FAKULTE / ENSTITU ADI

DERS BiLGI FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIM DALI ADI

Istatistik

DERSIN ADI

Deneysel Tasarim

DERSIN KODU

1IST3142

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR

0

ONKOSULLAR

Yok

YARIYIL

Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Zorunlu @ Istatistik Lisans Program

DERSIN KATEGORISI

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Istatistik Boliimii

DERSIN KOORDINATORU

Oykiim Esra Yigit

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilerin deneysel arastirmalarda istatistiksel yontemler kullanarak
hipotez testleri kurabilmelerini, farkli deney tasarimlarini (tamamen rasgele, blok, faktoriyel,
Latin kare vb.) uygulayabilmelerini ve elde edilen verilerden gecerli bilimsel ¢ikarimlar
yapabilmelerini saglamaktir.

DERSIN iCERIiGi

Degiskenlik; beklenen deger; korelasyon; hipotez testleri; rasgelelestirme ilkeleri; deney
tasarimlarmin planlanmasi; tamamen rasgele tasarimlar; blok tasarimlar; faktoriyel
tasarimlar; Latin kare tasarimlari; ¢oklu karsilastirmalar; kontrastlar; varsayim testleri; model
uygunlugunun degerlendirilmesi; faktoriyel deneylerde etki ve etkilesimlerin analizi; tekrarli
Olciimler; boliinmiis parseller; karma tasarimlar; deneysel verilerin uygulamali analizi.

DERS KiTABI/ MALZEMESI /

ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar:
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Ders Kkitabi:
[1] D.C. Montgomery. Design and Analysis of Experiments. Fourth Edition, Wiley, 1997.

Onerilen Kaynaklar:
[1] W.G.Cochran, G.M. Cox. Experimental Desings. Second Edition, Wiley, 1957.
[2] G.W. Oehlert. A First Course in Design and Analysis of Experiments. 2010.

Bu dersi basariyla tamamlayan 6grenciler,

1. Temel istatistiksel yontemlerin deneysel arastirmalardaki kullanim alanlarini
belirleyebileceklerdir.

Farkli deneysel tasarim yontemlerini (tamamen rasgele, blok, faktoriyel, Latin kare
vh.) karsilagtirarak duruma uygun olani se¢ebileceklerdir.

Deneysel tasarim yontemlerini ger¢ek verilere uygulayarak sonuglarini
yorumlayabileceklerdir.
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Dogrusal ve dogrusal olmayan regresyon modelleri kurarak matematiksel
modelleme becerisi gelistirebileceklerdir.

Uriin ve siireclerin gelistirilmesi icin istatistiksel deney tasarim yéntemlerini
kullanarak sistemlerin kalitesini artirmaya yonelik ¢6ziimler iiretebileceklerdir.

DEGERLENDIRME SISTEMI

| Etkinlikler Say1 Katki Pay1

‘ Devam/Katihim:

| Laboratuvar: ‘ H

| Uygulama (Sozlii Sinav): H H

| Arazi Caliymasi H H

Derse Ozgii Staj

Kisa Siavlar/Stiidyo Kritigi (Zorunlu):

e lcerik: Kisa smavin yapilacag: haftaya kadar islenen konularin
tiimiinii kapsayan sorular.

e Format: Yiiz yiize. Yazil (60 dakika) veya ¢oktan se¢meli kisa sinav
(30 dakika). 4 %035

e  Detayh Degerlendirme Kriterleri:
-Derste iglenen uygulamalar ile ilgili problemleri ¢6zebilme.
-1 tane kisa smav %20
-3 tane kisa sinav %15 (%5 + %5 + %5)

| Odev: H [

| Sunum/Jiiri: H H

‘ Proje: H H

| Seminer/Workshop H H

Ara Sinavlar:
e lcerik: Siav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamli sorular
e Format: Yiiz yiize. Sinav (120 dakika)
~ . . . 1 %25
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e lgerik: Dersin tiim igerigini kapsayan kapsamli sorular
e Format: Yiiz yiize. Sinav (120 dakika)
e  Detayh Degerlendirme Kriterleri: 1 %40
-Derste islenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-ileri diizey problem ¢ézme becerilerinin kullanilabilmesi
‘ Dénem i¢i Caliymalarin Bagar1 Notuna Katkisi H %60
| Final Sinavimin Basar1 Notuna Katkisi H %40
| TOPLAM H %100
HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
Konu Anlatimi: Degiskenlik, beklenen deger, basit lineer] 1. Degiskenlik, beklenen deger, basit linee
korelasyon, ¢ikarsama, tahmin, hipotez testi korelasyon, g¢ikarsama, tahmin ve hipotez
testi kavramlarinin ders kitabindaki ilgili
1 Simf-igi Uygulama (30 dk.): Ornek veri seti iizerinden bolimlerden okunmasi. Kaynak: Ders
degiskenlik, beklenen deger, korelasyon katsayisi ve temel hipotez] Kitabu, ilgili sayfalar
testi hesaplamalari yapilir. 2. Omek veri setleri iizerinde uygulamal
yapilarak  kavramlarm  pekistirilmesi.
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Smmif-i¢i Tartisma (10 dk.): Uygulama sonuglari sinifta tartisilir;
degiskenlik olgiilerinin 6nemi, korelasyonun nedensellik ile farki
ve hipotez testlerinde anlamlilik diizeyi {izerine yorumlar yapilir.

Kaynak: Ders Kitab, ilgili sayfalar

Konu Anlatimi: Varyans analizi (ANOVA) temel kavramlari,
grup ortalamalarinin karsilastirilmasi, F-istatistigi, varsayimlar
(normallik, varyans homojenligi), sonuglarin yorumlanmasi

Smif-ici Uygulama (30 dk.): Omnek bir veri seti iizerinde tek
yonlii ANOVA uygulanir; gruplar arasi ve grup ig¢i varyans
hesaplanir, F-testi yapilir ve p-degeri yorumlanir.

Smif-i¢ci Tartisma (5 dk.): “ANOVA sonuglarinda anlamli fark|
bulundugunda, hangi ek analizlere (6r. ¢oklu karsilagtirmalar)
ihtiyac vardir?” sorusu iizerinden sinif ici tartigma yapilir.

Varyans  analizi  (ANOVA)  temel
kavramlari, grup ortalamalarinin|
karsilastirilmasi, F-istatistigi, varsayimla
ve sonuglarin yorumlanmasina iligkin ders
kitabindaki boliimlerin okunmasi.
Kaynak: Ders Kitabu, ilgili sayfalar

Tek yonli ANOVA uygulamas: yapilaral
hesaplamalarin ve sonuglari
yorumlanmasi. Kaynak: Ders Kitabi, ilgili
sayfalar

Konu Anlatimi: ANOVA’nin temel varsayimlart (normallik,|
ivaryans homojenligi, bagimsizlik), bu varsayimlari test etme
lyontemleri

Simf-ici Uygulama (30 dk.): Omek bir veri seti iizerinde
IANOVA varsayimlar test edilir (6r. Shapiro-Wilk, Leveng
testleri).

Smif-ici Tartisma (5 dk.): “ANOVA varsayimlarmin ihlali
durumunda sonuglarin giivenilirligi ne olur? Bu durumda hangi
alternatif yontemler tercih edilmelidir?” sorusu tizerinden tartismal
lyapilir.

ANOVA’nin temel varsayimlari ve bul
varsayimlarin test edilmesine yonelik ders
kitabindaki ilgili boliimlerin okunmasi.
Kaynak: Ders Kitabu, ilgili sayfalar

Varsayim  testlerinin  (Shapiro-Wilk,
Levene) oOrnek veri setleri iizerinde]
uygulanarak  sonuglarin  yorumlanmasi.
Kaynak: Ders Kitabu, ilgili sayfalar

Konu Anlatimi: Coklu karsilastirma (Multiple Comparison)
testleri, Type I hata oraninin kontrolii, ¢oklu karsilagtirmalarin|
mantig1, ¢oklu karsilastirmalarin uygulanma nedenleri, Tukey]
HSD testi, Bonferroni testi, Scheffé testi, Duncan testi, post hoc
lyontemlerin avantaj ve dezavantajlari

Simf-ici Uygulama (30 dk.): Omek bir veri seti iizerinde
IANOVA sonrasi Tukey ve Bonferroni testleri uygulanarak gruplar
larasindaki farklar incelenir.

Smmif-i¢i Tartisma (5 dk.): “Farkli multiple comparison testleri
layn1 veri tizerinde farkli sonuglar verebilir mi? Arastirmaci hangi
testi segmelidir?” sorusu iizerine tartigma yapilir.

Coklu karsilagtirma testleri, Type | hat
orani, uygulanma gerekgeleri ve yaygin
post hoc testlerin (Tukey HSD, Bonferroni,
Scheffé, Duncan) avantaj—dezavantajlarm.
iligkin ~ ders  kitabindaki  bdliimlerin
okunmasi. Kaynak: Ders Kitabi, ilgili
sayfalar

Ornek veri seti iizerinde Tukey ve
Bonferroni testleri uygulanarak sonuglarin
degerlendirilmesi. Kaynak: Ders Kitabi,
ilgili sayfalar.

IKonu Anlatimi: ANOVA sonuglarinin ayrintili yorumlanmasindal
kullanilan kontrastlarin tanimi, kontrast katsayilar1 ve 6zellikleri;
ortogonal  (dik) kontrastlarn  matematiksel ozellikleri  ve|
bagimsizlik kosullari; planli karsilagtirmalarin post hoc testlerden|
fark1 ve avantajlar1

Sif-ici Uygulama (30 dk.): Ormek bir veri setinde grup|
ortalamalar1 igin kontrastlar tanimlanir, kontrast katsayilari
hesaplanir ve ortogonal kontrastlar uygulanarak hipotez testleri
yapilir.

Smif-i¢ci Tartisma (5 dk.): “Planli kontrastlar ile post hoc testler|
arasindaki farklar nelerdir? Hangi arastima durumundal
kontrastlar daha uygun olur?” sorusu iizerinden tartisma yapilir.

Kontrastlarin tanimi, kontrast katsayilari,
ortogonal kontrastlarin zellikleri ve planli
karsilagtirmalarin avantajlarma iliskin ders|
kitabindaki boliimlerin okunmasi. Kaynak:
Ders Kitabu, ilgili sayfalar

Ornek veri seti {izerinde kontrastlarl
uygulanmast ve Thipotez testleri ile
sonuglarin degerlendirilmesi. Kaynak: Ders
Kitaby, ilgili sayfalar

Konu Anlatimi: Regresyon analizi ve© ANOVA’nin temel
amaglari, ortalamalar arasi farklarin regresyon modeli ile ifade
edilmesi, basit dogrusal regresyonda regresyon katsayisinin
anlamliligi i¢in kullanilan F-testi ile ANOVA esdegerliginin|
lgdsterilmesi

Simif-i¢i Uygulama (30 dk.): Basit bir veri seti iizerinde dogrusal
regresyon modeli kurulmast ve elde edilen sonuglarin ANOVA
tablosu ile karsilastirilmasi.

Siif-ici Tartisma (5 dk.): “Bir regresyon modelinde F-testi
sonuclarini ANOVA ile gormek bize ne kazandirir?” sorusuy|
lizerine tartisma yapilir.

Kisa Smav (60 dk.): Ders sonunda, derste igslenen konulari igeren|
bir kisa sinav yapilir.

Regresyon analizi  ve ANOVA’nin|
amaclari, ortalamalar arasi1 farklarin
regresyon modeli ile ifade edilmesi ve
regresyon—-ANOVA iliskisine dair ders
kitabindaki ilgili boliimlerin okunmasi.
Kaynak: Ders Kitabu, ilgili sayfalar

Basit dogrusal regresyon uygulamasi
yapilarak sonuglarin ANOVA tablosu il
karsilastirilmasi. Kaynak: Ders Kitabi, ilgili
sayfalar

Ogrenilen bilgilerin pekistirilmesi amaciyla
kisa sinav uygulanmasi. Kaynak: Ders
notlari, ilgili boliimler

Konu Anlattmi: Coklu regresyonda ANOVA tablosunun

lyorumlanmasi, regresyon modelleri arasinda karsilagtirmalar iginl

Coklu regresyonda ANOVA tablosunun|
yorumlanmasi, model karsilagtirmalari ve|
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varyans analizinin kullanimu, model uygunlugunuy|
degerlendirmede = ANOVA’nin  rolii, regresyon—ANOVA
lyaklagiminin farkli arastirma senaryolarindaki uygulamalar:

Smif-i¢ci Uygulama (30 dk.): Cok degiskenli bir veri seti lizerinde)
coklu regresyon modeli kurulur, model ANOVA tablosu incelenir]
ve farkli modellerin karsilagtirilmasi yapulir.

Simif-i¢i Tartisma (5 dk.): “ANOVA ve regresyon aslinda tek bir]
istatistiksel cercevenin farkli goriiniimleri midir?” sorusu {izerine|
tartisma yapilir.

uygunluk  degerlendirmesi  konularin
iliskin  ders  kitabindaki  boliimleri
okunmasi. Kaynak: Ders Kitabi, ilgili
sayfalar

Coklu regresyon uygulamasi yapilarak]
model ANOVA tablosunun incelenmesi ve
farkli modellerin karsilastirilmasi. Kaynak:
Ders Kitabu, ilgili sayfalar

|Ara Sinav 1

Siav haftasina kadar islenen konulart
tiimiiniin tekrar edilmesi

IKonu Anlatimi: Deneysel arastirmalarda rasgelelestirmenin|
6nemi ve yanlilig1 azaltmadaki rolii, rasgele atama ile rasgele|
Ornekleme arasindaki fark, bloklama kavrami: deney birimlerinin|
homojen bloklara ayrilmasi, tamamen rasgele tasarim ile blokly|
rasgele tasarim arasindaki temel farklar, bloklu rasgele tasarimin
avantajlari: hata varyansini azaltma, duyarlihigi artirma, bloklul
rasgele tasarim icin ANOV A modeline girig

Smmif-i¢i Uygulama (30 dk.): Bloklu Rasgele Tasarim bir drnek
veri setine uygulanir (6rn. giibre tipi x tarla bloklar1), ANOVA|
tablosu olusturulur ve blok etkisi test edilir.

Simif-ici Tartisma (5 dk.): “Blok faktoriiniin eklenmesi sonuglari
masil degistirir? Hangi durumlarda Bloklu Rasgele Tasarim,
Tamamen Rasgele Tasarima tercih edilmelidir?” sorusu {izerinden|
tartigma yapalir.

Rasgelelestirme, bloklama kavramu,
tasarimlar arasi farklar ve bloklu rasgele
tasarimmn  avantajlarina  iliskin  ders|
kitabindaki boliimlerin okunmasi. Kaynak:
Ders Kitabu, ilgili sayfalar

Bloklu Rasgele Tasarimin ornek veri seti
iizerinde uygulanarak ANOVA tablosunu:
olusturulmast ve blok etkisinin tes
edilmesi. Kaynak: Ders Kitabi, ilgili
sayfalar

10

IKonu Anlatimi: Rasgele Blok Tasariminin temel yapisinin]
hatirlatilmasi, bloklama ilkesinin daha karmasik deneylere
genellestirilmesi, Genellestirilmis Rasgele Blok Tasarimu: farkli
faktor seviyeleri, dengesiz veri ve eksik gozlemlerle bas etme,
modelin matematiksel ifadesi ve ANOVA c¢ergevesinde
coziimleme, klasik Rasgele Blok Tasarimi ile farklart ve
uygulama alanlar1 (tarim deneyleri, endiistriyel siiregler, klinikl
aragtirmalar vb.)

Simif-i¢ci Uygulama (30 dk.): Eksik gozlemler igeren veyal
dengesiz bir veri seti {izerinden Genellestirilmis Rasgele Blok]
Tasarimi uygulanir. ANOVA tablosu elde edilir ve sonuglar klasik]
RBD ile karsilastirilir.

Smif-i¢ci Tartisma (5 dk.): “Blok yapisi tam dengeli olmadigindal
lhangi yontemler tercih edilir? Genellestirilmis Rasgele Blok
Tasariminin  avantajlar1  ve siirhiliklart  nelerdir?”  sorusyl
lizerinden tartisma yapilir.

Genellestirilmis Rasgele Blok Tasariminin
yapisi, matematiksel ifadesi ve klasi
RBD’den farklarina iliskin ders kitabindaki
boliimlerin okunmasi. Kaynak: Ders Kitabu,|
ilgili sayfalar

Dengesiz veya eksik gbzlem igeren veri
setlerinde GRBD’nin uygulanmasi,
ANOVA tablosunun elde edilmesi ve
klasik RBD ile sonuglarin karsilastirilmasi.
Kaynak: Ders Kitabu, ilgili sayfalar

11

Kiiciik Sinav

12

Konu Anlatimi: Latin Kare Tasarimmin amaci ve temel yapisi,
satir, stitun ve islem faktorlerinin kontrolii, deneylerde {i¢ kaynakli
ivaryansin dengelenmesi (islem, satir, siitun), Latin Kare’nin|
varsayimlari

Siif-ici Uygulama (30 dk.): Kiigiik boyutlu bir Latin Kare (or.
3x3 veya 4x4) olusturularak faktdrlerin nasil yerlestirildigi
gosterilir.

Smif-ici Tartiyjma (5 dk.): “Hangi durumlarda Latin Kare
Tasarimi1 Tamamen Rasgele veya Rasgele Blok Tasarimina tercih|
edilir?”” sorusu lizerinden tartigma yapilir.

Kisa Smav (60 dk.): Ders sonunda, derste iglenen konular1 igeren
bir kisa sinav yapilir.

Latin Kare Tasariminin amaci, yapisi,
varsayimlart  ve  diger tasarimlardan|
farklarina iligkin ders kitabindaki ilgili
boliimlerin okunmasi. Kaynak: Ders Kitabu,|
ilgili sayfalar

Kii¢iik boyutlu bir Latin Kare iizerinde
uygulama yapilarak satir, siitun ve iglem
faktorlerinin nasil  kontrol edildigini
gosterilmesi. Kaynak: Ders Kitabi, ilgili
sayfalar

Ders  sonunda  Ogrenilen  bilgilerin
pekistirilmesi igin kisa smav uygulanmasi.
Kaynak: Ders notlari, ilgili bdlimler

13

Konu Anlatimi: Latin Kare Tasarimi i¢in varyans analizi
(ANOVA) tablosu, serbestlik dereceleri ve hata terimi, sonuglarin
lyorumlanmas1 ve hipotez testleri, Latin Kare Tasariminin|
sinirliliklar

Siif-i¢i Uygulama (30 dk.): Gergek veya simiile edilmis bir veri

seti lizerinde Latin Kare ANOVA uygulanir, sonuglar yorumlanir.

Latin Kare Tasarimi igin ANOVA tablosu,
serbestlik dereceleri, hata terimi ve hipotez
testlerine 1iligkin ders kitabindaki ilgili
boliimlerin okunmasi. Kaynak: Ders Kitabi,
ilgili sayfalar

Latin Kare Tasarimina uygun bir veri seti
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Smif-i¢i Tartisma (5 dk.): “Latin Kare Tasariminda siitun ve satir|
faktorleri neden rastgele degil de kontrol faktdrleri olarak
diistiniiliir?” sorusu {lizerinden tartisma yapilir.

Kisa Sinav (60 dk.): Ders sonunda, derste islenen konulari igeren|
bir kisa sinav yapilir.

tizerinde ANOVA uygulamasi yapilarak
sonuglarin yorumlanmasi. Kaynak: Ders|
Kitaby, ilgili sayfalar

Ders sonunda bilgilerin pekistirilmesi ici
kisa sinav yapilmasi. Kaynak: Ders notlar,)
ilgili boliimler

Konu Anlatimi: Tekrarli (Replicated) Latin Kare Tasarimlar:
amact ve kullanim alanlari, daha fazla islem faktorii oldugunda
tasarimin genisletilmesi, tekrarli Latin Karelerde ANOVA tablosu
ive yorumlama, Latin Kare ile genellestirilmis blok tasarimi
arasindaki iligki

Tekrarli Latin Kare Tasarimlarinin amact,
kullanim alanlari ve  ANOVA tablosuna
iligkin  ders  kitabindaki  boliimlerin|
okunmasi. Kaynak: Ders Kitabi, ilgili
sayfalar

14 Simif-i¢i Uygulama (30 dk.): Birden fazla Latin Kare (6r. 2 kare] Birden fazla Latin Kare kullanilarak analiz|
x 4 islem faktorii) iizerinden analiz yapilir; tekrarlt yapimnin hata yapilmasi ve hata varyansinin azalmasinin|
varyansini nasil azalttigi gosterilir. gosterilmesi. Kaynak: Ders Kitabi, ilgili
sayfalar
Smif-ici Tartisma (5 dk.): “Tekrarli Latin Kare kullanmanin
avantajlari nelerdir? Hangi durumlarda standart Latin Kare yeterli
olur?”” sorusu iizerinden tartisma yapilir.
IKonu Anlatimi: Faktdriyel deneylerin tanimi1 ve amaci, ana etki Faktoriyel deneylerin tanimi, amaci, ana
ve etkilesim kavramlari, iki faktorlii faktoriyel tasarimin yapisi etki—etkilesim kavramlar1 ve iki faktorldl
(2x2, 2x3 vb.), faktoriyel tasarimin avantajlar: daha fazla bilgi, tasarim yapisina iligkin ders kitabindakil
daha az deney sayisi, etkilesimleri gézlemleme, faktoriyel tasarim| boliimlerin okunmasi. Kaynak: Ders Kitabu,)
icin varyans analizi (ANOVA) tablosu ve yorumlanmast ilgili sayfalar
15 Simif-ici Uygulama (30 dk.): Ornek bir veri setinde iki faktorlii iki faktorlii faktoriyel tasarimun bir veri seti
(Or. gilibre tipi x sulama miktar1) faktoriyel tasarim uygulanir; anal iizerinde uygulanarak ana etkiler ve|
etkiler ve etkilesim hesaplanir, ANOVA tablosu olusturulur. etkilesimlerin  hesaplanmasi, ANOVA]
tablosunun olusturulmasi ve yorumlanmasi.
Smif-ici Tartisma (5 dk.): “Bir deneyde yalnizca ana etkiyi Kaynak: Ders Kitab, ilgili sayfalar
gormek yeterli midir, yoksa etkilesim her zaman dikkate alinmali
m1dir?” sorusu {izerine 6grencilerin goriisleri alinir.
16 Final Islenen konularmn tiimiiniin tekrar edilmesi
AKTS iSYUKU TABLOSU
Etkinlikler Say1 Siiresi Toplam Isyiikii
(Saat)
Ders Saati H 14 H 3 H 42
Laboratuar H H H
Uygulama (sozlii Sinav) H H H
Arazi Caligsmasi H ‘ ‘ ‘ ‘
Simif Dis1 Ders Calismasi H 14 H 4 H 56
Derse Ozgii Staj H H H
Oder L |
Kiiciik Siavlar/Stiidyo Kritigi H 4 H 8 H 32
Projeler H H H
Sunum/ Seminer H H H
Ara Smavlar (Sinav Siiresi + Smav
Hazirhk Siiresi) ! 20 20
Final (Sinav Siiresi + Sinav
Hazirlik Siiresi) ! 25 25
Toplam Is yiikii: H 175
Toplam s yiikii / 30(s): H 5.8
AKTS Kredisi: 6
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block, factorial, Latin square, etc.), and draw valid scientific conclusions from the
obtained data.

COURSE CONTENT

Variability; expectation; correlation; hypothesis testing; principles of randomization;
planning of experimental designs; completely randomized designs; block designs;
factorial designs; Latin square designs; multiple comparisons; contrasts; assumption
testing; evaluation of model adequacy; analysis of effects and interactions in factorial
experiments; repeated measures; split-plot designs; mixed designs; applied analyses of
experimental data

RECOMMENDED OR REQUIRED
READINGS

Coursebook:
[1] D.C. Montgomery. Design and Analysis of Experiments. Fourth Edition, Wiley, 1997.

Recommended Readings:
[1] W.G. Cochran, G.M. Cox. Experimental Desings. Second Edition, Wiley, 1957.
[2] G.W. Oehlert. A First Course in Design and Analysis of Experiments. 2010.

Course Learning Outcomes

Upon successful completion of the course, students will be able to

1. Identify the application areas of basic statistical methods in experimental
research.

Compare different experimental design methods (completely randomized,
block, factorial, Latin square, etc.) and select the most appropriate one based on
the situation.
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Apply experimental design methods to real data and interpret the results.

Develop mathematical modeling skills by constructing linear and nonlinear
regression models.

Generate solutions to improve the quality of systems by using statistical design
of experiments methods for the development of products and processes.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation:

| Laboratory

| Application (Oral Examination):

| Field Work

Special Course Internship (Work Placement)

Quizzes/Studio Critics:
Content: Questions covering all topics taught up to the week of the
quiz.
Format: Face-to-face. Written exam (60 minutes) or multiple-choice
quiz (30 minutes).
Detailed Evaluation Criteria:
-Ability to solve problems related to in-class applications.
-1 quiz: 20%
-3 quizzes: 15% (5% + 5% + 5%)

| Homework Assignments:

| Presentations/Jury:

‘ Project:

| Seminar/Workshop

Midterms:
Content: Comprehensive questions covering all topics taught up to
the exam week
Format: : Face-to-face. Written exam (120 minutes)
Detailed Assessment Criteria:
Demonstration of understanding of the fundamental concepts of the
course
Ability to solve problems related to theoretical topics
Ability to carry out theoretical reasoning processes

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face. Written exam (120 minutes)

Detailed Assessment Criteria:

-Demonstration of in-depth understanding of all topics covered in the
course

-Ability to apply advanced problem-solving skills

‘ Percentage of In-Term Studies H %60 ‘

| Percentage of Final Examination H %40 ‘

TOTAL %100

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation

1 Lecture: Variability, expectation, simple linear 1. Reading the relevant sections of the Coursebook on
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correlation, inference, estimation, hypothesis testing

Quick Practice (30 min): Calculations of variability,
expectation,  correlation  coefficient, and basic
hypothesis testing are performed using a sample
dataset.

In-Class Discussion (10 min): The results of the
practice are discussed in class; the importance o
\variability measures, the difference between correlation
and causation, and the significance level in hypothesis
testing are evaluated.

variability, expectation, simple linear correlation,
inference, estimation, and hypothesis testing. Source:
Coursebook, relevant pages

Reinforcing the concepts through practice on sample
datasets. Source: Coursebook, relevant pages

Lecture: Basic concepts of analysis of variance
(ANOVA), comparison of group means, F-statistic,
assumptions (normality, homogeneity of variance),
interpretation of results

Quick Practice (30 min): A one-way ANOVA i3
applied on a sample dataset; between-group and
within-group variances are calculated, the F-test i
performed, and the p-value is interpreted.

In-Class Discussion (5 min): The question “When
significant difference is found in ANOVA results,
which additional analyses (e.g., multiple comparisons)
lare needed?” is discussed in class.

Reading the relevant sections of the Coursebook on the
basic concepts of ANOVA, comparison of group
means, F-statistic, assumptions, and interpretation of
results. Source: Coursebook, relevant pages

Practicing one-way ANOVA calculations and
interpreting the results. Source: Coursebook, relevant
pages

Lecture: Basic assumptions of ANOVA (normality,
homogeneity of variance, independence), methods for|
testing these assumptions

Quick Practice (30 min): Testing ANOV
assumptions on a sample dataset (e.g., Shapiro-Wilk,
Levene tests).

In-Class Discussion (5 min): The question “Wha
happens to the reliability of results when ANOV
assumptions are violated? Which alternative methods
should be preferred in such cases?” is discussed in
class.

Reading the relevant sections of the Coursebook on the
basic assumptions of ANOVA and methods for testing
these assumptions. Source: Coursebook, relevant pages

Applying assumption tests (Shapiro—Wilk, Levene) on
sample datasets and interpreting the results. Source:
Coursebook, relevant pages

Lecture: Multiple comparison tests, control of Type |
error rate, rationale of multiple comparisons, reasons
for applying multiple comparisons, Tukey HSD test,
Bonferroni test, Scheffé test, Duncan test, advantages|
and disadvantages of post hoc methods.

Quick Practice (30 min): After ANOVA, Tukey and
Bonferroni tests are applied on a sample dataset to
lexamine the differences between groups.

In-Class Discussion (5 min): The question “Ca
different multiple comparison tests yield differen
results on the same dataset? How should a researcher
decide which test to use?” is discussed in class.

Reading the relevant sections of the Coursebook on
multiple comparison tests, Type | error rate, rationale,
and the advantages and disadvantages of widely used
post hoc tests (Tukey HSD, Bonferroni, Scheffé,
Duncan). Source: Coursebook, relevant pages

Applying Tukey and Bonferroni tests on a sample
dataset and evaluating the results. Source: Coursebook,
relevant pages

Lecture: Definition of contrasts used in the detailed
interpretation of ANOVA results, contrast coefficients
and their properties; mathematical properties and
independence conditions of orthogonal contrasts;
differences between planned comparisons and post hoc
tests, and the advantages of planned comparisons.

Quick Practice (30 min): Contrasts are defined for|
group means in a sample dataset, contrast coefficients
are calculated, and orthogonal contrasts are applied to
perform hypothesis tests.

In-Class Discussion (5 min): The question “What are
the differences between planned contrasts and post hoc
tests? In which research situations are contrasts more
appropriate?” is discussed in class.

Reading the relevant sections of the Coursebook on the
definition of contrasts, contrast coefficients, properties
of orthogonal contrasts, and the advantages of planned
comparisons. Source: Coursebook, relevant pages

Applying contrasts on a sample dataset and evaluating
the results through hypothesis testing. Source:
Coursebook, relevant pages

Lecture: Purposes of regression analysis and ANOVA,
expressing differences among means with a regression

Reading the relevant sections of the Coursebook on the
purposes of regression analysis and ANOVA,
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model, demonstrating the equivalence between the F-
test used for the significance of the regression
coefficient in simple linear regression and ANOVA

Quick Practice (30 min): A simple dataset is used to
build a linear regression model, and the obtained
results are compared with the ANOVA table.

In-Class Discussion (5 min): The question “Wha
does it add to us to view the F-test results of
regression model through ANOVA?” is discussed i
class.

Quiz (60 min): At the end of the class, a quiz covering
the topics discussed in the lesson is administered.

expressing mean differences through regression
models, and the regression—~ANOVA relationship.
Source: Coursebook, relevant pages

Practicing simple linear regression and comparing the
results with the ANOVA table. Source: Coursebook,
relevant pages

Administering a quiz to reinforce the topics covered in
class. Source: Lecture notes, relevant sections

Lecture: Interpretation of the ANOVA table in
multiple regression, use of analysis of variance for|
comparing regression models, the role of ANOVA in
assessing model adequacy, applications of the
regression—~ANOVA approach in different research
scenarios

Quick Practice (30 min): A multiple regression model
is built on a multivariate dataset, the model ANOVA
table is examined, and different models are compared.

In-Class Discussion (5 min): The question “Are
IANOVA and regression essentially different views of]
the same statistical framework?” is discussed in class.

Reading the relevant sections of the Coursebook on the
interpretation of the ANOVA table in multiple
regression, model comparisons, and adequacy
assessment. Source: Coursebook, relevant pages

Practicing multiple regression analysis, examining the
model ANOVA table, and comparing different models.
Source: Coursebook, relevant pages

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Importance of randomization in experimental
research and its role in reducing bias, difference
between random assignment and random sampling,
concept of blocking: grouping experimental units into
homogeneous blocks, key differences between
Completely Randomized Design and Randomized
Block Design, advantages of Randomized Block|
Design: reducing error variance and increasing
sensitivity, introduction to the ANOVA model for|
randomized block design

Quick Practice (30 min): Randomized Block Design
is applied to a sample dataset (e.g., fertilizer type X
field blocks), an ANOVA table is created, and the
block effect is tested.

In-Class Discussion (5 min): “How does adding the
block factor change the results? In which situations is
Randomized Block Design preferable to a Completel
Randomized Design?”

Reading the relevant Coursebook sections on
randomization, blocking, differences between designs,
and advantages of Randomized Block Design. Source:
Coursebook, relevant pages

Applying Randomized Block Design to a sample
dataset, creating an ANOVA table, and testing the
block effect. Source: Coursebook, relevant pages

10

Lecture: Review of the basic structure of the
Randomized Block Design, generalization of the
blocking principle to more complex experiments,
Generalized Randomized Block Design: handling
different factor levels, unbalanced data, and missing
observations, mathematical expression of the model
and analysis within the ANOVA framework,
differences from the classical Randomized Bloc
Design and application areas (agricultural experiments,
industrial processes, clinical research, etc.)

Quick Practice (30 min): Generalized Randomized
Block Design is applied to an unbalanced dataset or|
one with missing observations. An ANOVA table is
obtained and the results are compared with those of the
classical RBD.

In-Class Discussion (5 min): “When the block]
structure is not fully balanced, which methods should

be preferred? What are the advantages and limitations

Reading the relevant Coursebook sections on the
structure of the Generalized Randomized Block
Design, its mathematical formulation, and differences
from the classical RBD. Source: Coursebook, relevant
pages

Applying GRBD to datasets with unbalanced or
missing observations, obtaining the ANOVA table, and
comparing the results with the classical RBD. Source:
Coursebook, relevant pages
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of the Generalized Randomized Block Design?”

11

Quiz

12

Lecture: Purpose and basic structure of the Latin
Square Design, control of row, column, and treatment
factors, balancing three sources of variance in
experiments (treatment, row, column), assumptions o
the Latin Square

Quick Practice (30 min): A small Latin Square (e.g.,
3x3 or 4x4) is constructed to demonstrate how the
factors are arranged.

In-Class Discussion (5 min): “In which situations is|
the Latin Square Design preferable to a Completely
Randomized or Randomized Block Design?”

Quiz (60 min): At the end of the class, a quiz covering
the topics discussed in the lesson is administered.

Reading the relevant Coursebook sections on the
purpose, structure, assumptions, and differences of the
Latin Square Design compared to other designs.
Source: Coursebook, relevant pages

Constructing a small Latin Square and demonstrating
how row, column, and treatment factors are controlled.
Source: Coursebook, relevant pages

Administering a quiz at the end of the class to reinforce
the topics learned. Source: Lecture notes, relevant
sections

13

Lecture: ANOVA table for the Latin Square Design,
degrees of freedom and error term, interpretation o
results and hypothesis testing, limitations of the Latin
Square Design

Quick Practice (30 min): A real or simulated datase
is used to perform Latin Square ANOVA, and the
results are interpreted.

In-Class Discussion (5 min): “Why are row and|
column factors in the Latin Square Design considered
control factors rather than random factors?”

Quiz (60 min): At the end of the class, a quiz covering
the topics discussed in the lesson is administered.

Reading the relevant Coursebook sections on the
ANOVA table for the Latin Square Design, degrees of
freedom, error term, and hypothesis testing. Source:
Coursebook, relevant pages

Applying ANOVA to a dataset appropriate for the
Latin Square Design and interpreting the results.
Source: Coursebook, relevant pages

Administering a quiz at the end of the class to reinforce
the topics learned. Source: Lecture notes, relevant
sections

14

Lecture: Replicated Latin Square Designs: purpose
and applications, extending the design when more
treatment factors are involved, ANOVA table and
interpretation in replicated Latin Squares, relationship
between the Latin Square and the generalized block
design

Quick Practice (30 min): Analysis is performed using
more than one Latin Square (e.g., 2 squares X 4
treatment factors); it is demonstrated how replication
reduces error variance.

In-Class Discussion (5 min): “What are the]
advantages of using replicated Latin Squares? In which
situations is a standard Latin Square sufficient?”

Reading the relevant Coursebook sections on the
purpose, applications, and ANOVA table of replicated
Latin Square Designs. Source: Coursebook, relevant
pages

Performing analysis with multiple Latin Squares and
demonstrating the reduction of error variance through
replication. Source: Coursebook, relevant pages

15

Lecture: Definition and purpose of factorial
experiments, concepts of main effect and interaction,
structure of two-factor factorial design (2x2, 2x3, etc.),
advantages of factorial design: more information, fewer
experiments, ability to observe interactions, ANOVA
table for factorial design and its interpretation

Quick Practice (30 min): A two-factor factorial
design (e.g., fertilizer type X irrigation amount) is|
applied to a sample dataset; main effects and
interactions are calculated, and the ANOVA table is
created.

In-Class Discussion (5 min): “Is it sufficient to onl
consider the main effect in an experiment, or should
interaction always be taken into account?”

Reading the relevant Coursebook sections on the
definition, purpose, main effect—interaction concepts,
and the structure of two-factor factorial design. Source:
Coursebook, relevant pages

Applying a two-factor factorial design to a dataset,
calculating main effects and interactions, and creating
and interpreting the ANOVA table. Source:
Coursebook, relevant pages

16

Final

Review of all topics covered.
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ECTS WORKLOAD TABLE

———————— ——
Activities Number Duration Total Workload
(Hour)

Course Hours 42

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration)

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

Pg;-l Istatistik  biliminin

temelini olusturan teorik ve

uygulamali alanlardaki
bilgilerini, alanla ilgili
problemleri tanimlama,
modelleme ve ¢Oziim 4 4 4 4 4

tiretmede kullanabileceklerdir.
| Use their theoretical and
applied knowledge in the
science of  statistics to
identify, model, and solve
problems related to the field.

Pg :-2 Istatistiksel

problemlerin belirlenmesi,
uygun veri toplama
yontemlerinin secilmesi,
verinin  diizenlenmesi  ve
yorumlanmasi  siireclerinde
yeterlilik gosterecek ve bu

problemlerin ¢coziimiinde
gerekli analiz ve modelleme
yontemlerini secip

uygulayabileceklerdir./

Demonstrate competence in
identifying statistical
problems, selecting
appropriate data collection
methods, organizing and
interpreting data, and select
and apply necessary analysis
and modelling methods to
solve these problems.

PC-3 Herhangi bir olgu,
siire¢ ya da riinii istatistiksel
bakis agisiyla analiz edip
yorumlayabilecek ve
karsilastiklar1 sorunlara uygun
modern istatistiksel
yontemlerle ¢coziim
gelistirebileceklerdir./
Analyse and interpret a
phenomenon,  process, or
product from a statistical
perspective  and  develop
solutions to  encountered
problems using appropriate
modern statistical methods.

PS‘-4 Disiplinleraras1 bir

yaklagimla, farkli alanlarda
edinmis olduklar1 bilgileri
sentezleyebileceklerdir. /
Synthesise knowledge
acquired  from  different
disciplines through an
interdisciplinary approach.

I~
I~
I~
I~
I~

PC-5 istatistik  alaninda
edindikleri bilgi birikimlerini
ve  istatistiksel  diistinme
becerilerini, teorik istatistik,
veri bilimi, finansal istatistik,
saglik Dbilimlerinde istatistik
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gibi disiplin-igi ve

disiplinlerarasi uzmanlik
alanlarinda
gelistirebileceklerdir. /

Advance  their  acquired
knowledge in statistics and
statistical thinking skills in
both disciplinary and
interdisciplinary  areas  of
specialisation such as
theoretical ~ statistics, data
science, financial statistics,
and statistics in  health
sciences.

P g-6 Istatistik  alaninda

yaygin olarak kullanilan en az
bir programlama dili ile
bilgisayar ve yapay zeka
teknolojilerini,  problemleri
¢ozmek, veri analizi yapmak
ve simiilasyonlar
gerceklestirmek i¢cin
kullanabileceklerdir./ Use at
least one  programming
language and computer and
artificial intelligence
technologies widely employed
in statistics for problem-
solving, data analysis, and
simulations.

PC-7 istatistik ve ilgili
alanlardaki bilimsel  ve
teknolojik geligsmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kigisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulagmak igin
hayat boyu 6grenme
stratejilerini
kullanabileceklerdir./ Follow
scientific and technological
developments in statistics and
related fields, assess career
opportunities, identify
personal and professional
development goals, and adopt
lifelong learning strategies to
achieve these goals.

PC-8 Bilimsel
arastirmalarint ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglar1 ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlar1 ile
evrensel degerler
dogrultusunda  ve  sosyal
sorumluluk bilinci ve adalet
duygusuyla hareket
edebileceklerdir./ Act with a
sense of social responsibility
and justice and in accordance
with  professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal
and societal consequences of
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their scientific research and
professional activities.

PC-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
caligabileceklerdir. /  Work
effectively both independently
and as part of a team.

PC-10 istatistik alaninda
giivenilir bilgi kaynaklarina
ulagarak literatlir taramasi
yapabilecek ve akademik

aragtirma tasarlayip
yiiriitebileceklerdir. /  Access
reliable sources of

information, conduct literature
reviews, and design and carry
out academic research in the
field of statistics.

Pg :- 11 Istatistiksel

konular1, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, istatistiksel
terminoloji  kullanarak tiim
paydaslara Tiirkge ve
Ingilizcede sozlii ve yazili
olarak etkili bigimde
aktarabileceklerdir. /
Effectively communicate
statistical ~ topics, theories,
proofs, research, and problem
solutions to all relevant
stakeholders using appropriate
mathematical ~ terminology,
both orally and in writing, in
Turkish and in English.

lon

lon

lon

(7]

(7]
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