A Proposed Underlying Source of Human Error

Supplemental Information 4
Possible evidence of Pulsemes in RT effect sizes 

The main paper reports experimental evidence for the possible existence of pulsemes.  The initial reports are, of course, from a biased sample.  This is because the author was looking for examples of 38 ms cognitive processing cycle times or the possibility that these might be embedded in larger effect sizes.

In order to make the sample less biased the author then looked via Supplementary Information 3 at the very specific instance of experiments involving the recording of effect sizes for correct and incorrect responses.  Unfortunately, although Supplementary Information 3 suggested that there might be some prima facie evidence of pulsemes, the data needed to confirm this as a statistical proposition were insufficient.

So as to undertake an unbiased test of the hypothesis and obtain a suitable sample size, a wide range of experiments was taken from the literature and, with no prior knowledge of the data, or their possible significance, the effect sizes arising from each experimental manipulation were recorded.

In all, 77 experiments that reported in total some 776 task time effect sizes were analysed to see if there was any regularity in what is being reported.  The reference material came from:-

Band and Van Nes (2006), Bosbach et al (2005), Casey et al (2002), Catmur et al (2007), Chen (2005), Debener et al (2005), Eichele et al (2008), Greenwald (1972), Hazeltine (2005), Heyes and Ray (2004), Heyes et al (2005), Holroyd et al (2005), Hommel (1996a), Shaffer (1965), Heister and Schroeder-Heister (1994), Vu and Proctor (2004), De Jong (1995), Duncan (1978), Stoffels (1996), Ehrenstein and Proctor (1998), Schriver et al (2008), Logan (2007), Schneider and Logan (2006), Arnell et al (2006), Arnell and Stibitz (2009), Akyürek et al (2007), Arrington et al (2007), Bayliss (2007), Biederman and Stacy (1974), Briggs & Johnsen (1973), Hazeltine et al (2002), Durgin (2003), Egner and Hirsch (2005), Fitts & Seeger (1953), Lien and Proctor (2002), Hommel (1998), Hochman et al (2009), Hazeltine et al (2006), Hommel (1996b), Hommel (2002), Hommel et al (2004), Jenkins et al (2005), Jost et al (2008), Kerzel et al (2001), Kopp et al (2007), Kornblum and Lee (2005), Santee and Egeth (1982), Donkin et al (2014), Kadlac and Theios, as reported in Link (1975), Müsseler and Hommel (1997), Rakitin (2005), Wesslein et al (2014), Roca et al (2012), Mordkoff and Hazeltine (2011), Kozlik et al (2013), Proctor et al (2013), Proctor and Vu (2010), Caessens et al (2004), Koch (2009), Lyons and Briggs (1971),  Swanson and Briggs (1969), Briggs and Blaha (1969), Briggs and Swanson (1970), Briggs et al (1978), Swanson et al (1972), Chajut and Algom (2003), Kerzel et al (2006), Johnson et al (2002), Forster and Lavie (2014), Blais et al (2014), Rabbitt et al (1978), Jongen et al (2006), Sigman and Dehaene (2005).
The resulting composite data set was tested with a range of possible pulseme probe durations ranging from 5 to 60 ms to see, by eye, (a) whether any one proposed duration would fit any better than any other, (b) identify whether there was a duration in the 35 to 45 ms range that might be any more significant than any other, (c) establish whether any particular “best fit” might be subject to “end effects” arising from what would inevitably be a skewed distribution, particularly those involving short RT effect sizes and, (d) establish what levels of significance might be involved if there was any departure from randomness.

So as to check that the source of the departure from randomness came from the data themselves rather than some unintended sampling bias, a Chi-squared test on an equivalent number of random numbers extracted from an internet website which were matched with respect to the range of the effect sizes that had been reported in the literature was conducted.  This test, using 38 ms as a probe proposed pulseme value, failed to produce a significant result, suggesting that the significance that was observed most likely comes from the effect size data themselves and nowhere else.   

A Chi-squared test on all 776 effect sizes using 38 ms as a divisor resulted in a value of 39.206 with 9 degrees of freedom. The two-tailed P value is less than 0.0001.

An earlier test using a range of divisors to process 747 effect sizes showed that 39 ms might be a good candidate as a “best fit” value for a pulseme duration.

The Chi-squared results for the divisor range 37 to 42ms were as follows:-

	Divisor (ms)
	Chi-squared
	significance

	37
	32.960
	<0.0001

	38
	37.190
	<0.0001

	39
	52.103
	<0.0001

	40
	51.380
	<0.0001

	41
	45.222
	<0.0001

	42
	43.509
	<0.0001


Table 1 Summary of Chi-squared test results over range 37-42 ms
Table 1 shows the Chi-squared values for the range of probe values in the 40 ms region.  It will be seen that the departure from randomness is very considerable, even when the range of investigation is limited to exclude effect sizes below 78 ms and those above 152 ms, so as to limit the influence of low and high RTs that might introduce undue skewness.
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