is making it. Making the
piston, boiling the water inside it, expansion of something, etc. These are the
engineering applications. In addition, a biologist gave the field of medicine
for the interrelationships but did not explain how those relationships were
shaped within this example. A mathematician explained these relationships
on the effects of infra-structural factors in the social development. He
said what lies at the root of social affairs, such as the inferiority of the
intellectual life. This will require the education, as many people would tell
like a simple formula. At the first glance, in the short term, they must have
peace of mind, feeling of security, and wealth in order for them to be able to
produce ideas. For this, we have to give people civilized tools, we have to
make roads, bridges, etc. ... For example, 95% of educational matters can be
financially solved. You bring the children in a well-ventilated, heated
classroom and when you put a well-informed teacher in it, 95% of
educational problems is finalized. Then you can discuss the curriculum ... In
the next 10-15 years, first the material means need to be provided to the
humans so that they can build a basic intellectual life.

3.2.2. Relationships that do not take one of the fields as the basis

The remaining 12 academicians preferred circles and intersection
clusters without using any of the fields as the basis in their models. For
example, a philosopher of science intersected the circle of math with the one
of science, the circle of science with the one of engineering, and the circle of
engineering with the one of technology and produced a chain. He considered
that the relationships between these fields were based on uncovering each
other and that they all interacted with each other. A computer engineer
intersected the circle of math with science and drew a rectangle where the
intersection was set. He named this rectangle as engineering and drew one
another small circle in this rectangle. He called it as technology. He
considered that science intersected with math but math was not completely
within science. He also believed that engineering was the result of science
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and mathematics and that technology was under engineering by including
science and mathematics. A mechanical engineer drew bidirectional arrows
between engineering and technology and connected science and math to
these two components by arrows. He said science and mathematics are
inputs to engineering. They contribute it as the tools. Therefore, science and
mathematics indirectly affect technology. An electrical-electronics engineer
drew an arrow from engineering to technology and then drew one another
arrow from technology to engineering as the feedback. In addition, he
connected science and mathematics with engineering by arrows. He said
science and mathematics are inputs. The output of engineering is
technology. The feedback from the technology comes to us (engineers). We
are making the necessary designs to make this technology better. A civil
engineer drew a model in which the circles of the four fields were
intersected. He expressed that engineering was everywhere in daily life, that
science made engineering powerful, and that science and mathematics were
together. A physicist put together the circles of science and math within a
large circle and put one another large circle including the circles of
engineering and technology on the opposite side. He stated that all of them
were intertwined. He displayed science and math together because he
believed that math was a language used by science. He also believed that the
pair of technology and engineering is closer than the pair of science and
math in terms of bidirectional relationships. Another physicist argued that
there was no clear distinctions between the fields and such distinctions were
formed within the countries like Turkey. She explained this situation using
Thomas Kuhn's paradigm shifts. She said the changes in science and
technology are not stable. Suddenly a revolution emerges and the
developments happen accordingly. Sometimes an unexpected revolution
emerges and the distinctions (between the fields) then are constructed. This
model has been confirmed in my life. This happens in the world but there are
false distinctions in Turkey. It is all about the scorings made by OSYM (The
university student selection and recruitment unit). A chemist intersected the
circle of science containing the circle of math with the circle of technology
and named this intersection cluster as engineering. She said science and
mathematics must be nested. Technology has to be a little bit more out of
them and engineering is the way of offering them to humanity. Another
chemist drew bidirectional arrows between science and connected math and
science by a line. She said without science engineering would not exist, but
mathematics would exist in every condition ... Still, math comes from the
needs of the humans. A biologist argued that the crucial point about the
relationships between these areas was to solve a biological problem
correctly. She said the fundamental point is the biological question. How can
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| set up an experimental design to conduct this kind of experiment? What
kind of technique should I use? Sometimes we can find the things even by
chance. However, the important thing is the biological question. In addition,
she said the duty of the scientist is to see the biologic problem, uncover it
and then solve it by getting help from the other areas. The remaining two
mathematicians only explained the relationships without drawing any model.
One of the mathematicians stated that the fields were conceptually different
and distinct from each other; on the other hand, they were not separated from
each other. He said one could be regarded as the substructure of others,
especially in engineering where the underlying structures are good science
education, mathematics education, good perception and a little creative
design skills. Others are not so salient, a mathematician, for example, can
do something very well without knowing physics and chemistry. He can do it
in his own way. Today, applied mathematics is very common. They try to
develop and solve models for the technological problems. Mathematicians
studying in this area need to understand about other fields. Another
mathematician focused primarily on the relationship between technology and
mathematics. He stated that this relationship was bidirectional. He said (the
relationship between technology and math) can first be to conduct simple
calculations such as understanding the results of the measurements by
producing equations. Second, it might be the use of a very strong
mathematics in terms of the scientific principles on which it is based.
Regarding the relationship between science and technology, he thought that
the more science went further, the more technology could go further, but the
technological needs could also be directed by science. About the relationship
between science and mathematics, he again considered that there was a bi-
directional relationship, explaining mathematics’s association with physics.
He said consider theoretical physics. The physicists needs expressing the
theories that they produce in order to understand physical cases and the
structure of the universe, using mathematical terms. This is based on a very
strong geometry. For example, a theory telling us that the electromagnetic
wave actually is geometric in nature has to tell us a very different
mathematics. This is the contribution of the physics to mathematics. As such,
applying the theories emerged in physics to mathematical models. For
example, if the model they create mathematically produce irrational results,
they have to correct the theory. When it comes to the relationship between
mathematics and engineering, he believed that math’s relation with
engineering is more limited than the one with science. He argued that
although engineers got very strong math education, they used limited amount
of this education once they were graduated. In addition, he stated that
mathematics could be used to solve some technological problems and then it
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could be abstracted from there and proceeded in a different direction. He
said let's say there is a question coming from mechanics. You have solved
this question with mathematics and if you say do not turn this (tool) at this
speed turn it at that speed, the problem then was solved. For the
mathematicians, this system can become a serious mechanical problem when
abstracted it from the given measurements, or it can become a very serious
in differential equations and become a stability problem ...It may be
contributing to the development of mathematics, but this is an abstract study
that is going away from its roots in a very short time.

We noticed that these academicians incorporated society into their
models or explanations as the component covering the fields. The
philosopher of science, for example, approached the relationship between
society and other fields from the fact that science, mathematics and
engineering indeed proceed as the specific societies. He said each one is a
society in itself. They are the part of a big community, but they have their
own autonomies. They are autonomous in the places where they do not cut
the circle of the society. For example, mathematics has its own culture and
rules. A computer engineer argued that society is within all of the specified
fields. However, particularly engineering was in direct contact with society.
Science and mathematics had indirect relationships with society. A
mechanical engineer associated society with engineering and technology in
his model. He stated that the society benefit from engineering and
technology as the products and benefit from science and mathematics for the
educational purposes. An electrical-electronics engineer argued that all of
the products produced by these fields were intended to solve the problems
within society. He also stated that engineers worked by the feedbacks of the
society about the technologies. A civil engineer argued that especially
engineering was involved in social life by the technologies. He expressed
that engineering was in the planes, cars, buildings and machines. A physicist
considered that society was disconnected with science and technology in
Turkey despite the efforts to establish such relationship. She also argued that
scientific developments did not receive the attention of the Turkish media
and there were some scientific errors in the news. A chemist stated that the
knowledge in all of the fields was for the society and it contributes to the
development of humanity. Another chemist argued that the society need to
foster the relationships between the fields; however, it was impossible in
these days. He noted that the society was particularly troubled by the
problems related to economy and security and average level of education and
the education rate of women were relatively low. She said if society does not
read books, they might not able to understand these (relationships between
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fields and their importance). The society should question. For example, |
encourage students to probe the questions. | create self- studying situations
(for them). She also expressed that science had an interdisciplinary nature
and fields were learned from each other through the seminars and the
congresses. However, this type of work was conducted at a limited rate
between scientists from different fields in Turkey. A biologist argued that
there was information pollution in Turkey. There was no place to follow any
scientific development or health problems. She said there is the National
Institute of Health (NIH) in America. People access the website of this
institution; see the causes of their diseases, treatment methods and results
over there. A mathematician stated that fundamental science should be in the
front for the education of society because only focusing on engineering
products will produce products for a certain period but this production would
stop after a while. In addition, he considered that engineering was shaped
according to society; the reflection of the developments within science and
math on the society took long time. Another mathematician stated that social
movements were directed and shaped according to the relationships between
fields.

Given the examples in which 12 academicians showed the
relationships among fields, a philosopher of science considered that ethics in
science could be an example. He argued that science, mathematics,
technology and engineering, as the communities, are part of a broader
society and the ethical elements of the general society influenced the ethical
structures in these fields. He said while some cruel experiments can be
considered as good works because they are progressive in the community of
scientists, but they can be restricted because they do not find place in the
public. A computer engineer gave the example of internet technology. He
expressed that in this technology, especially in the social networks,
algorithms were studied and the fields such as mathematics, physics,
computer engineering and electrical engineering worked together in the
formation of these algorithms. He said for example, by mathematical models,
they recommend new products to the users. They recommend new friends.
These are all done with mathematical models. There is also engineering in
it. Electrical engineering is already a type of physics. A mechanical engineer
gave the cars as the example. He said you need to know physics to produce
the car. So what is the strength, what is the torque? ... These are all the base
of physics. Electricity to turn the wheel, the current ... Mathematics is always
there. Its acceleration, speed ... They are always mathematics ... These are
in your car. But to bring this information together and turn it into the
engine, you need to use material engineering and mechanical engineering.
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The electrical-electrics engineer makes electrical equipment. Technology is
here too. It designs it. The technicians who know the technology knowledge
apply all of these. The supervisors tells, the workers apply. Engineers do not
do all of these. The engineer tells. However, those managing the workers are
the ones who know the technology. After that, the society get this and use.
An electrical-electrics engineer identified camera as an example. She stated
that these tools make the social life easy. She argued that engineers
produced it but the know how knowledge for its production came from
science and math. A physicist gave cell phones as the example. He argued
that they are great examples of engineering and technology. He said that the
circuits within them were developed with the knowledge from physicists and
mathematicians and they were finalized by the knowledge from engineers
and technologists. A chemist gave the television as an example. She thought
that mathematics and natural sciences worked together to form the basis for
engineering and engineers developed this device together with
technologists. Another chemist showed theory of evolution as an example.
She stated that this theory was not denied by science and even social
sciences; however, a part of society did not accept it because of religious
pressures. She said we cannot cure AIDS disease without evolutionary
theory. The virus is constantly changing and resistant to drugs. According to
the evolution theory, we use the following treatment methods: Some drugs
are used for a while. However, after a while, the drug is stopped. By this
way, the selection is blocked. A mathematician argued that it would be
difficult to give an example for showing the relationships but that these
relationships are crucial for social development. He said the society need
well-equipped individuals to achieve such a rate of production and
development, especially, in the education sector, where basic sciences and
mathematics (need to) play a leading role. Another mathematician gave the
case of swine flu as an example. He argued that some predictive
mathematical models have been made about the progression of the disease,
that scientists explored the reasons for the disease, and that the engineers
worked for the production of the drugs and vaccines. However, in all of the
models, a high number of people were expected to die but it was understood
that these studies were done with economic concerns.

3.3. Common aspects, differences and benefitting from each other
3.3.1. Between Mathematics and Science

Regarding the commonalities between science and mathematics, a
computer engineer considered finding patterns and abstract thinking as
the mutual sides, although this question was not asked to himself. He said
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science is looking at the patterns to explain the nature. Math can also look at
patterns to write formulas or you can mathematically explain a scientific
finding. In both, there is abstraction, a pattern, recognizing series, sequence
... Itis like finding a recurring thing. Similarly, a mechanical engineer stated
that knowledge was organized in both science and mathematics. He said
science is the existing knowledge, physical knowledge about the world we
live in. Mathematics is the way of thinking. They both are the way of
organizing the knowledge. It is not enough just to know something. They
need to be aligned according to something. You must put the carpet on the
ceiling, the refrigerator in the kitchen ... So science and mathematics are
organizing different knowledge pieces and they give you a completely
different result. He also added that mathematics formulated scientific
knowledge to make predictions. A physicist stated that both science and
mathematics were the ways of solving unsolved problems by looking at the
nature. In addition, a mathematician stated that the elements of scientific
thinking before the problem solving were the foregrounds. He said whether
it is a technology problem or a physics problem, it is very important that
how the individual approaches the question and how he/she thinks it. The
education needs to give something about this issue. The individual must first
understand the question, the alternative situations that can be related to it ...
they need to investigate it. Both mathematician and physicist have to do this.
I think the way of thinking in this sense is not different, the working method
is different. A chemist stated that both mathematics and science made
prospective predictions. In addition, he believed that it could be thought
richer and more abstractly by the math and it made unclear topics clear in
conceptual sense as well as modelled and formulized them. In addition, a
mathematician stated that scientific thinking did not differ significantly from
mathematical thinking, and the theories competed in both of the fields. He
said for example, if we go at very high speeds or make very precise
measurements, we have to give up classical mechanics. A classical theory
may suffice for a given speed. Where the speed is low, the result is always
the same. However, there are cases beyond this. The structure of the
Newtonian mechanics coming from the daily mechanics is valid at low
speeds, but it appears to work better when adding relativistic factors at high
speeds. However, this does not kill the Newton mechanics; there are places
where it works in the technology and everyday life. This shows that the
theory at hand does not explain everything and we have not removed the old
theory, in some special cases, this theory still explains some specific cases.
We bring a thinner version of the old one and develop it for a wider
spectrum. This is also available in mathematics. For example, for years
people have been trying to prove Euclid's parallel axiom. It is an axiom
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based on regular observation. If there is a line in your hand and there is a
point outside it, you can draw only one line from that point. They are trying
to prove it with other axioms of Euclid. After that, they asked whether we
could write a geometry whose many things are valid, but this property is not
valid. Therefore, non-Euclidian geometry comes out. For example, the
definition of the line has changed. These change the structure of the axioms
that are accepted for two thousand years. You can see that there is not only
Euclid to write geometry, there can be different types and more complex
calculations can be made.

Although they were asked about the differences between the ways
in which mathematicians produced mathematics in their fields and scientist
used mathematics in their fields, we noticed that scientists were more likely
to focused on how one area benefitted from one another. For example, a
physicist considered that there were no important differences, but
mathematicians paid attention to each steps to be true whereas scientists
worked harder to find out why those steps were right. A chemist stated that
mathematicians could produce methods for scientists so they could
understand the nature and they did not use a practice-oriented thinking.
However, after some time, the knowledge they produced might work in the
field of science. A biologist stated that mathematics was a language and a
tool that helped them in various research. However, she considered that the
intention of biologists was to answer questions about life, but mathematics
did not have such a goal. A mathematician said that there were blurred
points among the asked areas a hundred years ago. For example, Euler was a
mathematician, an astronomer, a philosopher and an engineer. Similarly,
Newton was doing engineering work. However, in particular, he stated that
there was important exchanges between theoretical physics and mathematics,
that the mathematics were produced from the products of physicists, and that
physicists made use of mathematical expressions. Another mathematician
stated that physicists used mathematics as a tool, but recently they started
working with mathematicians. He stated that scientists were happy when
they made their findings embed on a mathematical model and that they made
use of readily available mathematical models and formulas. He said that
benefitting from available models was a particularly easy way, but some
physicists were serious contributors to mathematics.

3.3.2. Between Science and Engineering

A mechanical engineer suggested analytical thinking as one of the
common aspects between science and engineering. He defined analytical
thinking as reaching abstract results using concrete justifications in both
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areas. Another mechanical engineer suggested experimentation and
mathematical modeling as the ways of common thinking. An electrical-
electronics engineer suggested analytical thinking, problem solving and
working with groups were the common sides. In his explanation in which
he blended analytical thinking with problem solving, he said you will put
forward the problem. Define it. Then determine the steps to solve it. You will
have the hypothesis and then perform these steps ... You conduct the
experiments or make the design. Then you will verify the results. The
capacity of problem solving and analytical thinking ...I think they are
included in both. Regarding group working, he expressed the results or the
products of both science and engineering were compared with the other
studies, that everyone would not be expert in every field and that they
produced joint solutions by coming together. A computer engineer suggested
problem solving as the common way of thinking in science and engineering.
He said because science and engineering are trying to understand the
nature, studies are being done to answer unknown questions in the nature.
The cause of a phenomenon is investigated. This requires a problem-solving
skill. Engineering is also a work based on solving a real life problem. A
physicist said that distinctions such as science and engineering begun to
disappear at the universities such as the Massachusetts Institute of
Technology (MIT); instead, interdisciplinary studies were emerged. She
emphasized that the education system should be differentiated at this point.
She said the student must be graduated from science and engineering by
taking the course s/he desires from the section s/he desires ... | never ask the
student what they want to be, it is a wrong question. | ask them what you
want to do? One of the students said that | wanted to do a hearing device -
her mother can hear a little. What does she need to do for this? She thought
that she needed to know biology, the machine to make the device and a little
electronics. | said okay, you should go to the university and take the lessons
in these three areas. | mean, we take the people to study at university
according to what they want to study, not what they want to do. This is the
difference between us and the MIT. A chemist stated that both science and
engineering worked for the society and produced knowledge, findings and
results that would make life easier for the people. A biologist stated that
hypothetical thinking and testing could be common. An instructional
technologist stated that scientists moved to the applied fields and these fields
of application could be common side with the engineering.

As to how scientists benefit from engineering in their field, a civil
engineer argued that actually what engineers put into practice inspired
scientists and mathematicians, but these groups still did not benefit from
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engineering in their own fields. He said reaching the truth is the
identification of the fact that that scientist is a good scientist. It is better not
to be influenced by engineering. He/she can listen and criticize the engineer
but conduct what he/she wants. The other civil engineer stated that scientist
used the devices that were the products of engineering as the tools in their
field. Similarly, a mechanical engineer stated that scientist used the
technologies developed by engineers in their field, and some scientists
produced devices for using in their fields by conducting engineering
activities. Another mechanical engineer, after expressing that there was a
mutual relationship between science and engineering, argued that scientists
asked engineers to design devices for their own works, like in the accelerator
example. A computer engineer stated that there were a lot of data
accumulated in science and that especially computer engineers processed
these data by modelling with mathematical methods. She said it is same in
biology, physics, astronomy etc. Moreover, in chemistry. Now a lot of data
is gathering around these (fields). For example, a gene map in biology
... there is so much information that human energy is not enough to process.
However, with the mathematical models, computer engineering is able to
quickly analyze the real life problems, the life problems related to nature
and find solutions. A science philosopher stated that today technology is
determining the frontiers of scientific research and that it is impossible to do
scientific research without these technologies. At this point, he gave the
usage of technological products that were the results of engineering activities
in the studies about physics as the example. A physicist stated that they used
computers that were engineering products in their own works. They
particularly benefited from engineering in accelerator physics, particle
physics and detector physics. Another physicist stated that the distinction
between engineer and scientist was not appropriate because they both were
already scientists. At this point, he said s/he is a scientist, even if s/he is an
engineer. Alternatively, even if s/he is a fundamental scientist, s/he is also a
scientist. S/he does what s/he needs in the study. | am writing a computer
program and doing electronic work. Should I leave all these because | am
not engineer? A chemist stated that they used the devices developed by
engineers. She stated that they used engineering products in the experiments
related to living things, in the labs of optics and oscilloscope. A chemist
stated that they used advanced technology devices and computer engineers
helped them process intensive data at their hands. In addition, a biologist
gave the example of electron microscope and stated that biologists were
benefiting from technology when collecting data in the majority of their
studies. Another biologist stated that the scientists were benefiting from
technologies that were engineering products. In addition to this usage, she
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also argued that some biologists explored the DNA samples using certain
techniques and technologies that they developed. An instructional
technologist stated that science fields recently came close to engineering and
they worked together to produce products. He said scientists benefit from
engineering as a device or an instrument. They may also have a concern that
engineers can benefit from their structures. Therefore, technology
development these days may shape scientific research questions.

About how engineers benefit from science in their fields, a civil
engineer stated that engineers had to make use of science; otherwise, they
would not gain efficient results in their works. He said you need to know
physics so good that if you skip one (rule), that plane falls ...The car does not
go ... Similarly, a mechanical engineer stated that engineers used science as a
tool. He said here is a specific law created (within science). Some work has
been done about it and a set of certain equations have been formed. Then we
take it and we use it in the products we produce. Another mechanical
engineer stated that engineering was actually one branch of science, trying to
solve more practical problems. He also added that they did not discover new
knowledge like scientists. In addition, he argued that applied scientists
constituted an intermediate layer between scientists and engineers and that
this group was very important for engineers to benefit from science. He said
there is actually a layer between these (engineering and science). There are
people whom we call applied scientists who are neither engineers nor
scientists. They are like the translators establishing a relationship between
science and real life. These are scientists who communicate with both sides
and understand a little from them. An electrical-electrics engineer similarly
argued that scientist's new inventions advanced engineering and that new
laws of physics implied new engineering fields. A computer engineer said
that computer engineers made extensive use of physics, chemistry, and
materials science and used the materials and knowledge from them. A
science philosopher stated that scientists and engineers worked together to
solve some social problems such as earthquakes. A physicist argued that
particularly in Turkey engineers considered themselves superior to scientists,
and therefore they were disconnected from science. A chemist stated that
engineers benefited from the knowledge and experience of scientists, they
worked with scientists in the products they developed. As an example, she
said if s/he (the engineer) is working on a sensor s/he has to work with me
(the chemist) for putting the chemical within it ... either s/he works with a
chemist or someone working in the lab, in any case, s/he should put the a
scientist into business. Another chemist stated that engineers definitely got
scientific help if they wanted to develop creative products and they were in
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touch with powerful scientists. She explained this situation in the example of
the sequencing of the human genome. A biologist stated that she shared her
knowledge with the ph D students from biomedical engineering and they
developed new horizons when she interpreted the practical problems from an
external eye. An instructional technologist stated that engineering cannot be
done without benefiting from science. He said there is something in the
nature. Engineers use these things that scientists have uncovered. For
example, in the field of physics, we could not produce a certain luminous
flux. However, thanks to the work done by the physicists who won Nobel
Prize, they overcome this problem. Then engineers have taken it and
produced plasma screens. In other words, as a result of uncovering the
unknown in the field of science, new applications are passed through our
lives.

In terms of the difference between the ways in which engineers use
science in their own fields and the way scientists produce science in their
own fields, a civil engineer stated that both groups conducted experiments,
but the errors were an inseparable part of engineering relative to science. He
said there are errors in our experiments ... Both in the numerical
experiments and in the physical ones. However, there are no such errors in
analytical (scientific) experiments. Engineers can conduct experiments for
the practice. They do much more experiments. The errors emerge in these
experiments. Engineer knows how much the errors are, but s/he conducts
that experiment. Then s/he takes the result, thinks about the error and
applies it. A mechanical engineer stated that there was no any concern of
producing the products for public use in fundamental sciences. However, he
emphasized that practical studies were carried out in areas such as applied
physics and applied chemistry. Another mechanical engineer stated that
scientists did not think on where the knowledge they produced would be
used or about the potential of whether this knowledge would be translated
into the products, but engineers definitely worked on the basis of producing
beneficial products for the people. He explained this situation in the
examples of the discovery of penicillin and electromagnetic waves. On the
other hand, a computer engineer stated that engineers used the experiments
to confirm the correctness of their works and models, while the scientists
used the experiments to be able to reach and understand the truths. A science
philosopher stated that engineers were more likely to benefit from the
products and results of the science, whereas scientists’ main goal was to
produce new thoughts even if they benefited from engineering. A physicist
considered that Turkish engineers did not benefit enough from science and
that they thought they would reach the solution very fast. However, there

454



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

were also his engineer friends who said that they could not proceed without
scientists. Similarly, another physicist said that innovative technologies
could not be produced because the contribution of scientists was limited and
that engineers could see themselves superior in some cases. She said
engineers do not work together with natural scientists. They see themselves
superior. For example, if you talk about Oxford, there is no such thing. We
worked there with the electronics (engineers). These titles do not matter. So
is CERN. We are doing something, whether the person that I am working
with is engineer or technician or what is his/her education is not questioned.
They are looking at what they do. A chemist stated that scientists focused
only on basic concepts and phenomena and that engineers were working on
their applications. Another chemist stated that scientists were seeking
unknowns and that important discoveries were achieved especially by
curiosity and questioning. She argued that engineers studied on more
concrete structures instead of the estimates in science. For example, in a
collaboration with engineers to produce a new chip, she argued that
engineers had a nature that they could not work in the case of the lack of
knowledge, whereas scientists had the nature that was moving towards
discovering something unknown. She said we (chemists) did not do it
anyway if we knew about the results. Engineers said that we need to model it
to know it, but they said there is nothing to be modeled. A biologist stated
that engineers were superficially benefiting from science, scientists were
making progress especially in very fine details and engineers should benefit
from the science at these points. In addition, an instructional technologist
stated that there were no serious differences between science and
engineering because both were already science whose ground was curiosity.
He said scientist investigates what is/what is not in nature, and the basic
driving force in engineering similarly is the curiosity. This happens in the
nature and how can | benefit from this?, how to solve this problem, how to
create a product ... The main goal in both is to satisfy this curiosity, to
remove it and to answer the questions in the head. In addition, he argued that
while there were serious distinctions (between science and engineering) in
the past, but today the gap became very small and that scientists initiated to
study real life problems too. However, as a difference, he pointed out that
there might be starting points (understanding the nature in science,
producing products in engineering).

3.3.3. Between Mathematics and Engineering

With regard to the common aspects between mathematics and
engineering, a mechanical engineer considered that analytical thinking was
a common way of thinking. He expressed that there was a common
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component not in the abstract and theoretical parts of the mathematics but in
the concrete and distinctive parts. Another mechanical engineer argued that
both mathematics and engineering used mathematical tools and that the
theoretical backgrounds of these tools were common. A computer engineer
suggested modeling as a common side. In both cases, he stated that for
resolving a problem, it was first gotten abstract and then modelled. An
instructional technologist considered that first it would be useful to make a
separation between pure and applied mathematics. He gave the example of
the MR device by saying that the practical goals were not important to pure
mathematicians. He said behind MR devices, there are some mathematical
mechanisms. This guy (pure mathematician) has no such concern at that
time. This guy’s trouble has been resolving that mathematical problem.
Engineers or applied mathematicians take it and use. He also argued that
pure mathematicians’ thinking style was to resolve the problem whereas
applied mathematicians’ was practical; therefore, applied ones were able to
produce a common language with engineers. At this point, he gave the
example of cryptography. He said there is math behind it. However, that has
a practical side. A number of solutions and products need to be produced.
Engineers and computer scientists are working together here.

With regard to the use of mathematics by engineers in their field, a
civil engineer and a mechanical engineer stated that engineers benefited
from mathematics in every area and that they used the methods developed by
the mathematicians. One another mechanical engineer expressed that they
used mathematical formula in the stages of modelling and problem solving.
He said mathematics is a tool for us, not a goal. We use it as much as we can
understand ... at the modeling and problem solving phases ... As such, we
are not as good as mathematicians but we are trying to learn as much as we
need. An electrical-electronics engineer explained the use of mathematics
over the input-design-output triple. He said for example, there is an input,
there is a system and we need to resolve the output. There is a camera at my
hand, for example. Here are the features of the camera ... You are recording
it here ... How do you record it? How do you get an image? We need to
model it. That is called mathematics. In addition, he stated that engineering
would not work without mathematics and students could see the applications
of mathematics through such engineering problems. He said students should
actually see these. They learn mathematics. They ask where do | use this
geometry? Alternatively, they get the squares. They resolve the equations
with two unknowns. They say where do | use these?, xs and ys are how
unnecceary things. Indeed, if they see where math is used for resolving real
life problems in engineering, they would not stay away from math and they
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love it. He also continued his comments by a new example: For example, in
the high school the equations are used to resolve. These equations actually
have a lot of physical applications. They most of the time do not know that
the equation symbolizes a physical event. In the end, | do not say that
mathematics should always be based on these (engineering practices), but
such examples can be given. Another mechanical engineer expressed that
engineers intensively used math considering the (Turkish) term stemmed
from geometry. He said let's say that the engineer will build a building ...
Let's say that a column will be put in this building. Will that column that you
put on stand or not? How can you know? It has a mathematical formula. You
are using it. A computer engineer argued that particularly trigonometry and
vectors were very important in creating and sharing data on the internet, but
that this type of mathematics did not exist in the national examinations
(University Entrance Examinations). She said for example, information
retrieval from the internet. You are writing a word on the internet. You get
its’ result, right? and what you want can come in the first or second place.
This seems to be a very easy thing. However, behind it is completely
mathematics ... It is the vectors in the linear algebra. It coincides with the
angle between them. A mathematical modeling shapes your inquiry on the
web. There is no magic there ... completely mathematical ... the angle
between two vectors. They always ask these questions in the University
Entrance Examinations, but we learn it there as the mathematical patterns.
They always ask us to calculate this angle, its cosine, etc. The cosine angle
here helps you correctly get the documents there. A science philosopher
stated that conducting engineering was impossible without mathematics and
that mathematics was used especially in the modeling. In addition, a
mathematician stated that engineers intensively used mathematics
particularly in the mechanical analysis and tried to base what they do on the
math. At this point, he said Cahit Arf, our lecturer, felt necessity to deal with
mechanics. After that day, the engineers initiated to respect Cahit Arf.
Another mathematician argued that engineers in the classical sense benefited
from the calculations, but that this engineering was not progressive.
Especially for research and innovation activities, he expressed that engineers
need to follow the innovations and up-to-date information about science and
mathematics. An instructional technologist stated that mathematics was a
must for engineers, but the use of it might increase or decrease according to
the engineering fields. He said for example mathematics used in electrical
engineering has to be at an advance level, but it has to be less in food
engineering. He also stated that engineers worked closely with applied
mathematicians and used their products. A mathematician, on the other hand,
argued that a large part of mathematics is not of interest to engineers.
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About whether there is any difference between the way
mathematicians produce mathematics in their field and the way that
engineers benefit from mathematics in their field, a civil engineer told that
mathematicians paid attention to the correctness of their solutions and tried
to minimize the errors. In the case of engineers, he said that they were
accepting the error at the beginning. He explained this situation by an
example from his own education: | took two courses called Digital
Modelling while doing my Ph D. One is from engineering sciences and the
other is from mathematics. In the engineering, three digits after the warrant
is sufficient. On the other hand, I noticed that mathematicians used 12 digits
or even 24 digits in order to minimize the error. A mechanical engineer
considered that mathematicians developed theoretical approaches through
paper-pen works, whereas engineers used these approaches and transformed
them into some calculations and products for the applications. Another
mechanical engineer stated that engineering was more experimental and not
interested in the proof in compare to math. He said if a model is good and
explains the concept, we do not wonder why it explains it. Mathematicians
are more sensitive in that regard. When they find a solution for an equation,
they are not satisfied with it. They are looking for different solutions such as
technical solutions and so on. Another mechanical engineer stated that some
of the formulas and thinking styles developed in the history of mathematics
could later work in engineering. In addition, he argued that for example
mathematicians were interested in how to solve three unknown equations,
and that engineers taken these solutions and put the variables into relevant
places in these formulas in order to produce the data. In addition, an
electrical-electronics engineer described how mathematics helped engineer
more than the differences between them. He used image processing as an
example: ... the modeling of that movement ...there is a mathematical basis.
For example, you need to model it by a polynomial ... Cryptology ... This is
one of the most important issues. You will send it by encrypting it. Its base is
mathematics and these theorems could be applied to many areas. A science
philosopher argued that engineers used previously developed mathematical
models, but that mathematicians developed their own abstract products as
well as intellectual structures. However, as a state of intersection,
mathematical models used by engineers triggered some mathematicians to
develop better models. A mathematician stated that there was a twilight zone
between engineering and mathematics, and that the mathematical knowledge
of engineers in the group called 'engineering science' was very strong.
Another mathematician stated that mathematicians did not act with the
intention to know where their products would be used; however, engineers
needed to know mathematics well consistent with the (Turkish) engineering
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word’s root (hendese) - "geometry”. Another mathematician expressed that
mathematical thinking might be rigid for engineers because engineers were
more likely to produce practical conclusions. He said for example, the light
bulb factory that Edison built was going to package the ampoule. Bulb
volume need to be calculated. Mathematicians look at the shape of the bulb
as a curve, calculating the volume by turning it. Edison said bring the bulb,
cut the bottom, fill the water into it and weigh it. This is engineering. The
important thing is to solve the problem. In addition, he stated that the devices
and systems used in daily life requiring mathematical calculations in some
cases do not work, but that engineers shaped these devices and systems by
using approximate calculations. He stated that engineers did not discover
new mathematics here. At this point, as the difference of thinking between
engineers and mathematicians, he argued that engineers took daily life into
account.

3.4. Ethics in the STEM fields
3.4.1. Ethics in Science

A physicist stated that there were some problems about scientific
ethics in Turkey, especially the attention should be paid at the point of
plagiarism. To prevent such problems, he emphasized that the care must be
taken in the university education and even in the high schools. He said | am
now giving a lab course for freshman. | say that you will always refer to
everything, you will tell where you get it from, you cannot steal or else ...
People need to think originally. That needs to start in the high school
education. A teacher gives a homework in high school and the students take
that information from Wikipedia. That is problematic. Internet is not only for
copying. A chemist emphasized that ethics was an indispensable part of
science and that especially due to the pressures and the ambition, ethical
lines should not be excluded. She also argued that attitudes harming the
society should be avoided. Another chemist stated that ethics was very
important in science and said that it was unacceptable to quote without
giving any reference. She also stated that the evidence could easily be
created by the scientists. She said this is something terrible. Something
shouldn’t be done at all. It might even come to mean the waste of resources
of the society. A biologist stated that ethics should be considered in the
publications and in all of productions and that the negative consequences of
studies in some cases cannot be predicted however predictable ones should
be avoided.
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3.4.2. Ethics in Mathematics

A philosopher of science argued that mathematics was more at ease
in the society than science and engineering, and that it would be less affected
by the problems of social ethics. He said a mathematician can develop more
chaos mathematics. There may not be worries related to the end of society.
In other words, it seems to me that mathematicians wouldn’t be bothered. A
mathematician stated that ethical elements were important in all of scientific
and humanitarian activities. In addition, in the case of Perelman, he argued
that some mathematicians used high moral criteria. He stated that these
people are concerned about the award-winning institutions in the field of
mathematics, and that they are retired and create very advanced moral
criteria. He said that these people rejected the awards of international
committees and studied in the reclusion. Another mathematician likewise
stated that ethics was a value of the humanity and that this should be
considered for all of the humanistic activities, not just Mathematics. He also
said that some basic ethical values related to publishing should not be
violated for the reasons such as academic promotion or external pressures.
He said nowadays plagiarism has begun to increase ... There is no proper
definition of plagiarism, but it simply means not to be honest. When people
are not honest and disrespectful to themselves, how much benefit could they
provide as a scientist or a technology-producing person? Another
mathematician said that ethics means a sense of not doing plagiarism in the
professional life. On the other hand, when viewed from a societal point, he
said that there was no bad mathematics or a mathematics that will harm the
society because it was not directly used in the society. However, he said that
some mathematicians particularly studying linear mathematics objected to
working in the nuclear projects likewise some scientists and engineers.

3.4.3. Ethics in Engineering

With regard to engineering ethics, a civil engineer stated that ethics
must be at the maximum level and this was valid not only for the practices
but also for the relationships among the humans. He said the relationships
between the engineers themselves .... as a civil engineer, | can say that there
are huge structures. Ethics are important there because people use it. So
ethics is important in practice. Design is important because they are used by
the humans. As such, it is important in the practice ... In the design ...
because the production is for the humans. A mechanical engineer stated that
they divided ethics into two in engineering as academic and professional
ethics. Especially with respect to professional ethics, | think that companies,
Research and Innovation employees, should keep it (professional ethics) in
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the foreground. It should be useful for the society, the environment and
human beings. | think that the engineers should produce the products that do
not violate the specific rights of these groups. Another mechanical engineer
similarly stated that both academic and professional ethics were important.
For the academic ethics, he said ... referring to a reference ... the usage of
the product or a technology for the right purpose ... respect the intellectual
properties ... For the professional ethics, he argued that the aim of science,
engineering and technology was to be beneficial to humanity and the studies
that were out of this point would be ethically problematic. He explained this
situation in the examples of the development of pistol and dynamite. He said
for example pistols were made for the first time in America. Along with the
production of the pistol, of course, the murders are increasing. This is a
technology too ... You know, the pistols were filled in the front, then the
bullets were found, the technology was developed and what happened as
technology have developed? People started to make better guns. As they
make better guns, more and more people have started to die. | mean, you
may not know what happens at the end of a discovery. An electrical-
electronics engineer thought more about academic ethics and talked about
the importance of ethics in engineering education. He said you are going to
make a publication, it has to be true. Without experimenting, for example,
you cannot say that resistance should be this or that. You need to do
everything in accordance with the rules. You cannot give wrong information.
A computer engineer mentioned both academic and professional ethics.
Especially in professional ethics, he explained what should be cared in his
own field: here | am writing a computer program and let us say it is online.
When you click on it, | can take your data and share it. It is ethical not to do
it. Alternatively, 1 should not share your information without permission.
However, you may not follow these rules. You can get unfair gains from this
information. A science philosopher thought that engineering ethics would be
affected more from the ethical values and norms of society than the ethics of
science and mathematics because of the fact that engineering was more
intertwined with society. An instructional technologist stated that
engineering was in fact closely related to human life; however, ethics was
important for all of the areas in general. He expressed that attention should
be paid both to the produced knowledge and to the impacts of this
knowledge on the humans. At this point, he said for example in the medicine,
there is a rule 'do not harm the people'. Not only for the human beings, but
also for the nature. Engineering is crucial because it affects not only humans
but also the nature. In addition, there are ethical and legal situations for the
engineering companies and there are ethical situations about the rules that
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the employer institution should be paying attention and about the following
products that they produced.

4. DISCUSSION

Considering the findings of the present study, despite the ontological
end epistemological differences among STEM areas (Bunge, 2014;
Franssen, 2014; Schadewaldt, 2014), we argue that a pedagogical framework
can be constructed by keeping the differences and particularly grounding on
interrelationships. This framework includes five dimensions:

1) Descriptions, 2) The relationships among science, math,
technology and society, 3) Common sides, differences and benefiting from
each other, 4) Responding post-normal question using evidence, 5) Ethical
dimensions. Each dimension has been discussed below.

4.1, Descriptions

Looking at the descriptions of STEM scientists, we noticed that one
group produced the descriptions without considering the relationships among
the areas and that one another group benefited from the relationships among
the areas. We particularly focused on the descriptions that did not cover
relationships because the other group was the focus point of one another
question. Looking at the descriptions about science, we can argue that
science can be described as the studies trying to understand and explain the
nature, human and social life by producing evidence. Looking at the
descriptions about mathematics, a description such as a universal language
that is used in understanding and modelling the nature, human, logical
relationships, sciences and engineering can be used. The academicians
described the engineering as the science producing concrete solutions for
daily life needs and problems of humans using science, math and technology.
Looking at the descriptions about technology, the description such as the
methods and tools used for solving the daily life problems in the most
productive ways can be used. These definitions are generally consistent with
the definitions used in literature about these fields (Bunge, 2014, Clark,
2014, Fransen, 2014, Horsten, 2017, Mitcham & Schatzberg, 2009,
Schadewaldt, 2014). It should also be pointed out that there were some
specific differences that were particular to branches of academicians. For
example, the fact that mathematicians described science as the study
understanding people’s opinions and their social mechanisms in addition to
explaining the events of nature showed the shifts and transmission between
the target fields. Related to the definitions of mathematics, we noticed that
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scientists and engineers preferred more language and tool-oriented
definitions, while mathematicians preferred more understanding- and
explanation-oriented definitions. When we look at the engineering
definitions, we noticed that scientists approached the definitions from their
own perspectives. For example, they considered engineering as the
application of scientific knowledge to the daily life. On the other hand,
mathematicians did not refer to science in their definitions. However,
engineers preferred definitions that included science, mathematics,
technology and society. In these definitions, they did not emphasize the
solution of the problems like scientists and mathematicians highlighted.
About the definitions of technology, we noticed that scientists and
mathematicians preferred to define technology over concrete products;
however, engineers used a definition including both concrete products and
non-tangible problem solving methods. Such differences showed that the
academicians were exposed to the ontologies, epistemologies, ethical
criteria, and cultures that were specific to the fields, and that there were
limited collaboration and communication among the fields (Kuhn, 1962;
Snow, 1964).

4.2. The relationships among Science, Mathematics, Engineering and
Technology

Normal Science
Applied Science
Engineering
Technology

Mathematics

Society

Figure 1. The relationships among science, mathematics, engineering,
technology and society

When the models drawn by the academicians and the explanations
about these models were examined and the relationships were approached
from the PNB point of view (Funcovitz & Ravetz, 2003; Ravetz, 2012), the
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model in Figure 1 was produced. In this model, there are fields in the upper
half of the rectangle, while in the lower half there is the society. In the upper
half, the fields influence each other respectively, and the next field is
nourished from all of the previous fields. In addition, the area that the upper
half intersects the society represents the density of the relationship between
the relevant field and the society.

Considering Figure 1, mathematics intensely nurtures normal
science. Here normal science uncovers the patterns behind natural
phenomena and identified some relationships. Mathematics is extensively
used at the point where these relations are subjected to certain tests and are
modeled as some equations or graphs. Applied science, on the other hand,
includes both normal science and mathematics. Applied science, as the
academicians suggested, unlike normal science aiming at understanding and
explaining the reasons behind natural phenomena, focuses on specific
applications and interventions. However, in this process, it uses theoretical
explanations produced in normal science and their mathematical expressions.
In addition, it uses mathematical equations uncovered during observational
and experimental studies. Engineering includes mathematics, normal science
and applied science. For the resolving a problem regarding the nature or
human life, it benefits from mathematics for mathematically modelling the
solution, from normal science for the natural laws and theoretical
explanations that are necessary in the stages of designing and modelling the
solution, and from applied science because it provides the relationships
between the practice- or intervention- oriented parameters. When it comes to
technology, it is the production of a solution method or a concrete product
for a certain human or nature problem by the technicians under the guidance
of engineers combining math, normal science and applied science or directly
by engineers.

Looking at the fields’ relationship with society, some of the
academicians expressed that mathematics intersected with society in a
limited way although mathematics is used extensively by society in everyday
life at the points of some calculations and measurements. However, they also
pointed out that mathematics indirectly had a close relationship with society
through other fields (normal science, applied science, engineering and
technology). On the other hand, it can be argued that the intersection of
society with normal science has some more intense relationships. Examples
such as speed, acceleration, human physiology, climates and boiling the
water are the cases where individuals experience firsthand experience in
daily life and develop some causal reasoning. Applied science is more
closely related to society than normal science considering the examples such
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as the use of certain treatment and therapy methods or determining which
chemical products clean the pool in a short time. On the other hand,
engineers are individuals who are commonly outside the laboratories and
universities and who can directly be contacted by the public. Solutions and
products from chairs to pencils and from nuclear power plants to bridges are
directly used by the public and make the daily life easy. Apart from this,
there are relationships among the fields in opposite direction in terms of
requirements and feedbacks of the society. For example, the development of
a vaccine for the Crimean-Congo hemorrhagic disease is an important
problem for society’s health. This problem requires the collaboration among
mathematicians, normal scientists, applied scientists and engineers. In
addition to these pragmatic approaches that are based on public benefit, we
should argue that all of the fields are also societies within themselves. At this
point, we can argue that the interactions between the psychology and
sociology of the society and their own internal psychology and sociology are
also crucial (Kuhn, 1962; Snow, 1964). In addition, in consistent with PNB
(Funcovitz and Ravetz, 2003; Ravetz, 2012), academicians emphasized that
public understanding of the fields was important, particularly in the cases of
school science and mathematics education and of science communication
activities. Particularly in the process of evaluating the scientific information
and technology, the public may use limited information and reasoning and
risk perceptions (European Commission, 2012). In some cases, such
approaches may result in the revision and even the removal of such
information and the technologies (Sjoberg, 2008). As a result of the
Fukushima nuclear power plant disaster, for example, the people in some
European countries asked the power plants to shut down. At this point, the
academicians also emphasized that the fields included a number of skills
such as analytical thinking, critical thinking and decision making and that
education for these areas is important in creating a desired social change in
the society. Otherwise, they argued that pseudo-science, false campaigns or
technology-oriented culturizations based only on financial gains might have
negative effects on the society. A final point is the fact that academicians
emphasized that it was necessary to consider technology as a cultural and
historical concept in forming human civilization and to think it from a broad
perspective (the formation of economies to social classes, the formation of
policies to wars, etc.)
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4.3. Common aspects, differences, benefiting from each other

Table 3. Common aspects, differences, benefiting from each other

Science and Mathematics

Common
aspects

1. Recognizing the patterns.
2. Organizing the information.
3. Estimation.

4. Problem solving

5. Competition of theories.

6. Modeling

Differences  Logical gaps in mathematics are
generally not allowed while it is
permitted during scientific
progresses.

While the knowledge is being
developed to understand nature in
science, mathematics may not
target the nature, but
mathematical knowledge can be
used later to understand it.

Science uses mathematics as a
language. In particular, it uses
math for modeling the causal
relationships by the formulas and
graphs. Mathematics, on the other
hand, can be improved by using
some relations in science.
Especially those discovered in
theoretical physics allow the
derivation of new mathematical
fields.

Benefiting
from each
other
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Science and Engineering

1. Analytical thinking.
2. Experimentation.

3. Problem solving.

4. Working with groups.
5. Dealing with social
problems.

6. Modeling.

While new discoveries and
truths about the natural laws

under the uncertain

conditions are produced in
science, engineering is not

acted under uncertain

conditions and the existing

truths are tried to be
confirmed.

Although errors are usually
not be allowed during testing
processes in science, errors

are made intensely in

engineering experiments. The
technological products are

designed taken into the
account these errors.

While producing knowledge
is the main motivation source

in science, the main

motivation in engineering is
to transform knowledge into

a solution or a product.

Engineers use the laws and
theories discovered in science
as the tools in solutions they

develop. Science uses

engineering products and
technologies for scientific
research and new discoveries.

Applied science field eases

Mathematics and
Engineering
1. Problem solving.
2. Analytical thinking.
3. Modeling.

When solving the
problems, (numeric)
expressions in
mathematics are used
in detail, whereas some
simplifications in the
(numeric) expressions
are made for
engineering purposes.

Mathematics produces
calculations that may
be out of everyday life
while engineers revise
these calculations to
produce practical
results based on
everyday life.

Engineering progresses
by experiment oriented
mechanisms while
mathematics
progresses by proof
oriented mechanisms.

Engineers benefit from
mathematical language
(e.g. equations) to
understand and model
dynamic systems.
Mathematicians can
develop new
mathematical
procedures through

the transition between science some engineering

and engineering.

problems.
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As shown in Table 3, when we look at the common aspects
between science and mathematics, we noticed that six common features
were put forward by the academicians. These are: 1) Recognizing patterns,
2) Organizing the information, 3) Estimation, 4) Problem solving, 5)
Competition of theories and, 6) Modelling. About recognizing patterns,
understanding and explanation of events and concepts that were thought to
be both repetitive and serial were shown as a common feature. For example,
in science, in the DNA molecule, the fact that all Adenine nucleotides bind
to Timin and Guanine nucleotides bind to Cytosine is a pattern. Similarly, in
mathematics, the pattern in the series such as 7, 5, 3, 1 is the two reduction.
The second common feature was that both science and mathematics
organized the information. This organization can be thought of an effort to
find out a certain organization and to produce clarity behind the complexity
that appears especially in the situations related to nature and people. In
science, for example, E = mc?, popular formulae of Einstein trying to explain
many physical phenomena together, is an effort to create such an order and
organization. Similarly, in mathematics, hundreds of data and relationships
are being represented and grouped by the functions. Another situation was
that both in science and mathematics estimation existed in common. In
general, in science, the theories are produced to explain the causal situations
behind the certain realities, and these theories are actually used to predict
similar events in the future. The ideal gas equation of PV = nRT, for
example, is based on reciprocal relations to predict the future behaviors of
the factors in the equation. When it comes to mathematics, statistical
calculations are commonly built on the basis of predicting the past, current
situation or the future. For example, election companies use small samples of
2000 people to estimate which party will be elected in the elections where 50
million voters will vote. It was also emphasized that problem solving was
common in both areas. In both areas, it was argued that the processes such as
trying to understand the question, converting the question into a testable
form, creating alternative solutions for the question and progressing by
testing these solutions were important. For example, in science, the question
of ‘why the leaves of plants growing in low light areas are darker than those
of the more lighted regions' is a question showing which parameters need to
be studied (light extraction, color pigments in the leaf, etc.), which method
need to be used to study these parameters (an experimental setup including
one group with lots of light-receiving plants and one another having low
light-receiving plants) and what kind of respond (an evidence-based causal
explanation) will be produced via the question form (why?). Similarly, in
mathematics, the question ‘Which energy source that has been used for the
city lighting in Istanbul has more advantageous?’ includes the parameters

467



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

that will be addressed (Istanbul, energy sources, lighting), how to study these
parameters (a comparative mathematical modelling) and what kind of
answer (which one is statistically significantly more advantageous than the
others) will be produced via the question form (which one has more
advantageous). Another common point was the competition of theories. It
was emphasized here that especially certain realities and patterns were tried
to be explained by certain theories/theoretical components in both science
and mathematics and that there were several different theories/theoretical
components about the same situation and these theories/theoretical
components were in competition to explain the situation. For example, there
are theories of Newton and Einstein about the motion of light in science.
While there are many situations in which Newton's statements are valid, it is
observed that Einstein's accounts can explain some situations that Newton
could not account for. A similar situation can be observed about the axioms
Euclid and Labacowiski have built regarding parallelism. Modelling was
one another common feature. Mathematicians, for example, not only for
natural cases (science) but also for some abstract situations, benefit from
modelling in order to abstract and organize the information. When we look
at the differences between science and mathematics, we noticed that two
differences were particularly emphasized. In the first, it was stated that in
mathematics progress was made in a way that all of the processes were
confirmed and that there was no logical gap or mistake, while there was an
open-ended progress in science due to the mistakes and logical gaps. Within
the second difference, it was argued that the main purpose of science was to
understand and explain the nature. On the other hand, in mathematics there
was no such primary goal. However, the knowledge and methods produced
in mathematics could be used to understand the nature. About benefitting
from each other, a mutualism was mentioned. In accordance with the
literature (Horsten, 2017), it was stated that, in general, scientists used
mathematics in order to model the relationships with formulas or other
models and mathematicians produced new mathematical fields with new
discoveries especially in the scientific branches such as theoretical physics.

When we look at the relationships between science and
engineering, academicians emphasized common aspects such as 1)
Analytical thinking, 2) Experimentation, 3) Problem solving, 4) Working
with groups, 5) Dealing with social problems, and 6) Modeling. Analytical
thinking, experimentation, and problem solving from these common aspects
are similar to the 'Patterns', cause-effect relationships: mechanisms and
explanations' and ‘scale, proportion and quantity' in the K-12 Science
Framework (National Research Council, 2011). The modelling is also
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similar to the 'systems and system models' of the K-12 Science Framework
(National Research Council, 2011) developed in the USA. Looking at the
common aspects of science and engineering, analytical thinking was
thought to be the production of abstract results with analyzes of specific
tangible data or to be making some abstract situations concrete by the
experiments or the products in both fields. For example, interpreting
analytically a table showing the amounts of elongation created by the objects
of different weights hanging on the ends of three equal springs and a table
showing coefficients of wearing of three different keys made of different
materials, in a similar way, require analytical thinking. Regarding
experimentation, it was argued that certain hypotheses were established in
both of the fields and these hypotheses were tested in experimental setups.
For example, investigating water boiling state by changing one of the factors
affecting the boiling point of a water in a pot and investigating whether a
Drone prototype is flown at the desired height by changing one of the
parameters affecting the flight of it indicate that the experiments are used in
both areas in a similar way. With regard to problem solving, it was thought
that both fields revealed the problems, described them, and determined the
steps for solving them. It was also expressed that curiosity was an important
driving force in both of the processes. 'Sponge insulation or polyester
insulation leads to less heat loss?" is a question for applied science requiring
the steps such as understanding of the question, the preparation of
observation setups and the testing of these setups for resolution. The
guestion "How do you develop a solution to reduce the heat loss in the
sponge insulation by two times?" also requires the steps such as
understanding the question and creating and testing designs for solving it.
Regarding working with the groups, it was argued that the studies done in
both science and engineering were compared with other studies and that
people from different specialties came together and could work in their
disciplines or in an interdisciplinary way. For example, scientists come
together in the congresses and share their scientific work with their
colleagues. Similarly, engineers come together at congresses and fairs, and
receive feedback from their colleagues about their products and solution
proposals. About dealing with social problems, it was emphasized that
particularly applied science and engineering worked for the society and
produced knowledge and products that would make people's life easier. For
example, applied scientists come into play for the comparison of the effects
of two different diets on the diabetics, whereas engineers come into play for
the pursuit of the blood sugar balance using the subdermal chips in the
diabetic patients. In both cases, diabetes mellitus, which is a social problem
and which affects many people, has been dealt with. Regarding modeling,
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for understanding the relationships between natural cases (scientists) and for
understanding the relationships between the parameters that are influential
for the production of solutions and products (engineers), both groups benefit
from models such as equations and graphics. For example, in a simple
electric circuit, an equation (model) can be established over the factors
affecting the amount of brightness of the light (cable length, type, thickness,
etc.), while one another equation (model) displaying the factors that
similarly affect the speed of windmill (wind speed, weight of windmill, etc.)
(model) can be produced. When the differences between science and
engineering are considered, it was argued that the science was specially
designed for the discovery and progressed under uncertain conditions,
whereas there was no similar uncertainties in engineering and no purpose of
a new natural discovery. In other words, it was emphasized that engineers
were trying to validate certain truths that they have built up by the models;
however, scientists are proceeding to discover and produce such truths.
Another difference is about the rate of error in the experiments. In science
experiments, this rate is the lowest, whereas, in engineering, it was argued
that continuous mistakes are made in the calculations and experiments;
however, the products were designed by taking into account them. Finally,
while the motivation for conducting science is producing knowledge, the
translation of the knowledge into solution or product is crucial in
engineering. Regarding benefitting from each other, scientists use
engineering products and solutions in their own works, especially in the
process of observation and data processing, while engineers use theories,
laws, and equations produced in science as the tools. In addition, some
scientists are doing engineering research when necessary in the process of
analyzing research questions. In addition, in the analysis of some research
guestions such as the CERN example, scientists and engineers work
together. However, in the developing countries such as Turkey, due to the
compartmentalizing of the branches in the university exams and due to the
limited interdisciplinary work culture, scientists and engineers can come
together rarely. In addition, in the branches such as applied physics and
applied chemistry, the scientific and engineering-oriented knowledge and
skills are used and these branches enable the transmission of the knowledge
and technology between normal science and engineering that is consistent
with PNS approach (Funcovitz & Ravetz, 2003; Ravetz, 2012).

When the relationships between mathematics and engineering are
examined, common aspects are 1) problem solving, 2) analytical thinking
and 3) modelling. About problem solving, both mathematics and
engineering described the problems, developed solution strategies and tested

470



A. Kilin¢ ve ark. / Egitim Fakliltesi Dergisi 31 (2), 2018, 365-480

them. It is thought that instead of pure mathematics in particular, applied
mathematicians benefited from a problem solving method that was close to
the engineers’. With regard to analytical thinking, it was stated that in
abstract and theoretical situations mathematics and engineering could behave
differently, but analytical thinking was similar in the evaluations and
inferences made on concrete data. For example, interpretation of a graph
showing monthly distributions of electricity bills in a house, and a graph
showing the amount of gasoline consumed by the car engine depending on
the month similarly require analytical thinking. Another common aspect is
the modelling. In both areas, it was argued that abstracting was conducted
on concrete situations for the solution of the problems, and the models
developed based on these abstract components were used as the framework
for solving the problem. For example, when estimating the weather, a model
of forecasting using a number of arithmetic and geometric data is used, while
models with many arithmetic and geometric data are similarly used when
estimating the next movement of a robot. When we look at the differences
between mathematics and engineering, it was argued that in the problem
solving stages, engineers used a certain number of decimals after the comma
in order to facilitate their aim, but mathematicians were using as many
decimals as possible and therefore continue to operate until they find correct
answer. In addition, it was stated that some values calculated in mathematics
(e.g. in calculating some speeds) could go beyond the boundaries of
everyday life, but the engineers revised these values to fit them to the daily
life. Another situation is that in mathematics, knowledge is produced by
proof processes whereas knowledge is produced by experiments and testing
in engineering. When mathematics and engineering are examined in terms of
benefiting from each other, mathematicians make some certain engineering
problems about mechanics and velocity mathematical problems and recorded
mathematical progresses on them, whereas engineers (like scientists) benefit
from mathematics as the language especially when they use formulas or
equations in order to model certain associations. In addition, it was stated
that engineering applications could be used effectively in mathematics
education and that the connections of mathematics to everyday life could be
understood in this way.

4.4. Responding post-normal questions based on evidence

When the STEM academicians’ responses examined in detail, we
noticed that science, mathematics, engineering and technology were jointly
built on problem solving. In addition, this characteristic was a common
feature in the list (Table 3) of common features of the pairs (science-
mathematics, science-engineering and mathematics-engineering). The
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problem-solving process that began with ‘asking questions' in the K-12
Science Framework in America was also shown as common practices for
science and engineering applications (National Research Council, 2011). In
addition, a physicist among academicians, for example, said that engineering
and science are similar in terms of ways of thinking and methods. They both
have hypotheses, and the validity and reliability of these hypotheses are
tested by the experiments. Similarly, when a biologist made comparisons
between science and engineering, she argued that the important thing was to
solve the biological problem and that the fundamental thing was the
biological question. Similarly, an electrical-electronic engineer stated that in
both science and engineering, the problem was revealed, identified, the
phases to be solved were determined, the hypothetical thinking was used,
and experiments or designs were made and verified. A mathematician
compared mathematical problems, technology problems, and physics
problems and argued that it was important to understand the question and to
think and test possible answers for all of these problems. Although the
methods used were different, he stated that the way of thinking was the
same. Supporting this, the same mathematician explained this situation in the
cases of Euler and Newton who were astronomers, philosophers,
mathematicians, and engineers. Similarly, another physicist stated that the
discrimination between engineer and scientist was not appropriate, that they
were both scientists, and that they could investigate everything a person
needed to investigate. An instructional technologist and a physicist also
emphasized that the compartmentalization such as science and engineering
have been decreasing in recent years and that in both groups, driving force
was the curiosity and responding the questions.

Taken together, we can argue that science, mathematics, and
engineering practices are the evidence-based methods used in responding
humanistic, natural and meta-physical questions. Considering the
ontology and epistemology of these areas are thought to be different (Bunge,
2014; Franssen, 2014), and considering how we can diffuse into all of the
areas by preserving these differences, we thought that the content of the
problem and the way in which it is questioned was the determining factor
(Figure 2). For example, "Which of the renewable energy sources is
economically more advantageous for our country?" is a question that
requires intensive mathematical calculations and models. In response to this
question, evidence can be generated using mathematical models such as
tables or equations. Alternatively, existing mathematical evidence can be
used. The question "Why is a stone left to the ground to fall?" is a question
that intensively requires normal science and limited mathematics. The
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individual who wants to respond this question either will benefit from the
existing  evidence or  will respond it by  constructing
observations/experiments and mathematically modeling the relations he has
achieved (producing the evidence himself). "Which plants are preferable
instead of wheat to prevent erosion in a field area where wheat agriculture
has been conducted for long time?" is a question that can be answered with
intensive applied science, certain level of normal science and
mathematics. At the end, when applied science is viewed from post-normal
perspective (Funcovitz & Ravetz, 2003; Ravetz, 2012), it contains normal
science and mathematics. At this point, evidence from existing applied
scientific research can be used or the individual can produce his/her own
evidence and design a response from his own observations (e.g.,
mathematically comparing how different plants contribute to erosion in an
experimental environment). In this process, he will also benefit from normal
scientific knowledge about plant anatomy, physiology and taxonomy. The
guestion "How can we store rainwater in the buildings and utilize that water
in toilets?" is a question that is heavily dependent on engineering and
requires engineering, applied science, normal science and mathematics at
different levels. (Funcovitz & Ravetz, 2003; Ravetz, 2012). Here, the
existing evidence of applied science and normal science can be examined, a
mathematical model can be created based on these evidences, a sample
design can be created, tested and the defective aspects of this design can be
developed with new tests. In addition, the individual can also use existing
engineering designs as the direct evidence.

About the contexts where the process of mathematics, normal
science, applied science, engineering, their interrelationships and associating
them with the society, the academicians proposed ethics, social networks,
automobiles, cameras, mobile phones, television, internet technology, MR
device, cryptography, evolutionary theory, social progress, nuclear
technology, steam engines, social change and swine flu.
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Post-Normal Question

Mathematics Normal Science Applied Science Engineering

Evidence-based Response

Finding existing evidence
Producing evidence

Figure 2. Responding Post-normal questions based on evidence
4.5. Ethical Aspects

When STEM academicians’ evaluations on ethical aspects are
examined, we noticed that ethical elements related to academic studies were
primarily given importance because they produced academic works in
mathematics, science and engineering fields. They expressed the need to
avoid ethically problematic situations such as using information without
citing and manipulating the research due to pressures related to academic
promotion or due to the desire to gain popularity. In addition, bad science
and bad engineering practices that directly affect the society in a professional
sense were also evaluated ethically. It was emphasized that the probable
negative results of the work done in the fields of science and engineering
should be well calculated and if there were possible damages to human and
nature, then this work should not be done. Especially ethical norms such as
building strong buildings, using technologies such as dynamite for only good
purposes, not sharing personal information on online platforms, and paying
attention to restrictions related to the products produced by the companies
were expressed. In mathematics, they argued that it was difficult to
distinguish between good mathematics and bad mathematics because of the
limited direct contact with the public except for general scientific ethics
related to academic studies. However, they argued that some mathematicians
point out that they were particularly concerned about contributing to nuclear
research. Generally examined, there are some ethical considerations related
to academic and professional life in the fields of science, mathematics and
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engineering in accordance with PNB (Funcovitz & Ravetz, 2003; Ravetz,
2012), and it was important to clearly share these ethical components with
the public when they need to make decisions on post-normal scientific issues
such as building nuclear plants.

5. CONCLUSION AND PEDAGOGICAL IMPLICATIONS

Even if STEM education has been grounded by the lack of STEM
workforce (Bybee, 2010), recent cases such as establishment of nuclear
plants, GM foods and artificial intelligent have necessitated public to possess
knowledge, skills and values about math, normal science, applied science
and engineering in order to better understand these SSI and make informed
decisions about them (Kiling, Demiral & Kartal, 2017). In addition, there are
philosophical and practical uncertainties on how STEM areas can be come
together (Williams, 2011; Zeidler, 2016). Therefore, in the present study, we
strived to produce a pedagogical framework for the STEM using a PNB
approach. The five dimensions that are included in this framework can be
considered as learning areas and they have been shown in Figure 3.

It is clear that future research is necessary in order to connect these
learning areas with the teaching processes. However, two suggestions may
direct these research attempts. First, the conceptions, skills and affective
dimensions about these learning areas can be uncovered and explicitly taught
by different examples. Second, particularly considering fourth learning
dimension (responding post-normal question using evidence), how these
areas work together, the common aspects and differences, their relationships
with the society and ethical dimensions can be taught by context-based,
student-centered and inquiry oriented-learning environments.

We believe that the pedagogical framework that we developed in the
present study has the potential to help the teachers and students in teaching
and learning STEM-oriented topics in Turkish middle and high schools. In
practical sense, for example, a science teacher may prefer the context
‘Erosion and its prevention’. A range of post-normal questions can be
produced about this context: ‘Which factors are influential in the estimation
of the soil lost?” (Mathematical question), ‘Which factors are influential in
the velocity of water flow?” (Normal science question), ‘Which solution is
better in the prevention of erosion?: Planting trees or altering the water flow?
(Applied science question), ‘Which solution can prevent the erosion in a
river experiencing erosion for long time by producing the least harm to the
water and land ecosystem?’ (Engineering question), ‘Do hydrothermal
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power plants influence the erosion problems in the rivers? (PNB question
covering math, normal science, applied science and engineering)? These
questions would be responded by different post-normal areas. Some require
only mathematical models, some observations and experimental settings
(Normal science and applied science) and some the solutions including
engineering or all of the areas (Figure 2). Students who can actively
participating in these processes may easily learn the descriptions,
conceptions, interrelationships (Figure 1 and Table 3), the nature of areas
and their inquiry methods and ethical dimensions.

Learning Area 1. Descriptions of Math, Science, Engineering and Technology

Learning Area 2. The relationships among Math, Science, Engineering,
Technology and Society
2.1. The relationships among the areas from scientific question through
technology
2.2. The relationships of the areas with the society from scientific question
through technology

2.3. The areas as special societies
2.4. Public understanding of post-normal science, decision making and social
change
Learning Area 3. The common aspects, differences and benefiting from each
other

3.1. The common aspects between the pairs of areas
3.2. The differences between the pairs of areas
3.3. Benefiting from each other in the pairs of areas
Learning Area 4. Responding post-normal question using evidence
4.1. Mathematical Inqury and the nature of Math
4.2. Scientific Inquiry and the nature of Science
4.3. Technology-oriented inquiry, design and the nature of Engineering
Learning Area 5. Ethical dimensions
5.1. Academic ethics in the areas
5.2. Professional ethics in the areas

Figure 3. The learning areas of pedagogical framework for the STEM
developed using PNB approach
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6. LIMITATIONS AND FUTURE PERSPECTIVES

PNB framework not only covers normal science, applied science and
engineering, but also includes professional consultancy and post-normal
science. However, the last two components were not used both in the
interview questions and in the produced pedagogical framework because
they were not included in existing pedagogical frameworks. At this point,
particularly at high school level, it can be emphasized that scientists have
offered professional consultancy service in the case of Swine Flu when the
evidences have been limited or that the post-normal science procedures
working by uncertainty-oriented processes have been used in the illnesses
such as cancer in order to find correct treatment methods. By these two
additions, the areas that would respond post-normal questions in Figure 2
will extend and new question forms could be formulated. At this point, the
interviews covering all of the PNB areas could be conducted with
academicians and the remaining two areas could be incorporated into the
general framework.

One another limitation is the fact that the data were collected within
a Turkish university. Therefore, the produced pedagogical framework may
cover only the selected university’s STEM approach. Conducting similar
interviews with the scientists from other universities in Turkey and in other
countries would enhance the constructed pedagogical framework.

Finally, the pedagogical framework focus particularly on learning
areas. At this point, learning outcomes, teaching strategies, assessment
procedures, teaching vision and the roles of students and teachers that are
other fundamental components of teaching programs can be developed.
During this process, the opinions of teachers and educational scientists could
be collected.
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