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PERMUSTAT
Randomization Tests for the Macintosh

Most behavioral scientists test hypotheses by using para
metric tests designed to determine whether a parameter
is different from a value proposed under the null hy
pothesis. But there is reason to believe that such para
metric tests may not be appropriate for many behavioral
science applications. Samples are rarely collected ran
domly from the population, and thus the parametric
model, which requires random sampling, simply does
not apply. In addition, since parametric tests require ran
dom sampling to produce an accurate p value, the com
puted probabilities may not even be correct (cf. Edging
ton, 1995). Also, generalization to a population often is
not the goal of scientific inquiry. As has been eloquently
articulated elsewhere (Hunter & May, 1993; May &
Hunter, 1993; Mook, 1983), often scientists are inter
ested not in whether two variables are related in a popu
lation but rather in the processes that produce a relation
ship between these variables in a sample. Since theories
that propose causal mechanisms can be tested without
reference to a population, why base statistical inferences
on the outcome of methods designed to test the value of
a parameter? Finally, parametric tests require additional
assumptions that sometimes are not met in real behav
ioral science data (e.g., Bradley, 1977; Micceri, 1989).
While some assumption violations do not always invali
date the result of a parametric test, some "real-world"
data configurations produce problems, such as hetero
scedasticity (Boneau, 1960; Edgell & Noon, 1984;
Hayes, 1996; Kowalski, 1973) and nonindependence of
sample observations (e.g., time series data or when all
data are derived from the same subject; Hayes, 1996;
Zimmerman, Williams, & Zumbo, 1992).

Originally introduced by Fisher (1935), the random
ization test is ideally suited to testing hypotheses com
mon in behavioral science research. It does not require
random sampling from a population and makes no bur
densome assumptions such as homoscedasticity or nor
mally distributed errors as long as inference about a
parameter is not the goal. The randomization test con
structs a p value for a statistic of interest such as the dif
ference between two means by computing the statistic in
the obtained data and then repeatedly scrambling the
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data set and recomputing the statistic of interest. The p
value is the proportion of statistics in the permuted data
that equal or exceed the original statistic.

The randomization test is well known to statisticians
but has not received much attention outside of statistics
literature until recently. Now, the method is being rec
ommended more and more frequently in the behavioral
science literature (e.g., Blair & Karniski, 1993; May &
Hunter, 1993; Wampold & Worsham, 1986), several
books devoted to the topic are available (Edgington,
1995; Good, 1994; Manly, 1991), and discussions of the
method are also now beginning to appear in introductory
behavioral statistics texts (e.g., May, Masson, & Hunter,
1990).

The convenient aspect of the randomization test is that
since p values are computed conditionally on the observed
data, the test requires no assumptions about the popula
tions from which the data are sampled. The only assump
tion of this test is that the dependent or response variable
is not systematically associated with the predictor or ex
planatory variable owing to nonrandom assignment or
other factors introduced by the experimenter (see, e.g.,
Hayes, 1996, for a discussion of the exchangeability as
sumption). The null hypothesis tested is that the obtained
relationship between the dependent variable and the inde
pendent variable is merely the result of random associa
tion. Rejecting this null hypothesis means that there is rea
son to believe that the obtained association is not just the
result of randomness. Although this is a nonparametric
conclusion, it is not trivial. Both basic and applied re
search revolve around determining whether changes in one
variable, be they changes in the environment, experimen
tal situation, information subjects receive, and so forth,
are associated systematically with changes in some out
come or response. Ifa researcher can conclude that an ob
tained association is not just chance association, specula
tion as to why can begin. Similarly, theory can be tested by
determining whether changes in the relevant variables af
fect the relevant responses as predicted by theory. But, if
inference about a parameter is the goal, the randomization
test requires the same assumptions of homoscedasticity
and independence ofobservations as traditional paramet
ric tests (Boik, 1987; Hayes, 1996; Keller-McNulty &
Higgins, 1987; Rasmussen, 1989).

Until recently, randomization tests have been unavail
able to behavioral scientists because most statistical
packages do not include randomization routines. How
ever, a few independent software designers have produced
programs that can permute and compute very quickly
and are available at little cost (e.g., NPStat: May, Hunter,
& Masson, 1993). Additionally, several books and jour
nal publications include program code for various ran
domization tests (e.g., Chen & Dunlap, 1993; Edging
ton, 1995; Green, 1977; Manly, 1991; Onghena & May,
1995; Siegel & Castellan, 1988).

Unfortunately, most of the available ready-to-run
computer software operates only on DOS-based ma
chines, keeping randomization tests out of convenient
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reach of scientists who prefer the Macintosh environ
ment. The remainder of this announcement describes
PERMUSTAT, a stand-alone application for the Macin
tosh that will conduct randomization tests for three hy
potheses commonly tested in the behavioral sciences.

PERMUSTAT estimates p values for the following
tests: (1) the t test that the difference between two means
collected from independent samples is zero, (2) the t test
that the difference between two means collected from
two dependent (repeated measures) samples is zero, and
(3) the t test that a Pearson product-moment correlation
coefficient is significantly different from zero.

System requirements. PERMUSTAT runs on any
Macintosh operating under operating system 6.0.7 or
later. The program takes only 105K ofdisk space and re
quires no special memory enhancements, graphics capa
bilities, or math coprocessors. At least 500K of RAM is
recommended.

Data entry. Data can be entered into PERMUSTAT
manually through the keyboard or by reading an ASCII
disk file generated with a word processor, statistical pro
gram, or spreadsheet. Data files can be saved to disk.

Method of analysis. PERMUSTAT can compute both
approximate and exact p values. For approximate p val
ues, PERMUSTAT uses the logic of the "approximate"
randomization test (Edgington, 1995). That is, a random
sample of all possible data permutations is used to gen
erate the null frequency distribution of outcomes. The
user can specify the number of times the data should be
permuted. PERMUSTAT can also compute exact p val
ues by enumerating all possible permutations of the data
set appropriate to the test selected.

Output. After data randomization, the computer dis
plays the computed test statistic, the group or variable
means (if relevant), and estimates of or the exact one
and two-tailed p values of the statistic. Output can be
saved to disk as an ASCII file.

Limitations. PERMUSTAT cannot handle data sets
smaller than 3 cases or larger than 500 cases. The pro
gram allows little editing of data during manual entry
and no editing capabilities are provided after the data are
entered.

Speed. PERMUSTAT's speed has been tested on four
Macintosh computers with no special mathematical co
processors. The number of seconds it took each com-

Table 1
Computational Speed of PERMUSTAT Operating on

Four Different Computers

Bivariate
Sample Size

Computer Clock/Processor 10 30 50

Macintosh SE 16 MHz/68000 82 195 307
Macintosh LC 25 MHz/68020 72 118 165
Macintosh LClll 25 MHz/68030 29 48 66
Macintosh Centris 610 25 MHz/68LC040 12 20 28

Note-Table entries are in seconds/I ,000 permutations for computa
tion of approximate p values.

puter to complete the computations, per 1,000 permuta
tions, is displayed in Table 1.

Availability. A current version of PERMUSTAT(Ver
sion 1.2) can be obtained through anonymous FTP to the
MacPsych archive at ftp.stolaf.edu(see Huff& Sobiloff,
1993). Alternatively, a copy of the program and accom
panying documentation can be obtained by sending a re
quest to Andrew F. Hayes, Department of Psychology,
University ofNew England, Armidale, NSW 2351, Aus
tralia. Within Australia, please include a 3.5-in. diskette
and a self-addressed envelope with sufficient return post
age.
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