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HISTOGRAMS AND BOXPLOTS

amount of time spent in prison for falsly convicted individuals
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One year bin Two year bin Ten year bin
N =163
Box and - 5 number 13 Units = years
Whiskers Plot ' summary 9 17 IQR=8
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HISTOGRAMS AND BOXPLOTS

correct answers on a test by the participants’ ages

Lower whisker = lower quartile (LQ)
tolQ-1.5IQR

Higher whisker = higher quartile (HQ)
toHQ+1.51QR

Whiskers stop at extreme values

Outside points more than 1.5 IQR
Far outside points more than 3 IQR
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THE MEAN AND THE STANDARD DEVIATION

some most important descriptive statistics

X = lz Xi Mean
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Standard deviation

THE MEAN AND THE STANDARD DEVIATION

mean miles per gallon for two towns
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THE MEAN AND THE STANDARD DEVIATION
amount of times Nim used his own name and Nim used the pronoun Me:
positively skewed hystograms
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PROPORTIONS AND BAR CHARTS

womans accused of being a witch

Proportions
51/241 =0.21
38/241 = 0.16
Divorced 4/241 = 0.02
Married 148/241 = 0.61
Odds
51/190 =0.27
38/203 = 0.19
Divorced 4/237 = 0.02
Married 148/93 = 1.59

PROPORTIONS AND BAR CHARTS
what comes to mind when “science” is
mentioned: Bar chart
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SAMPLING AND ALLOCATION

Simple Random Sample from a population of pizzas

inations
with SRS)

Al possible Vegetarian samples One meat quota samples
ib

toppings equally
(equal possi 1y

Tikel

Mushroons & Pepper
Nushroons & Ofives

Mushroon & Pepper
Peppers & olives
Saussage & Mushrooms

Mushroom and Pepper
Mushroons & Olives
Pepper & Olives

Mushroom & Saussage
Pepper & saussage
Oliives & Saussage

Pepper & saussage
Olives & saussage

“randon” means that each possible sample is equally likely
Alternatives:
Cluster sanples exanple: choose SRS of schools, then SRS of pupils
Quota samples exanple: choose a sample to be half women, half men

Convenience sample exanple: choose the first 20 people that sign up your study

SRs: Simple Randon Sample

SAMPLING AND ALLOCATION
Random Allocation comparing viewers’ reactions
to English and Australian soap operas

Sampling Allocating Measurement

7 Group — Engl. Soaps - Despair rating

Polpulation — > Sample

* Group — Austr. Soaps —> Despair rating

SRs: Simple Randon Sample

RA: Randon Allacation

INFERENCE AND CONFIDENCE INTERVALS

amount of time spent in prison for falsly convicted individuals

d
The equation for the 95% interval is Clgsg, = Xito‘%% df =n-1
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INFERENCE AND CONFIDENCE INTERVALS

do people like fresh or instant coffee more?

Within subject studies

The basic equation for the within-subject 95% confidence interval is

sdgif

Clgsop =X — X2 it0.0ST df =n-1

oWY,  DOv-%

125
o Cl =1.0+2.26-—==1.0+0.89 df =9
129 : 7 95% N

‘ 2 . more people like freshly brewed coffee

INFERENCE AND CONFIDENCE INTERVALS

significant teachear makes them learning willingly

Between subject studies |

makes me learn willingly 1 (not true) — 5 (true)

boys girls
Number 129 166
Mean 3.26 3.51
Standard Deviation 1.05 0.99

Confidence Intevals

95%Cl =3.26+1.98——==3.26+0.18
0.99
95%Cl =3.51+1.98——=351+0.15
166

INFERENCE AND CONFIDENCE INTERVALS

when the sample sizes are different

Between subject studies

Defining the pooled variance as

(ng —2)van+(np —1)var
(rq ~1)+(nz -1)

the basic equation for the between-subject 95% confidence interval is

Clgsy, = %1 —Xp 10,05, | pooled var[i+i]
mon
1 1
Clgg, =3.51-3.26+1.98 1.03(— + —] =025+0.24
166 129

mean for girls is higher

Clggys =3.51-3.26+2.63 1.03(i+i) Z025£031
166 129

we cannot say that the mean for girls is higher

pooled var =

df =m+np-2

INFERENCE AND CONFIDENCE INTERVALS

Robust estimate of the standard error

Confid, intervals for medi:

N =166
A 45 Units = years
3 & 34 so [!QR=16
H T 9 84 Range =75
H O
5 Standard error of median estimate
x

kfn—ﬂ—z \E
2 2001y

_ Xnoka1— Xk
2% 7901

se Standard error (X sorted)
95%CI = median +7q g5 x se =45+3.80

Wilcox 2005 “robust estimates”

INFERENCE AND CONFIDENCE INTERVALS

nonparametric evaluation of the median by bootstrapping

Bootstrapping intervals
N =166
45 Units = years
IQR =16
34 50
9 84 Range =75 Median +95%ClI

Sampling from the data =
sampling from the
population

HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

test of confidence intervalls within subjects

Null Hypotheses Significance Testing: Within subject t-test

HO: mean difference of population values equals zero

Significance testing is closely related to confidence interval construction. For the

coffee example:
(_DIFF _DIFF __ 10

- - - to05 =226
se  sd/n 125410

to01=3.25

=253 df =9 significant

confidence interval contains zero iftg g32 = 2.53
p_crit < p_thresh: SIGNIFICANCE

reject HO at the p=1% level

do not reject HO at the p=5% level

p
<0.10 borderline evidence against HO
<0.05 reasonable strong evidence against HO
i T <0025  strong evidence against HO
/ e <0.01 very strong evidence against HO

09/22/2017
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HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

between subject tests need a pooled variance

Comparing two groups assuming equal variances: Between subject t-test
Let the standard deviations (or variances) be approximately same in two
populations

With the pooled variance

-1 -1
pooled var = (o ~D)van+(np ~D)vary
(m-1)+(np-1)
the t-statistics becomes
XX

_— df =m+ny -2
/pooled var(1/m; +1/n, e

HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

acupuncture versus waiting

Comparing two groups not assuming equal variances

acupunture  waiting

Mean -11.7 -6.1
Standard Deviation 73 109 1092/7.3%52 SO are different
Total Number 12 1

73
For acupuncture:  95%Cl =-11.7+ 2_20E =-117+46 to.05 df =11

10.
For waiting: QS%CI=—6‘112.23%=—6.1t7.3 toos

The difference between the means is given by:  95%Cl = (X - X )+tg 05 varl | var2

M
take tgos this yields

9596C1 =—5.6+2.23(3.9) = 5.6 48.70
XX =56

2 —_""—_1.44 HOnot rejected
Jvary/m +var2/n, 3.9 ot

Null hypothese not rejected

t-statistics  t=

HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

Wilcoxon and Mann-Whitney-Wilcoxon test as distribution free alternatives

The Wilcoxon signed rank test: An alternative to the within-subject t-test

3 7 3 9 14 5 8 10 22 2 data

25 525 7 9 4 6 8 10 1 rank

HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

retrievong times for happy memory and a sad memory

Definition of T

&

HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

robust within subject test

Wilcoxon and Mann-Whitney-Wilcoxon test as distribution free alternatives
The Wilcoxon signed rank test: An alternative to the within-subject t-test

It is then ;o T-nln-1)4
AJn(n+1)2n+1)/24
Insertinnd n=24 (since one participant is excluded) yields
z :(23)/4 =-2.39 20,05 =1.96 significant

24(25 Y.
24(25)49)/24 20,01 =258 HO not rejected

That means the data is significant at p=0.05 level, but not at the p =0.01 level

HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

number of correct plays out of 30

The Mann-Whitney-Wilcoxon test: An alternative to the between-subject t-test

Exparts

Membercommct Mk Mumbecomet  Rank

09/22/2017 10/16
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HYPOTHESIS TESTING: t TESTS AND ALTERNATIVES

robust between subject test

The Mann-Whitney-Wilcoxon test: An alternative to the between-subject t-test
The test statistic for the MWW, called the Mann-Whitney U, is the smaller of
(nlnz +7n1(né +1)7T1] and [nlnz + 7'12(”22 +1) 7T2j
For these data, these values are

[(16)(14)+%7190.5) =1695

14(14 +1)
[(16)(14)+sz74.5
So that . The corresponding z-value (z-statistic) is given by

_ mny/2-U
(mny /12)ng +1np +1)
____(16)14)/2-545
J(@6)L4)/12)16 +14 +1)

2905=1.96  reject HO at 5% level

=239

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES

ANOVA - Analysis of variance

Within subject design comparing the values of several variables for one group

Between subject design comparing the values of one variable for several groups

Here we look at:

- one-way between subjects ANOVA
- repeated measures ANOVA

The corresponding nonparametric tests are the
- Kruskal-Wallis test
- Friedman test

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO

VARIABLES score: -5...5 for a task

ANOVA - Analysis of variance — one way between subjects 1
21 i i ; , GM =—3x =028

n<

1

) g s n=60
I . Xe1=-0.45
Xe2 =135
Xe3=-0.05

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES

model equation for score — one way between subjects
Xij = Koo +(Xaj = Koo J+ (X - X0 )

Xij = (g =) (X - 1)

Xijj =pu+aj+sj

n _ P
PRIATEN I A NED M AT,
i =1 i
SSTO SSBG SSWG
TOTAL TREATMENT ERROR

_ MSBG
MSWG
aj = partof Xjj due to treatment

&jj = partof X;j duetoerror

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO

VARIABLES Sum of Squares

ANOVA - Analysis of variance — one way between subjects

SSTO = SSBG + SSWG
Total = Model + Error

pn P pn
PRI TESMEI AT NS DA
—1i=1 j=1 j=li=1

_ MSBG _ model

“ MSWG error

total variance in the data = variance explained by the model + unexplained variance

model = treatment effect

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO

VARIABLES Sum of Squares

ANOVA - Analysis of variance

Total variation =) (x —GM ¥ =302.18
i
Total variation = within-group variation + between-groups variation

Within-group variation ~ =112.95+88.55+64.95 = 266.45

3 (——
Between-groups variation =302.18-266.45=35.73= an (x.j -GM )2

j=1
Within-group variation =266.45/302.18 =88%

Between-groups variation =12% 12% of the variation is explained by the

differences between the groups

09/22/2017
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COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES

ANOVA - Analysis of variance
mean sums of squares error

within — group variation _ 266.45 _

MSe=——F———— = 4.67
dfe 57
MSb = between — group variation _ 35.73 _1787
dfy, 2
F(257)= Msh_17.87 . oo Fo.05(2,50)=3.18 significant
MSe  4.67

the means are different

ANOVA table

Sum of squares df Mean square F P eta-sq
Between 35.733 2 17.867 3.822 0.028 0.12
Within 266.450 57 4.675
Total 302.183 59

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES
company efficiencies and seasons

ANOVA - Analysis of variance — repeated measures ANOVA

Summer

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES

model equation for score in a randomized block design
Xij = Koo +(Xej = Koo )+ (Xia = Koo )+ (Xij = Ko = Ko j + Xa)
Xij = a0+ (st = 0+ (ttia — 1)+ (Xij 10 — 0 + 11)

Xij =u+aj+pi+s

p _ b n pn -
23X = Xeu P =Y (Kej = Kan P4 DY (Kia = Xan Pt 23 (K~ Kia = Ko+ Ko P
j=li=1 j=1 i=1 j=li=1
—_—_—
SSTO SSM SSBG SSE
TOTAL TREATMENT SSBlocks ERROR

(np-1)=(p-1)+(n-1)+(n-1(p-1)

n —
SSWG =Y (Xij ~ Xi f =SSM + SSE
ia

= N’\I/TSB: population mean for blocks (enterprises) equal
F= % population mean for treatments (seasons) equal

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES
company efficiencies and seasons

ANOVA - Analysis of variance - repeated measures ANOVA
SSTO = SSBG + SSWG

SSWG = SSM (model) + SSE (error)

SsTO= ig(xij “%a P

j=li=1
pn
SSWG = 33" (x5 - %o P dfwg =n(p-1)
il
SSM =n (%} ~%eo dfyg =(p-1)
=
MS,
SSE = SSWG — SSM Aferr = g —dfy F = ~—model
MSEI’YO’

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES
company efficiencies and seasons

ANOVA - Analysis of variance - repeated measures ANOVA

46

SSwirHin = 3 2 ~ %o = (30— 20.25)2 +(24-20.25 +...+ (61-52.5 =1300.5
i=1j=1

SSSUBJECTXTREATMENT = SSe + SSMODEL

SSWITHIN = SSe + SSTREATMENT ~ ©OF

SSTREATMENT = N3 (Xej ~GM P =6 [(41.17 —4767F +...+(49.83— 47.67)2]: 638.00

Variability between the treatment levels = between seasons

COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO
VARIABLES

ANOVA - Analysis of variance
The final necessary sum of squares for the error is

SSe = SSWITHIN — SSTREATMENT =671.50
The degrees of freedom are
p-1 for treatments where k is the number of treatments (4-1=3)
(n-1)(p-1) for error where n is the sample size ((6-1)(4-1)= 15)
n(p-1) for within ((6)(4-1) =18)
The MS values are calculated in the same way as the between subject ANOVAs

MSTREATMENT = SSTREATMENT /dfTREATMENT =638.00/3 =212.67
MS, = S8, /dfe = 671.50/15 = 44.77

F = MStreaTmeNT /MSe =4.75

effect size 73 = SSTREATMENT / SSwiTHIN =0.487

09/22/2017
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COMPARING MORE THAN TWO GROUPS OR MORE THAN TWO REGRESSION AND CORRELATION
VARIABLES . .
actual vs. estimated car velocities

ANOVA - Analysis of variance Regression line

ANOVA table

Sum of squares  df Mean square F p eta-sq p . A G-m) A-ml E-sONA-sAD B-sEF U-WF e s o & = Ej - pred
Treatment 638.00 3 212.67 4.75 0.016  0.487 ) T
Error 671.50 15 44.77 b T
Within  1309.50 18 e e
A oo
; e 1 g
R ;- i ma maoom oma E
efficiencies are different to a 0.016 p-value for the different seasons s ar @) - ® Fa
32
Yi=Fo+hx B
= 200 -9) &'
- 22
2% ~ %) . . . : :
o 10 20 30 40
Po=V-AX Actual velocity (mph)
REGRESSION AND CORRELATION REGRESSION AND CORRELATION
Regression line Pearson’s correlation
SSotal = 956.4 var = SSyorg) /(N-1)=1063 n-1=9 > i-®yi-y)
- 2 2
SSerror =750.6 206 =) 2 (yi - y)
SStotal = SSerror + SSmodel 358.8
r=——-———=046
SSmodel =205.8  205.8/956.4=0.22=22% can be accounted for the model /(625.6)(956.4)
Model number of degrees of freedom =k =1 = r=0.1,0.3,05 ‘small’, ‘medium’, ‘large’
number of variables used in the equation
MSSmodel = SSmodel /1=205.8 t-test if r differs significantly from 0:
Number of degrees of freedom associated with the error term =n-k-1=8
MSSerror = SSerror /8= 93.8 t=f¥n-2
error error m
F(18)=205.8/93.8=2.19
= - =0.18
1(8)=v2.19=148 P Wright and London give also a 95% CI for r.
We should not reject the hypothesis that there is no
relationship between actual and estimated velocities
REGRESSION AND CORRELATION FACTORIAL ANOVAs AND MULTIPLE REGRESSION
2 x 2 design
Spearman’s rg Two-Way ANOVA therapytype
20.007 moo
W1.00
’ " Table 9.1 Data for a 22 two-way ANOVA showing _
Perform Pearson’s correlation on the ranks of the data the amount of imgrovementin depression di iy g 150
on the type of psychotherapy and drug dose 5
compare to: 210,00
Psychotherspy1  Prychotherapy 2 £
Perform Pearson’s correlation on the log-log data Drug doss: low  Medium Low  Medium 5,00
n n 1 1"
1 1 3 13 00— oo
Improvement 15 15 5 15 o
” ” 7 " ose
L] 13 9 L]
Mean (M) 15 15 5 15
Varianco 1] 1 10 10
55 0 ] 0 o

09/22/2017 13/16 7
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FACTORIAL ANOVAs AND MULTIPLE REGRESSION

model equation for score in a completely randomized factorial p x g design

T

Xijk = X (Xaok = Xone)+ (Xajk = = Xaak + Koo )+ (Xijk = Xa k)
Xijk = 10+ (ttjo = 1)+ (tike = 10)+ (et = ptoe = s+ 1)+ (Kigic ~ )
Xijk =m+aj+ P +7jk +Eijk

o+ (Xejo - X

SSwithing = (11-15) + (13-15)2 + (15-15)% + (17 -15)% + (19-15)% = 40 pa(n-1)=16
SSerr = SSwithin = 2, SSwithin,i =160 GM =12.5

SSpsycH =10(15-12.5) +10(10-12.5)7 =125 p-1=1

nkra _ P _ q -
zlzlkzl(xijk ~Xeeaf =nq Zl(x-j- ~Xeef + "PKZI(X--k “Ke) SSposg =1010-12.5) +10(15-12.5)2 =125 k-1=1
i=1 j=1k=] j= =
npq-1=19
ss10 s SREATMENT 2 SSrora. =16 ~GM f -535 (pCI a-1)=1
TOTAL TREATMENT1 SSinteraction = 535—125-125—4x 40 =125 poamy=
pa _ _ _ nedg .
+ Y2 (Kajk~ Kajo— Kank + Kaaa P+ 30073 (X - X P
j=lk=1 i=1j=1k=1
SSAB SSWG
INTERACTION ERROR
(npg-1)=(p-1)+(a-1)+(p-1)a-1)+ pa(n-1)
F _MSA population mean for treatment 1equal
MSE
F= MSB population mean for treatment 2 equal
MSE
FACTORIAL ANOVAs AND MULTIPLE REGRESSION FACTORIAL ANOVAs AND MULTIPLE REGRESSION
2 x 2 design 2 x 5 design
Two-Way ANOVA  Table 8.2 An ANOVA tabie for the o 2 x5 design
effects and interaction are all statist
Effact o T F Pooom 1 12(
SIS SR - 23Xk~ Xooe
Peychatherapy 15 1 125 1 0003 044 11% ik L 1 4 ¢ L Fiow mesns
Dase level 125 1 125 125 0003 044 9
125 1 125 1250 0003 0.4 oje
160 15 il mH
Total % 535 20 fincluding 1 for the co b

Feffect = MSeffect /MSerr F for entire ANOVA:

’7;2) = sseffem/(sseffecl + sserr) MSmodel = ZSSEffem/z‘df effects =372/3=125

F(316)= MSpogel /MSerr =12.5 p=0.001 soehnine
7% =0.70
FACTORIAL ANOVAs AND MULTIPLE REGRESSION FACTORIAL ANOVAs AND MULTIPLE REGRESSION
2 x 5 design

2 x 5 design
Table 9.5 An ANOVA table with the values filled in

Effact 55 df MS F P n
DRINK 203 1 2303 10 032 00
TASK .20 ] 805 350 000 on
Interaction 447.22 4 111,80 48 aoo 045
Within [error] 253289 1o 203

Total 337534 ns - e e

Feffect = MSeffect /Mserr

'I;z) = Sseﬁect/(sseﬁect + Sserr)

Multiple Regression

Table 96 Data fo ression example. These are available on the book's web

No. | Kindness Income Charity | No. Kindness Income Charity Mo, Kindness Income

1 4 n g2 8 3 » 5 n
2 % m 13 B » L} 8
3 L] [ n & n
[l k1] 5 n 9 ]
5 I 1 &) ] n
L - 8 @ 1 R
? Pl ] a0 2 1]
(] a T a 1 ]
9 17 1 4 7 =
0 " L] o 1 n
] 3 L] 5 4 5 2]
12 B 18 ] & H I
13 ] M 1 a7 ] 1]
L 1 L] 1 @ 3 1n
L] 5 7 7 44 $ n
1] & n 3 50 7 %
17 3 5 2

09/22/2017
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FACTORIAL ANOVAs AND MULTIPLE REGRESSION

Multiple Regression

i 4
] ° 35
51 g x Y
o 5 4 2
£ o °8% g 304 4 5
i 58 1 3 3
£  « @ £ 254
s« o oo e S 2 o
(i s g B 4
& 204 s " 8 aa 3
g = re L] ? 20 ! 3
15 p | 3 .
s 15 4 El
104 |
[ Y P [ 2 dediin BLIGRE 10
Kindness Kindness

Figure 95 Two scatterplots of income with kindness. In the left panel the amount given
to charity is proportional to the width of the circles. In the right panel the amount given is
show h its numeral

FACTORIAL ANOVAs AND MULTIPLE REGRESSION

Multiple Regression

a

"
o

Charity in $1000s
Charity in $1000s
Income in $10008

4 B 8 W

16 20 25 30 36

Income in $1000s Kindness Kindness

Figure 9.3 Scatterplots between each pair of variables for the data in Table 9.6

FACTORIAL ANOVAs AND MULTIPLE REGRESSION

Multiple Regression

FACTORIAL ANOVAs AND MULTIPLE REGRESSION

Multiple Regression

partial correlation: Fryz

Low Income Middle income High income
64 [ 6
g 5+ g 5 é 5 ——
s 5t & Table 9.8 The correlations are shown in the lower left-hand tri-
£ 3 ol e angle, the partial correlations are shawn in the upper right-hand
% 24 . E 2 2 Tz triangle, and histograms showing the distributions are plottad
&1 G &1 along the diagonal
2 T 2 = Fomtoe T i g A Kindnpss Charity Income
02 4 & 8 10 g 2 4 &8 &8 10 Oregnndcssoa-at s |00 | H TR ST TN ek
Kindneas Kindness Kindness 057 059
Figure 96 Scatterplots between charity contributions with kindness plotted separately Charity H.11 074
for low, middle, and high income individuals
Incama 0.50 +0.59
CATEGORICAL DATA ANALYSIS CATEGORICAL DATA ANALYSIS
Effect size measures for 2 x 2 tables Effect size measures for 2 x 2 tables
Table 10.2 Data for identifying the white confederate in the South African

Biach corfedarats

Blacks  Whitss

0dds ratio for the white participants viewing a white confederate in South Africa = 5.25/1.50 = 3.5

data from Wright et al. (2001). Also shown are the equations for three
measures of effact size: the odds ratio, phi and Cohen'’s «

Participants’ race

White  Black Three measures of effect size

Correct AR 8 15 odds ratin ~ ADVBC
(AD — BC)

4 Dw phi Lo
VIA+BHE + DA+ C)B 4+ D)

Incomrect 5

cf. Pearson’s r

2(AD — BC)
Cohen's K (A+BHB+ D +iC+ DA+ L)
0-0.2 poor, 0.2-0.4 fair, 0.4-0.6 moderate, 0.6-0.8 substantial,
0.8 almost perfect

09/22/2017
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CATEGORICAL DATA ANALYSIS

Effect size measures for 2 x 2 tables

Take the In of the observed OR. Hare, In (3.50) = 1.253.
Calculate the standard error on the log odds ratio:

el il el e ]
e ==+ =+ = cre t + —=0.68
se(In OR) \ a + Bt T + ) \ 31 t stat 0681

Calculate the 95% confidence interval of In OR.

lower bound = In 0F - 1.96 selin OA here 1,263 - 1.96(0.681) = -0.082

upper bound =In OF+ 1.96 selln OR)  hare  1.253 + 1.96(0.681) = 2568

Back-transform these into odds ratios by exponentiating them (with the EXP or &" kay on your
caleulator):

expl-0.082) = g "™ = 0.92
axpl2.588) = ¢ = 13.30

Thus, the 95% confidence interval goes from 0.92 (just below chance which is 1.0} to 13.30. Note
that the obsarved value (3.50) is not halfway between these,

CATEGORICAL DATA ANALYSIS

Effect size measures for 2 x 2 tables
Null hypotheses: No association between the two variables.

2 n(AD-BC)? 2_yep2_
- VP _357 or x“=) SR{§j=356
# “{A+BIC+DJA+C\B+D) 2R

p=0.06

df =(2-1)(2-1) =1

white confederate i
s for expected v
se can be used fo
¥ table

Table 10.4  Observed data (0,) fo

Black Row total

Carrsct 6,=15 AT, =3 ATCT
E,=18 E
SR, =071 :

I 8, =10 Gy=4 AT,=14 op o 2=k
E=7 E=1 = E
SR,=113  SAy=-113
CT=125 o7, =18 50
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