Qutline

» The Wilcoxon Signed Rank Test

 The Wilcoxon Rank Sum Test

The Wilcoxon Signed Rank Test

» For continuous data
» Regression to the mean Example (pp. 253-255)

— Data on 14 boys with extreme “day 1" values

— Change in direction of mean (+)

— Change away from mean (-)

— If same value, no sign assigned (excluded from analysis)
— Rank absolute differences (all, ascending)

— Sum ranks separately (+/-)

— Use Rysg: signed rank sum for positive differences (those
changing toward the mean) as test statistic




How to in SPSS

A

. Open file (Excel, first row variable names)
Sort by dayl (Data - Sort Cases...)

3. Clear rows 8-26 (Hold-down left click on row 8, drag down to row 26
—>Edit->Clear)

Rank by day1 (Transform - Rank Cases)
Sort by id (Data->Sort Cases)

Create “toward” (Transform->Compute—>'Target Variable’ toward->"If" :::
->’Numeric Expression’)

7. Create "away” (ibid but :::)
8. Create rtm (same as “toward” and “away” but on same column)

n

9. Find ranks by rtm (Transform - Rank Cases)
10.Create +/- groups (Transform->Compute)
11.Sums from group ranks (Analyze->Reports->Report Summaries in Columns)

2. Sort cases by day1 3. Clear rows 8-26
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4. Rank data by day1
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6. Toward

Compute Variabls
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&b dayl
&5 day2
& Rark of day! [Rday1)
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If Cases

O Include sl cases
(&) Include if case satisfies condition
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Compute Variable: If Cases
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Data after step 10

ntitled2 [DataSet1] - SPSS Data Editor.

File Edt Wiew Data Transform Analyze Graphs Utilities Add-ons Window Help
=HE & wh #FE BER 3@
1:m2 +
day2 | Rdayl | toward | away | rtm | Rrtrn | m2 | war -
1 2464 1.000 1431.00 1431.00 13.000 |+ i
2 2926 14.000 1396.00 . 1396.00 12.000 |+
3 1054 6.000 553.00 £99.00 10.000 |-
4 3289 13.000 243.00 243.00 3.000 |+
5 2549 9.000 7.00 7.00 1.000 -
5 1925 3.000 420.00 . 420.00 4.000 |+
7 2431 11.000 645.00 645.00 9.000 |+
] a10 2.000 482.00 482.00 7.000 - B
9 2573 10.000 476.00 . 476.00 5.000 |+
10 2185 12.000 1092.00 1092.00 11.000 |+
11 1644 7.000 63.00 . 63.00 2000 |+
12 3238 §.000 463.00 463.00 5.000 -
13 2269 4.000 B24.00 624.00 8.000 |+
14 3163 5.000 1440.00 . 1440.00 14.000 |+
15
16
17
15
19
20
1 4
4 v '\ Data View £ variable view / < | >
SPSS Pracessor is ready 7

Table 9.2 (p. 253).sav [DataSet6] - SPSS Data Editor

le Edit View Data Transform Graphs L Add-ons  wWindow Help
11. Sums of group ranks &da = g o cibes..
Descripkive Statistics  »
1:id 1 Compare Means p  CaseSummaries...
= ‘ dayW General Linear Model b Report Summaries in Rows,
] 13‘ 105  Mixed Madels 3 =
z 1 4 (e 4000 1396.00
Bl 16 175 ¢ E.000 699
Laglinear »
4 27 33 Classiy y 3.000 243.00
El 30 284 Data Reduction » (9,000 . 7
Report: Summaries in Columns H 33 150 scale » pO00 420.00
Diata Columns 7 i 307|  Monparametric Tests » [1.000 B45.00
ala =
&hid g 50 128 Survival * 2000 . 452
% dayl Ritm:sum g 51 304/ Muitiple Response * Doon 476.00
% day2 B
& Rank of day [dayl] \:I
ftuward
& anay
o Rank of rtm
& Rank of ttm [Frtm]
rtm2 Sum
Ereak Colurnns [ Preview
Report
Sort Sequence - 23.000
(&) Ascending
O Beseenis + 82.000
L 1 [] Data are ahready sorted




Rationale of test

For n observations, ranks are 1, ..., n
Sumofranksis n(n+1)/2 . and average rankis (n+1)/2
Null hypothesis
If the null is true, distribution of differences is symmetric
— Half positive, half negative
If null hypothesis is true, the sum of the ranks should be n/2 times the
average rank, i.e. (n / 2)(n +1)/2 = n(n +1) 14

Tables 9.3 and 9.4 exemplify the construction of boundaries of the rejection
region as shown in Table B9 for n<30 (469):

— N on first column, then
— Two sided
— One sided

Example 9.3 (p. 255)

N=14, a=0.05 a =0.05
Null hypothesis H0 M 4= 0 (median of differences equals zero, no
regression toward the mean)

Alternative H_ : |\/|d > (0 (median differences larger than zero, regression
toward the mean)

Critical values (25, 80) (if RWSR is larger than or equal to 80, reject)
Since Rysr = 82 we can reject the null

This result differs with that from Sign test (didn't reject):
— Wilcoxon Sum Rank test has larger power
— WSR uses more information, not only counts of changes toward the mean
— Average rank away=5.75 vs. average rank toward=7.5

P-value from sig test is 0.0898, not so far from 0.05
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TIES

When applying WSR, two types of ties can occur:

« The difference is zero (e.g. regression to the mean data) or the observed
value equals the hypothesized value (e.g. Example 9.4 next).

— REMOVE observation(s) from analysis;
— FEW ties of this type are allowed
« Two or more differences have the same nonzero value.
— CONVENTION: use average rank (e.g. 2,3>2.5; 2,3,4->3).

— Few ties of this type: still can use WSR statistic (but results are
approximate)

— Many ties of this type: adjustment for ties needed or next Chapter
(contingency table)

H,:M,=0 R, =82
(25,80) Hy:M;>0

R\NSR
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Example 9.4
DATA: Lead concentration in one lab (n=13)

« Are measurements significantly different from 41?
Hy:M, =41 vs. H;:M, #41 a=0.05

e Eleventh datum dropped, new n=12
+ Test statistic Rz =58.5

« From Table B9 (p. 469): n=12, a <0.05, two-sided the boundaries
are (13,65)

» 58.5<65 > cannot reject

* WSR decision agrees with sign test

12




Difference from 41

ompute Variable

Target Wariable:

Mumeric Expression:
= | Concentration-41

Type & Label...
alD

&P Concentration

ompute Variable

Target Variable: Numeric Expression
AbsDiff abs{Concentration-41]
Type & Label
@alD Function group
fconcenlratmn Al A
& Differerce Arithmetic 3
CDF & Moncentral COF
Corwersion -
Cunent Date/Time
Date Arithmetic
Date Creation
\:| Date Extraction a
Y

Delete

Functions and Special Wariables
Abs -~
Arsin 1
Autan
Cos
Concentration ~= 41
~

Functions and Special Wariables:

Absolute difference from 41

Abs
Ausin
Artan
Cos

Exp
Lg10

Ln
Lrgamma

Concentration ~= 41

Mad
Find
Sin
Sart

-
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Compute Variable: If Cases

T O Includs al cases
& Conceniration (@ Include if case satisfies condiion:
& Differerce Concentration > 41
& sbsDiff \II
& Rank. of AbsDiff [Ribs
Function group:
Al -~
Arithmelic =
- H ' CDF & Noncentral CDF
Define group with positive Conversion
. Current Date/Time a
Differences . =
Functions and Special Variables
Compute Variable
T anget Variable Sting Exprassion
[Gioug] |
Type & Label
$alD III
fconcenlratmn
& Difterence Continue | [ Cancel | [ Hep |
& tbsDiff =
&7 Rank of AbsDiff [RAb: Fomant DotdT 3 . .
Gnent LaterTime ... for cases with concentration
Date Creation
=]|e larger than 41

Concentratian »41

te Extraction
X

Functions and Special Wariables

Abs
Arsin
Autan

~

Lngamma
od

Rind
Sin
Sart

Repeat for concentrations
smaller than 41, assign ‘-’
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£:f *Example 9.4 data.sav [DataSet1] - SPSS Data Editor

Data File Edit View Data Transform Analyze Graphs Utiities Add-ons Window Help
=4 = ="l ¢ =F #Fir BER %@
1: Graup +
ID_| Concentration|  Difference | AbsDiff | RAhsDif | Group |

11 450 4.00 4.00 a0 +
2|2 43.0 2.00 2.00 20 +
3|3 40.0 -1.00 1.00 1.0 -
4 4 44.0 3.00 3.00 3h +
55 43.0 8.00 8.00 100 +
BB 36.0 -5.00 5.00 65 -
7|7 510 10.00 10.00 120 +
a8 46.0 5.00 5.00 ;13 +
i 9]9 35.0 .00 6.00 85 -
Getting sum of ranks by group ot = e I

" 41.0
B Report: Summaries in Columns 12 3|0 _3.00 .00 35

Data Call
Salm ata Columns . ‘13 47.0 6.00 6.00 845
& Concentration FibbsDift:sum
&Dilf&rence
& sbsDit I:I K of
& Rank of AbsDiff [Réb: Rank o
AbsDiff
Group Sum
Break Columns [ Preview
Report - 19 - 5
Sort Sequence
-D tions...
@ Ascending B + 58.5
() Descending
[] Data are already sorted
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Normal Approximation to WSR

e For n>16 Rusz  follows approx. a normal distribution
Expected value
e Canuse

| RWSR — [m| — (0.5 continuity correction
Jn(n+1)(2n+1)/24

Variance

« For Example 9.3 (recall one-sided)
82-[14(14+1)/4]-05 [82-52.5/-0.5

J14(14+1)(2(14) +1)/ 24 15.93

e From Table B4, p-value=P[Z>1.82]=0.0344

e This p-value is close to the exact (0.0338). Approximation is good
for this dataset

e Study last paragraph of Section 9.3 (p. 257)

=1.82
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The Wilcoxon Rank Sum Test

» Sign and WSR test for one group or paired data
« Now assume we have two groups
* WRS is also known as Mann-Whitney (unequal
sample sizes)
« Data: proportion of calories from fat in two
groups
17
. i *Untitled] [DataSet0] - SPSS Data Editor,
1. Typein data (ID, Prop_fat, Fle Edt Wew Data Transform fnalyze Graphs Ublties Add-ons Window Help
Grades), for one case EHEBE e =k # T Bl 39
B: RProp_fa 165
2. Change variable Name A0 ] pop | Gravee | mpronfa | oo |
2 2 437 56 300
3. Change data Type R R S
& a 403 56 230
4. Change Alignment 8 R
g g 39 56 14.0
5. Rankall data W w e e wo
1" Il 285 56 5.0
6. Get sum of ranks per group - o e %0
(Analize>Reports>Report i M s 56 30
Summaries in Columns) = T e i

£ Table 9.5.sav [DataSet0] - SPSS Data Editor

File Edt Wiew Data Transform Analyze Graphs Utiities Add-ons  Window Help
=W tm EELR @
MName | Type ‘ Widlhl Decimals ‘ Label | “alues Missing Columns Align ‘ Measure
1{ID String 2 0 Mone MNone g Right Mominal
2|Prop_fat Mumeric 3 3 Mone Mone 3 Center  |Scale
—

3| Grades Sitring 3 ] Maone Mane g Center  |Mominal

4|RProp_fa  Murneric 9 Rank of Prop_f|MNone Mone 11 Center | Scale 3
4 ﬁata View hVariable View / |< 3 18

5PSS Pracessor is ready




) Rank of
« Data for two cases were rounded to allow a tie

Prop fat
e Grades Sum
eTest statistic is the sum of ranks of smaller sample
Rurs =224.5, n =14, n=33 5-6 2245
7-8 336.5

*« RATIONALE:
« If there were no differences between groups, then the rank sum for the

smaller group is the product  n,(n+1)/2=14(33+1)/2 =238

A value of RWRS far away from the expected under the null are grounds for
rejecting the hypothesis of no difference

 Use critical values on Table B10 (p. 470-473)
. N1 smaller group, N2 larger group

« two-sided or one-sided

« Critical regions are determined similarly to WSR test
» An example for n=8, n,=4 is described on page 258 and Tables 9.6 and
9.7 show relevant counts and probabilities

19

- Example 9.5 (p. 260)

« Null: no difference in proportion of calories from fat in these two groups
« Alternative: there is a difference

« Two-sided, letsdo ¢ <0.01

» Will reject if extremely large or small values of RWRS

+ Observed Ryrs =224.5, n, =14, n,=19

« From Table B10 (p. 473) critical values are (168,308)
* Reject the null if observed RWRS is smaller than 168 or larger than 308
* Ryrs =224.5 is notin the rejection region. Cannot reject the null.

« Conclusion: based on the WRS test there is no evidence that grade groups differ
in the prortion of calories from fat

20
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Normal Approximation to WRS

+ If Table B10 cannot accommodate dataor n, >8 and n, >8

Expected value

|RWRS — [m| - 05 Continuity correction

Jnn,(n+1)/12

Variance

¢ Canuse

» For Example 9.3 (recall two-sided) Ryrs = 224.5, n =14, n, =19

|224.5-[14(33+1)/2]-0.5 |224.5-238/-05

=0.4735
J14(19)(33+1)/12 27.453

«  From Table B4, p-value=2P[Z>0.4735]=2(0.3174)=0.63 (interpolation)

< For many ties use adjustment or next Chapter approach
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