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Abstract

Fisher’s g test and several other tests for periodicity are compared for short time series. An
accurate approximation to the distribution function of the test statistics is derived using
response surface regression. To fit this regression, a large simulation was carried out on
a large cluster computing facility, SHARCNET, using the R programming environment.
Methods of ensuring an accurate fit of the response surface regression are discussed. The
final cumulative distribution functions are parameterized by a relatively small number of
parameters enabling efficient computation. A complete R package available on CRAN for
periodicity testing is described.
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1. Introduction

The problem of detecting periodicity in short time series arises in microarray time series
experiments and there are potentially many other possible areas where it is of interest to
detect periodicity in short signals. In the case of microarray experiments, DNA expression
is obtained at regular time intervals to obtain n consecutive time series observations for each
of the many thousands of genes on the microarray. It is of interest to find which genes may
exhibit cyclic or periodic behavior. In many cases 10 ≤ n ≤ 100 and so the problem is one
of testing for periodicity in short time series. This is illustrated in a microarray time series
experiment with a type of yeast, C. crescentus, (Wichert et al., 2004). The left panel in Fig.
1 shows a four parameter harmonic regression model fitted to n = 11 consecutive observations
for the gene identified as ORF06806. The fitted model four parameter harmonic regression,
shown in Fig. 1 strongly suggests periodicity. The residual-fit plot is shown in the right panel
in Fig. 1. Overall these plots suggest the model is reasonable but the p-value from Fisher’s
test for periodicity (Fisher, 1929) is only 11.9%. Four improved tests for periodicity in short
time series are discussed in the next section and a computationally accurate and efficient
method is developed using response surface regression (RSR) to compute their p-values.
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Figure 1: Fitted harmonic regression (left), ẑt = µ̂ + Â cos(2πλ̂t) + B̂ sin(2πλ̂t), where t = 1, . . . , 11, µ̂ = 1.2991,
Â = −0.7528, B̂ = −0.4523, λ̂ = 0.1235,and residual-fit plot (right). The estimated frequency λ̂ = 0.1235
implies a period of about 8 hours.

While longer signals are of great interest in many applications and extensive research has
been carried out on this problem (Quinn and Hannan, 2001), Fig. 1 demonstrates that the
problem of periodicity detection in short series is of practical interest.

to be continued ...
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