A Systematic Review on Randomization and Permutation
Tests in the Educational and Behavioral Sciences
Ming Huo
ming.huo@ped.kuleuven.be

Mieke Heyvaert
mieke.heyvaert@ped.kuleuven.be

Wim Van den Noortgate
wim.vandennoortgate@kuleuven-kortrijk.be

Patrick Onghena
patrick.onghena@ped.kuleuven.be

Katholieke Universiteit Leuven
Versaliusstraat 2, Leuven, Belgium

BACKGROUND

In many educational and behavioral studies, the
assumptions of the classical parametric hypothesis tests
(e.g., normality, homogeneity of variance, independence of
errors) are often considered implausible [1, 2, 3, 4]. An
alternative to the traditional statistical methods that does not
rely on such strict assumptions is to use a randomization
test (RT) or permutation test (PT). RTs and PTs constitute a
set of distribution-free statistical tests that calculate the
probability of getting a value as extreme or more extreme
than an obtained value of a test statistic under a null
hypothesis by recalculating the test statistic for all or many
permutations of the data. They do not depend on a specific
error distribution, and they use the original values of the
data instead of the ranks. RTs and PTs were proposed in the
early twentieth century, but were not widely used until
much later. This is mostly because (a) they were too
computationally intensive, (b) their applicability was
limited to simple scenarios, (c) and they could be replaced
by the available classical nonparametric tests based on
ranks [5].
Over the past two decades, RTs and PTs have received
much attention in the educational and behavioral sciences,
with an accompanying multitude of applications. However,
a general overview of the theoretical development and
applications of RTs and PTs in the educational and
behavioral sciences is still lacking, mainly because articles
on RTs and PTs are spread out over the literature.
Accordingly, a systematic review is called for.
Aim

There are three objectives of this paper: 1) to provide an
overview of the theoretical development of RTs and PTs
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and summarize several key areas of theoretical research; 2)
to summarize several active areas of educational and
behavioral applications of RTs and PTs; 3) to identify the
experimental designs in which RTs and PTs have been
applied.
METHODS

In order to realize the above-mentioned three objectives, the
databases ERIC, PsycINFO and Web of Science were
searched for articles on RTs and PTs, published in the
educational and behavioral journals between 1989 and
2008. Searches were performed by using the keywords
[randomization tests] and [permutation tests]. Articles
written in languages other than English were excluded.
Abstracts were read to identify the relevant articles. This
review was carried out in two tracks: a theoretical track and
an application track. The first track intends to summarize
the theoretical evolution of RTs and PTs. The second track
focuses on applications of RTs and PTs and intended to
summarize the experimental designs as well as areas in
which these methods have been applied.
RESULTS

124 articles were identified, which included 87 theoretical
articles and 37 application articles. In the theoretical
articles, seven major topics were identified: a) introduction
to and instruction of RTs and PTs (e.g., [3], [6]); b)
algorithms, programs and software for RTs and PTs (e.g.,
[7], [8]); c) RTs and PTs for group designs (e.g., [9], [10]);
d) RTs for single-case designs (e.g., [11], [12]); e)
multivariate RTs and PTs (e.g., [13], [14]); f) performance
of RTs and PTs (e.g., [1], [15]); and g) advanced topics
(e.g., [16], [17]). In the application articles, RTs and PTs
were applied in the following three active areas: a) models
of vocational interest structure (e.g., [18], [19]); b) eventrelated potential (ERP) and electroencephalogram (EEG)
(e.g., [20], [21]); and c) animal behaviors (e.g., [22], [23]).
Meanwhile, RTs and PTs were found to apply for the
following experimental designs: a) one-group design and
association analysis (e.g., [24]); b) paired-group designs
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(e.g., [25]); c) multivariate designs and multiple
comparisons (e.g., [14]); d) distance matrices analysis (e.g.,
[22]); and e) single-case design (e.g., [26]).

6. Bear, G. Computationally intensive methods warrant
reconsideration of pedagogy in statistics. Behavior
Research Methods, Instruments & Computers, 27
(1995), 144-147.

DISCUSSION

7. Cai, L. Multi-response permutation procedure as an
alternative to the analysis of variance: An SPSS
implementation. Behavior Research Methods, 38 (2006),
51–59.

From a theoretical perspective, methodological possibilities
of RTs and PTs have been extended over the last 20 years.
Among those articles, a majority of them focused on the
implementation of RTs and PTs, RTs for single-case design
and RTs and PTs for group designs, whereas multivariate
RTs and PTs as well as advanced topics were less
discussed.
From an application perspective, RTs and PTs have been
employed in several active areas of behavioral research.
However, compared with the range of topics discussed in
the theoretical part, both the application areas and types of
experimental design are limited. Some applications of RTs
and PTs can be attributed to the theoretical development of
RTs and PTs in the educational and behavioral sciences,
such as the area of models of vocational interest structure.
Among those application articles, RTs and PTs were used
as alternatives to parametric hypothesis tests in order to
avoid the stringent distributional assumptions.
CONCLUSIONS

The methodological possibilities of RTs and PTs have been
extended substantially during the last years, RTs and PTs
are not only applied in simple (e.g., two-group design) but
also in complex contexts (e.g., multivariate designs).
Moreover, recent developments of RTs and PTs have
widened their application scope. RTs and PTs are employed
in some more complex and exciting areas, such as ERP and
EEG, since RTs and PTs are powerful tools to solve the
multiple comparisons problem in these areas. While many
theoretical articles were published in educational journals,
more applications were published in behavioral journals.
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