Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann—Whitney Test: nl, n2 small, same shape
Ages of Statistics students: independent random samples
from evening and day classes.
At the 5% significance level, are students in the evening
classes older than those in the day classes?
Eve Da _
Y How do we solve this?
49 18
19 18 Which procedure do we use?
41 19
21 31 2 samples: Can we use
20 25 pooled-t? or non-pooled-t?
23 18
20 20
18
19
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104 Mann-Whitney Test: nl, n2 small, same shape

Ages of Statistics students: independent random samples
from evening and day classes.

At the 5% significance level, are students in the evening
classes older than those in the day classes?

Eve Day How do we solve this?
49 18 Which procedure do we use?
2 samples: Can we use
19 18 pooled-t?  or non-pooled-t?
41 19 . g
o 3 A: s‘r/s mdepe{dent nd or n>730
00 25 = 4S or not
2318 L0 ' NPP not straight line.
20 20 = NO! Not nd!
18 %
g
19
Cannot use pooled-t or non-pooled-t!
Class Notes: Prof. G. Battaly, Westchester Community College, NY J
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Ch 10.4 Mann-Whitney Procedure

April 09, 2024

10.4 Mann-Whitney Test: ni, n2 small, same shape

GOALS: Perform a Mann-Whitney Test for 2 samples
1. Assumptions: data is not normally distributed
and from small samples.
2. Use overall ranking to rank the data in the 2 data
sets while keeping the sets separate.
3. Compute the test statistic, M+, as the sum of the
ranks of the first data set.

4. Use critical values as the criteria for hyp testing.
Find the right critical value using Table VI.
Find a left critical value using the right critical value.

6. Determining if M; is in the rejection region.

Study Ch. 10.4, # 105,106,107,111,112;
113-121, 2 of 123-127 [95-107,109 or 111,113]

Class Notes: Prof. G. Battaly, Westchester Community College, NY

isti lass Notes ,
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10.4 Mann-Whitney Test: nl, n2 small, same shape

Mann- Whitney Test  p. 497 Small n
Assumptions: 1. SRS, 2. Independent samples
3. Populations have same shape Use calc to check 1.notnd 2. same shape

Step 1: Ho: iy = M2 Step 2: Decide x
Ha W1 #F M2 or M1 <M2 or M1 > M2 %’77:

(Can also be used to test the median, Ho: ny;=n3)

Step 3: Construct Table Sample 1| overall Rank | Sample 2 | overall Rank
* sort each sample separately
* find overall rank

Step 4: Find test statistic
Mr = 3 ranks, population 1
Step 5: Find CV(s) using Table VI and:

M, = ny(nrtnyt1) - M or get Mg from Table VI
o — HIUHT T2 - o

M. = n;(n;+tn,+1) - My
Ml-o(/Z = nl(nl+n2+1) - 1\/10(/2

Step 6: Decide whether to reject Hy or not

Step 7: Verbal interpretation

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann—Whitney Test: nl, n2 small, same shape

Ages of Statistics students: independent random samples
from evening and day classes.

At the 5% significance level, are students in the evening

o
+
o,
o

% NPP not straight line
®  NO! Not nd!

classes older than those in the day classes? could also do box plot

Eve Day A: srs independent same shape

49 18

19 18

41 19

21 31

20 25

23 18

20 20

18

19

AN

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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104 Mann-Whitney Test: nl, n2 small, same shape

Ages of Statistics students: independent random samples
from evening and day classes.

At the 5% significance level, are students in the evening

classes older than those in the day classes? . ﬁ/ v
A: srs independent same shape

a,
o+

= NPP not straight line
v NO! Not nd!

Ages of Stats Students 1 Use Mann-Whitney (MW)

Eve RANK | Day RANK :23 2.5 Already on calc, so sort each and rewrite.

18 | 2.5 18 | 25 4 n1= 9, n2= 7 --> need list of 16 ranks.

19 | 6 18 2.5 5

19 6 18 2.5 Note: 4 18's hold ranks 1 to 4, so
6|6

20 |9 19 | 6 7 each gets a rank of 2.5

9

g? 11 gg 12 g 9 Also: 3 19's hold ranks 5 to 7, so

23 |12 31 |14 10 each gets a rank of 6

41 |15 11 And: 3 20's hold ranks 8 to 10,

49 |16 1% so each gets a rank of 9
14 With no other duplicates, each gets
15 the next rank in sequence, starting
16 with 11, because 10 has already
l been used.

This column keeps track of which ranks have already been used. if there are no
duplicate ranks, this is not needed.
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann-Whitney Test: n1, n2 small, same shape .

Ages of Statistics students: independent random samples | =" o
from evening and day classes. % NPP not straight i
At the 5% significance level, are students in the evening ? NO! Not nd!

classes older than those in the day classes? _ ?( v
A: srs independent same shape

Ages of Stats Students Use Mann-Whitney (|\/|W)
Eve RANK | Day RANK Already on calc, so sort each and rewrite.
18 2.5 18 25 n1=9, n2=.7 —> need list of 16 rank
o 6 | e |25 | Hipme Mo Mesmmemes

19 6 18 25 Also: 3 19's hold ranks 530 [, so

05 each gets a rank of 6 2.5
20 9 19 6 i And: 3 20's hold ranks &o}10,

so each gets a rank of 9

20 9 20 9 With no other.duplicates, eath gets
21 11 25 |13 Which sketch option? with 11, bacause 10 hesgh %ng
23 |12 31 (14 (No known distribution, so been used.
41 15 just use the number line.) 7
8
49 |16 9 |9
10

M; = y-(ranks) 11
= 86.5 '

need to compare this to a 12
critical value,Mg, from Table 4 16

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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TABLE VI
Values of M, m —
m [ | 4 5 [ 7 & ( g ) 10
—}
0.0 14 20 27 36 45 55 66 8
0.05 13 21 29 37 46 57 6§ 80
3 0025 — 22 30 38 48 58 70 82
0.01 — — — 39 49 59 71 83
0.005 — — — — — 60 77 85
0.0 16 23 31 40 49 60 73 B3
0.05 17 24 32 41 il 62 74 87
4 0025 18 25 33 43 53 64 79 89
0.01 — 26 35 44 54 65 79 91
0.005 — — — 45 55 66 79 93
0.0 I8 26 34 H“ 54 65 79 91
0.05 20 7 36 46 56 68 B 94
5 0025 21 28 37 47 58 70 83 96
0.01 — 30 39 49 60 72 83 99
0005 | — — 40 50 61 73 86 101
0.10 21 29 k] 48 59 71 84 98
0.05 22 30 40 50 61 73 87 101
6 0025 23 32 41 52 63 76 8¢ 103
0.01 24 33 43 54 65 78 93] 106
0.005 — 34 44 55 &7 80 o4 108
010 23 31 41 52 63 76 89 104
403 24 33 A3 34 o 29 93 107
@ 0025 | 26 33 45 56 68 81 93 110
0.01 27 36 47 58 71 84 94 114
0.005 — 37 48 60 72 86 10]) 116
0.0 25 34 44 56 68 81 94 110
0.05 27 36 47 58 71 84 29 114
& 0.025 28 38 49 al 73 87 102 17
0.01 29 39 51 63 76 90 105 121
0.005 30 40 52 63 78 92 108 124
0.0 27 37 48 60 72 86 101 116
0.05 29 39 50 63 76 90 105 121
g 0025 | 31 11 53 65 78 93 108 124
0.01 32 43 55 68 8l 96 112 129
0.005 33 Er 56 70 84 99 114 131
0.0 29 40 51 64 77 o1 106 123
0.05 31 42 54 67 30 95 1 127
10 0025 33 41 56 69 83 98 114 131
0.01 34 46 59 72 87 102 119 136
0005 | 36 48 61 T4 89 105 121 139
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann-Whitney Test: n1, n2 small, same shape .
Ages of Statistics students: independent random samples | =" 1 ,
from evening and day classes. B NPP not straight I
At the 5% significance level, are students in the evening NO! Not nd!
classes older than those in the day classes? _ ?( v
A: srs independent same shape
Ages of Stats Students Use Mann-Whitney (MW)
Eve RANK | Day RANK Already on calc, so sort each and rewrite.
18 25 .18 25 n1=9, n2=7 --> need list of 16 rank|
. = . Note: 4 18's hold ranks 1 to 4, so
19 6 18 2.5 HO' p}'] _uz Ha' M'] >}L2 eaéh getssa rankdof 25 1t
1 9 6 .1 8 25 :\;sco: 2;189;sr2?1|déanks 523 . so d
20 9 19 6 05 Andh: gstzo's hc:d rfaenks o 162 ™
so each gets a rank of 9
20 9 20 9 :93 ith no other duplica es4é" ets|
21 1 1 25 1 3 : :,r\{etZext rtar;k i(rj1 spiqustzncs grtgi]n;
2z 12 | & |1 M=86.5 L e
41 |15 8
49 |16 M;=86.5 < M=93 NE
10
M; = y-(ranks) Do NOT reject Ho. 11
_ Conclude that not sufficient evidence 12
= 86.5 to claim that eve students are older. 13
; or 14
need to compare this to a Conclude that students in day and 15
critical value,Mg, from Table 4 eve classes are the same age. 16
I | |
Class Notes: Prof. G. Battaly, Westchester Community College, NY
@taﬁstics Home Page @1355 Notes @comework

10.4 Mann-Whitney Test: nl, n2 small, same shape

A physician is interested in the effect of an anesthetic on reaction times.
Two groups of individuals are randomly selected, 8 with anesthesia and 6
without. Subjects were given a simple visual stimulus and their reaction
times were recorded. i
Anaethesia| Rank No Anaethesia| Rank ===l

135 138
171 230
142 142
144 156
139 138
165 191
256

244

At the 5% significance level, does the anesthesia dull
reaction time of patients?

Reaction times are not normally distributed in this experiment,
and the sample sizes are small, so how do we proceed?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
a) 86, b) 48, c) 45, 99

lass Notes
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann-Whitney Test: nl, n2 small, same shape
A physician is interested in the effect of an anesthetic on reaction times.
Two groups of individuals are randomly selected, 8 with anesthetic and 6
without. Subjects were given a simple visual stimulus and their reaction
times were recorded. lo.os
Reaction times are not normally distributed in this experiment, and the
sample sizes are small, so we cannot use a 2 sample t test.
How do we proceed?
At the 5% significance level, does the anesthesia dull reaction time of patients?l

Anasthesial Rank No Anasthesial Rank To dull reaction time is to take longer 2
135 138 3
171 230
142 142 4
144 156 5
139 138
165 191 6
256 _ 7
244 Assumptions: SR 8

srs, independent samples, g L F— 9
same»shape (right skewed) : [ — 10
e " --> MANN-WHITNEY 11
T Ho' My ™44, L2
e N 13

H
14

Class Notes: Prof. G. Battaly, Westchester Community College, NY
? 7 a) 86,b) 48, ¢) 45, 99

lass Notes
@taﬁsﬁcs Home Page @, @Omework
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a I I c)

10.4 Mann-Whitney Test: nl, n2 small, same shape Assumptions:
srs, independent samples,

A physician is interested in the effect of an anaesthetic on same shape (right skewed) -
reaction times. Two groups of individuals are compared, 8 with .

anaesthetic and 6 without. Subjects were given a simple visual --> MAN N-WHlTN EY
stimulus and their reaction times were recorded. s -

Reaction times are not normally distributed in this experiment, ’Lﬂ.’/‘{“ D.05

and the sample sizes are small, so we cannot use a 2 sample t test. :
How do we procelgd? " ! & ’«l)'qu "(
At the 5% significance level, does the anaethesia
dull reaction time of patients? 1
2
Anaethesia| Rank No Anaethesia| Rank 3
135 138 4
139 138 5
142 142 6
144 156 /
165 191 8
9
171 230
10
244 11
256 12
13
14

135 139 142 144 165 171 244 256
138 138 142 156 191 230

a) 86,b)48, ¢) 45,99
b

N ! lass Notes oW
@tatistics Home Page I I @, fomework
] (5
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104 Mann-Whitney Test: nl, n2 small, same shape

A physician is interested in the effect of an anaesthetic on
reaction times. Two groups of individuals are compared, 8 with
anaesthetic and 6 without. Subjects were given a simple visual
stimulus and their reaction times were recorded.

Reaction times are not normally distributed in this experiment,

K4,
Kk,

and the sample sizes are small, so we cannot use a 2 sample t test.

How do we proceed?

At the 5% significance level, does the anaethesia
dull reaction time of patients?

Anaethesia| Rank No Anaethesia| Rank

135 | 138 2.5

139 [T 138 a.5

142 5.6 142 5.5

144 7 156 )|

165 9 191 "

171 10 230 73

244 3

256 | |4

@!alistics Home Page

Class Notes: Prof. G. Battaly, Westchester Community College, NY

a) b) )

a) 86,b)48, ¢) 45,99
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10.4 Mann—Whitney Test: nl, n2 small, same shape

A physician is interested in the effect of an anaesthetic on
reaction times. Two groups of individuals are compared, 8 with
anaesthetic and 6 without. Subjects were given a simple visual
stimulus and their reaction times were recorded.

Reaction times are not normally distributed in this experiment,

How do we proceed?

At the 5% significance level, does the anaethesia

dull reaction time of patients?

Reaction times are not normally distributed,

and the sample sizes are small, so how do we proceed?

Anaethesia| Rank No Anaethesia| Rank
135 1 138 25
139 4 138 25
142 5.5 142 5.5
144 7 156 8
165 9 191 11
171 10 230 12
244 13
.
256 14 _I_‘$1.

M; = 63.5 < 73 = My,
DO NOT REJECT H,

anaesthesia dulls responses.

b
a o

S I

@!a(isucs Home Page

and the sample sizes are small, so we cannot use a 2 sample t test.

The data is not sufficient to claim that

@lan Notes @chwork

: -

Hq'/‘.'?‘ﬁ‘; Vi

: ‘alues of M,

&A.S«I ny a 3
0.0 14
005 15

3 0025 =
0.01 =
0.005 —
0.10 16
005 17

4 0025 I8
0.01 —
o005 | —
0.0 I8
005 20

5 0025 1
001 —
0.005 —
0.0 21
005 22

6 0025 23
001 2
0005 | —
0.0 23
0.05 2

7 0025 26
0.01 27
o5 | —
0.0 25
005 27

8 0025 | 28
0.01 29
0.005 30
010 27
005 29

9 0025 31
0.01 32
0.005 33
040 29
005 31

10 0025 33
001 34
0.005 36

Class Notes: Prof. G. Battaly, Westchester Community College, NY



http://www.battaly.com
http://www.battaly.com/stat
http://www.battaly.com/stat/classnotes/
http://www.battaly.com/stat/homework/10_4_MannWhitney.htm
http://www.battaly.com
http://www.battaly.com/stat
http://www.battaly.com/stat/classnotes/
http://www.battaly.com/stat/homework/10_4_MannWhitney.htm

Ch 10.4 Mann-Whitney Procedure

April 09, 2024

: KIP TO WORD PROBLEMS
10.4 Mann-Whitney Test: n1, n2 small, same shape
T " M, =n,(n,+n,+1) - M
Finding Critical Values L= W) - M,
o &et M, from Table V1)
G: ny =8, ny =9, Significance Level = 0.05
F: Critical values for: a) Right-tailed, b) Left-tailed, c) Two-tailed test
Use Table VI, Appendix A
a) b) ‘ ‘
TABLE VI =
Malues of M, A
m o« 3 4 5 6 7 8 9 10
010 | 14 20 27 36 45 55 66 78
0.05 15 21 29 37 46 57 68 80
3 0025 — 22 30 k] 48 58 70 82
001 —_ — —_ 39 49 59 ! 83
0005 | — = —_ — — 60 72 85
010 23 31 41 52 63 76 89 104
0.05 24 33 43 54 66 79 93 107
7 0025 26 33 45 56 68 81 95 110
0.01 27 36 47 58 7 84 98 114
0.005 - 37 48 60 T2 86 101 116
0.10 25 34 4 56 68 81 95 110
0.05 27 36 47 58 n 84 9 114
8 0025 28 38 49 61 73 87 102 117
001 29 39 51 63 76 90 105 121
0.005 30 40 52 65 78 92 108 124
0.10 27 37 48 60 72 86 101 116 =g
0.05 29 39 50 63 76 90 105 121 ]
9 0025 | 31 41 53 65 78 93 108 124
0.01 32 43 55 68 81 96 112 129
0.005 33 4 56 70 84 99 14 131
0.10 29 40 51 64 (1) 91 106 123
Gt 005 31 42 54 67 80 95 111 127 =1
@ 10 0025 33 41 56 69 83 98 114 131 =
001 34 46 59 72 87 102 119 136 =
0.005 36 48 61 74 89 105 121 139
nne 1 » LT3 47 <o el o4 nn 1

10.4 Mann—Whitney Test: nl, n2 small, same shape

G: ny =8, n; =9, Significance Level = 0.05
F: Critical values for: a) Right-tailed, b) Left-tailed, c) Two-tailed test

ML = 1'11(1'11+Ilz+1) - MR
get Mg from Table VI)

Use Table VI, Appendix A TABLE VI

Values of M,

m

a)

n o« K} 4 5 6 7 8

0.10 14 20 27 36 45 55

| .OS. 0os | 15 21 29 37 46 57

3 0.025 — 22 30 38 48 58

T 001 — — — 39 49 59

"R. 70 0005 | — TS = — = 60
-

010 23 31 41 52 63 76

0.05 24 33 43 54 66 79

7 0025 | 26 35 45 56 68 81

0.01 27 36 47 58 71 84

0.005 - 37 48 60 72 86

0.10 25 34 u“ 56 68 81

0.05 27 36 47 58 71 84

8 0025 | 28 38 49 61 73 87

0.01 29 39 sl 63 76 90

0005 | 30 40 52 65 78 922

0.10 27 37 48 60 72 86

0.05 29 39 50 63 76 90

9 0025 | 31 41 53 65 78 93

0.01 32 43 55 68 81 96

0005 | 33 “ 56 70 84 99

0.10 29 40 51 64 77 91

0.05 31 2 54 67 80 95

10 0025 | 33 “ 56 69 83 98

0.01 34 46 50 72 87 102

0005 | 36 48 61 74 89 105

@)tatistics Home Page

nneg

Class Notes: Prof. G. Battaly, Westchester Community College, NY

@lass Notes @omework
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a) 86, b) 48, c) 45, 99
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann-Whitney Test: n1, n2 small, same shape
G: ny =8, n, =9, Significance Level = 0.05
F: Critical values for: a) Right-tailed, b) Left-tailed, c) Two-tailed test
Use Table VI, Appendix A
ny
b
m o« 3 4 5 6 7 8 9 10 )
0.0 14 20 n 36 45 55 66 78
005 | 15 2 29 37 46 57 68 80 OS'
3 0025 | — 2 30 kL] 43 5% 70 82 e
001 = - s 39 49 59 7 83
0005 | — IS = = = 60 7 85 M - S‘f
L‘
0.10 23 3l 41 52 63 76 80 104
0.05 2 33 43 54 66 79 93 107
7 0025 | 26 35 45 56 68 81 95 110 _
0.01 7 36 47 58 7 84 o8 14 M, = nl(n1+n2+1) - My
= 2>
0.005 37 48 60 72 86 101 116 (get MR fI'OIIl Table VI)
0.10 25 34 “ 56 68 Bl 95 110
0.05 277 36 a7 58 7 84 % 14
8 0025 28 iz 49 61 73 87 102 17 —
001 29 39 51 63 76 90 105 121 M, = 8(8+9+1) -90
0.005 30 40 52 65 78 92 108 124 — 144_90 — 54
010 27 37 48 60 72 86 101 116
0.05 29 39 50 63 76 %0 105 121
9 0025 | 31 41 53 65 % 93 108 124
0.01 R 43 55 68 81 96 12 129
0005 | 33 4 56 70 84 99 14 131
0.10 29 40 51 64 i 91 106 123
0.05 31 42 54 67 80 95 11 127
10 0025 | 3 4 56 69 83 0% 14 131
0.01 34 16 59 y o) 87 102 119 136
0005 | 36 48 61 74 89 105 121 139
nane 1 20 a1 o - o4 nn 1A
Class Notes: Prof. G. Battaly, Westchester Community College, NY 2 86,0)48,¢)45.99
lass Notes
@tatistics Home Page @ ass Notes @omewm—k

10.4 Mann—Whitney Test: nl, n2 small, same shape

G: ny =8, n; =9, Significance Level = 0.05
F: Critical values for: a) Right-tailed, b) Left-tailed, c) Two-tailed test
Use Table VI, Appendix A C)

n. S-
025 | |,o.z
m o« 3 4 5 6 7 8 9 10
010 | 14 20 27 36 45 55 66 78 M 5| S 73
0.05 15 21 29 37 46 57 68 80 (R
3 0025 | — 2 30 38 48 58 70 82
001 | — e s 39 49 59 71 83
0005 | — . - e e 60 72 85
0.10 23 3l 41 52 63 76 89 104
005 | 24 3 43 54 66 79 93 107 _
7 0025 | 26 35 45 56 68 81 95 110 ML = nl(n1+n2+1) - MR
o001 | 27 36 47 58 7 84 98 14
0005 | — 37 48 60 72 86 101 116 get My from Table VI)
010 | 25 34 u 56 68 81 95 10
005 | 27 36 47 53 7 84 9 14
s 0025 | 28 38 49 6l 73 87 102 n7
001 29 39 51 63 76 90 105 121 M, = ( +0+ ) -
0005 | 30 40 52 65 78 92 108 124 L 8 8 9 1 93
010 | 27 3 a8 60 72 86 101 116 =144 -93 =51
0.05 29 39 50 63 76 90 105 121
9 0025 31 41 53 65 78 93 108 124
oor | 3 43 55 68 81 9% n2 129
0005 | 3 4 56 70 84 99 14 131
0.10 29 40 51 64 77 91 106 123
005 | 3 42 54 67 80 95 11 127 9 J
10 0025 | 3 au 56 69 83 98 14 131
0.01 34 46 59 72 87 102 119 136
0.005 36 48 61 74 89 105 121 139
nane 1 E73 el co - ©va nn 1a

Class Notes: Prof. G. Battaly, Westchester Community College, NY &) 86,5)48,c)45.99
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann—Whitney Test: nl, n2 small, same shape Ranked’ not M, = nl(n'+nz+1) - Mk
tinuous. get My from Table VI)

Six people were asked to taste Brand A c%%ee, and 6 different
people asked to taste Brand B. They were then asked to rank
how likely it was that they would purchase that Brand, using a

scale of 1 to 10, with 10 being most likely. 1 Vi, |
At the 5% significance level did they i
. 0.10
like both brands equally? 0.05
3 3 0.02
0.01
4 0.00.
5 0.05!
4 0.02:
0.01
6 0.00.
7 005
5 0.02
8 0.01
0.00.
9 0.10
0.05!
6 0.02
1 O same shape!
0.00.
11
12

Class Notes: Prof. G. Battaly, Westchester Community College, NY

isti lass Notes omework
@ansucs Home Page

104 Mann—Whitney Test: nl, n2 small, same shape M, = n(ni+not1) - Me
. . (get Mg from Table VI)
Six people were asked to taste Brand A coffee, and 6 different
people asked to taste Brand B. They were then asked to rank
how likely it was that they would purchase that Brand, using a
scale of 1 to 10, with 10 being most likely. Ranked data, not
At the 5% significance level did they continuous.
like both brands equally? Ho: pl = p2 TABLEVI
Brand A Brand B H.- * Values of M,
9 3 ar pl X p2 1 n o 3 4
7 4 2 010 | 14 20
. 2 Brand A |Brand B 3 S0 | D 3
6 2 9 55 |2 | 15 4 oos | = Z
S__S 6 752 15 5 wle %
= taa b9 |33 6 |t 3
8 10 4 4 7 0.005 | — —
9| 11 5| 55 8 05 | 2
10 | 12 6 | 7.5 9 o |l %
1 0 0.005 — —
M;=55 11 o |2 3
6 0.025 23 32
. 12 ooos | 2 3
M:=55>52=Mr Reject Ho
. .02% | | .02
Conclude that the coffees were not equally liked.
(Note: Have stronger evidence than 5% s.l.; actually Ml. '1R:|5‘;)~
have 0.5% significance, or 99.5% confidence.) M; = 55
Class Notes: Prof. G. Battaly, Westchester Community College, NY
@tatistics Home Page @]ass Notes @omework
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Ch 10.4 Mann-Whitney Procedure

10.4 Mai n o E 4 s 6 7 8 9 10
Ages of Statistics studgnt$:, 2 7 5y |45 55 ). 5
independent samples’from Evenirig v §\- 46 57 80
2 0025 — 2 30 3 S 82
and day classes. oo | — e s B 49 59 71 ]
P 0,005 == — — 60 7 85

At the 5% &gnlflcnnmﬂna el do
[ 23 3 40 49 60 T2 &5
the ages of the St_ud‘ﬁ‘t 5 {h 1 n 2 st 62 4 &7
the two groups differ2 | is 2 3 3 53 64 76 89
ool | — % 35 a“ 54 65 7 91
0.005 — — — 45 55 66 79 93
Eve Day om0 | 18 2 34 ) 54 65 7% 91
005 | 20 7 % % 56 68 30 94
49 18 s o025 | 1 ) 3 7 58 70 3 %
o001 = 30 39 49 60 72 85 99
19 18 0.005 | — - 10 50 61 7 36 101
0.10 21 29 38 48 59 71 24 98
41 1 9 0.05 22 30 40 50 61 73 87 101
6 0035 | B 2 4 52 63 76 9 103
21 31 oor | 2 3 B 54 63 78 [ 106
20 25 0.005 — 34 44 55 67 80 94 108
01 | B 31 4 52 63 76 39 104
23 18 005 | 4 3 3 54 66 7 93 107
0025 26 35 4 6 A 1 93, 110
20 20 001 | 27 36 47 58 7 84 9% 114
0005 | — 37 18 60 7 86 101 116
1 8 010 25 34 e 56 68 81 95 1o
0.05 27 36 47 58 7 84 9 114
19 8 0025 | 38 9 6l 73 87 102 17
ool | 2 39 51 63 76 90 105 121
0.005 30 40 52 65 78 92 108 124
0.10 27 37 48 &0 72 86 101 116
005 | 2 39 0 63 76 o0 105 121
9 0025 31 41 53 65 8 93 108 124
001 32 43 55 68 81 96 1 129
0005 | 33 4 56 70 81 99 114 131
010 29 40 51 64 77 91 106 123
0.05 31 42 54 67 80 95 111 127
10 0025 33 EE 56 69 83 98 14 131
0ol | 34 1 59 7 87 102 19 136
0.005 36 48 61 74 89 105 121 139

Class Notes: Prof. G. Battaly, Westchester Community College, NY
@wmm Home Page
& A R

April 09, 2024

Eve RANK Day RANK
18 25 18 25
19 6 18 25
19 6 18 2.5
20 9 19 6

20 9 20 9

21 11 25 |13

23 |12 31 14

41 |15

49 |16

*ﬁ*@*

= y-(ranks)
= 86.5

Wik

=n,(n,+n,+1) - MR**
9(9+7+1)-95
153-95=58
Feotede fe R HOK

104 Mann-Whitney Test: nl, n2 small, same shape
Ages of Statistics students:
from evening and day classes.
At the 5% significance level, are students in the evening
classes older than those in the day classes?

Ages of Stats Students
H .

o

A: srs

independent random samples

a,

o+
+

'+

@ oo

indepeﬁ/dent

+
o

NPP not straight I
NO! Not nd!

same shape

Use Mann-Whitney (MW
W ‘}( y (MW)

pﬂ }_LZ
L)
i |

.oﬂ)s

M,= 58

(L =95
M,=86.5

M,= 58 < M;=86.5 < M= 95
Test stat is not beyond critical values.
Do NOT reject H..

= Ha: pﬂ?ﬁ-uZ g

Conclude that not sufficient evidence
that the ages of students differ.

or

Conclude that students in day and
eve classes are the same age.

Class Notes: Prof. G. Battaly, Westchester Community College, NY

@tatistics Home Page

@lass Notes lglomework
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Ch 10.4 Mann-Whitney Procedure

© G. Battaly, 2024

10.4 Mann-Whitney Test: ni, n2 small, same shape At the 5% significance level, do
When groups are reversed the ages of the students in t~~ |
" two groups differ? att
Ages of Statistics students: 5
independent samples 1
Ages of Students 2
Group 1|Rank |Group 2|Rank | 3 25
18] 2.5 18] 25 4
18| 2.5 19 6 5
18| 2.5 19 6 6 ‘ b /T‘“L_fA‘A"
19 6 20 9
7 n @ 3 4
20 9 20 9
25 13| 21| m 8 A
31| 14| 23] 12 13 i (A
41| 15 oor | —
49] 16 1MV 0005 | — =
12v 0i0 | 16 3
M = 49 5 13V 005 17 24
- 4 0015 18 25
n 7 9 14V M oor | — 2%
15v 0005 | — —_
M, =n,(n+n,+1)-M, 16V oo |y
(et Mg, from Table VI) & pip | 2L =
0005 | — —
M= 7(7+9+1) - 78=119-78=41 M= 78 R
0.05 22
M. =41 < 49.5 < 78=MR 6 0025 | 23
o0.0r 24 33
. 0.005 — 34
Do NOT reject H, IR E 3l
0.05 24 3
. . . . B i UU)ZS 26 35
Test statistic, 49.5, is not in either o |1 %
tail. Conclude: the ages of the 2 Py p—
groups is the same. 00s |27 3
& 0025 23 33
o.0r L 39
0.005 30 40
010 27 37
0.05 29 39
9 0025 31 41
0or 32 43
0.005 33 4
010 29 40
0.05 31 42
10 0025 33 44
0.01 34 46
. N 0.005 | 36 a3
1
Class Notes: Prof. G. Battaly, Westchester Community College, NY
@wmm Home Page
@hisl\vws @nmewmk

10.4 Marm—Whitney Test: nl, n2 small, same shape

ML = nl(n1+n2+1) - MR

G: Ha: 1 <2 Significance Level = 0.10

- get Mg from Table VI)
F: Mann-Whitney Test
Sample 1 556 5 10 TABLE VI
Values of M,

Sample 2 6 8 7 3 . |z P S S )
0.0 14 20 27 36 4
005 15 21 29 37 4
Sample 1| overall Rank | Sample 2 | overall Rank 3 0025 | — = o = 4
0.0l — — — 39 4
0.005 — — — — -
010 | 16 7 31 40 a4
005 17 24 32 41 5
4 0025 18 25 33 43 5|
0.01 — 26 35 44 5
0.005 — — — 45 5§
0.10 18 26 34 44 5
005 20 27 36 46 5
5 0025 21 28 37 47 5
001 — 30 39 49 6
0.005 — — 40 50 o)
0.0 21 29 38 48 5
0.05 22 30 40 50 6|
6 0025 23 32 41 52 6|
001 24 33 43 54 af
0.005 — 34 44 55 6|
040 23 31 41 52 GI
005 24 33 43 54 6|
7 0.025 26 35 45 56 af
001 2 36 47 58 7
0.005 — 37 48 60 7|
[N (] 25 34 M 56 o
Mtest=23.5> Mleft=19 (Mright=31) Do NOT reject 0.05 27 36 47 58 7
& 0025 28 33 49 61 7
oor | 39 51 63 7
0.005 30 40 52 65 7
Class Notes: Prof. G. Battaly, Westchester Community College, NY 0.10 27 37 48 60 7
lass Note 005 29 39 50 63 7
{atistics Home Page @““ otes @mwbmf 31 a1 53 65 7
0.01 32 43 55 68 8]
0.005 33 44 56 70 8]
0.0 29 40 51 64 7
005 31 42 54 a7 8]
10 0025 33 44 56 69 8
0.01 34 46 59 72 8|
0.005 36 48 6l 74 8]

April 09, 2024
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

104 Mann—Whitney Test: nl, n2 small, same shape

'./t - :reject
G: Ha: p1 <2 Significance Level = 0.10 ”0, A ;“ A0
F: Mann-Whitney Test ‘hﬂ‘\%
Sample 1 556 5 10

Sample 2 6 8 7 3

Find test statistic: My =3 ranks, population 1

<

Sample 1| overall Rank |Sample 2 | overall Rank

5
5
)

3
3
3

1
5.5
7

w

O~NO W

6 5.5 8

10 9
M: =23.5

OCoONOOODWN -
)]
(@]

ANANRN

Mtest=23.5> Mleft=19 (Mright=31) Do NOT reject

Class Notes: Prof. G. Battaly, Westchester Community College, NY

- lass Notes
@16(18(105 Home Page @ @omework

-Whi : " 3 , reject
10.4 Mann Whltney Test: n1, n2 small, same shape .A“: ] )
G: Ha p1<pz Significance Level = 0.10 My A0
F: Mann-Whitney Test Q “% |@{\ I
Sample 1 55 6 5 10 55
Sample 2 6 8 7 3 :
"
Sample 1| overall Rank | Sample 2 | overall Rank 1v 4 3 6 7 §
o
5 3 3 1 2 ot0 | 1 20 27 3 15 5
005 | 15 21 2 7 6 5
5 3 6 5.5 2 3 30 :l;: — 2 30 ki 48 5
oot | — — = 9 29 5
5 3 7 7 5 0005 | — . U — [
6 55 8 8 55 010 | 16 n w 0 ) i
10 9 6 s 17 1 = n 51 6
4 0025 | 18 25 3 45 53 6
v - 00 | — 2% 35 4 54 6
8v 0005 | — 2= = 45 55 6
o1 |18 2% 34 4 54 6
9v oos | 20 27 R 16 56 6
- 5 0025 [ 21 28 37 47 58 7
MT - 23-5 00i | — 30 39 49 60 7
0005 | — = 40 50 6l 7
o0 | 2 29 38 48 59 7
= +n+ - 0os | 22 30 40 50 61 7
ML 1'11(1'11 1 1) MR 6 0025 | 23 32 41 52 83 7
oor | 33 43 54 45 7
(get MR from Table VI) 0005 | — 34 “ 55 & 8
omw | 23 31 41 52 &3 7
3 ” 005 | 24 33 43 54 3 7
7 0025 | 2% 35 45 56 &8 8
= - = oor | 27 36 47 58 7 5
ML 5(5+4+ 1 ) 3 1 1 9 0005 | — 37 48 0 72 sf|
000 | 25 34 4 56 &8 H
005 | 27 36 47 58 7 8
8 0025 | 28 38 49 61 73 8
— — oor | 2 39 51 63 76 9
MT —23.5 > ML —1 9 0.005 | 30 40 52 65 78 9
o | 27 37 48 60 72 8
005 | 2 39 50 63 76 9
9 0025 | 31 4 53 65 78 9
oor | 32 43 55 68 81 9
Mtest=23.5> Mleft=19 (Mright=31) Do NOT reject 0.005 | 33 H“ 36 70 84 9
o0 | 2 40 51 64 7 9
005 | 3 2 54 67 80 9
Class Notes: Prof. G. Battaly, Westchester Community College, NY 10 0025 | 33 44 56 69 83 9
i lass Notes omeworp s | i85 i " - o 10
@tansucs Home Page @ @ s =
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann—Whitney Test: nl, n2 small, same shape Avoid |eft-tai|ed by M, = ny(n+nyt1) - My
G: Ha: yi >y, Significance Level = 0.10 switching samples. "™

F: Mann-Whitney Test ’ - N\ reject
65 10 MM | '
7 3 :

Sample 2 55
Sample 1 6 8 y
P It ﬂl>'qd

Find test statistic: My =3 ranks, population 1

ANANRN

M:=21.5

Sample 1| overall Rank | Sample 2 | overall Rank 1v

3 1 5 3 |2,
6 55 |5 | 3 |3
707 5 3 |g

8 8 6 | 55 |g|°°

10 9 7
8
9

Mtest=23.5> Mleft=19 (Mright=31) Do NOT reject

Class Notes: Prof. G. Battaly, Westchester Community College, NY

- lass Notes
@tatlstlcs Home Page @ @&)mework

10.4 Marm-Whitney Test: nl, n2 small, same shape Avoid |eft-tai|ed by M, = ny(n+nyt1) - My
. . H H (get Mg from Table VI)
G: Ha: yi >y, Significance Level = 0.10 switching samples. *
F: Mann-Whitney Test . reject
Ho'ﬂ 74 N et
Sample2 5 5 6 5 10 177%Q
Sample 1 6 8 7 3 }k-' S4¢ :
ﬂ) 2 26
21.5
Sample 1| overall Rank | Sample 2 | overall Rank 1v
3 1 5 3 2 TABLE VI
3 3 falues of M,
6 55 | 5 3 |7 — T
77 5 3 |5ls -
. 0.10 14 20
8 8 6 2.5 |g 005 | 15 21
10 9 7v 3 0025 | — 22
0.01 - e
8v 0.005
M:=21.5 == 1 —
T 9 \/ 010 16 23
0.05 17 24
. 4 0025 18 25
Compare and decide: 001 | — 26
0.005 — —
0.10 18 '
M:=21.5 < Mr=26 005 | 20 .,
5 0025 21 28
&= | — 30
0.005 — -
Mtest=23.5> Mleft=19 (Mright=31) Do NOT reject
0.10 21 29
Class Notes: Prof. G. Battaly, Westchester Community College, NY 0.05 22 30
. lass Notes oy oo 6 0025 | 23 32
@tausucs Home Page @ @ k 0.01 24 33
0005 | — 34
0.10 23 31
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Ch 10.4 Mann-Whitney Procedure

10.4 Mann-Whitney Test: nl, n2 small, same shape

G: Independent random samples of picoplankton from North and South sections of
San Francisco Bay. My,

F: At 5% significance level, are the concentrations of picoplankton different? Fmn

North 16.2 11.2 24.8 36.4 15.0 23.6 12.1
South 9.8 18.7 26.0 7.4 15.0

NorthM= [TRank South N=SRank o;

ML = nl(n1+n2+1) - MR
5 ranks of get Mg from Table VI)

1st sample: M, =

Class Notes: Prof. G. Battaly, Westchester Community College, NY

lass Notes
@talistics Home Page @ @omewcrk

104 Mann—Whitney Test: nl, n2 small, same shape

G: Independent random samples of picoplankton from North and South sections of
San Francisco Bay. (~ same shape)

F: At 5% significance level, are the concentrations of picoplankton different?

North 16.2 11.2 24.8 36.4 15.0 23.6 12.1
South 9.8 18.7 26.0 7.4 15.0

I-L.'/)7~T7s /4;/{/17:/“2_ -
Wi, st 03%| 02§

North1= [TRank South N=SRank

-
-
-
r
F
W
—

L R R el el
o LA,

ML = nl(n1+n2+l) - MR —
5 ranks of (get Mg from Table VI) Ln=11.2

1st sample: My =

Class Notes: Prof. G. Battaly, Westchester Community College, NY

@tatistics Home Page @lass Notes @cmework
© G. Battaly, 2024
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann-Whitney Test: nl, n2 small, same shape 7
s
G: Independent samples of picoplankton from North and South sections of San 72
Francisco Bay.
F: At 5% significance level, are the concentrations of picoplankton different?
North 16.2 11.2 24.8 36.4 15.0 23.6 12.1
South 9.8 18.7 26.0 7.4 15.0 c
. S| |
‘L'./ﬂuf—ys /%lM:/«L .03 .DQS-
%:7‘*79 IL&“IM/:t’“L 1
NorthN = TIRank South N=|SRank 2
11.2 74 3
121 9.8 g
15 15 6
16.2 18.7 ;
23.6 26 9
24.8 10
11
36.4
12
> ranks of
1st sample: M; = M, = ny(n;tny+1) - My
get Mg from Table VI)
Class Notes: Prof. G. Battaly, Westchester Community College, NY
@Iatistics Home Page @lass Notes @cmcwark
10.4 Mann-Whitney Test: n1, n2 small, same shape 7
G: Independent samples of picoplankton from North and South sections of San 'Ts::
Francisco Bay.
F: At 5% significance level, are the concentrations of picoplankton different?
North 16.2 11.2 24.8 36.4 15.0 23.6 12.1
South 9.8 18.7 26.0 7.4 15.0 c
. s‘
h: M7, W e 03 0™
WD Mot .
North1= TIRank South N=SRank 2V
11.2 3 7.4 1 3 \;
121 | 4 9.8 2 .
15 5.5 15 5.5 6|7
162 | 7 18.7 8 7V
8 v
23.6 9 26 11 9v
248 | 10 10V
364 | 12 1"
' 12V
> ranks of
1st sample: M; = M, = ny(n;+ny+1) - Mg
(get My from Table VI)
Class Notes: Prof. G. Battaly, Westchester Community College, NY
@latislics Home Page @1355 Notes @omcwork \/
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann-Whitney Test: nl, n2 small, same shape 7
<

G: Independent samples of picoplankton from North and South sections of San 73

Francisco Bay.

F: At 5% significance level, are the concentrations of picoplankton different?

North 16.2 11.2 24.8 36.4 15.0 23.6 12.1

South 9.8 18.7 26.0 7.4 15.0 c
”.'.//1'42-7‘ b‘i//f/«l- ,025 0§

Kt Hontu,

m
North = TTRank South N=SRank w « | : 4 5 6 7
11.2 3 7.4 1 010 | 14 20 27 36 45
0.05 15 21 29 37 46
3 0025 | — b2) 30 38 48
121 4 9.8 2 poy|l— =z % & %
0.005 — — —_ — a3
15 5.5 15 5.t
0.10 16 23 3l 40 49
005 | 17 24 32 41 51
16.2 7 18.7 8 4 0025 | 18 25 3 43 53
001 | — 2% 35 4 54
23.6 9 26 1" 0005 | — — — 45 55
0.10 I8 26 34 4“4 54
24.8 10 0.05 20 27 36 16 56
5 0025 | 21 28 37 47 58
36'4 1 2 0.01 — 30 39 49 60
Z ranks Of 0.005 — — 40 50 61

1st sample: M = 50.5

M, = ny(n+ny+1) - Mg
(get My from Table VI)

Class Notes: Prof. G. Battaly, Westchester Community College, NY

lass Notes
@atisliu Home Page @ @omework v

hh/\jg"\’.
St e, - 14
ln NALY)
Papt gy, o -
4%¢ Ondegy .

10.4 Mann-Whitney Test: n1, n2 small, same shape 4
£
G: Independent samples of picoplankton from North and South sections of San 773
Francisco Bay.
F: At 5% significance level, are the concentrations of picoplankton different?
North 16.2 11.2 24.8 36.4 15.0 23.6 12.1

South 9.8 18.7 26.0 7.4 15.0 :5-'
=7, W e 9

| 0ag
KT Heptm 33 58

North1=TTRank South N=SRank 1Y "
11.2 3 7.4 1 g “// m o« 3 4 5 6 7
121 4 9.8 2 4 v 0.10 14 20 27 36 45

5 0.05 15 21 29 37 46
15 5.5 15 5.5 6 |5 3 0025 | — 2 30 38 48
v 0.01 — — — 39 49
16.2 7 18.7 8 7

8 v 0005 | — - = =
23.6 9 26 1 9 j 010 16 23 31 40 49
10 005 | 17 24 32 41 51
24.8 10 MY 4 0025 |18 25 33 43 53
v 001 | — 26 35 44 54
36.4 12 12 0005 | — — — 45 55
> ranks of 0.10 18 26 34 4 54
tot sample: W, = 503 s & E 2
Y . 30 39 49 60
M.=33 < My=50.5 < My = 58 0005 | — - 40 50 61
. . . ML = nl(n]+n2+1) = MR

Do NOT reject. Conclude: No difference in et My from Table V)

picoplankton concentrations at two sites. M, = 7(7+5+1) - 58

=901-58 =33

Class Notes: Prof. G. Battaly, Westchester Community College, NY

lass Notes
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Ch 10.4 Mann-Whitney Procedure April 09, 2024

10.4 Mann-Whitney Test: nl, n2 small, same shape

Normal Distribution?

& Yo
& ? l 24
o Known" Ves Large Sample?
/16 No
| t Test Mann-Whitney

Class Notes: Prof. G. Battaly, Westchester Community College, NY

lass Notes
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104 Mann—Whitney Test: nl, n2 small, same shape

G0 =040 F.'Ddts?o 75 exceeol’).'»fﬁ

< H' HL:/‘Q My
K .l M,
al | (7 s
5.2
136
Lgi? 10
| 33 12
N 13

|

OCoONOOOAPRLWN -

B8

w Ww
G o %
>

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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@tatistics Home Page @ @ oooooo k

© G. Battaly, 2024


http://www.battaly.com
http://www.battaly.com/stat
http://www.battaly.com/stat/classnotes/
http://www.battaly.com/stat/homework/10_4_MannWhitney.htm
http://www.battaly.com
http://www.battaly.com/stat
http://www.battaly.com/stat/classnotes/
http://www.battaly.com/stat/homework/10_4_MannWhitney.htm

Ch 10.4 Mann-Whitney Procedure

© G. Battaly, 2024

G o=0.

10

10.4 Mann-Whitney Test: nl, n2 small, same shape

F Dees % 1 S exeed 9. ..7#

.S

Home Page

5 |p.
al |6 |

e[
No.5 ISt
Q. 339
36|18 [
39lm [#l

fwi —

o~

Hl:/«s —'/“l-
Wi AT
pedio>eretg e

S o 1Y Cme Tt DS
| A HM

Class Notes: Prof. G. Battaly, Westchester Community College, NY

@Ix.\:\ Notes @m,,cwo,k

pasy :

o '3 3 4 5 o 7 8 9 10

- ® 5 3 3 B

= 4 8§ 2 z 2

% 6 % a m

4 = v oo

53 2 5 3 W

2 5 3 & o B

5 & #m % 1 i»

s 52 5 5 o2 o=

% & m s i
TABLE VI -
Values of M, 2]
o |2 4 5 6 7 8 9
oo | 14 20 27 36 45 55 66
005 | 15 21 2 37 1% 57 68
3 005 | — n 10 8 18 58 0
oor | — e . 39 2 59 71
ooos | — = = . e 60 72
010 | 16 PT) al 10 ) 60 72
oos | 17 2 2 4 sl 62 74
4 o025 | 18 15 3 3 53 64 76
vor | — % 35 4 s4 65 78
o005 | — o — 15 55 66 79
010 | 1 % a1 “ 54 65 78
oos | 2 7 36 16 56 68 80
5 0025 | 2 8 37 4 58 70 83
001 | — 30 3 1 60 72 85
noos | — - W0 s0 6l 73 86
T b 38 8 0 71 84
oos | 2 30 40 50 61 73 87
6 0025 | 23 2 41 52 &3 76 89
oor | 2 3 45 51 65 78 0
goos | = 31 4 55 7 80 o1
o | 2 3l 11 52 63 76 89
oos | 2 3 43 s 66 7 03
7 o025 | 2 3 45 56 68 81 95
oor | 2 36 47 s8 7l 84 o8
oo0s | — 7 48 &0 7 86 101
T " 4 s6 68 81 95
oos | 2 36 47 58 71 84 99
8 o025 | 28 38 49 61 7 87 102
oor | 2 3 51 & 76 % 105
ooos | 30 1 52 65 78 % 108
010 | 2 37 18 &0 7 86 101
oos | » 30 s0 63 76 90 105
9 oo2s | 3 4l 53 65 78 2 108
Class Notes: Pedt. Batfuty W estehester E3mmunity Ciflege, Ny 68 81 96 12
0005 | 33 a4 e I 84 9 114
@lumuc: Home Page 1,

010 | » I 51 7 01 106
vos | 3 2 54 &7 80 u5 11
10 o025 | 1 m s6 & 8 08 114
oor | 3 16 50 7 87 102 19
ooos | 3 a8 61 74 50 105 121
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Ch 10.4 Mann-Whitney Procedure April 09, 2024
104 Mann—Whitney Test: nl, n2 small, same shape ﬁt bz .! . M#io
Number of days of ice on lake éo%: ‘% i
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