
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


The Stata Journal

Editors

H. Joseph Newton

Department of Statistics

Texas A&M University

College Station, Texas

editors@stata-journal.com

Nicholas J. Cox

Department of Geography

Durham University

Durham, UK

editors@stata-journal.com

Associate Editors

Christopher F. Baum, Boston College

Nathaniel Beck, New York University

Rino Bellocco, Karolinska Institutet, Sweden, and

University of Milano-Bicocca, Italy

Maarten L. Buis, WZB, Germany

A. Colin Cameron, University of California–Davis

Mario A. Cleves, University of Arkansas for

Medical Sciences

William D. Dupont, Vanderbilt University

Philip Ender, University of California–Los Angeles

David Epstein, Columbia University

Allan Gregory, Queen’s University

James Hardin, University of South Carolina

Ben Jann, University of Bern, Switzerland

Stephen Jenkins, London School of Economics and

Political Science

Ulrich Kohler, University of Potsdam, Germany

Frauke Kreuter, Univ. of Maryland–College Park

Peter A. Lachenbruch, Oregon State University

Jens Lauritsen, Odense University Hospital

Stanley Lemeshow, Ohio State University

J. Scott Long, Indiana University

Roger Newson, Imperial College, London

Austin Nichols, Urban Institute, Washington DC

Marcello Pagano, Harvard School of Public Health

Sophia Rabe-Hesketh, Univ. of California–Berkeley

J. Patrick Royston, MRC Clinical Trials Unit,

London

Philip Ryan, University of Adelaide

Mark E. Schaffer, Heriot-Watt Univ., Edinburgh

Jeroen Weesie, Utrecht University

Ian White, MRC Biostatistics Unit, Cambridge

Nicholas J. G. Winter, University of Virginia

Jeffrey Wooldridge, Michigan State University

Stata Press Editorial Manager

Lisa Gilmore

Stata Press Copy Editors

David Culwell and Deirdre Skaggs

The Stata Journal publishes reviewed papers together with shorter notes or comments, regular columns, book

reviews, and other material of interest to Stata users. Examples of the types of papers include 1) expository

papers that link the use of Stata commands or programs to associated principles, such as those that will serve

as tutorials for users first encountering a new field of statistics or a major new technique; 2) papers that go

“beyond the Stata manual” in explaining key features or uses of Stata that are of interest to intermediate

or advanced users of Stata; 3) papers that discuss new commands or Stata programs of interest either to

a wide spectrum of users (e.g., in data management or graphics) or to some large segment of Stata users

(e.g., in survey statistics, survival analysis, panel analysis, or limited dependent variable modeling); 4) papers

analyzing the statistical properties of new or existing estimators and tests in Stata; 5) papers that could

be of interest or usefulness to researchers, especially in fields that are of practical importance but are not

often included in texts or other journals, such as the use of Stata in managing datasets, especially large

datasets, with advice from hard-won experience; and 6) papers of interest to those who teach, including Stata

with topics such as extended examples of techniques and interpretation of results, simulations of statistical

concepts, and overviews of subject areas.

The Stata Journal is indexed and abstracted by CompuMath Citation Index, Current Contents/Social and Behav-

ioral Sciences, RePEc: Research Papers in Economics, Science Citation Index Expanded (also known as SciSearch,

Scopus, and Social Sciences Citation Index.

For more information on the Stata Journal, including information for authors, see the webpage

http://www.stata-journal.com

http://www.stata-journal.com


Subscriptions are available from StataCorp, 4905 Lakeway Drive, College Station, Texas 77845, telephone

979-696-4600 or 800-STATA-PC, fax 979-696-4601, or online at

http://www.stata.com/bookstore/sj.html

Subscription rates listed below include both a printed and an electronic copy unless otherwise mentioned.

U.S. and Canada Elsewhere

Printed & electronic Printed & electronic

1-year subscription $ 98 1-year subscription $138

2-year subscription $165 2-year subscription $245

3-year subscription $225 3-year subscription $345

1-year student subscription $ 75 1-year student subscription $ 99

1-year university library subscription $125 1-year university library subscription $165

2-year university library subscription $215 2-year university library subscription $295

3-year university library subscription $315 3-year university library subscription $435

1-year institutional subscription $245 1-year institutional subscription $285

2-year institutional subscription $445 2-year institutional subscription $525

3-year institutional subscription $645 3-year institutional subscription $765

Electronic only Electronic only

1-year subscription $ 75 1-year subscription $ 75

2-year subscription $125 2-year subscription $125

3-year subscription $165 3-year subscription $165

1-year student subscription $ 45 1-year student subscription $ 45

Back issues of the Stata Journal may be ordered online at

http://www.stata.com/bookstore/sjj.html

Individual articles three or more years old may be accessed online without charge. More recent articles may

be ordered online.

http://www.stata-journal.com/archives.html

The Stata Journal is published quarterly by the Stata Press, College Station, Texas, USA.

Address changes should be sent to the Stata Journal, StataCorp, 4905 Lakeway Drive, College Station, TX

77845, USA, or emailed to sj@stata.com.

®

Copyright c© 2013 by StataCorp LP

Copyright Statement: The Stata Journal and the contents of the supporting files (programs, datasets, and

help files) are copyright c© by StataCorp LP. The contents of the supporting files (programs, datasets, and

help files) may be copied or reproduced by any means whatsoever, in whole or in part, as long as any copy

or reproduction includes attribution to both (1) the author and (2) the Stata Journal.

The articles appearing in the Stata Journal may be copied or reproduced as printed copies, in whole or in part,

as long as any copy or reproduction includes attribution to both (1) the author and (2) the Stata Journal.

Written permission must be obtained from StataCorp if you wish to make electronic copies of the insertions.

This precludes placing electronic copies of the Stata Journal, in whole or in part, on publicly accessible websites,

fileservers, or other locations where the copy may be accessed by anyone other than the subscriber.

Users of any of the software, ideas, data, or other materials published in the Stata Journal or the supporting

files understand that such use is made without warranty of any kind, by either the Stata Journal, the author,

or StataCorp. In particular, there is no warranty of fitness of purpose or merchantability, nor for special,

incidental, or consequential damages such as loss of profits. The purpose of the Stata Journal is to promote

free communication among Stata users.

The Stata Journal (ISSN 1536-867X) is a publication of Stata Press. Stata, , Stata Press, Mata, ,

and NetCourse are registered trademarks of StataCorp LP.

http://www.stata.com/bookstore/sj.html
http://www.stata.com/bookstore/sjj.html
http://www.stata-journal.com/archives.html


The Stata Journal (2013)
13, Number 2, pp. 337–343

Exact Wilcoxon signed-rank and Wilcoxon

Mann–Whitney ranksum tests

Tammy Harris
Institute for Families in Society

Department of Epidemiology & Biostatistics
University of South Carolina

Columbia, SC

harris68@mailbox.sc.edu

James W. Hardin
Institute for Families in Society

Department of Epidemiology & Biostatistics
University of South Carolina

Columbia, SC

jhardin@sc.edu

Abstract. We present new Stata commands for carrying out exact Wilcoxon
one-sample and two-sample comparisons of the median. Nonparametric tests are
often used in clinical trials, in which it is not uncommon to have small samples.
In such situations, researchers are accustomed to making inferences by using exact
statistics. The ranksum and signrank commands in Stata provide only asymptotic
results, which assume normality. Because large-sample results are unacceptable
in many clinical trials studies, these researchers must use other software packages.
To address this, we have developed new commands for Stata that provide exact
statistics in small samples. Additionally, when samples are large, we provide results
based on the Student’s t distribution that outperform those based on the normal
distribution.

Keywords: st0297, ranksumex, signrankex, exact distributions, nonparametric
tests, median, Wilcoxon matched-pairs signed-rank test, Wilcoxon ranksum test

1 Introduction

Many statistical analysis methods are derived after making an assumption about the
underlying distribution of the data (for example, normality). However, one may also
consider nonparametric methods from which to draw statistical inferences where no as-
sumptions are made about an underlying population or distribution. For the nonpara-
metric equivalents to the parametric one-sample and two-sample t tests, the Wilcoxon
signed-rank test (one sample) is used to test the hypothesis that the median differ-
ence between the absolute values of positive and negative paired differences is 0. The
Wilcoxon Mann–Whitney ranksum test is used to test the hypothesis of a zero-median
difference between two independently sampled populations.

c© 2013 StataCorp LP st0297



338 Exact Wilcoxon rank tests

We present Stata commands to evaluate both of these nonparametric statistical
tests. This article is organized as follows. In section 2, we review the test statistics.
In section 3, Stata syntax is presented for the new commands, followed by examples in
section 4. A final summary is presented in section 5.

2 Nonparametric Wilcoxon tests

2.1 Wilcoxon signed-rank test

Let Xi and Yi be continuous paired random variables from data consisting of n obser-
vations, where observations are denoted as X = (X1, . . . ,Xn)T and Y = (Y1, . . . , Yn)T .
For these paired bivariate data, (x1, y1), . . . , (xn, yn), the differences are calculated as
Di = Yi − Xi. We omit consideration of the subset of observations for which the abso-
lute difference is 0. From this one sample of nr ≤ n nonzero differences, ranks (ri) are
applied to the absolute differences |Di|, where rank 1 is the smallest absolute difference
and rank nr is the largest absolute difference. Before assigning ranks, we omit absolute
differences of 0, Di = 0.

We then test the hypothesis that Xi and Yi are distributed interchangeably by using
the signed-rank test statistic,

S =

nr∑

i=1

riI(Di > 0) − nr(nr + 1)

4

where I(Di > 0) is an indicator function that the ith difference is positive. Ranks of
tied absolute differences are averaged for the relevant set of observations. The variance
of S is given by

V =
1

24
nr(nr + 1)(2nr + 1) − 1

48

m∑

j

tj(tj + 1)(tj − 1)

where tj is the number of values tied in absolute value for the jth rank (Lehmann 1975)
out of the m unique assigned ranks; m = nr and tj = 1 ∀j if there are no ties. The
significance of S is then computed one of two ways, contingent on sample size (nr). If
nr > 25, the significance of S can be based on the normal approximation (as is done in
Stata’s signrank command) or on Student’s t distribution,

S

√
nr − 1

nrV − S2

with nr − 1 degrees of freedom (Iman 1974). When nr ≤ 25, the significance of S is
computed from the exact distribution.

An algorithm for calculation of associated probabilities is the network algorithm of
Mehta and Patel (1986). Many new improvements and modifications of that algorithm
have been implemented in various applications to compute the exact p-value. Some in-
clude polynomial time algorithms for permutation distributions (Pagano and Tritchler
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1983), Mann–Whitney-shifted fast Fourier transform (FFT) (Nagarajan and Keich 2009),
and decreased computation time for the network algorithm described in Requena and
Mart́ın Ciudad (2006). Comprehensive summaries for exact inference methods are pub-
lished in Agresti (1992) and Waller, Turnbull, and Hardin (1995).

2.2 Wilcoxon Mann–Whitney ranksum test

Let X be a binary variable (group 1 and group 2) and Yn be a continuous random
variable from data consisting of n observations where Y = (Y1, . . . , Yn)T . Ranks are
assigned to the data, 1 to n, smallest to largest, where tied ranks are given the average
of the ranks. If n > 25, the (asymptotically normal) test statistic Z is given by

Z =
R1 − n1(n + 1)/2√

n1n2VR/n

where R1 is the sum of the ranks from group 1, n1 is the sample size of group 1, n2 is
the sample size of group 2, and VR is the variance of the ranks. In Stata, group 1 is
lesser in numeric value than group 2. However, if n ≤ 25, the normal approximation
is not appropriate. In this situation, we calculate the exact test by using the approach
outlined in the following section.

2.3 An exact method based on the characteristic function

Pagano and Tritchler (1983) present the basic methodology for computing distribution
functions through Fourier analysis of the characteristic function. Superficially, this
approach appears as complicated as the complete enumeration of results for the distri-
butions of the Wilcoxon test statistics, but Fourier analysis via the FFT in the approach
based on the characteristic function is calculated much faster.

Basically, if X is a discrete random variable with a distribution function given by
P (X = x) = pj for j = 0, . . . , U , then the complex valued characteristic function is
given by

φ(θ) =

U∑

j=0

pj exp(ijθ)

where i =
√
−1 and θ ∈ [0, 2π). Because X is defined on a finite integer lattice, the

basic theorem in Fourier series is used to obtain the probabilities pj . For any integer
Q > U and j = 0, . . . , U ,

pj =
1

Q

Q−1∑

k=0

φ

(
2πk

Q

)
exp

(
−2πijk

Q

)
(1)

Thus knowing the characteristic function at Q equidispersed points on the interval
[0, 2π) is equivalent to knowing it everywhere. Furthermore, the probabilities of the
distribution are easily obtained from the characteristic function. We emphasize that
the imaginary part of (1) is 0.
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To allow tied ranks in the commands, we multiply all ranks by L to ensure that the
ranks and sums of ranks will be integers. This can be accomplished for our two statistics
by setting L = 2. The ranges of the values of the two statistics are easily calculated
so that we may choose Q ≥ U . Defining U as the largest possible value of our statistic
(formed from the largest possible ranks), we can choose log2 Q = ceiling{log2(U)}. We
choose Q to be a power of 2 because of the requirements of the FFT algorithm in Stata
(Fourier analysis is carried out by using the Mata fft command).

Using rk to denote the rank of the kth observation, the characteristic function for
the one-sample statistic S1 is given by

φ1 (−2πij/Q) =

{
exp(−2πij/Q)

N∏

k=1

cos(−2πjLrk/Q)

}

while the characteristic function for S2 is calculated by using the difference equation

φ2(j, k) = exp(−2πijLrk/Q)φ2(j − 1, k − 1) + φ2(j, k − 1)

3 Stata syntax

Software accompanying this article includes the command files as well as supporting
files for dialogs and help. Equivalent to the signrank command, the basic syntax for
the new Wilcoxon signed-rank test command is

signrankex varname = exp
[
if
] [

in
]

Equivalent to the ranksum command, the basic syntax for the new Wilcoxon Mann–
Whitney ranksum test command is

ranksumex varname
[
if
] [

in
]
, by(groupvar)

[
porder

]

4 Example

In this section, we present real-world examples with the new nonparametric Wilcoxon
test commands. In clinical trials, talinolol is used as a β blocker and is controlled by
P–glycoprotein, which protects xenobiotic compounds. Eight healthy men between the
ages of 22 and 26 were evaluated based on their serum-concentration time profiles of
talinolol with kinetic profile differences. These differences were two enantiomers, S(–)
talinolol and R(+) talinolol. The trial examined single intravenous (iv) and repeated
oral talinolol profiles before and after rifampicin comedication. Area under the serum
concentration time curves (AUC) was collected for each subject (see Zschiesche et al.
[2002]). We compare AUC values of S(–) iv talinolol before and after comedication of
rifampicin by using the Wilcoxon signed-rank test. The results are given below, where
S is the Wilcoxon signed-rank test statistic.
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. use signrank, clear

. signrankex iv_s_before = iv_s_after

Wilcoxon signed-rank test

sign obs sum ranks expected

positive 8 36 18
negative 0 0 18

zero 0

all 8 36 36

Ho: iv_s_before = iv_s_after
S = 18.000

Prob >= |S| = 0.0078

The results show there was a statistically significant difference (p-value = 0.0078) be-
tween iv S(–) talinolol before and after comedication of rifampicin. There were greater
S(–) talinolol AUC values shown before rifampicin administration than after.

For the Wilcoxon Mann–Whitney ranksum test example, we will use performance
data (table 1) collected on rats’ rotarod endurance (in seconds) from two treatment
groups. The rats were randomly selected to be in the control group (received saline
solvent) or the treatment group (received centrally acting muscle relaxant) (Bergmann,
Ludbrook, and Spooren 2000).

Table 1. Rotarod endurance

Treatment group Control group
Endurance time (sec) Rank Endurance time (sec) Rank

22 2 300 15
300 15 300 15
75 3 300 15
271 5 300 15
300 15 300 15
18 1 300 15
300 15 300 15
300 15 300 15
163 4 300 15
300 15 300 15
300 15 300 15
300 15 300 15
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The results are given below.

. use ranksum, clear

. ranksumex edrce, by(trt)

Two-sample Wilcoxon rank-sum (Mann-Whitney) test

trt obs rank sum expected

0 12 180 150
1 12 120 150

combined 24 300 300

Exact statistics
Ho: edrce(trt==0) = edrce(trt==1)

Prob <= 120 = 0.0186
Prob >= 180 = 0.0186
Two-sided p-value = 0.0373

The two-sided exact p-value of 0.0373 exhibits a statistically significant difference in
average rotarod endurance between the groups of rats. We can also illustrate how to
calculate this exact p-value manually by using the rat rotarod endurance data (table 1).
In Conover (1999), the Wilcoxon Mann–Whitney ranksum test exact p-value is illus-
trated in terms of combinations (arrangements) of ranks. In this example, the number
of arrangements of 12 of the ranks in the table having a sum less than or equal to 120 is
the number of arrangements of choosing all 5 of the ranks less than 15 and 7 of the 19
tied ranks of 15; this is given by

(
5
5

)(
19
7

)
. The total number of ways to choose 12 of 24

ranks is given by
(
24
12

)
. Thus the p-value is

p-value =

(
5
5

)(
19
7

)
(
24
12

) =
50,388

2,704,156
= 0.0186

where each of the new commands returns the p-value as well as the numerator and
denominator of the exact fraction (see the return values in the previous example).

5 Summary

In this article, we introduced two supporting Stata commands for the exact nonparamet-
ric Wilcoxon signed-rank test and the Wilcoxon Mann–Whitney ranksum test. These
one-sample and two-sample test statistics can be used to assess the difference in location
(median difference) for small samples (exact distribution) and larger samples (Student’s
t distribution).
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