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indication of the presence of a transient dipole, indicating the alert state of the brain 
while a visual stimulus is awaited. The peak of b(t) is identified by the vertical line 
in the top right panel of Figure 4.

Further work would allow standard errors to be computed for the curves which 
characterize the behaviour of a dipole, along the lines of the analysis described by 
Ventrucci et al. (2011). However, the focus of the present article is the variability 
across trials and so the estimates which have been derived are used to examine and 
describe the random variation at trial level.

6.2 Functional data analysis of many trials

When viewing the results of fitted models for a large number of trials, a more 
systematic and quantitative method of identifying the presence of a dipole is 
required. Two conditions must be satisfied, namely that the poles oscillate at the 
same frequency and that they are fully out-of-phase. A simple empirical rule might 
identify a dipole if | ( ) ( ) |f t f t 2<1 2-t t  and ( )t 1<r b- . Of the 384 trials examined for 
instance for subject 1, this rule identifies a dipole within the a-band range at some 
time point in 307 cases. However, it is more appealing to quantify the strength of 
evidence for a dipole in a more continuous manner and this can be achieved by use 
of the weight function:

/ . },0 5. ( ( ))t0 5 r b-/ } {exp1 -( ( ) ( ))f t f t-.0 5 2 2{exp -( )w t i 2
2 2= t t

which decreases from 1 in a smooth manner as ( )f t1
t  and ( )f t2

t  move apart and as 
b(t) moves away from r. The ‘standard deviation’ parameters of the exponential 
components have been chosen to match the simple binary rule given above.

Figure 5 shows the spatial distribution of the dipoles detected in all the available 
trials for each of three subjects involved in the experiment. The lines connect the two 
poles of the dipole and their mid-points represent the estimated dipole locations. 

Figure 5 The variability in spatial location (mid-point of each line) and orientation (with current flow 
perpendicular to each line) for repeated trials with three different subjects. The density of each line is 
determined by the strength of evidence over time for the presence of a dipole.

Source: Produced in the free software environment R (R Development Core Team, 2011).
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