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The ex-Gaussian analysis of reaction time distributions for cognitive experiments
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Abstract

Although most behavioral reaction times (RTs) for cognitive tasks exhibit positively skewed distributions, the
majority of studies primarily rely on a measure of central tendency (e.g. mean) which can cause misinterpretations of
data’s underlying property. The purpose of current study is to introduce procedures for describing characteristics of RT
distributions, thereby effectively examine the influence of experimental manipulations. On the basis of assumption that
RT distribution can be represented as a convolution of Gaussian and exponential variables, we fitted the ex-Gaussian
function under a maximum-likelihood method. The ex-Gaussian function provides quantitative parameters of
distributional properties and the probability density functions. Here we exemplified distributional analysis by using
empirical RT data from two conventional visual search tasks, and attempted theoretical interpretation for setsize effect
leading proportional mean RT delays. We believe that distributional RT analysis with a mathematical function beyond
the central tendency estimates could provide insights into various theoretical and individual difference studies.
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Figure 1. Two virtual RT distributions those mean RTs are equally 500ms. A solid line represents a standard Gaussian

distribution and a dotted line represents positively skewed distribution.
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Figure 3. The ex-Gaussian probability density function
(sold line) resulted from a mixture of a
Gaussian function (short dashed line) and an
exponential function (long dashed line).
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Figure 4. PDF(probability density functions) in a combination of three ex-Gaussian parameter values underlying given

mean estimates. Dashed line in panel B, C, and D is a Gaussian PDF of panel A.
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Figure 5. Example displays of two visual search tasks.
Participants searched for a red (white in figure)
vertical rectangle among green (black in figure)
vertical rectangles (simple feature search) or
green vertical and red horizontal rectangles
(conjunction search). Figure 6. Mean search
performances as a function of (A) accuracy x
set size and (B) correct RT x set size. The
error bars above and in all subsequent charts
represent the standard error of mean (SEM).
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93 4 9=, ex-Gaussian@ diffusion 23 ¢ nz}nr]
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o] ex-Gaussian T FEPEISLe] HAY S FAAAS Y
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