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@ Introduction

© Means comparisons
@ Single sample mean test
@ Independent samples means comparison
@ Non—parametric alternatives in SPSS: Mann-Whitney U
@ Dependent samples means comparison
@ Non—parametric alternatives in SPSS: Wilkoxon's signed rank test

© Proportion & Variance tests

@ Analysis of Variance
@ Non—parametric alternatives in SPSS: Kruskal-Wallis test
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Null and alternative hypotheses

@ Hypothesis testing is a data-based decision procedure that can produce a
conclusion about some system.

@ A statistical hypothesis is an assertion or conjecture concerning one or more
populations.

@ The null hypothesis, denoted by Hp, is a tentative assumption about some
population parameter.

@ The alternative hypothesis, denoted by Hi, is the opposite of what is stated in the
null hypothesis. (usually set to what the test is attempting to establish):

rsidedd 0 0=00 b cded {0000 ideq {0 0= 00
H1:97é00 Hi: 0 < 0 Hi: 0> 09

@ The conclusion that the research hypothesis is true is based on sample data that
contradict the null hypothesis and is not reached with absolute certainty.
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Type | and Type Il errors

@ Because hypothesis tests are based on sample data, we must allow for the
possibility of errors.

@ A Type | error is rejecting Ho when it is true. The probability of making a Type |
error when the null hypothesis is true as an equality is called level of significance:

a = P(reject Ho|Ho true)

@ Applications of hypothesis testing that only control the Type | error are often
called significance tests.

@ A Type Il error is accepting Bo when it is false:
B = P(accept Ho|Ho false)

@ It is difficult to control for the probability of making a Type Il error. Statisticians
avoid the risk of making a Type Il error by using “do not reject Ho" and not
“accept Hp".

@ Power of a test is defined by
v =1— 3 = P(reject Ho|Ho false)

@ Computation of 3 and 7 depends on the actual value of a population parameter.
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Null hypothesis

Possible decisions of an analyst

Null hypothesis

is TRUE is FALSE
Reject null Type | Error | Correct outcome!
hypothesis (False positive) (True positive)

Fail to reject
null hypothesis
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Correct outcome!
(True negative)

Hypothesis testing

Type Il Error
(False negative)
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Representation of Type | and Type Il errors

H, (Null Hypothesis) H, (Your Hypothesis)
1
]
1
1
1
1
1
1
]
1
1
B a
Type Il error Type | error
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Steps in Hypothesis Testing

@ Develop the null and alternative hypotheses.

@ Specify the level of significance « (typically, & = 0.01,0.05 or 0.10).

@ Collect the sample data and compute the test statistic. This is function of the
data and should have a known distribution under Ho.

@ Critical value approach:

o Use the level of significance « to specify the rejection region.
e Hy is rejected whenever the test statistic falls within the rejection

region.
@ p-value approach:

o Use the value of the test statistic to compute the corresponding
p-value. This is the probability of observing such an extreme test
statistic value as the one obtained by the sample data.

Hence, for a Z-test and computed statistic z*, the corresponding p—value is given by:

— value = P(Z > |z*||Ho true), for 1-sided tests
? " |2 P(Z > |z*||Ho true), for 2-sided tests

@ Hp is rejected whenever p — value < a.
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Sampling distribution of mean (birthweights

000-019 116 124 119 100 127 103 140 82 107 132 100 92 76 129 138 128 115 133 70 121
020-039 114 114 121 107 120 123 83 906 116 110 71 86 136 118 120 110 107 157 89 71
040-059 98 105 106 52 123 101 111 130 120 94 124 127 128 112 83 95 118 115 86 120
060-079 106 115 100 107 131 114 121 110 115 ©3 116 76 138 126 143 93 121 135 81 135
080-099 108 152 127 118 110 115 100 133 116 120 118 126 137 110 32 139 132 110 140 119
100-119 109 108 103 88 B7 144 105 138 115 104 129 108 92 100 145 93 115 85 124 123
120-130 141 08 146 115 124 113 08 110 153 165 140 132 70 101 127 137 120 144 126 156
140-150 120 128 119 108 113 93 144 124 89 126 87 120 99 60 115 86 143 97 106 148
160-179 113 135 117 120 120 117 92 {18 80 132 121 119 57 126 126 77 135 130 102 107
180-199 115 135 112 121 B89 135 127 116 133 64 91 126 78 B! 122 111 108 89
200-219 99 118 104 102 ©4 113 124 118 104 124 133 80 117 112 112 112 102 118 107 104
220-239 90 113 132 122 89 111 118 108 148 103 112 128 86 111 140 126 143 120 124 110
240-250 142 92 132 128 ©7 132 99 131 120 106 115 101 130 120 130 89 107 152 90 116
260-279 106 111 120 108 123 152 135 83 107 56 131 108 100 104 112 121 102 114 102 101
280-209 118 114 112 133 139 113 77 109 142 144 114 117 97 96 93 120 149 107 107 117
300-319 93 103 121 118 110 80 127 100 156 106 122 105 02 128 124 125 118 113 110 149
320-839 98 98 141 131 92 141 110 134 90 88 111 137 67 ©5 102 75 108 118 99 79
340-859 110 124 122 104 133 98 108 125 108 128 132 95 114 67 134 136 138 122 103 113
360-379 142 121 126 111 97 127 117 122 120 8O 114 126 103 O 116 100
380-399 98 97 120 114 102 128 107 119 84 117 119 128 121 113 128 111 112 120 122 91
400-419 117 100 108 101 144 104 110 146 117 107 126 120 104 129 147 111 106 138 97 90
420-439 120 117 94 116 119 108 109 106 134 121 125 105 177 109 109 109 79 118 92 103
440-459 110 ©5 111 144 130 83 93 81 116 115 131 135 116 97 108 103 134 140 72 112
460-479 101 111 129 128 108 90 113 99 103 41 129 104 144 124 70 106 118 99 85 93
480-499 100 105 104 113 106 88 102 125 132 123 160 100 128 131 49 102 110 106 96 116
500-519 128 102 124 110 129 102 101 119 101 119 141 112 100 105 165 124 67 94 134 123
520-539 92 58 17 135 141 105 133 118 117 112 87 92 104 104 132 121 118 126 114 90
540-550 100 78 117 165 127 122 108 109 119 08 120 101 06 76 143 83 100 128 124 137
660-579 90 129 89 125 131 118 72 121 91 113 91 137 110 137 111 135 105 88 112 104
580-500 102 122 144 114 120 136 144 08 108 130 110 OF 142 115 120 125 100 103 114 106
600-619 109 119 89 ©8 104 115 99 138 122 91 161 96 138 140 32 132 108 92 118 58
620-630 158 127 121 75 112 121 140 80 125 73 115 120 85 104 ©5 106 100 87 99 113
640-650 95 146 126 58 64 137 60 90 104 124 120 62 83 96 126 1556 133 115 97 105
660-679 117 78 105 99 123 86 126 121 109 9F 131 133 121 125 120 97 101 92 111 119
680-600 117 80 145 128 140 0O7 126 109 113 1256 157 97 119 103 102 128 116 96 100 112
700-719 67 121 116 126 106 116 77 119 119 122 108 117 127 114 102 75 88 117 99 136
720-739 127 138 103 O7 130 120 128 119 22 109 145 120 06 128 122 115 102 127 108 120
740-759 111 114 115 112 146 100 106 137 48 110 97 103 104 107 123 67 140 89 112 123
760-779 130 123 125 124 135 119 78 125 103 55 69 83 106 130 ©8 81 92 110 112 104
780-799 118 107 117 123 138 130 100 78 146 137 114 61 132 109 133 132 120 116 133 133
800-819 86 116 101 124 126 94 93 132 126 107 98 102 135 59 137 120 119 106 125 122
820-839 101 119 ©7 86 105 140 89 139 74 131 118 91 98 121 102 115 115 136 100 90
840-850 110 113 136 140 120 117 117 129 143 88 105 110 123 87 97 99 128 128 110 132
860-879 78 128 126 ©3 148 121 95 121 127 80 108 105 136 141 103 95 140 115 118 117
880-899 114 109 144 119 127 116 103 144 117 131 74 109 117 100 103 123 93 107 113 144
900-919 99 170 ©7 135 115 89 120 106 141 137 107 132 132 58 113 102 120 98 104 108
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Sampling distribution of X over 200 samples of size 10 selected from the population
of 1000 birthweights given in Table 6.2 (100 = 100.0-100.9, etc.)

=b

Percentage of samples with birthweight

with v, o the relevant population parameters and n sample size.
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Sampling distributions of median and average of extreme

observations have larger variance
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(b) Sampling distribution of the sample median
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(c) Sampling distribution of the average of the smallest and largest observations
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Five random samples of size 10 from the population of

infants

Sample

Individual 1 2 3 4 5
1 97 177 97 101 137
2 17 198 125 114 118
3 140 107 62 79 78
4 78 99 120 120 129
5 99 104 132 115 87
6 148 121 135 117 110
7 108 148 118 106 106
8 135 133 137 86 116
9 126 126 126 110 140
10 121 115 118 119 98

116.90 132.80 117.00 106.70 111.90

s 21.70 32.62 22.44 1413 20.46

Papageorgiou, G. Katsouleas (UniWA Hypothesis testing June 17, 2024 12/81



Collection of 95%-C.I.'s for the mean 1 computed from

repeated samples

The midpoint of each interval is X;

1
116.9 132.4

|
|
|
|
|
|
|
(1169-15.5 | (116.9 + 15.5)
i 1 1
109.5 | 132.8 156.1
(132.8-233) | (132.8 + 23.3)
| - |
101.0 I 1170 133.0
(117.0 - 16.0) ! (117.0 + 16.0)
: —
96.6 1067 1 1168
(106.7 - 10.1) (1067 +10.1)
|
|
| | |
973 111.9 126.5
(111.9 - 14.6) | (111.9 + 14.6)
|
|
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Single sample tests
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Single sample mean test: Variance known case

Variance known

Hypotheses Test statistic | Reject Hop, whenever
Ho:p= _

0 M Ho 7 = XZO |Z| > za/2
Hy e # po Vi
Ho : = _

oK Ho Z = XZO V4 > Zo
Hi:tp > po Vn
Ho:p= _

o H Ho Z = XZO V4 < —Zq
Hitp < po Vn

Critical values for the most usual significance levels:

20.005 || 2.58
Z0.01 233
Z0.025 1.96
Z20.05 1.645
Z0.1 1.285
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Single sample with known o: Power computation application

Application: For a sample of 16 early and late stage head and neck cancer patients,
Ki-67 values (a measure of cell proliferation) are obtained from tissue biopsies. The goal

is to compare this sample to a reference population, one with a mean Ki-67, ux;_e7, of
42% and a known standard deviation, oki_e7, of 3%.

@ Compute the power of the left-tailed test with o = 0.05 when the true value of the
population mean is 40%.

@ What is the conclusion of the left-tailed test for the following sample?

Ki-67 values || 38% | 40% | 42%
37% | 39% | 41%

45% | 43% | 47% | 45% | 38%
39% | 38% | 38% | 41% | 40%

© |If the power of test in (1) is deemed too low, how should the sample size be
modified, so as to obtain a power level of 0.907

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing
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Single sample with known o: Power computation application

Solution:

@ We calculate the power of the test

Ho : = 42%;
H1/L<42%

with with significance e = 0.05 when the population mean is in fact u = 0.40%:
$3(0.40) = P(Accept Holp = 0.40) = P (Z > —za|p = 0.40)

x —0.42 o
=P(2="22 > —Z|p=040) =P (x> 0.42 — zo— | = 0.40
( N ) (” v )

x—040 _ 042—2z,7% —0.40 0.02

=P ()’/\/ﬁ > ()’/\/E :0/\/57204
~./(0,1)
002 N e 002 N
—-1 ¢(0/ﬁ a> 1 ¢<0.03/\/E ) 1—(1.021)

= Power(0.40) = 1 — 3(0.40) = ® (1.021) = 0.8465
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Single sample with known o: Power computation

application (2)

Solution:
2 For the test
Ho : p = 42%;
Hi:p < 42%,

we compute
X — o _ 0.4069 —0.42

z7="F= oz =175
Vn V16

The corresponding rejection region is (—o0, —zo) = (—00, —1.645) such that
~1.75 € (—o0, —1.645).

Hence, the null hypothesis is rejected at the significance level of o = 0.05.

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing June 17, 2024
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Single sample with known o: Power computation

application (3)

Solution:
3 We need

Power(0.40) = 0.90 = 1 — 3(0.40) = 0.90 = 3(0.40) = 0.10.

On the other hand, we have seen
0.02 0.02
40)=1-o( 2 2 )=1-0¢ _ ‘
A(0-40) <a/ﬁ “ ) (o.osﬁ Z°'°5>

Combining the previous expressions, we have

17¢(%\/ﬁ*1.645):0.10:>¢ % n—1.645 | =0.90
: N———

=Z0.10

Hence, /n = (1.645 + z0.10) 3 = 4.38 = \/n = 4.3862 = n = 19.27.

Note: For power computations (including power curve generation) for the analogue
left-/right- /two-sided Z-tests of this example, refer to the uploaded excel file.

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing June 17, 2024
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Two sided hypotheses tests and confidence intervals

Hypotheses Test statistic | Reject Hp, whenever
Ho:pn= _

oM Ho Z — XZO |Z| > Za/2
Hy o # o Vi

Hence, Hp is accepted whenever

—Zn/2 < zZ < Zo /2

—Zu /2 < < Za /2

7

o
X — za/2f<M0<X+Za/2ﬁ

Hence,
Ho : 1 = po is accepted at a significance level of

precisely when the hypothesised value

o € (1 —a)% —

June 17, 2024
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Single sample mean test: Variance unknown case

Variance unknown

Hypotheses Test statistic | Reject Ho, whenever
Ho:p= -

oM Ho t= xzo ‘t| > ta/2;n71
Hi:p # pio Vi
Ho:u= _

orpT e e t> tan 1
Hi:p > o Vr
Ho: = _

oM Mo t= ng t< _ta;n—l
Hi:p < po NG
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Single sample test in SPSS

Using the data in Slide #10:

istics Data Editor
n Analze DirectMarketing Graphs Utiities Add-ons Window Help

| Reports » i g =y j
| Descriptive Statistics » B e 1
Tables » Values Missing | Columns
Compare Means * | [ means.
General LinearModel | [ one-gample TTest. -
Generalized Linear Models » | o 1+ onon et Samples T Test 8 One-Sample T Test X
Mixed Models » )
C- - N 5 Paired-samples T Test Test Variable(s):
orelate
= + | B gne-way anova & KisT
Loglinear »
Neural Networks » @
Classify »
Dimension Reduction
Scale »
Nonparametric Tests » TestValue
Forecasting »
sunva )
Multiple Response »
[ missing value Analysis.
Muliple Imputation »
Complex Samples »
Quality Control »
ROC Curye.

georgiou, G. Katsouleas June 17, 2024 22 /81



Single sample test in SPSS: Output

One-Sample Statistics

Std. Error
N Mean Std. Deviation Mean
Kig7 16 4069 ,02983 00746

One-Sample Test

TestValue=042

95% Confidence Interval of the

Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
Ki&T -1,760 15 099 -01312 -,0290 ,0028

Note that in this instance, for the left—sided test, we have the critical value
to.05;15 = —1,75.

(Corresponding p—value for one-sided test is 0.099/2 = 0.05.)
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Independent samples tests
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Introduction

@ The previous analysis may be extended to two groups.
@ Denote 1 and p2 the respective means of the two populations.

@ Note a difference between the two populations exists whenever 113 — p> # 0. This
difference is the parameter to be estimated.

@ We select two independent samples from the two populations: say n; cases from
Group 1 and n> cases from Group 2.
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Independent samples

@ We select two independent samples from the two populations: say n; cases from
Group 1 and n> cases from Group 2.

e 1st Sample: xl(l),xél),. x,,1 (from a population of mean p; and
standard deviation o)
e 2nd Sample: xl(Q),xéz),. x,(,2 (from a population of mean s and

standard deviation o)
After data collection, compute:

o
Sample 1 | Sample 2
Sample size m no
Sample mean X1 X2
Sample standard deviation s S

The quantity X3 — X2 is an unblased estlmator of p1 — o
e The variance of this estimator is n—l + 2

l"z
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Independent samples with known o1, o

Ho:

Hypotheses

pr—p2=0
tpr—p2 #0
tpr—p2=0
tp1—p2 >0
tpr—p2=0
tpr—p2 <0

Test statistic

Z: X1—X2
i o3
Tz

7 = Xa=x2
2 2
21,°%2
moon2

7 = _Xa-Xa
o2 o2
Uz

Critical values for the most usual a levels:

E. Papageorgiou, G. Katsouleas (UniWA

Z0.005 2.58
Z0.01 2.33
20.025 || 1.96
Z0.05 1.645
Z0.1 1.285

Hypothesis testing

Reject Ho, whenever

|Z| >Za/2
Z>Za

Z < —2Z4
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Large samples with unknown o1, o5

@ As the standard deviations of the two populations are unknown, they are estimated
by the sample standard deviations s; kow s;.

Ho
t
Ho
i
Ho
{

Hypotheses

tpr—p2=0
fpr—p2 #0
tpr—p2 =0
sp1—p2 >0
tpr—p2=0
tp1— p2 <0

E. Papageorgiou, G. Katsouleas (UniWA

Test statistic

X1 —X2
2 2
a2
n2

7 =

X1 —X2

V4

H= ‘H'AN
+

2

2

n2

7 = Xa=X2
2 2
1,52
ny n2

Hypothesis testing

Reject Hy, whenever

|Z| > Za/z
Z > 2z,

Z<*Zoz

June 17, 2024



Small samples with unknown o1, o

@ Consider small samples from two populations; i.e., n; < 30 and/or n> < 30.

@ We assume that both populations are normally distributed.

@ Whenever o1, o2 are unknown, these are estimated by sample standard deviations
51 KOl S2.

@ We assume that the variances of the two populations are equal: 62 = o2 = o2.

@ Under the previous assumptions, the quantity X1 — Xz is normally distributed,
independently of sample sizes.

@ Combining data from both samples, we obtain the “pooled” estimator of o2:

52 _ (m —l)sf+(n2 —l)sg

P ny+na—2
2 s24s2
@ Note that for n1 = n2, we have s; = 2152
Hypotheses Test statistic | Reject Ho, whenever
Ho:pi—p2=0 I
0 M1 — H2 t=—SXa_ [t] > to/2:m4ns—2
Hi:ipy—p2 #0 %\ 7y Thz
Ho : —pu2=0 -
0 M1 — M2 t = Xl;z1 t > toing tna2
Hi:par—p2 >0 o/ ng t iz
Ho : — 2 =0 -
0 {1 — H2 t= - t < —toingtna—2
Hi:ipr—p2<0 /7y Tz
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C.I. for mean difference in small samples with unknown but

equal o1 = o0y

Hypotheses Test statistic | Reject Ho, whenever

Ho:ul—,uzzo e — 3%
Hy - 1 — iz 7& 0 t= 45,) Xlﬁfi |t| > ta/2;n1+na—2
Ho : - =0 -

0 M1 — U2 t = Xl;z1 t > toing tna2
Hi:par—p2>0 o/ ng F oz
Ho : - =0 -

0 M1 — M2 t = Lzl t < —toingin—2
Hi:pr—p2<0 S/ 7y Tz

@ (1 — a)%-C.l. for the mean difference p1 — p2:

. 1 1
(x1—x2) £ Sp\/;ta/2;7u+n272

@ Note that whenever 0 does not lie within the (1 — «)%-C.I. for the mean difference,
then the null hypothesis in the 2—tailed test is rejected at a significance level of .

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing June 17, 2024 30/81



C.I. for mean difference in small samples with unknown and

different o1, 0

Hypotheses Test statistic | Reject Ho, whenever
Ho :pin —p2 =0 %y —%
t= 2= [t] > ta /2.0
Hi:ips—p2#0 1.2
H N — = 0 _
0 f 2 t= Xlz_XZZ t> ta;df
Hy:tpp—p2>0 %+%
H . — = 0 —
0 M1 — U2 f = ><127><22 t < —to/or
H1 : 1 — p2 < 0 1,52
ny n2

@ Critical values that define the above rejection regions are found under
t-distributions with degrees of freedom given by:

£, 3)°
ny n2
2 2
1 (% 4+t 3
np—1 ny na—1 nz

Hypothesis testing

+

df =

June 17, 2024
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Mean comparison in independent (small) samples with

unknown but equal o1 = g,: Application

Application:

@ A new antipyretic is being tested on two groups; Group 1 (20 cases) is
given the new drug, Group 2 (18 cases) is given an older medication.

@ Temperature data on the 38 patients are given in the next slide.

@ Test whether the mean temperature in the two groups coincide or not
(a =0.05).
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Temperature data

Oudda A  Opdda B

38,40 40,90
36,80 39,50
40,00 39,40
39,80 38,20
38,60 39,70
39,10 38,90
| 38,90 38,60
36,80 39,90
40,40 41,30
39,40 38,10
38,00 39,60
38,60 37,10
40,10 39,50
38,10 40,30
37,20 41,50
39,50 39,30
37,30 37,60
39,10 40,60
39,90
37,80
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Mean comparison in independent (small) samples with

unknown but equal o7 = g,: Application solution

Ho : 11 — o =
@ 2-tailed hyptheses: {Ho 1 —p2 =10

where 11, u2 mean temperatures in the
L — 2 #0,

two populations.

@ Test statistic: _ _
X1 — X2

)
1 1
So\/m T

2 (m —1)s? + (n2 —1)s3
P n4+n —2 ’
@ Hence, we have to compute the quantities

n n n @\)?2
1 = 2 X" 2 1L i (X(1>)2 _ (Zfil (Xf ))
1= ny ’ 1 ny — 1 i

j=t

t =

where

and

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing
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Computations for application

1) xJMI)xN() xj@2)  xJ@)yxJ'2)
38,40 1.474,56 40,90 1.672,81
36,80 1.354,24 39,50 1.560,25
40,00 1.600,00 39,40 1.552,36
39,80 1.584,04 38,20 1.459,24
38,60 1.489,96 39,70 1.576,09
39,10 1.528,81 38,90 1.513,21
38,90 1.513,21 38,60 1.489,96
36,80 1.354,24 39,80 1.592,01
40,40 1.632,16 41,30 1.705,69
39,40 1.552,36 38,10 1.451,61
38,00 1.444,00 39,60 1.568,16
38,60 1.489,96 37,10 1.376,41
40,10 1.608,01 39,50 1.560,25
38,10 1.451,61 40,30 1.624,09
37,20 1.383,84 41,50 1.722,25
39,50 1.560,25 39,30 1.544,49
37,30 1.391,29 37,60 1.413,76
39,10 1.528,81 40,60 1.648,36

39,90 1.592,01 BSFGEMAl 71000  28.031,00

37,80 1.428,84

BGEGENMA 773,80 29.962,20

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing June 17, 2024 35/81



Mean comparison in independent (small) samples with

unknown but equal o7 = g,: Application solution

@ For Group 1, we have

oY 77380

== S = 38:69
and
n ®\)?
1 & 2 (Z,-il (Xj )) 1 773.82
2 _ & _ _
= @) AT T = = (200622 — =1.257
S = ;(X’ ) o 19(996 = ) 5
@ For Group 2, we have
n ()
X2 = 2 7100 39.44

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing June 17, 2024 36 /81



Mean comparison in independent (small) samples with

unknown but equal o7 = g,: Application solution

Ho:pi—p2=0
@ 2-tailed hypotheses: 0 H1TH2 where p11, 2 the mean temperatures in
Hy:pa —p2 #0,
the two populations.

@ Test statistic:

X1 — X2 38.69 — 39.44

t = =
/it L VIzn/h o+

c2_ (m- 1)sf +(n2 —1)s5 (20 —1)1.257 + (18 — 1)1.497
P n+n —2 o 20 +18 -2 o

—2.00,

where

1.37.

@ Rejection region: [t| > to /2.0, 1n,—2 = to.025:36 = 2.028
@ Evidently,
‘t| = 2.00 < to.025:36 = 2.028.

Thus, the test statistic does not lie in the rejection region and we cannot reject Hp
at a level of significance of 0.05.

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing June 17, 2024 37/81



Independent samples test in SPSS: Variables & Data

Name Type Width  Decimals
temp Numeric 8
group Numeric 8 0

ageorgiou, G. Katsouleas

Label
Temperature
Treatment

(

Values Missing
None None
{1, New dru... None
3 Value Labels.
Value Labels:
Value ~
1
2

Columns  Align Measure Role
3 Right & scale ™ Input
8 = Right & Nominal N Input
X
Spelling.
Label
New drug

Older medication

testin

& temp & group

1 38,40 1
2 36,80 1
3 40,00 1
4 39,80 1
5 38,60 1
6 39,10 1
7 38,90 1
8 36,80 1
9 40,40 1
10 39,40 1
1 38,00 1
12 38,60 1
13 40,10 1
14 38,10 1
15 37,20 1
16 39,50 1
17 37,30 1
18 39,10 1
19 39,90 1
20 37,80 1
21 40,90 2
22 39,50 2

<

Overview Data View Variable

38/81



Independent samples test in SPSS

%3 independent-Samples T Test X

Test Variabl
m Analze DirectMarketing Graphs Utiities Add-ons Window Help JestVariabis(e}

Reports

Temperature
EELERE o
Descriptive Statistics »
Taples » v
Compare Means * | Dueans
General Linear Model »

I3 one-Sample T Test..

Grouping Variable:
Generalzed Linear Models } | o1 jor o dant. Samples T Test.. Grouping
Mixed Models » Group(0 1)
B paired-samples T Test
T ’ (Define Groups...
Loglinear »
Neural Networks »
Classify » & independent-Sa X
Dimension Reduction > —
Scale 4 [ & Define Groups X |
Nonparametric Tests »
Forecasting » ® Use specified values
Sunvival » Group 1:

Multiple Response » Group 2

[EZ Missing Value Analysis.

© Cut point:
Nultiple Imputation »
Complcsampies ) .
Quality Control »

ROC Curye.

e ggggreesreeegeesssesslél

) ) e
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Independent samples test in SPSS: Output

Group Statistics
Std. Error
Group N Mean | Std. Deviation ean
Temperature  Group 1 20 | 38,6900 112104 125067
Group 2 18 | 39,4444 1,22341 28836
Independent Samples Test

Levene's Test for Equality of

Variances Hest for Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper

Temperature  Equal variances 1000 994 | 1984 36 055 - 75444 38029 152570 01681
assumed

Equal variances not 1975 | 34,881 056 - 75444 138208 -1,53037 02148
assumed

georgiou, G. Katsouleas
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C.I. Visualization in SPSS

Graphs Utilities Add-ons Window Help

ill) Chart Builder...

Graphboard Template Chooser...

» B

Legacy Dialogs Bar...
3-DBar.
W Line...
[ Area...
B Pie...
High-Low.
sav Hi
5] Boxplot
m Error Bar...
Std. Error [ Population Pyramid.
iation Mean E Scatter/Dot.
2104 25067 _.
2341 ,28836 Histogram..

| ﬂ'ﬁ Error Bar X

H][ Simple

Clustered

Data in Chart Are

@ Summaries for groups of cases
© Summaries of separate variables

georgiou, G. Katsouleas
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C.I. Visualization in SPSS

40,50

40,00

39,50

39,00

95% Cl| Temperature

38,504

38,004

Papageorgiou, G. Katsouleas

(UniwA

T T
Group 1 Group 2

Group
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Di  Power Analysis > @ An essential assumption for the independent

Meta Analysis > Window Help samples t-test is that the values of the scale
W Repots > BER A @ IE! E variable should be distributed according to the
1S Od @ normal distribution in each of the two independent
Descriptive Statistics > samples. (Partition of the data in the respective
Bayesian Statistics > var var var sets is easily accomplished, using the Explore
Tables 5 procedure of SPSS.)

Compare Means and Proportions > . . X .
@ To assess normality, consider the various visual

General Linear Model >
Generalized Linear Models & and statistical procedures, namely:
RRsdModel > @ Superposition of the normal curve on
Conslate 4 histograms in the two samples.
Regression > @ PP/QQ plots.
Loglinear > @ The distribution should be mesokyrtic and
Neural Networks > not skewed (i.e., corresponding
Classify > skewness/kyrtosis statistics, normalized by
Dimension Reduction > their respective standard errors, should not
M R exceed 2 in abso_lute value). . )
- N @ Kolmogorov—Smirnov test, Shapiro—Wilk

- test.
Nonparametric Tests > A One Sample . . .
T > —— o Shol{ld th.ese fail, a non—param_etrlc'altematlve
Sunival - provided in SPSS is Mann—Whitney's U.

A Related Samples.
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Mann—-Whitney test

= Nonparametric Tests

[DataSet1]

Null Hypothesis

Hypothesis Test Summary

b

sig.* Decision

1 The of T it

5 s
the same across categories of  Whitney U Test

Treatment.

Mann- ,082°  Retain the null hypothesis.

a. The significance level is 050
b. Asymptotic significance is displayed
¢ Exact significance is displayed for this test

M itney U Test

Temperature across Treatment

Independent-Samples Mann-Whitney U
Test Summary

Total N 38
Mann-Whitney U 240,000
Wilcoxon W 411,000
Test Statistic 240,000
Standard Error 34179
Standardized Test Statistic 1,755
Asymptotic Sig.(2-sided 079
test)

Exact Sig.(2-sided test) 082

Independent-Samples Mann-Whitney U Test

Treatment
New drug Older medication
N = 20 IN=18
[Mean Rank = 16,50 IMean Rank = 22 83
4200 42,00
g s
4000 1000
2 3
= o
8 3
I B0 &
= E
36,00 36,00

Frequency Frequency

ageorgiou, G. Katsouleas (

testin June 17, 2024



Paired means comparison
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Paired means comparison

@ With paired samples, the observations in the two groups are matched in a
meaningful way. These are also known as dependent samples.

@ Most often this occurs when data are collected twice from the same participants,
called repeated measures ("prior" and "post").

@ Paired data does not always need to involve two measurements on the same
subject; it can also involve taking one measurement on each of two related
subjects. For example, we may study husband-wife pairs, mother-son pairs, or pairs
of twins.

@ Using data from a sample with n cases for the two scale variables X, Y, we let
Z=X-—Y and compute Z=X—y and s,.

Hypotheses Test statistic | Reject Ho, whenever
Ho:pi—p2=0 -
pr—p t= & [t] > ta/2:0—1
Hyipr—p2 #0 v
Ho : — =0 _
0 H1T M2 t=Z t> tan_1
Hi:pa—p2>0 v
Ho : — =0 _
0 H1T M2 t=Z t < —tan1
Hypr—p2 <0 N

Here p1, p2 denote population means of X, Y, respectively.
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Paired means comparison: Application

Application.
@ Blood pressure in 10 patients before (X) and after (Y') medicine administration is
given in the following Table:
X ||13]15 |18 |14 [12 |13 |15 | 16|18 | 19
Y[12]13]15] 15|14 [ 13|13 [ 14| 14 | 13

@ Check at a level of significance of 5% whether this medication is effective in
decreasing pressure in patients.
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Computations for Example

@ Consider the one—tailed test:

Ho:pi—p2=0
Hy:pnr —p2 >0,
where 1, p2 denote population means of blood pressure before and following
medication administration, respectively.
@ Define the differences z; = x; — y; (i = 1,2,...,10).
@ Need to compute
2}21 Z 17
10 10

zZ=

1.7

and

n—1 14 n 9

Jj=1

2oL S e- 7(2;:1 @) L (79 - 11—702) =557 =

s, = Vb.57 =2.36

E. Papageorgiou, G. Katsouleas (UniWA
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Computations for Example (2)

X Y z 2
13 12 1 1
15 13 4 T -
18 15 3 ° o Test statistic .
14 15 1 1 = = = s = 2.278
sz/v/n T 2.36/4/10
12 14 -2 4 @ Rejection region: (ty:n—1,00) =
13 L 0 0 (t0.05:0, 00) = (1.833, 00)
15 13 2 4 0.05:9, =) = 12-52
16 14 2 4 @ Clearly, test statistic lies in
18 14 4 16 rejection region, so Hy is
19 13 6 36 rejected.
AGPOIZIMA 17 79

Z=17 and s, =+v557=2.36
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Dependent samples test in SPSS: Variables & Data

o > jeeeeen) = Search applicatio
(s = J N XS P B md @ @) R search applcation
Name Type Width  Decimals Label Values Missing Columns Align Measure Role

1  pressure! Numeric 8 2 Pressure (before) None None 8 Right dy Scale N\ Input
2  pressure2 Numeric 8 2 Pressure (After) None None 8 = Right 99 Scale N Input

4

& Pressu o pressu

re re2 var

1 13 12
2 15 13
& 18 15
4 14 15
5 12 14
6 13 13
7 15 13
8 16 14
9 18 14
10 19 13
11
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Dependent samples test in SPSS

1 Analze DirectMarketing Graphs Utiities Add-ons Window Help

1R paired-Samples T Test X
Descriptive Statistics » - | & velore Pair__|Variable1 | Variable2
i Tables N & ater ; before ¢ after
er|  Compare Means * | [ means. ,
General LinearModel | [ one-Sample T Test
Generalized Linear Models » | [ 1 o0 ot Samples TTest ¥
Mixed Hodels " | 5 paired-samples TTest..
Correlate » 2
R [& one-way ANOVA

Neural Networks »

twe @ -
Classity »
DimensionReduction ~ » 4 parsayaisbes
Scale » ﬁ :;:",'E 3 Paired-Samples T Test: Options X
NonparametricTests  »

Confidence Intervl Percentage:
Forecasting » Missing Values -4
Sunvival » ® Exclude cases analysis by analysis 3

Multiple Response » © Exciude cases listwise
Missing Value Analysis e
Multiple Imputation » | —
Complex Samples »

Quaity Contro ! (Lox ) (paste ) (eset) (canct] (e ]

ROC Curve
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nt samples test in SPSS: Ouput

Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean

Pair1  Before medicine 1530 10 2,406 761

administration

After medicine 13,60 10 966 306

administration

Paired Samples Correlations
N Correlation Sig

Pair1  Before medicine 10 ,249 489

administration & After

medicine administration

Paired Samples Test
Paired Differences
95% Confidence Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)

Pair1  Before medicine 1,700 2,359 746 012 3,388 2,279 9 049

administration - After

medicine administration

The p-value reported here is for the 2—tailed test. For our purposes, we
need to compare o = 0.05 with the correct p-value for the one-tailed test,
which is 0.049/2.
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Power Analysis
Meta Analysis
Reports
Descriptive Statistics
Bayesian Statistics
Tables
Compare Means and Proportions
General Linear Model
Generalized Linear Models
Mixed Models
Correlate
Regression
Loglinear
Neural Networks
Classify
Dimension Reduction
Mapping
Scale
Nonparametric Tests
Forecasting
Sunival
Multiple Response
Missing Value Analysis.

Muiltinle Immuitatinn

georgiou, G. Katsouleas

@ An essential assumption for the dependent
samples t-test is that the values of both scale

= A - variables are distributed according to the normal
# 04 @ [#] 25

Window  Help

| distribution in (i.e., in both dependent samples).

@ Should normality tests fail in either of these
var var var variables, a non—parametric alternative provided in
SPSS is Wilkoxon's signed rank test.

) Nonparametic Tests: Two or Mare Related Samples x

Objective Fiolds Settings

O Use prodefined ol

e D y (9 Select only 2 test e to run 2 rlated sampe tests.
50 custom fied assignments I

Fields Test Fields:

A One Sample.
A Independent Samples
A Related Samples...
[ Quade Nonparametric ANCOVA "
Legacy Dialogs > R et ][ Roser | [Concel|[@ i)

June 17, 2024



Wilkoxon signed rank test

2 Mot ess: o or More Related Samples x 68 Nonparamata Tes: T o Mors Refted Sampes

Objective Fields Sattings ObjectveFislds

Selectan tom
oosa T Automatically choose th tests based on the data
ey ‘Selact only 2tast filds to run 2 slated sample tests. S— o g
© Use custom feld assignments Test Options © Customize tests
Usertlissing Valuss. Test for Change in Binary Data Compare Median Dierence to Hypathesized
gad s
I Mchiemarstost 2 sampies) ISigntost 2 samples)

Fields:
ficoxon matched.pai signed-sank (2 samples)

. Dsine Success
Estmate Condence oo
40
Coctars 0 ( sampes
R ik Dtodes ehmam 2 samsls)
Quantify Associations
de

[CJendalrs cosficien o concordance (k sampies)

Test for Change in Mutinomial Data Compare Distributions
s
] Friedmarts 2:way ANOVA by ranks (k samples)
[ Marginal Homogeneity tost 2 samples)

June 17, 2024

georgiou, G. Katsouleas



n signed rank test: Output

= Non parametric Tests

Hypothesis Test Summary
Null Hypothesis Test Sig *b Decision
1 The median of differences Related-Samples Wilcoxon ,048 Rejectthe null hypothesis.

between Pressure (before) and
Pressure (After) equals 0.

Signed Rank Test

a. The significance level is 050,
b. Asymptotic significance is displayed

Related-Samples Wilcoxon Signed Rank

Test Summary

Total N

Test Statistic

Standard Error
Standardized Test Statistic
Asymptotic Sig.(2-sided
test)

Related-Samples Wilcoxon Signed Rank Test

mEostis Diences
gt ifnces
bc)

Numbr ofTies = 1

10
6,000
8,359

-1,974
048

Frequency

Papageorgiou, G. Katsouleas (UniWA

Pressure (After) - Pressure (before)

Hypothesis testi June 17, 2024



Proportion tests
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Hypotheses
Ho : p = po
Hi:p# po
Ho : p= po
Hi:p>po
Ho : p= po
Hi:p<po

E. Papageorgiou, G. Katsouleas (UniWA

Test statistic
— A—po
2= oG-ro)

7
A—po
zZ =
0(1—po)
7
P—pPo
zZ =
0(1—po)
n

Hypothesis testing

One sample proportion test

Reject Hy, whenever

12| > za/2
zZ> Zy

zZ< —2Zy

June 17, 2024



Independent samples proportions comparison test

Hypotheses Test statistic Reject Ho, whenever
Ho:p1—p2=0 N
Ho P1— p2 . z:% |z|>za/2
. _ p1(1—p1) , P2(1—p2
1:pP1 p2 75 O
Ho:pr—p2=0 7= h1-p z> 2z,
Hi:p1i—p2>0 P1(-py) | P2(1—P2)
ny np
Ho:p1—p2=0 A
{HO pL—p2 2= s p};p% = z < —2Zq
. _ p1(1—p; P2 (1—p;
1ipr—p2<0 pidol . pall_va)
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Variance tests
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One sample variance test

Hypotheses Test statistic Reject Ho, whenever
N s S R RS i
Z: Zi i Zg Xt = (”_015)52 X2 > Xi/2:n—1
:: Zi j Zg X2 = (e X2 <3 ajzina
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Independent samples variance test

Hypotheses Test statistic Reject Ho, whenever
2
H() . % =1 52
Hl : %% # 1 F= é F> Fa/Z;(n1—1,n2—1) or F < Fl—a/Z;(n1—1,n2—1)
3
Ho : % =1 s
it F=23 F < Fi_an—1,n-1)
Hy : 7% >1 2
3
Ho . % =1 s
03 F= 5% F> Fa;(nl—l,nz—l)
Hy : L_T% <1 2
1
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Analysis of Variance
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Analysis of Variance

@ If several competing treatments are being used in the sampling process, the
problem involves one factor with more than two levels.

@ In the k > 2 sample problem, it will be assumed that there are k samples
populations.

@ One very common procedure used to deal with testing population means is called
the analysis of variance, or ANOVA.

@ Test the hypotheses:

Ho @ pa = p2 =+ = pu,
Hi : at least two of the means are not equal
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The ANOVA test makes the following assumptions about the data:

@ Independence of the observations. Each subject should belong to only
one group. There is no relationship between the observations in each
group. Having repeated measures for the same participants is not
allowed.

e No significant outliers in any cell of the design

@ Normality. The data for each design cell should be approximately
normally distributed.

@ Homogeneity of variances. The variance of the outcome variable
should be equal in every cell of the design.
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Notation

@ Samples j=1,...,k
@ Observations in sample-j (j =1,...,k):

X1jy X2j5++ + 3 Xnjjs

where n; denotes the j—sample size.

k nj
Zj:l 2;1:1 Xij
[
D=1 n

x|

° is the grand mean.

an it
&i=170 g the j—sample mean.
nj

X

E. Papageorgiou, G. Katsouleas (UniWA Hypothesis testing
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Sources of variability within data

@ Analysis-of-Variance approach: A procedure whereby the total variation is
subdivided into components. Part of the goal of the analysis of variance is to
determine if differences among the k sample means are what we would expect due
to random variation alone or, rather, due to variation beyond merely random
effects.

@ It can be shown that

SST = S5B + SSW

nj kN K
—\2 —\2 - —\2

> D =% = D> (%) + > (% —X)

j=1 i=1 j=1 i=1 j=1

Total Sum of Squares Sum of Squares Within Groups  Sum of Squares Between Groups

@ The quantities (x; — X;) forming SSW encode variability within each group.

@ The quantities nj(X; — X) forming SSW encode variability between groups.
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Between and within group variation

A B
Between-group variation Within-group variation
(i.e. Differences among group means) (L.e. Varability within each group)
™

1 4
Iy |

]
: A

1 f)

' \ ! \

: "\, l|lII I."\_

' \, / AN

1 P ",

: N \ ~ A
5 10 5 0

Value

@ Basic idea: if the average variation between groups is large enough compared to
the average variation within groups, then you could conclude that at least one
group mean is not equal to the others. Hence, Ho : i1 = p2 = - - = px would be

rejected.
@ Thus, it's possible to evaluate whether the differences between the group means

are significant by comparing the two variance estimates.

Hypothesis testing June 17, 2024
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One-way AnoVa Table

@ Test:
Ho:pa=p2=--= p,
Hi : at least two of the u;'s are not equal

@ Test statistic:
_ SSB/(k—1)  MSB E
T SSW/(n—k)  MSw Tkt

@ Rejection region R = (Fy;(k—1,n—k), 00) for a level of significance a.

F

@ A high ratio implies that the variation among group means are greatly different
from each other compared to the variation of the individual observations in each

group.
One-way ANOVA Table
Source of Sum of  Degrees of Mean Computed
Variation Squares Freedom Square f
Between Groups SSB k—1 MSB = % f= %
Within Groups Ssw n—k MSW = i{"z
Total SST n—1
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Data for AnoVa application

Application: Differences in steady-state haemoglobin levels (g/declitre)
between patients with different types of sickle cell disease.

Groupl Group2 Group3

7.2 8,1 10,7
77 9,2 11,3
@ Do patients in these groups have 8 10 11,5
identical mean levels of 81 104 1
. 83 10,6 11,7
haemoglobin? 8,4 10,9 11,8
84 11,1 12
_ 85 11,9 12,1
Type H nj Mean (x;) s.d. (s;) 85 1 12.3
1: Hb SS 16 8.7125 0.8445 8,7 12,1 12,6
2: Hb S/5 || 10 10.6300 1.2841 91 126
3: HbSC | 15 123000  0.9419 - 133
9,1 133
9,8 13,8
10,1 13,9

10,3
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AnoVa computations

Group 1 Gr. 1SQUARES Group 2 Gr. 2 SQUARES Group 3 Gr. 3SQUARES
72 51,84 81 65,61 10,7 114,49
77 59,29 9,2 84,64 113 127,69
8 64 10 100 115 132,25
8,1 65,61 104 108,16 11,6 134,56
83 68,89 106 112,36 11,7 136,89
84 70,56 10,9 118,81 118 139,24
8,4 70,56 11,1 12321 12 144
85 72,25 11,9 141,61 12,1 146,41
8,6 73,96 12 144 12,3 151,29
87 75,69 12,1 146,41 12,6 158,76
9,1 82,81 sUM 106,3 1144,81 12,6 158,76
9,1 82,81 bar{x} 2 10,63 133 176,89
9,1 82,81 133 176,89
9,8 96,04 138 190,44
10,1 102,01 13,9 193,21
10,3 106,09 SUM 1845 2281,77
SUM 1394 1225,22 bar{x} 3 123

bar{x}_1 8,7125

georgiou, G. Katsouleas (UniWA Hypothesis testi June 17, 2024



AnoVa computations (SST)

3
n=> n=16+10+15 =41,

Jj=1
3 N 3 nj .
D> Xy =139.44106.3 + 184.5 = 430.2 = X = 2 ?‘Zl o 4‘2’101'2 =10.49
j=1 i=1
3 N
D> x =1225.22 4 1144.81 + 22181.77 = 4651.8
j=1 i=1

30 3 ,
Total: SST =) "3 (x—%°=>_> xf (ZHZH'IXJ):
j=1 i=1

j=1 i=1

430.22

= 4651.8 — = 137.85

df.=n—-1=140
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AnoVa computations (SSB)

3
n=> nj=16+10+ 15 = 41,
Type H nj  Mean (x;) s.d. (sj) j=1
1. HbSS || 16  8.7125 0.8445 3 430 5
2 HbS/B || 10 106300  1.2841 ZZXU =4302 = x = —= = 1049
3: HbSC || 15 12.3000  0.9419  J=t i=1
3 nj
3D xi =4651.8
j=1 i=1
3
Between: SSB = > n; (X; — X)* = 16(8.71 — 10.49)* + 10(10.63 — 10.49)*+
j=1
+15(12.3 — 10.49)* = 99.89
df =k—-1=2

(Z?:1 2:11 Xij)z

n

430.22
41

Easier calculation: SSB = Z % — =16 -8.71252 + 10 - 10.632 + 15 - 12.3% —

= 99.89
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AnoVa computations (SSW)

Within: SSW = ZZ(XU J Z(nj 1)s’

j=1 i=1

=15.0.8445° + 9. 1.28412 +14-0.9419%> = 37.96
df.=n—k=41-3=38

Type || nj Mean (x;) s.d. (s)
1: HbSS | 16 87125 0.8445

2: Hb S/B || 10 10.6300 1.2841
3: Hb SC 15 12.3000 0.9419

E. Papageorgiou, G. Katsouleas (UniWA

Hypothesis testing
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One-way AnoVa in SPSS

| Analze DirectMarkeing Graphs Utiities Add-ons Window

Help

Reports

Descriptive Statistics
Tables

sy Compare Means

General Linear Model
Generalized Linear Models

EEEE

j

I Means.
I3 One-Sample T Test.
3 Independent-Samples T Test.

Neural Networks
Classify

Dimension Reduction
Scale

Nonparametric Tests
Forecasting

Sunval

Multiple Response

{4 Missing Value Analysis.

Multiple Imputation

Quality Control

tH
tH
@  ComplexSamples
tH
tf ROC Curye.

Mixed Models »
= ' Paired-Samples T Test.
Correlate »
N [ one-way ANOVA.
Loglinear »

R One-Way ANOVA

Dependent List

(o)

& haemoglobin

Factor.

ANOVA
Haemoglobin (g/declitre)
Sum of
Squares df Mean Square F Sig.
Between Groups 99,889 2 49,945 49,999 ,000
Within Groups 37,959 38 ,999
Total 137,848 40

georgiou, G. Katsouleas
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oVa Group Descriptives in SPSS

3 One-Way ANOVA: Options X

Statistics

¥ Descriptive
Fixed and random effects

# Homogeneity of variance test
Brown-Forsythe
Welch

W Means piof

Missing Values:

® Exclude cases analysis by analysis

© Exclude cases listwise |

(contnue) |
Descriptives

Haemoglobin (g/declitre)

95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | UpperBound | Minimum | Maximum
HbS 16 8,712 8445 2111 8,263 9,162 72 10,3
Hb SIB - thalassaemia 10 10,630 1,2841 4061 ENAR 11,549 81 121
Hh SC 15 12,300 9419 12432 11,778 12,822 10,7 13,9
Total 41 10,493 1,8564 2899 9,907 11,079 7,2 139

Test of Homogeneity of Variances

Haemoglobin (g/declitre)

Levene
Statistic dft df2 Sig

502 414

o
w
o
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Post-Hoc in SPSS

18 One-Way ANOVA: Post Hoc Multiple Comparisons X

Equal Variances Assumed

1LsD 1 8-NK | Waller-Duncan

_| Bonferroni ] Tukey

] sidak ] Tukeys-b ] Dunnett
[ Scheffe ] Duncan -
[JRE-G-WF ("] Hochberg's GT2 Test

TREGWQ ] Gabriel ®

Equal Variances Not Assumed
Tamhane's T2 Dunnett's T3 | Games-Howell Dunnetts C

Significance level:

Multiple Comparisons
Dependent Variable: Haemoglobin (g/declitre)
Scheffe
Mean 95% Confidence Interval
(1) Type of sickle cell (J) Type of sickle cell Difference (-
disease disease J) Std. Error Sig Lower Bound | Upper Bound
Hb § Hb S/B - thalassaemia -1,9175 4029 ,000 -2,944 -,891
Hb SC 35875 ,3502 ,000 -4,503 -2,672
Hb S/B - thalassaemia Hb S 1,9175 ,4029 ,000 891 2,944
Hb SC -1,6700" 4080 001 -2,709 -,631
Hb SC Hb s 3,5875 ,3592 ,000 2,672 4,503
Hb SIB - thalassaemia 1,6700" ,4080 001 631 2,709

* The mean difference is significant atthe 0.05 level
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Homogeneous subsets

1304

109

1009

Mean of Haemoglobin (g/declitre)

Scheffe ™"

Haemoglobin (g/declitre)

Type of sickle cell
disease

N

Subset for alpha = 0.05

1 2

3

HbsS

Hb S/B - thalassaemia
Hb SC

Sig

16
10
15

8,712
10,630

1,000 1,000

12,300
1,000

s [ m—
Type of sickle cell disease

georgiou, G. Katsouleas

Means for groups in homogeneous subsets are displayed
a. Uses Harmonic Mean Sample Size = 13,091,

b. The group sizes are unequal. The harmonic mean of the group
sizes is used. Type | error levels are not guaranteed.

June 17, 2024
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ANOVA Visualization
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Relaxing the ANOVA assumptions

In case the homogeneity of variance or
normality assumptions are violated:

@ The Independent Samples

. R One-Wa st Hoc Multiple Comparisons
Kruskal-Wallis or the Welch one-way 3 One-ty ANOUS ot ocMetpe Corp *
. . Equal Variances Assumed
test is an alternative to the standard . o e ouncan
one-way ANOVA in the situation o LI
. . | Sidak 7| Tukey's-b | Dunnett

where the homogeneity of variance v[scherd 1 puncan
can't be assumed (i.e., Levene test is SJEES L ETEER

. f TREGWQ 7 Gabriel o
significant).

g ) Equal Variances Not Assumed

o In thIS case the GameS—Howe” pOSt Tamhane's T2 Dunnetts T3 Games-Howell Dunnetts C

hoc test or pairwise t-tests (with no Sinfeance eve
assumption of equal variances) can be

used to compare all possible
combinations of group differences.
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Non—parametric alternatives in SPSS

Analyze DirectMarketing Graphs Utilities Add-ons Window F
Reports » i ﬁ g 2
Descriptive Statistics » - B Tek
Tables »
lﬂ Compare Means b |var var var 8 Nonparametric Tests: Two or More Independent Samples. X
General Linear Model » Objectve | Feios | setings
Generalized Linear Models » (EDRTEECTS
© Use custom feld assignments
Mixed Models » Felds TestFields:
Correlate R hal & haemoglobin
Regression »
Loglinear »
Neural Networks » b
Classify »
Dimension Reduction »
Scale »
Nonparametric Tests » A One Sample
Forecasting ’ N\ Independent Samples... 9:“‘“
N
)
s A Related Samples 27
Multiple Response » ,
- Legacy Dialogs » - -
3 missing Value Analysis... (En] Coaste ) (mese ) (oment) (@ 105)
tH
o Multiple Imputation »
tH Complex Samples »
tH Quality Control »
tH ROC Cunve...
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Non—parametric alternatives in SPSS

8 Nonparametric less: o or More Independent Samples

x
Obecive Fields | Setings
‘Selectan tom
Ghoose Tests © Agtomaticaly choose th tests based on the data
Testoptions ® customize tests
Userlissing Valuss Compare Distributions across Groups:
@ [Kruskal-Wailis 1-way ANOVA (k sampies]
Wann-Whitney U 2 samples) —
Wuttple comparisons: [Al painvise = Hypothesis Test Summary
; = Wonckneere-Terpsta for ksamples) Null Hypothesis Test Sig. Decision
Test saquence for randomness. =
WaldWoltowizfor 2 samples) = The of H lok Ind. d
S 1 (g/declitre) is the same across ~ Samples E:ﬁeﬂ the
D e TS categories of Type of sickle cell Kruskal- b hypothesis
Moses efreme eacton (2 samples) | | 271 5! sameles) disease Wallis Test
p are displayed. The level is 05.
Estimate Confidence Inferval across Groups
I Hodges-Lehman estimate (2 samples)

» Run) _paste ) Reset | cancel | (@ Heip)
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