SPSS ILE ISTATISTIKSEL
VERI ANALIZI

Statistical Packages for the Social Sciences

£¥

P
&

= PROF.DR.YUKSEL TERZI

-

A Y
A
L]
]
|
.

ONDOKUZ MAYIS UNiVERSITESI
FEN-EDEBIYAT FAKULTESI
ISTATiISTIK BOLUMU
SAMSUN
2019



Iki Anakiitlenin Parametreleriyle Ilgili Hipotez Testleri
Bu testlerin amaci1 Kkarsit hipotezde ileri surulen
iddianin kabul edilip edilmeyeceginin ortaya
cikartilmasidir. Ancak karsit hipotezi test etmek miimkiin
olmadigindan, once sifir hipotezi test edilir ve bu sonug
karsit hipotez icin genellenir.
Iki anakiitlenin parametreleriyle ilgili hipotez testinin
varsayimlari:
v Orneklemlerin alindig1 anakiitle normal dagihshdir.
v Orneklemlerdeki birimler iadeli olarak ve esit
olasihikla secilmis veya anakiitleler sonsuz buyiiktiir.
v Iki anakiitledeki o6rneklem secimi birbirinden
bagimsizdir.



Iki Anakiitle Ortalamasi Arasindaki Farka Iliskin Hipotez Testi
Iki ortalama arasindaki farkin testi yapilhirken, kullamlacak

test istatistikleri anakiutle varyansimin bilinmesi ve oOrnek
buyukliigii dikkate almarak asagidaki sekilde bir simiflama
yapilabilir. Gozlemler Normal dagihis gosteriyorsa ve
1) Popiilasyon (anakiitle) varyanslarlt (o7,05) biliniyor veya
popiilasyon varyanslari bilinmiyor ancak 6rnekler biiyiikse (n > 30)

2) Popiilasyon varyanslar1 bilinmiyor fakat esit kabul
edilebiliyorsa (o7 =55),

3) Popiilasyon varyanslar1 bilinmiyor fakat esit kabul
edilemiyorsa (o2 %52 ),

4) Gruplar bagimh ise yani esli gozlemler varsa,

farkli her durum icin uygun test istatistikleri kullanilarak ilgili
testler yapilabilir.



Bu varsayimlari kontrol icin yapilacak kontroller:
e Normallik ve simetriyi kontrol et
— Ortalama ve medyani incele
— Carpiklik ve basikhik katsayilarini incele
— Her grubun histogram ve kutu grafiklerini ciz ve
Incele
e \aryans homojenligini kontrol i¢cin
— Kutu grafiklerini incele
— Serpilme grafiklerini incele
e Asir1 gozlemleri belirlemek i¢in
— Kutu grafikleri incele
— Serpilme grafiklerini incele
— Histogramlari incele

2
X1~ Ny, 07)
X5 ~ N(up,0%)




Popiilasyon varyanslari (¢2 v o2 ) biliniyor ve
n,>30, n,>30 ( Z-testi)

Ho: ty- n2 =0
Hl:ul-uz;tO Hl:]vll-]vl2>0 Hl:]vll']vl2<0

L _(X1-X2)- (s~ 1p)

2 2 ’
O O

102

N nNo

Ho: pg- p2 =0 Ho: pg- p2 =0 Ho: pg- p2 =0
Hl:Ml-Mzio Hl:ul'u2>0 Hl:ul'u2<0
Zn>Z; VEya L <-Z; Zn>Zy Ln<-Z;

Ise H, reddedilir.



Popilasyon varyanslari bilinmiyor ancak

012 = 022 ve N;<30, n,<30 ( t-testi)

Ho: ul'HZZO
Hl:ul-uz;éO H13H1'H2>0 Hl:ul-u2<0

G Xe) () J(nl—1>sf+(n2—1>s§
s*/@/n)+(@/n,) n,+n,—2

Bulunan t, hesap degeri ti o degeri mukayese edilir.
to, (n1+n2-2)<tn 1Se Ho reddedilir.



Popilasyon varyanslari bilinmiyor ancak
ot = o5 ve ;<30 , n,<30 ( t-testi)

ot = o5 ise bu tiir problemlere Behrens-Fisher Problemi denir.
Ho: Mi- U2 = 0
Hl:ul-uZ;tO Hl:],ll-],l2>0 Hl:ul'u2<0

(_(X1=X2)— (41— p1p)

2 2
st S
L. 2
N Ny

Bulunan ty, hesap degeri t,,, degeri mukayese edilir. t, ,<t;, ise
H, reddedilir. Serbestlik derecesi asagidaki formiille bulunur.

(312/n1+s§/n2)2

LV 7 2
(si/m) N (s2/ny)
nl +1 n2 +1

—2

sd=v=




Ornek: Bulasik deterjanim plastik kaplara doldurmak icin iki
makine kullanihiyor. Birinci makineden n;=10 plastik kap,
Ikinci makineden n,=12 plastik kap seciliyor. Bu Kkaplar
incelendiginde birinci makine ortalama 30.87 birim sivi, ikinci
makine ortalama 30.68 birim sivi doldurmustur. Varyanslari
ise sirasiyla 0.0225 ve 0.0324 bulunmustur.

a) Varyanslar1 homojen (of=07) kabul ederek, %95 giiven
diizeyinde (%5 anlamhlik diizeyinde) birinci makinenin daha
fazla sivi doldurdugu soylenebilir mi?

D) Varyanslar: heterojen (o7 =55) kabul ederek, %95 giiven
diuzeyinde birinci makinenin daha fazla sivi doldurdugu
soylenebilir mi?

Cozum :

X1 =30.87 st =00225 m=10  Ho:im=up

X 2 =30.68 s5=00324 ny,=12 Hilwm>um



a) ot =05 Ise

<_ | -Dsf +(np ~DsF _ \/(10—1)0.0225+(12—1)0.0324
Ny +np =2 10+12-2

=0.167

_(Xi-Xo)-(u—pt) _ (30.87-30.68)-0
s* JA/n)+@A/n,)  0.167*,/(1/10)+(1/12)

=2.657

to, (n1+n2-2)=t005,(10+12-2=10.05,20=1. 725 <t;=2.657 oldugundan H;
reddedilir.

Karar: Iki makineden birinci makinenin daha fazla siv
doldurdugu %95 guvenilirlikle soylenebilir.



b) 012 ;tazz Ise

(s£ /ny +55/ny)? (0.025/10+0.0324/12)?

sd =v = _2= —2=22.02
(s? /ny)? X (s5/n5)? (0.025/10)° X (0.0324/12)?
n+1 Ny, +1 10+1 12+1
_(X1-X 22)—(;;1—;!2) _(30.87-3068) _, .o
S \/0.0225+ 0.0324
o, 10 12

toc,v:t0.0S, 2 00=1.717 <t,, =2.699 oldugundan H, reddedilir.

Karar : of #0% oldugunda birinci makinenin daha etkin

oldugu soylenebilir.



Varyanslarin Homojenlik Testi :

I.) Bartlett Homojenlik Testi
57, i=12..,t tadet varyansin homojenlik kontrolii i¢cin, sifir

hipotezi:

Ho 20'12 =0'22 =...=c7t2 U:%{Vloge(éz)_zt;,vi |09e(€72)}
i

Eger hesaplanan U degeri U>yZ, , ISe Ho reddedilir. Burada
A2

t
v=>vi , 6° :ZV O
=1

v

v; =df; tgrubun her grubunun serbestlik derecelerini
giistermektedir

1 il

3(t-D) | G




ii. Levens’ in Varyans Heterojenlik Testi

Denemede (k) tane grup varsa bu gruplarin varyanslarinin
heterojenligini test icin kullanilan basit bir testtir. Bartlett testine
benzemektedir, ancak hesabi biraz daha kolaydir.

:(N —k). iz_llni(zi-_z..)

(k _1) K ni L .
;Zl(zij - Zi.)2
I=1 =
Burada k: muamele grup sayisi, ni: i nci gruptaki gozlem
sayisidir, ve Z;; hesaplanirken ortalamaya gore, medyana gore
veya budanmis ortalamaya gore hesaplanabilir. Soyle Ki;
Zij=\Y; -Y,|, Y, 2 1 nCl grubun aritmetik ortalamasi

~

Zij=|Y, -Y,|, Y.:inci grubun medyandir.

Zij=\Y,; -Y,|, Y/ : i nci grubun budanmis ortalamasidir.

.. 1 nci grubun ortalamasidir, z ise genel ortalamadir.



Iki Bagimsiz Ornek icin T testi

Analyze Graphs  Uilties  Add-ons Window  Help

Reports i L = ‘
Descriptive Statistics '

UElEs var var
FEFM Analysis

M Means. ..

T One-Sample T Test. .

g Independent-Samples T Test...

Compare Means

izenetral Linear dModel

- v v v W W

izenetalized Linear Models




Ornek: Psikolog uykunun hatirlama iizerine etkisini arastiriyor.
Giinde 12 saat uyuyan 12 ogrenci ile giinde S saat uyuyan diger 12
ogrenciye hatirlama testi uyguluyor. Aldig1 puanlar asagidaki
sekilde belirleniyor.

8 saat uyuyanlar: 40 45 52 61 65 75
5 saat uyuyanlar:30 35 48 52 54 60

Ho g = 1o veya Hoirg —p2 =0
Hytm # o Hyim —pp #0
=005 , n=6 , n,=6



Descriptive Statistics

& NOTLAR

.ﬁ Puan

| Fuan Grup
1 40 1 Tests of Normality
2 45 1 . . .
Kolmogoroy-Smirnoy? shapiro-Wilk
] 22 1 grup | Statistic df Sy Statistic df Sigy.
4 61 T | Puan 1 140 B 2007 873 6 810
5 65 1 2 218 B 200" 923 B 530
6 73 1 a. Lilliefors Significance Correction
[ 30 2 * This is a lower bound of the true significance.
8 35 2
: 4 ’ P1=0,910>0,05 P2=0,530>0,05
10 52 2 . -
Veriler normal dagilishdir.
11 64 2
12 60 2
Analyze Direct Marketing Graphs Utilities Add-ons  Window ﬂIndependent—SamplesTTest 24
Report > e Aty
=pars :?:E llz,-_ % =0 Test Variable(s):

Tables

Compare Means

General Linear Modal

Generalized Linear Models #

Mixed Models
Correlate

Regression

4 Q Means...

E One-Sample T Test...
Independent-Samples T Test
Paired-Samples T Test..

Bootstrap...

-~

'{,-'l Define Groups

@ Use specified values

Group 1: |4

One-Way ANOVA. ..

Grouping Variable:
| | [crupe )

Group 2: |2

Define Groups...

© Cut point:

Lo ]

[ Reset ][Cancel]Gl

[Cunﬂnue][ Cancel ][ Help ]
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Group Statistics

Std. Error
Grup N Mean Std. Deviation Mean
Puan 1 6 56,33 13,110 5,352
2 46 50 11,623 4 745
Independent Samples Test

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Difference
Mean Std. Errar
F Sig——— t df Sig. (ZAaitedh Difference Difference Lower Upper
Puan  Equal variances 162 696 1,375 10 199 9833 7,153 -6,104 25771
assumed
Equal variances not 1,375 98549 ,200 9833 7,153 -6,135 25,802
assumed

Homojenlik Testi : p=0,929>0,05 varyanslar homojendir.

Independent t-test: p=0,232>0,05 H, red edilemez. Ortalamalar
arasinda fark yoktur. Yani 8 saat uyuyan 6grenciler ile 5 saat uyuyan

ogrencilerin not ortalamalari arasinda %5 dnem seviyesinde istatistiksel
olarak 6nemli bir farkhlik yoktur.




Mann-Whitney U Testi

Iki bagimsiz grupta eger veriler normal dagilis gdstermiyorsa, Non
Parametric testlerden Mann-Whitney U testi kullanilir. Veriler normal
dagilmadiginda bagimsiz iki ornegin ayni meydanl popllasyondan
alinmis rasgele ornekler olup olmadigini test eder. Bagimsiz iki
orneklem t testinin parametrik olmayan alternatifidir.

H, :n; ve n, hacimli veri setleri ayni meydanli dagilima sahiptir.
H, :n1 ve n2 hacimli veri setleri ayni meydanli dagilima sahip degildir.

Veya

HO: 6rneklemler ayni anakutleden alinmistir.
H1: 6rneklemler ayni anakitleden alinmamistir.



Monparametric Tests
Forecasting
sunvival

Multiple Response

Missing Value Analysis...

Multiple Imputation

Complex 3amples

Quality Contral
ROC Curve...

[\ One Sample...

M\ Independent Samples...

4 Related Samples...
Legacy Dialogs

[ chi-square...

[UZ] Binomial...

1] Runs...

[ 1-sample K-5...

[#8] 2 Independent Samples...

.!?:;;: Two-Independent-5amples Tests

& NOTLAR

Test Type
[& Mann-Whitney U

Test Variable List:

@"‘ Puan

Grouping Variable:
+ | \Grup(1 2)

[Qeﬁne Grnups...]

| Kolmogorov-Smirnov Z

"] Moses extreme reactions || Wald-Wolfowitz runs

[ OK ][ Paste ][ Reset ][Cancel][ Help ]

Exact...
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Test Statistics®

Puan
Mann-Yhithey U 10,500
Wilcoxon VW 31,500
Z -1,203
Asymp. Sig. (2-tailed) 229
Exact Sig. [2*(1-tailed 2404
S19.)]

a. Mot corrected for ties.
h. Grouping Variable: grup

P=0,229>0,05 oldugundan H, hipotezi red edilemez, yani iki grubun
notlari arasinda fark yoktur denilebilir.



Ornek: Kaburga kirig1 olan hastalarin agr1 kesici skorlar1 asagidaki gibi
olsun. Veriler normal dagilis gostermedigine gore ilag grubu ile tens

grubunun ortalama skorlar1 arasinda anlamli bir farklilik var mudar.

[la¢ grubu Tens grubu [la¢ grubu Tens grubu
[ 15 10 14
6 14 6 12
4 17 9 14
11 16 3 17
16 16 13 16
4 16 5




agkesici

e &

i
4
11
16
4

[==1
L

(=1 [==1 [==1 [==1 [==1 [==1 [==1 (=1 [==1 (=1 [==1 [==1
L= 8 e | o | e | e | O | O | O SN [ SN I T ST TR LY s R 1

| gk | ek | ek | ek | ek | ek | ek | ek | ek

B Two-Independent-Samples Tests E

> llactince
4> kursonra
& war00001
&> ontest

@ sontest
> war00004

Test Type
v Mann-Whitney U

[ Moses extreme reactions

Test Variable List:

]

0OK
4 agkesici
Paste
Reset
Grouping VYariable: Cancel
‘I\ :'m'!m_ Help

Define Groups...

[ Kolmogorov-Smirnov 2

[ Wald-¥olfowitz runs

Test Statistics?

AGKESICI
Marnn-Whitney U/ 8,000
Wilcoxon W 86,000
z -3,594
Asymp. Sig. (2-tailed) 000
Exact Sig. [2%(1-tailed ,[}[}[}ﬂ

Sig]

4. Mot corrected for ties.
b. Grouping Variable: GRUP

| s e b e e b e e

Options...

P=0,00<0.01 oldugundan
ilag ve tens tedavi bicimleri
arasinda istatistiksel olarak
anlaml bir fark bulunmustur.



Wald-Wolfowitz Testi

Iki bagimsiz grupta eger veriler normal dagilis gdstermiyorsa ve iki
orneklemin ayni dagilima sahip anakutleden gelip gelmedigini test

etmek icin kullanilan parametrik olmayan bir testtir.

Ornek. iki farkli beyinin vermis olduklari otomobil siparisleri asagidaki

gibidir.

[rup Siparlg
1 )
1 12
1 A6
1 B
1 77
1 95
2 12
2 20
2 95
2 100
2 104
2 110

H,: Iki 6rneklem ayni dagilima sahip anakitleden alinmistir.
H,: Iki 6rneklem farkli dagihima sahip anakitleden alinmistir

Monparametric Tests
Forecasting
Survival
Multiple Response
Missing Value Analysis...
Multiple Imputation
Complex Samples
Quality Control
ROC Curve...

One Sample...

M\ Independent Samples...

) Related Samples. .
Legacy Dialogs

I chi-square...
[Z] Binomial...

1] Runs...

[ 1-sample K-S...
[#8] 2 Independent Samples...



E Two-Independent-Samples Tests 2
Test YVariable List: | SR |
qﬁ SIFIEH@ —_—
| Options... |
L+
—  Zrouping Yariakle:
| + | grup(l 2)
| Define Groups...
Test Type
|:| Mann-Whitney U |:| Holmogaray-Simirnoy £
|:| Mozes extreme reactions Wald-Wolfowitz runs
| 0] | | Pazte | | Fezet | | Cancel | | Help
Test Statistics®®
Number of Exact Sig. (1-
Runs Z tailed)
Siparis Minimum Possible 42 -1,514 067
Maximum Possible 62 -.303 392

a. There are 1 inter-group ties involving 2 cases.

b. Wald-Wolfowitz Test
c. Grouping Variable: grup




Moses Testi

Iki dagilim parametresinin esitligi ile ilgili bir testtir. Moses testinde yer
parametrelerinin esitligi varsayimi yoktur. Veriler bagimsiz, rassal, en az
aralik 6lceginde ve surekli veriler olmalidir.

H,: Iki degiskene ait dagihm aynidir.
H,: : Iki degiskene ait dagilim farkldir.

Ornek: iki grup dgrencilerin notlari asagidaki gibidir. %5 6nem
seviyesinde bu iki grup égrencilerin notlari arasinda farkhlik var midir?
(Verilerin normal dagilis gostermedigi varsayiliyor).

NOTLAR Grup . e :
MEUrdl NEW U RS
1 200 A _ X
5 29E A Classify
3 240 A Dimension Reduction »
4 250 A Scale »
5 275 A Monparametric Tests » One Sample...
6 280 B i ’ . B
7 300 B arecasting M\ Independent Samples...
ViV »
8 325 B S A Related Samples...
g 350 B Multinla RPacnnnca 3
400 B

|| =%
L=



\

@ Monparametric Tests: Two or More Independent Samples

© Use predefined roles
@ Use custom field assignments
Fields: Test Fields: Choose Tests (€ Automatically choose the tests based on the

Sort [Mone - ;"_ . & NOTLAR Test Options @ Customize tests
~Compare Distributions across Groups——

Select an item:

Lser-Missing Values

Mann-Whitney U (2 samples)
| |
Kolmogorav-smirnaov (2 samples)

Test seguence far randomness
Wald-Wolfowitz for 2 samples)

~Compare Ranges across Groups

Moses extreme reaction (2 samples)

@ Compute outliers from sample

Groups:
i & Grup @ Custom number of outliers

Fs

@ Outliers: 158

Prof.DrYiiksel TERZI 342



Hypothesis Test Summary

Independent-Samples Moses Test of Extreme Reaction

Null Hypothesis Test Sig. Decision
Independent-
. : Samples Reject the
I e i o
g P Extreme hypothesis.
Reaction
Asymptotic significances are displayed. The significance level is 05,
"Exact significance is displayed for this test.
g e
250,00+
200,00

P=0,000<0,05 HO red.
edilir. Iki grup
ogrencilerin notlari
arasinda farklilik vardir.

Control Group
.N:5

Experimental Group
.N:E

A B
Grup
Total N' 10
Test Statistic’ 5,000
Observed Control Group
Exact Sig. (1-sided test)’ 000
Test Statistic’ 3,000
Trimmed Control Group
Exact Sig. (1sided test)’ 000
Outliers Trimmed from each End’ 1,000

'The test statistic is the span.



Iki Bagimh (Esli) Anakiitle Ortalamasi Arasindaki
Farkin Hipotez Testi

Aym fert uzerinde farkhh zamanlarda ol¢iimler
alindiginda ve bunlarin Karsilastirilmasi soz konusu
oldugu durumlarda bagimh (esli) grup ortaya cikar.

Eslestirilmis fertlerle yapilan testlerde kullanmilan
test istatistigci daha onceki grup Kkarsilastirmalarinda
kullanilanlardan daha  farkhdir. Cunka grup
karsilastirmalarinda X; 1le X, degiskenlerinin
birbirinden  bagimsiz  oldugu varsayillmaktaydi.
Eslestirilmis gozlemlerde ise X; ve X, olcumleri ayni
birey uzerinde veya cok benzer bireyler uzerinden
yapildigl icin bagimh olacaktir. Yani n; = N, = n (gozlem
cifti sayis1 ) olacaktir.



id.
1=1
n—1

OveH1:0#0

Ho: o



Analyze Direct Marketing  Graphs

Utilities  Add-ons  Window  Help

Reports b
Descriptive Statistics }
Tables P
Compare Means b
General Linear Mode| P

Generalized Linear Models F

S Bl

Mixed Models P

Correlate »

mﬁfscgim | 5|:|ﬂag|P
2672 3263
30,82 32,12
26.73 28.51
28.73 30,63
23.73 34,53
31.42 30,09
30,72 33,08
23.32 28.31
2051 34,581
28.77 35,44
2476|2856
2711 3038
20 88 31,54
31,60 28.08
30.24 2827
2071 20497
“f A0 17 47

QMeans...

E One-Sample T Test..
Independent-Samples T Test..
Paired-Samples T Test...
One-Way ANOVA...

ki Bagimli Ornek icin T testi

H Paired-Samples T Test

Paired Yariables:
—= Options...

& cinsivet Pair | Variahlel | Variable2 ‘ Sebones l
& sigera 1 & likag] & [sonag]
69 notlar B
f Puan
§ grup

ikag
& sonag I , I

OK M Paste H Reset H Cancel l ‘ Help
5
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T-Test

Paired Samples Statistics

Std. Error

lean M Std. Deviation Mear

Bair 1 ILKAG 28,5228 32 2,5398 4490
SONAG 31,1000 32 2,8225 4989

Paired Samples Test

Paired Differences

95% Confidence
Interval of the
Std. Error Difference
\Mean Std. Deviation Mearn Lower Upper t af Sr’g. (2-tailed)
Pair 1 ILKAG - SONAG | -2,5772 3,2898 5816 33,7633 | 1,391 4,432 31 | .000

'

P<0.01 oldugundan yokluk hipotezi reddedilir. Yani ilk agirlik degerleri ile son

agirhk degerlerinin ortalamalari birbirinden dnemli dlgude farkhdir.




Eger verile normal dagilis gostermeseydi, Non-Parametric testlerden Wilcoxon testi kulllanilir.

Monparametric Tests

Forecasting

Surnvival

Multiple Response

Missing Value Analysis...

Multiple Imputation

Complex Samples
Quality Control
ROC Curve...

4
r
4

/A One Sample...

M\ Independent Samples...

A Related Samples...
Legacy Dialogs

~
Two-Related-Samples Tests

=3

|

Test Pairs: ‘T
& cinsiyet Pair | ‘ariablel | Variable2 il
& sigara 1 & likagl & [sonag] ¥ ‘ Options... ]
& notlar N 2 (3|
& Puan ] 4 ’ ‘ ‘
& grup
& ikag M
& sonay

Test Type

[v] Wilcoxon

(] Sign

[ ] Mchemar

[ ] Marginal Homogeneity

i
\ OK J| Paste H Reset H Cancel H Help

Prof.DrYuksel TERZI

[ chi-square...

[ZZ] Binomial...

1] Runs..

] 1-3ample K-5...

[#] 2 Independent Samples...
WE Independent Samples...
[i] 2 Related Samples...
I K Related Samples...
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Test StatisticsP

SOonfa - once
Z

Asymp. Sig. (2-tailed)

a. Based on positive ranks.

b. Wilcoxon Signed Ranks Test

P=0,011<0,05 H, red edilir.



Wilcoxon Isaretli Sira Testi (Wilcoxon signed ranks test)

Veriler normal dagilmadiginda bagimh iki ornek arasindaki
farkin onemliligini test eder. Eslestirilmis t testini parametrik
olmayan alternatifidir. Ortalama olarak medyan kullanilir. n
birimlik 6rnekten elde edilen iki gozlem seti farkinin medyam sifir
olan toplumdan cekilmis rasgele bir ornek olup olmadigim test

eder.

Ornek: Rasgele secilen 8 bireyin ontest ve sontest puanlari

asagidaki gibidir.
Ontest Sontest Ontest Sontest
53 48 51 53
47 37 67 74
38 51 /4 67
48 48 48 57




ontest | SDﬂtE5t|

=7
-

47

-

2

48

45

Two-Related-Samples Tests X |

 llacince
> kursonra
> war00001
“#> ontest
“# sontest

Current Selections
Variable 1:

Variable 2:

Test StatisticsP

SONTEST -
ONTEST
z 42338
Asymp. Sig. (2-tailed) bi2

4. Based on negative ranks.

b. Wilcoxon Signed Ranks Test

Prof DrYiiksel TERZI

Test Pair[s] List: 0K
Paste
Reset
Cancel

Help

Test Type
v Wilcoxon | Sign [ McNemar

Options...
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Isaret testi

Ornek. 8 kisinin egitim
almadan onceki hedefi
vurma puanlar ile egitim
aldiktan sonraki puanlar
asagidaki gibidir. %5 6nem
seviyesinde puanlar
arasinda farklihk  olmus
mudur?

ONCE SONRA

i T % TR S SRR W TR -t -y . o TR o o |
RN O S S DR L% B S B S R =

o =)o m || = k) —=

Scale
MNonparametric Tests
Forecasting

Survival

Multiple Response

EZ] Missina Value Analvsis. ..

Objective | Fields | Settings

© Use predefined roles
@ Use custom field assignments

Fields:

A
A

One Sample...
Independent Samples...
Related Samples...

Legacy Dialogs k

.

i Select only 2 test fields to run 2 related

—

Test Fields:

& ONCE
&% SONRA




Objective  Fields Settings

Select an item:

Choose Tests
Test Options

User-Missing Values

(© Automatically choose the tests based on the data

@ Customize tests

Test for Change in Binary Data Compare Median Difference to Hypothesized

&

i

| McNemar's test (2 samples) o Sign test (2 samples)

| Wilcoxon matched-pair signed-rank (2 samples)

P=0,008<0,05 H. red
Hypothesis Test Summary

edilir. Onceki ve

Null Hypothesis Test Sig. Decision
. sonraki degerler
1 The median of differences between gglritpelg-s ona? Ejjle':t the g
S0Els md S sl L Sign Test ' hypothesis. araS|nda fa rk Va rd|r.

Asymptotic significances are displayed. The significance level is 05,

1Exact significance is displayed for this test.



Related-Samples Sign Test

0] Puositive Differences

5,07 (=07
= Megative Differences

{M=8)
4,0 (Mumber of Ties = 0)

Frequency
W

ha

0
-1,00
SONRA - ONCE
Total N 8
Test Statistic 000
Standard Error 1,414
Standardized Test Statistic -2 475
Asymptotic Sig. (2 sided test) 013
Exact Sig. (2sided test) 008

1. The exact p-value is computed based an the binomial distribution because there
are 25 or fewer cases.
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RATIO STATISTICS

Ratio (ratio statistics algorithms) Minimum (ratio statistics algorithms)

R=—L  i=1...m The smallest ratio and is denoted by R“_r.

Maximum (ratio statistics algorithms)

The largest ratio and is denoted by R

imnax’

Range (ratio statistics algorithms)

The difference between the largest and the smallest ratios. It is equal to erw:_Rn-r'

bt et

Median (ratio statistics algorithms)

The middle number of the sorted ratios if n is odd. The mean (average) of the two middle ratios if the n is even. The median is denoted
as R .



Average Absolute Deviation (AAD) (ratio statistics algorithms)

Coefficient of Dispersion (COD) (ratio statistics algorithms)

AAD
COD=100 %= F

Coefficient of Concentration (COC) (ratio statistics algorithms)

Given a percentage 100% x g, the coefficient of concentration is the percentage of ratios falling within the interval

= =

[ (1-g) R 1+ ) R ] . The higher this coefficient, the better uniformity.

Mean (ratio statistics algorithms)

1 1
A/5=R=) fiR,/ ) f,
i=1 i=1



Standard Deviation (SD) (ratio statistics algorithms)

Coefficient of Variation (COV) (ratio statistics algorithms)

COV=100%x=_5_
R

Weighted Mean (ratio statistics algorithms)

n n

DA QISR

4/ 5= i=1 _ i=1
M n
Y riso DS,
i=1 i=1

This is the weighted mean of the ratios weighted by the sales prices in addition to the usual case weights.

Prof.DrYiiksel TERZI 357



Price Related Differential (a.k.a. Index of Regressivity) (ratio statistics algorithms)

pRD=25
15

This is quotient by dividing the Mean by the Weighted Mean.

Property appraisals sometimes result in unequal tax burden between high-value and low-value properties in the same property group.
Appraisals are considered regressive if high-value properties are under-appraised relative to low-value properties. On the contrary,
appraisals are considered progressive if high-value properties are relatively over-appraised. The price related differential is a
measure for measuring assessment regressivity or progressivity. Hence the price related differential is also known as the index of
regressivity.

Recall that the [unweighted] mean weights the ratios equally, whereas the weighted mean high-value properties are under-appraised,
thus pulling the weighted mean below the mean. On the other hand, if the PRD is less than 1, high-value properties are relatively
over-appraised, pulling the weighted mean above the mean.
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Confidence Interval for the Median (ratio statistics algorithms)
The confidence interval can be computed under the assumption that the ratios follow a normal distribution or nonparametrically.

Distribution free (nonparametric)

Given the confidence level 100%x(1— &), the confidence interval for the median is an interval (R[J,,] ] R[u—r-—l] ) such that

n=-r

1 1
—_ y=1=7 - g — vy —
l—a=1-2 Ijs(n—r+1l.r) > E (ir)ﬂ
k=r

where R[E] is the 100% %/ nquantile, and [ (n—r+1.7) is the incomplete Beta function.

An equivalent formula is

r—1
o
T— ID I:.l}_f_l.l]—? ( )

Since the rightmost term is the cumulative Binomial distribution and it is discrete, ris solved as the largest value such that

=2()
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Thus the confidence interval has coverage probability of at least 1 —a.

Mormal distribution

Assuming the ratios follow a normal distribution, a two-sided 100%x( 1 — a) confidence interval for the median of a normal
distribution is

(R & a2:05.a)%5-RY81-0/2:05.4) % 5)

where g are values defined in Table 1 of Odeh and Owen (1980).

(7. p.4)

The value g ) is, in fact, the solution to the following equations:

(rp

Pr(l’"dﬂgﬁ|é=f£};ﬁ)=;'

with T , follows a noncentral Student t-distribution where d is degrees of freedom associated with the standard deviation s, & is
noncentrality parameter, y is the probability, n is the sample size, and f{:P is the upper p percentile point of a standard normal

distribution.

Confidence Interval for the Mean (ratio statistics algorithms)

The normal distribution is used to approximate the distribution of the ratios. The 100%x [ 1— &) confidence interval for the mean is:

Rty po1%5/ \[F

n
where t_ 5. p_, is the upper a/2 percentage point of the ¢ distribution with F—1 degrees of freedom, and where F=fo..

i=1
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Confidence Interval for the Weighted Mean (ratio statistics algorithms)

Using the Delta method, variance of the weighted mean is approximated as

ﬂr( ) 111(-1] ”'-Icm(i ‘5)_ -11’11{:5]

53 54

where

".’11{:5]_[}_. o Zf{s —S“)—>Zr F2, and

=1

CL‘.‘IT(E.E} =
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t,-‘ *property_assess.sav [DataSet?] - [BM SP55 Statistics Data Editor

File Edit View Data Transform  Analyze Direct Marketing Graphs Utilities anshize Pirect farkeing —Cs

— - — — — — — — — Reports P

T ‘ﬁ [_%] e~ - :E % % EE" ﬂﬁ %E Dggcripti'u'e Statistics r @ﬁeﬁz

1 Tables : [ Descriptives...

town assessor  saleval lastval ;:nme?:iir::::;mm b %iﬁns

1 Northern 16,00 110,60 107,00 | Genemizedlimearbiogels > |
2 Southen 11,00 171,40 104,80 | oo | @Rsto
3 Eastern 7,00 276,50 209,00 Eegressinn » | P-PPlots...
4 Southern 10,00 27360 17950 | ‘esiesr N
5 Eastern 27,00 175,10 156,40 & Retio sutistcs 2
6 Southern 16,00 258,60 146,60 Numerator
7 Northern 6,00 95,00 86 40|| | Assessorlassesson - 'Di :;';z‘f“E'””“‘S""
8 Northern 16,00 98,80 87,90 ® [ salevalue ofhouse ]
9 Central 1,00 19510 167,00 % | (2 Tomstip tow] ]
10 Western 11,00 14130 127,80 ¥ Sart by group varable
11 Western 8,00 116,00 116,80 gﬁjfj;"n‘;i;rj;
12 Southern 12,00 251,50 95,20| | 1 pispiayresuis
13 Eastern 400 277,40  225,70|| [ Save resuts toexiemal e
14 Central 28,00 22320 226,60
15 Westemn 600 16890 164,90 (o) Geasn) (msset) ool tisn)

Prof.Dr.Yiiksel TERZI

362




#3 Ratio Statistics: Statistics Z% . oo
Ratio Statistics
Central Tendency Dispersion
[+ Median [7] AsD [7] Standard deviation
["] Mean ¥ coD 7] Range Case Processing Summary
[ Weighted Mean [[] PRD [ Minimum Count Percent
& - - " | Median Centered COV  [] Maximum -
L Confidence intervals: - - T Township  Eastern 177 17,7%
[] Mean Centerad COV
Central 187 18,7%
Concentration Index Southern M5 EDIE%
Between Proportions Within Percentage of Median M .
arthern 220 22,0%
Low Proportion: I:I Percentage of median: I:I
Lioh Proporti |:| Western 211 21,1%
High Proportion:
Cverall 1000 100,0%
Paira: Percentages:
= 20 Excluded 0
08-12
Total 1000
Ratio Statistics for Value at last appraisal / Sale value of house
[Cuntinue][ Cancel ][ Help ] Coefficient of Concentration
y Fercent
bhetween 0 8 Within 20% of
Coefficient of and1,2 Median
Group Median Dispersion inclusive inclusive
Eastern JBET 28 67,2% 78 5%
Central 04 18 75 9% 81,8%
Southern 747 a8 361% 58 5%
Morthern BHE3 70 95 9% 95 9%
Western B16 18 55 5% a4 8%
Cwerall av3 REY 66, 3% T 7%
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