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Abstract, Using computer simulations, it is shown that experiments aimed at demonstrating
“presentiment” by showing arousal to be higher prior to arousing stimuli than prior to calm stimulj
presented in a randomised (with replacement) order run the risk of being afflicted with a computational
bias. The bias is based on the (false) expectation that the likelihood of an arousing stimulus being
presented grows as the number of consecutive calm stimuli increases {the gambler’s fallacy). When
£roup means are calculated across individual means, they become larger prior to activating stimuli than
prior to calm stimuli, with an effect size of about 10% for “realistic” expeniments and various reasonable
models of expectation growth. The effect remains when subjects are pooled before averaging, but tends
to become much smaller (typically around 0.01 o), although the maximum offect (regardless of model)
may be larger, The bias decreases as the length of the sequence increases and approaches zero as the
length of the sequeace approaches infinity.

The bias is shown to be attributable o nappropriate caleulations of means: for sequences of
consecutive calm stimuli, the first stimuius in each sequence is entered into the denominator, even
though it is not preceded by an expectation of an arousing stimulys.

Various possible strategies for attempting to get rid of the bias are discussed, but none of them is
Judged to be fully satisfactory,

It is argued that the bias may occur in various other types of experiments, both within and cutside

parapsychology. Tt is also argued that numerous previous experiments need to be checked for the
occurrence of the hias.
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is some measure of electrical skin resistance, or electrodermal activity (EDA), which is generally assumed
to be a valid measure of emotional arousal.

A typical experiment is conducted as follows. The participant is connected fo electrodes, for
measurement of EDA, and is seated in front of a computer screet, on which pictures varying in emotional
content are to be shown. When the participant is ready to start, he or she pushes a mouse button, telling
the computer to start a trial. Tach of a predetermined number of trials (typically around 40) is started by
the participant pushing the mouse button; this is done when he or she "feels like it”. Each trial is divided
into three periods:

(1) Before the picture is shown (e.g., 5 sec)
(2) The picture is shown (e.g., 3 sec)
(3) After the picture has been shown (e.g., 5 sec)

The pictures are of two types: (a) arcusing pictures, that is, emotionally activating pictures (for
example, pictures depicting violence or sexual motifs) and {b) calm pictures. The pictures shown are
selected randomly, with replacement, from a pool, The number of activating and calm pictures in the pool
need not be the same. In order to avoid, or minimize, habituation, there is most often a larger number of
calm pictures than of activating pictures (for example, twice as many calm as activating pictures). The
participants” task merely consists of viewing the pictures as they appear on the screen.

In mainstream research, when data are averaged across participants and pictures, this type of
protocol normally results in much stronger EDA reactions in response (o activating pictures than in
response to calm pictures. What Radin found, however, was that stronger EDA reactions were triggered

by activating pictures than by calm pictures not only after the pictures had been shown, but also before
they were shown.

A result of expectation effects?

The objection that the above cesults could be due to expectation offects rather than precognition has been
a major theme in the short history of presentiment research. Already in his first paper on presentiment,
Radin himself considers this argument, and rejects it (Radin, 1997a). The argument goes as follows. It
could be that the participants’ arousal level increases on each trial when a calm picture is shown, right
until a trial with a calm picture appears, whereupon the arousal level returns to baseline, increases again
on each trial until a new activating picture is shown, whereupon it returns to baseline again, and so forth.
This theoretically possible behavior could occur if participants believe that the likelihood of the next
picture being activating increases as the number of calm pictures shown siace the last activating picture
increases (that is, “the gambler's fallacy™). An example showing how this could lead to the arousal level
atways being at a peak shortly before an activating picture is presented in Fig. L.

In a letter to Journal of Scientific Exploration, Radin 1s criticized by Suitbert Ertel (1998) for not
having sufficiently convincingly shown why his results could not be explained as an expectation effect, as
described above. Later, however, Bierman (1999) furnished a mathematical proof that seemed to
demonstrate that, and why, no expectation effect could lead 1o the results in question. This proof is
consistent with a computer simulation (carried out by two of the authors JD and TW) of the behavior
iilustrated in Fig. 1, involving as many as 10,000 trials instead of the small number (71) depicted in Fig.

1. Tt turned out that the average arousal level just before an activating picture was almost exactly as high
as the average arousal level just before a calm picture, Similar simulations, giving the same results, have
been conducted by Bierman and Radin (personal communication).
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Fig. 1. The figure shows how expectation effects could lead to an illusionary increased arousal level just
prior to the presentation of an activating picture. Dashed vertical lines mdicate trials with
activating pictures. Calm pictures are shown on other {rials.

Apparently, then, there is no doubt that, in the long run, the average arousal level will be the same
before an activating picture as before a calm picture. As a matter of fact, on second thought, this appears
to be seifevident: Since each new picture is statistically independent of the pictures shown earlier
(remember that the pictures were sampled with replacement), the average expectation level should be the
same before activating pictures as before calm ones. Thinking otherwise would be tantamount to
believing that “the gambler’s fallacy” is not a fallacy after all.

As will be shown below, however, the situation is a bit more complicated than one might expect.

Puzziing computer sinudations

In view of what has been said above, the computer simulation in an urpublished study by Radin (1999) 1s
surprising. In this simulation, fifty “participants™ "observed” a sequence of randomly selected activating
and calm pictures (with replacement), the ratio between calm and activating pictures bemng 2:1. The
participants' behavior was exactly the same as that illustrated in Fig. 1. The baseline for arcusal was thus
set to 0, and on each successive trial, the arousal level was increased by one unit until an activating
picture was shown, whereupon.the arousal level was reset to 0. The simulation was run for seguences
ranging in length from 14 through 112 trials. The results revealed a small, but clear, positive difference
between activating and caim pictures, which, however, decreased as the length of the sequence increased!
(Somewhat surprisingly, Radin rejected the difference as probably being due to sampling errors.)

In order to test the reliability of Radin’s simulation, we have run a similar simulation of our own,
involving 50 “participants”, each one “being presented with” a number of calm and activating pictures,
with a ratio of 1:1 between calm and activating pictures (to match other analyses to be considered later).
In order to extend Radin’s simulation so as to include very small sequences, the lengths of the sequences
ranged from 2 (instead of 14) through 112 trials. And in order to diminish sampling errors, the
“experiment” was repeated 3,000 times for each sequence length.

The results are shown in Fig. 2, The main results, that is, the difference in arousal level between
activating and calm pictures prior to each new picture, are represented by the middle curve. The upper
and the bottom curves indicate the 95% confidence intervals, and the two broken curves represent +1.96
standard deviations, calculated over the 5,000 experiments for cach sequence length.

Fig. 2 shows, bevond any reasonable doubt, that the expectation effect is real, But the figure also
shows — just as in Radin’s corresponding simulation - that the effect decreases as sequence length
increases; what is more, the figure also seems o demonstrate that the effect — again in agreement with
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Radin’s stmulation ~ approaches 0 as the sequence length approaches infimity. It may also be noted, in
passing, that the two curves representing +1.96 standard deviations fall within the 95% confidence

intervals, indicating that the expectation effects are not normally distributed (had they been, they would
have covered the 95% confidence intervals).
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Fig. 2. The graph shows the results of a simulation involving 50 “participants”, each one being presented
with sequences of calm and activating pictures in a pool, with a ratio of 1:1 between calm and
activating pictures. The middle curve represents the difference in arousal between activating and
calm pictures prior to each new picture. The upper and the lower curves indicate the 95%

confidence intervals, and the two broken curves represent + 1.96 standard deviations, calculated
over the 5, 000 experiments for each sequence length.

in the simulation presented in Fig. 2, the mean arousal levels preceding arousing or calm pictures
were calculated for each individual “participant” separately and before mean differences were calculated
(see Table 1). This is not the only possible procedure, however, One alternative is (a) to sum up the
arousal values preceding activating and calm pictures, respectively, for each participant and (b) to
calculate the mean sum across participants for the respective activating and calm pictures (see Table 2).
As far as bias is concerned, this is, in effect, equivalent to calculating the sum of the individual summed
arousal levels prior to activating and calm pictures, respectively, since the number of participants is the
same for both types of pictures. Another alternative is (a) to merge all the sequences into one single
cluster of sequences and (b) to calculate the mean arousal level prior to activating and calm pictures,
respectively, for this whole cluster directly (see Table 3), instead of first calculating the means for each

lications of the simulation shown in Fig. 2 using these

individual sequence separately, as in Fig. 2. Rep
two alternative procedures are shown in Fig. 3.
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The figure shows two different replications of the simulation shown in Fig. 2. In Graph A, means

of summed arousal values prior to activating and calm pictures, respectively, have been
“calculated across sequences/participants (see Table 2). In Graph B, mean arousal values prior to
activating and calm pictures, respectively, have been calculated across stimuli afer sequences
have been merged into a cluster (see Table 3).

As can be seen from Fig 3A, when the sums of individual arousal values are averaged across
sequences/participants, there is no bias. As can be seen from Fig. 3B, however, when means are
caleulated across stimuli for the whele set of sequences without first calculating individual means, there /s
a bias, although a substantially smaller one than that obtained in Fig. 2.
Thus far, our major simulation results can be summarized as follows: Int the long run (one subject
and 10,000 trials, and extrapolation of the results in Figs, 1 through 3), there is no discernible difference
in arousal level between activating and calm pictures, in accord with the fact that each picture is
statistically independent of previously presented pictures. But in the long (5,000 experiments with 50
participants) short (say 20, or so, trials) run, there actually /s a difference in arousal between activating
and calm pictures (when the method described in Table 1 is used), unless individual sums (in contrast to
means) of arousal values are averaged across participants/sequences (in contrast to stimuli), i.e. when the
method described in Table 2 is used, in which case no bias occurs,
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Table 1. Example of computation method. The difference in arousal level between activating and calm pictures is
calculated by a) for each participant calculating the difference between mean arousal level prior to arousing pictures
and mean arousal level prior io calm pictures, and b) taking the mean of all those mean differences.

Participant Sequence Mean(ay) Mean(ac) Mean(a,) -
Meaniac)
1 CCA Meania,), Mean(acz), Meanfaj; -
Meaniac),
2 ACA Mean{a,), Mean(ac); Mean Mean(a): -
Mean(ag)s
n CAC Mean(aA)n ll’iz'i“ean(ac)n . Mean(a,), -
Meanfac),

Note: A = arousing picture, C = Calm picture, a, = arousal level prior to arousing pictures, ac = arousal
level prior to calm pictures '

Table 2. Example of computation method. The difference in arousal level between activating and calm pictures is
calcnlated by (a) summing up the arousal values preceding activating and calm pictures, respectively, for each
participant and (b) calculating the mean sum across participants for the respective activating and calm pictures.

Parficipani Sequence Sumia,) Sumfacg)
1 CCA Sumiay), Sumfac);
2 ACA

Sum(@s)2 > poanfSumfa)] — Mean[Sum(ag]s SHM@dz
0 CAC Sum(ay); Sum{ac).

Note: A = arousing picture, C = Calm picture, as = arousal level prior to arousing pictures, ac = arousal
level prior to calm pictures

Table 3. Example of computation method, The difference in arousal level between activating and calm pictures is
calculated by (a) merging alli sequences/participants into one single cluster and (b) calculating the difference
between mean arcusal level prior to activating and calm pictures, respectively, for this whole cluster,

Participant Sequences Mean(a,) Mean{ac)

/ 4 A
1, 2,.. n\%w CAC Mean{a.) - Mean(ac)

Note: A = arousing picture, C = Calm picture, a, = arcusal level prior to arousing pictures, ac = arousal
level prior to calm pictures
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Different arousal models

Any simulation of real presentiment experiments is, of course, critically dependent on how the arousal
level, or, more generally, the expectation about which type of picture is going to be presented on the next
trial, changes as a function of previous pictures, Thus far, we have only considered cne possible model,
depicted in Fig. 1, according to which the arousal level increases linearly as a function of the number of
calm successive pictures.

An alternative model would be one where arousal grows as a positively accelerated function of the
number of calm successive pictures, such as an exponential function.

. In our view, however, the most realistic model has a sigmoid form, At the beginning of a series of
calm stimuli, there is probably no strong expectation, or any expectation whatsoever, that an activating
stimulus will be presented on the next trial, meaning that arousal would grow only slowly, or not at ail, at
the beginning of the series. But as the number of calm successive stimuli increases, it is reasonable to
assume that the expectation of the next stimulus being activating would grow increasingly fast, up to
some inflexion point at which the curve levels off.

In the next major section (“Theoretical considerations”, see below), however, where the bias will be
analyzed more theoretically, we will tum to a simpler model. For convenience, we wiil use a binary
model. In that model, instead of assuming that arousal in a series of calm pictures increases
moenotenically, as in the above models, arousal increases from 0 to 1 at the first picture in a series of calm
pictures and remains at that level until an activating picture resets the level to 0 (see Fig. 4). Although this
model is certainly highly simplified, it still captures the essence of the bias.
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Fig. 4. The graph shows a simplified, binary model of how expectation effects could lead to an
Ulusionary increased arousal level just prior to presentation of an activating picture, Arousal
increases from 0 to I at the first picture in a series of calm pictures and remains at that level until
an activating picture resets the level to 0.

Quantitative estimates of effect sizes

An important question to consider is how large the artefacts can be. A precise answer would allow us o
estimate the probability that reported psi effects might be explained away by this artefact.

As can be seen from the qualitative treatment above, the effect size is dependent on the number of
subjects/sequences that are pooled before one averages. Also, the effect size is dependent on the strategy
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to begin with. There is a small risk that this approach might result in a local maximum with other

anobserved maxima. The results of our search for the largest bias resulting from any model are given In
Table 5.

Table 5° Means and standard deviations arising from search for the largest bias producing model.

Averaged per 5s Averaged all pooled
Worst Model Ratio Mean (%) SD (%) Mean (%) SD (%)
Random search i:1 12.96 2.08 -0.046 2.14
Systematic search 1:1 26.14 5.16 0310 5.50
Random search 1.2 10.78 175 $.012 1.74
Systematic search 1:2 22.35 3.34 -0.004 3.38

Apparently the random search method does not work well, but the systematic search gives results
that are indeed larger than found with analytical models as show in Table 4. Realizing that, for
combinatorial explosion reasons, the systematic search only used the first eight coefficients, it is not
impossible that models exist which. produce even larger artefacts. In further research the analyses should
be extended to models of strategies which take wto account the number of consecutive activating stimuli,
or any other history; but at this point, analytical methods should probably take over.

From the simulation results it can be conciuded that for realistic experiments, the method of
averaging per subject is introducing errors in the order of magnitude of the empiricaily observed effect or
even larger. An argument that actual data show that a specific model does not apply can not be used
because, as can be seen from the results, all models do result in measurable bias and thus different
subjects might use different models, which will obscure an overall search for a shared model.
Nonetheless, these subjects will introduce a hias. On the other hand, it is also clear that pooling all data
before averaging is a sound procedure. It is not infallible, however, as indicated by the 0.30 % bias
produced by the systematic search for the 1:1 ratio. (All or most published pre-sentiment gxperiments
have pooled the data before averaging.)

Theoretical Considerations

When the bias stays away

As suggested above (Fig. 3A), one way of avoiding the bias is to refram from calculating mean arousal
levels across stimuli and just compare summed arousal units prior to activating and calm pictures — either
directly or after averaging across sequences/participants (see Table 2). That no bias appears in this
procedure follows inevitably from the fact that the arousal state at any particular point in a sequence is
independent of whether the next stimulus is an activating stimulus (A) or a calm stimulus (C). The
gambler's fallacy is a fallacy! However, the “just sum” method runs a high risk of leading to Type I
errors, that is, a failure to detect any possible real effect: since +he relative number of activating and calm
stimuli vary from one participant to another, due to sampling fluctuations, a possible true presentiment
effect runs the sk of being obscured by the random effscts of unequal mumbers of activating and calm
stimulii.

Let us now consider an infinitely long sequence of randomly ordered activating and calm stimuli.
The expected number of calm stimuli in such a sequence, E(Ney, is half of the total number of stimuli, V!
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The same is true of the expected number of activating stimuli, E(N,:

EW,)=2
e

Because stimuli are randomly distributed, half of the calm stimuli will be preceded by another calm
stimulus; hence, their preceding arousal values will be equal to one unit. For the same reason, half of the
activating stimuli will also be preceded by a calm stimulus, and their preceding arousal values will also be
equal to one unit. It then follows that the expected average arousal level prior to a calm stimulus, Efac),
becomes Y% and that the expected mean arousal level prior to an acfivating stimulus, E(a,/), also becomes

Besides revealing the exact values of Efay) and E(ay) for the binary arousal model, this result
confirms our previous statement that no bias oceurs when a randomly distributed sequence of calm and
activating stimuli is infinitely long,

In addition to refraining from calculating mean arousal values across stimuli, there is also another
method of avoiding the bias. By considering al/ possible sequences of a given length, one finds that no
bias exists when all of them are merged into a single cluster or, in other words, when all participants are
“replaced” by one single “super person”. (This corresponds to the calculations described in Table 3,
except that only a sample of all possible sequences is used in that table.) The reason why this happens is
the following: Since (i) the total number of A-stimuli is the same as the total number of C-stimuli and (ii)
the total sum of arousal units preceding A-stimuli is the same as the total sum of arousal units preceding
C-stimuli, the mean arousal level for A-stimuli must be equal to the mean arousal level for C-stimuli,

It should be pointed out, however, that, in a finite sequence, the overall arousal means for activating
and calm pictures will not be equal to the expected values in an infinitely long sequence. As can be easily
shown, when all possible sequences are merged into a single cluster, the mean arousal level preceding
both activating and calm stimuli follows from the expression:

N-1
2N

where N is the sequence length. As can be seen from this expression, the mean arousal levels increase
continuously from Y in the case of N=2 and continue to approach 0.50 as the sequence length increases.

Why does the bias appear and why is it dependent on sequenice length?

To get an intuitive understanding of why and how the bias arises, it is useful to consider all possible
sequences of the shortest possible length, two stimuli. There are four possible such sequences: CC, CA,
AC and AA, corresponding to an experiment with four participants, each one being presented with two
stimuli. The expectation/arousal effects for the four stimulus pairs are shown in Table 6. (The calculations
in this table corresponds to those in Table 2, except that individual sums of arousal values are replaced by
individual means.)

As can be seen from Table 6, the average arousal level prior to activating stimuli (0.33) is larger
than the average arousal level prior to calm stimuli {0.17). Why is it so? We may first note that the
stimulus pairs CC and CA differ from the stimulus pairs AC and AA in that the two former stimulus pairs
are both associated with increased arousal levels, while the two latter stimulus pairs are not. We may
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further note that some of the four stimulus pairs differ from each other with respect to number of C-
stimuli, me, and the number of A-stimuli, 7, the CC-pair consists of two C-stimuli but no A-stimulus;

both the CA-pair and the AC-pair consist of one A- and one C-stimulus; and the AA-pair, finally, is
composed of two A-stimuli.

Tabic 6. Analysis of expectation/arousal effects for activating and calm stimuli for the four possible
sequences consisting of two stimulL

Stimuli
Activating : Calm

Sequences  Sum(a,) My Mean{a,) Sumiac) Ne Mean(az)
c'c 0 0 - 1 2 1/2
C'A 1 1 1 0 1 0
AC 0 1 0 ) 1 y
AA G 2 0 G 0 -
Sum 1 4 H 1 4 /2
Mean (.25 1 1/3=33 0725 1 1/6=17

Note: “1"= one arousal unit preceding an activating or a calm stimulus; Sum(a,/=sum of arousal units
preceding activating stimuli; 7, =number of activating stimuli; Mean(a,)=mean of aroysal units preceding
activating stimuli; Sum(ac)=sum of arousal units preceding calm stimuli; me=number of calm stimuli,
Mean{ag)=mean of arousal units preceding calm stimuli.

The fact that the bias occurs is, as can be sesn, atiributable to the difference between the two
arousal generating stimulus pairs, CC and CA. The first C in the CC-pair and the single C in the CA-pair
are both generating the same arousal magnitude, one unit. But there is only one A-stimulus in the CA-
pair, while there are two C-stimuli in the CC-pair. As a consequence, the mean of the arousal magnitude
created by the first C-stimulus in the CA-pair (1/1) becomes higher than the mean of the arousal
magnitude created by the first C-stimulus in the CC-pair (1/2). And since neither the single A-stimulus in
the AC-pair nor the first A-stimulus in the AA-pair generates any arousal at all, the overall mean arousal
level prior to A-stimuli (0.33) becomes larger than the overall mean arousal level prior to C-stimuli
(0.17).

This explanation will later be worked out in more detail and generalized to longer sequences. But
before that we will take a closer look ai the relation between the magnitude of the bias and sequence
length.

Tabie 7 shows the means of the individual average arousal magnitudes preceding activating and
calm stimuli, respectively, as well as the corresponding values of the bias for sequences ranging in length
from two through ten stimuli. For activating stimuli, the total mean increases rapidly, reaching the
expected value for an infinitely long sequence, 0.50 {disregarding further decimals), already at the
sequence length of seven stimuli. For the calm stimuli, by contrast, the total mean increases more slowly,
reaching an upper limit of 0.40 for the present range of sequence lengths. Disregarding the increment in
the size of the bias when the sequence length increases from two to three stimuli, the bias diminishes
continucusly as the sequence length increases.

In the analyses leading to the results shown in Table 7, comparisons between arousal levels for
activating versus calm stimuli were made on the group level, that is, before mean differences were
calculated, the mean arousal levels prior to activating and caim stimuli were
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calculated across participants. But our original simulation in the previous section (Fig.2) was run on the
individual level (as described in Table 1}: that is, before the final mean differences were calcuiated, mean
differences were calculated for each individual “participant” separately (giving a higher statistical power
than a corresponding analysis at the group level, as noted before).

Table 7. Means of individual mean arousal levels preceding activating and calm pictures and
corresponding bias values for sequences ranging in length from two through ten stimnli

Sequence Length Stimulus .
{No. of Stimuli) Activating fiott Calm Bias : ‘
2 0.33 L 017 0.17 Lo
3 0.43 - 0.24 - 0.19
4 .47 Lo 0.28 0.18
5 S 048 L (.32 0.17
6 049 b 0.34 0.15
7 0.30 .o 0.36 0,14
8 050 0.38 0.12
9 T 050 R 039 0.11
10 0.50 0.40 0.10

Table 8 shows such a within subjects analysis for the same sequence length as in Table 6, that is,
two stimuli. In this table, the CC-sequence and the AA-sequence in Table 6 (the uppermost and the
bottom sequences) have been dropped. The reason is, of course, that in a within subjects analysis of the
present type, not only undefined values have to be exciuded (the average arousal level preceding A-
stimuli in the sequence consisting solely of C-stimuli and the average arousal level preceding C-stimuli in
the sequence consisting solely of A-stimuli), but the whole sequence consisting solely of C-stimuli and
the whole sequence consisting solely of A-stimuli must be excluded, so that each sequence consists of at
ieast one A-stimulus and at least one C-stimulus,

A comparison between Table 6 and Table 8 shows the effect of excluding the uppermost and the
bottom sequences in Table 6: The mean of the average individual arousal levels preceding activating
stimuli has increased from 0.33 to 0.50 (the expected value for an finitely long sequence!), whereas the
mean of the average individual arousal levels prior to calm stimuli has decreased from 0.17 to 0.

Table 9 replicates Table 7 using within subjects analyses instead of group level analyses. Table 9
thus shows the means of the individual average arousal levels preceding activating and calm stimul,
respectively, as well as the corresponding values of the bias, using within subjects analyses for sequences
ranging in length from two through ten stimuli,

We may first note that the mean of the average individual arousal levels preceding activating
stimuli now is equal to 0.30 throughout, and not only for sequences exceeding six stimuli, as in Table 7.
This is an important finding. It shows that the previously demonstrated deviations from 0.50 in our group
level analyses can altogether be attributed to one single sequence: the one consisting solely of activating
pictures. Thus, the earlier deviations from 0.50 arose as a consequence of this particular sequence being
included in the calculation of the mean of the average individual arousal levels precading activating
stimuli, thereby decreasing the overal! mean as compared to the present analysis. This, in turn, explains
why the total mean approached 0.30 so rapidly: Since oniy one of all possibie sequences is solely
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composed of activating stimuli, this sequence becomes an increasingly smaller proportion of the total set
of sequences as sequence length — and hence the number of possible sequences — INCIeases.

Table 8. Within subjects analysis of expectation/arousal effects for activating and caim stimuli for the
two possible sequences consisting of two stimuli.

Stimuli
Activating Calm Mean(a,)-
Sequences  Sum(ay) 7 Mean{a,) Sum(as Hc Mean(ac) Mean(ag)
C'A 1 1 1 0 1 0 1
AC 0 1 & 0 1 0 0
Sum 1 2 1 0 2 0 1
Mean /2 1 172 0 1 0 12

Mote: “17= one arousal unit preceding an activating or a calm stimulus; Sum(a,)=sum of arousal
units preceding activating stimuli; n,=number of activating stimuli, Mean(a,}=mean of arousal units
preceding activating stimuli; Sum(az)=sum of arcusal units preceding calm stimuli; ne=number of
calm stimuli; Mean(ac) =mean of arousal units preceding calm stimuli,

Table 9. Means of individual mean arousal levels preceding activating and calm pictures and
corresponding bias values using within subjects analyses for sequences ranging in length from
two through ten stimuli.

Type of Stimulus

Sequence Length

(No. of Stimuli) Activating Calm Bias
2 0.50 0.06 0.50
3 050 - 0.17 0.33
4 0.50 0.25 0.25
3 0.50 0.30 0.20
6 0.50 0.33 0.17
7 0.50 0.36 0.14
8 0.50 0.38 0.12
9 0.50 0.39 0.11
10 0.50 0.40 0.10

Thus, in a within subjects comparison between activating and calm stimuli using the present model,
only the calm stimuli deviate from the behavior in an infinitely long sequence.

But how is it, then, that the bias does appesr and decreases as sequence length increases? We have
already suggested that the C-stimuli, and not the A-stimuli, are responsible for the bias. In all sequences
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with at least one A-stimulus with a preceding C-stimulus, the ratic between the number of arousal units
preceding A-stimuli and the total number of A-stimuli is exactly the same as in an infinitel
sequence (see Tables 7 and 9).

In order to understand how the C-stimuli give rise to the bias, it is useful to make a distinction
between two different “roles” that a C-stimuius can play: (a) as a “sender” of an arousal unit to the next
stimulus in the sequence and (b) as a “receiver” of an arousal unit from the previous stimulus. The first C-
stimulus in a (partial or complete) sequence consisting solely of C-stimuli only plays the role of a sender
of an arousal unit, not that of a receiver. By contrast, all other stimuli in the sequence act both as a sender
and as a receiver (cxeept for the last C-stimulus in a compiere sequence, which oaly acts as a receiver).
Here (bold text) are some examples of the type of sequence we have in mind:

y long

C'C'AAC'C'ACMAC.
C'C'C'AC'C'ACIAC.. .
ACAC'C'AC'AC'C'A
AAAC'C'CIC'CMCIACICA..
cicridcicictcicicicicicicicici cle

In such sequences, there is always one stimulus more than there are arousal units — the stimulus
initiating the sequence, which only acts as a sender of arousal, not as a receiver. This means that, in
calculating the mean arousal level preceding calm stimuli for a complete sequence (a participant), the
denominator always consists of at least one stimulus more than the number of arousal units. Generalizing
from the simple example in Table 6, with only two stimuli in cach sequence, this means that bias will
oceur,

But C-stimuli that are followed by one or several other C-stimuli do not always have the same
impact. A C-stimulus that initiates a long sequence of C-stimuli gets a smaller weight than a C-stimulus
that initiates a shorter sequence, Whereas, for example, the mean arousal level for the sequence CCCC
becomes %, the mean arousal level for the shorter sequence CCC becomes onky 2/3. Thus, the strength of
the bias diminishes as the mumber of C-stimuli initiating (partial or complete) sequences of C-stimuli
diminishes relative to other C-stimuli,

This relationship explains why the bias decreases as sequence length increases. When sequence
length is relatively short, sequences consisting solely of C-stimuli arc necessarily relatively short, But as
sequence length increases, sequences consisting solely of C-stimuli will, on the average, become longer,
smee an increment of the sequence length permits — and necessitates ~ that longer sequences of C-stimuli
will be formed. This, in turn, means that C-stimuli followed by one or several other C-stimuli will, on the
whole, be reduced in number relative to other C-stimuli. As a consequence, the average of the mean

arousal levels preceding C-stimuli will continuously approach 0.50, the value in an infinitely long
sequence, and, accordingly, the bias will continuously be reduced.

Incomplete merging of sequences

We have carlier noted that the bias vanishes altogether when all possible sequences are merged into a
single cluster. But we have also noted that the bias still rermains when only a sample of sequences from
the complete set of possible sequences are merged, as described in Table 3 (Fig. 3B). It is therefore
reasonable to assume that the bias decreases gradually as a function of the size of the sample from all
possible sequences. In the following, we will show that this is true.

That the bias gradually diminishes when different sequences of a given length become merged into
increasingly larger clusters before mean arousal values are calculated follows, as we will see, from the

fact that the bias ceases to exist when all possible sequences of a given length are merged into a single
cluster. To show this, we retum to the set of sequences consisting of only two stimuli;

C'C C'A AC AA.
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If the four different stimulus pairs are combined in pairs, in all possible orders {corresponding to
sampling with replacement), we will get 4’=16 different pairs of stimulus pairs. Fach of these
combinations corresponds to a separate experiment involving two participants, each of whom is presented
with two stimuli. The bias is calculated by averaging the mean arousal levels preceding activating and
calm stimuli, respectively, across the 16 possible experiments, wherein the two sequences in each
experiment have been merged info one cluster, T

Tf the four different stimulus pairs, instead of being combined in pairs in all possible orders, are
combined in triples in all possible orders, we will get 4*=64 different triplets of stimulus pairs, each triplet
corresponding to a separate experiment involving three participants, each of whom is presented with two
stimuli, As in the case of pairwise combinations of sequences, the bias is calculated by averaging the
mean arousal levels preceding activating and calm stimuli, respectively, across all possible different
experiments (64) with the three sequences in each expermment being merged into one cluster,

Table 10 shows how the bias decreases as the aumber of sequences in cach experiment increases
from one (separate sequences) through four — the merging of all four sequences into a single claster. As
can be seen, the activating and the calm stimuli approach the anbiased value of 0.25, though from
“opposite directions” — the former from higher values and the latter from lower values - as the number of

sequences being merged increases from one through four. Specifically, (at least in this example) the bias
decreases linearly with the number of sequences.

Table 10. Total means of average arousal levels prior to activating and calm stimuli, respectively, and the
corresponding bias for the sequence length of two stimuli for varying number of sequences
being merged into one cluster. ‘

Number of Sequences Stimuli

(= No. of Subjects) Activating Calm Bias
1 0.33 0.17 0.16
2 0.31 0.19 0.12
3 0.29 0.21 0.08
4 0.25 0.25 0.00

But how can we explain the fact that the size of the bias diminishes as a function of the number of
sequences being merged? One way of doing this (there are probably other ways as well) is to regard the
set of all possible sequences of a given length as a population of sequences and subsets of this set, that is,
clusters of sequences or the single sequences themselves, as samples from this population. (For the
sequence length of # stimuli, the population consists of 2" sequences. This means that 2"" different
samples with 7 sequences in each sample can be drawn from the population.)

A particular measure of the individual sequences — for instance, the mean arousal level preceding
activating stimuli, Mean(a,), or the mean arousal level preceding calm stimuli, Mean(ac) — can now be
regarded as a sample property. How well a given sample property matches the corresponding property of
the population is, as is well known, dependent on the size of the samples. By virtue of the law of large
nmumbers, as the size of the samples increases, the match between the samples and the population will
increase, due to differences between elements within samples being increasingly counterbalanced. In
Table 8, this is reflected by the fact that Mean(a,) and Mean(a.j gradually approach 0.23 — the value of
Mean(a,) and Mean(ac) for the total set of sequences — as the size of the samples increases from m=1 (10
merging at all) through m=3 (merging of the individual sequences in triples).
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Discussion

There is no doubt that the presentiment experiment could be afflicted by a potential statistical bias, based
on an expectation effect: an effect of the expectation that the likelihood of an activating stimulus being
presented increases with the number of previous consecutive calm stimuli — that is, a vanant of the

“gambler’s fallacy”. It 1s also clear, though, that the bias decreases as the length of the seguence increases
and is non-existent in the theoretical case of an infinitely long sequence, consisten

tical case 1finit ong sequence, consistent with the fact that
stimuli are statistically independent of each other.

Using a simplified expectation mode! (Fig. 4), we have been abie to explain — though only in a
rather informal manner — why the bias appears and why it is dependent on the sequence length. (For a
more formal approach to the present bias, see Jiri Wackermann's® paper cn pages 293-305 of this
volume.) Basically, the bias and its dependency on sequence length are attributable to the occurrence of
“chains” of calm stimuli. When means of arousal units prior to calm stimuli are calculated for individual
sequences, the first stimulus in such a chain enters into the calculations even though 1t 1s not preceded by
any arousal itself, meaning that for any sequence containing successive calm stimuli, there is at least one
calm stimulus more than there are arousal increments prior to calm stimuli. This will lead to a reduction
in the mean arousal prior to calm stimuli as compared to the mean arousal prior to activating stimuli. Bat
as the sequence length increases, the effect will diminish, due to the reduced importance of the first calm
stimulus in a series of such stimuli.

When data are analyzed on the individual level, the present bias poses a serious threat to any
presentiment experiment, due to its large effects (see Tables 4 and 5). Even though some statistically
significant experimental effect would be larger — or even much larger — than the effect predicted for some
realistic expectation model, or an estimated maximal effect for any medel, we do not know to what extent
the bias has “helped” the results to reach statistical significance.

However, when data are pooled across subjects before means are calculated, the situation is
different. K is true that the bias remains unless all possible sequences have been included and are evenly
distributed across participants (which, in practice, is impossible using the standard design), but the
expected effect of the bias was found to be extremely small for
various reasonable models of expectation growth (see Table 4). Nevertheless, pooling data before
averaging is not an infallible method. Moreover, even if one is willing to assume that the bias in reality is
extremely small and therefore cannot be mistaken for a genuine effect, the effects of the bias are still
disturbing, mainly because they render any statistical test difficult or impossible to perform.

As an alternative to reducing the effect of the bias by pooling data across sequences, one might find
a strategy that does not produce any bias at all. Since the bias, according to our suggested explanation, is
attributable to the first calra stimulus in any sequence of calm stimuli, one might think that the bias could
be eliminated by removing from the calculations the first stimulus in such sequences. Unfortunately,
however, this doesn't work. The reason is that the relative number of calm and activating stimuli would
then be changed, leading, among other things, to a “reversed” bias when all possible sequences are pooled
before averaging ~ a method which otherwise does not give rise to any bias.

A strategy for eliminating the bias that does work was suggested previously in this paper. It is based
on the fact that no bias occurs when sums instead of means of individual arousal levels are considered.
The corresponding strategy is simply to use the unbiased sums instead of the biased means in comparing
arvusal levels prior to activating versus calm stimuli. As already pointed out, however, there is a

: Starting from different experiments, Jiri Wackerman and our group have identified and investigated the present
bias independently and without knowledge of esach other’'s work. JW:s approach is analytical, whereas ours is
compuiational. Thus, the two approaches complement each other. We do not know whether the bias can be found in
previcus research. We do know, however, that it has gone unnoticed by all, or the vast majority of, experimental
rescarchers, both within and outside parapsychology.
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Discussion

There is no doubt that the presentiment experiment could be afflicted by a potential statistical bias, based
on an expectation effect: an effect of the expectation that the likelihood of an activating stimulus being
presented increases with the number of previous consecutive calm stimuli — that is, a variant of the

“gambler’s fallacy”. It is also clear, though, that the bias decreases as the length of the sequence increases
and is non-existent in the theoretical case of an infinitelv long sequs S,

oretical case of an infini tely long sequence, consistent with the fact that
stimuli are statistically independent of each other.

Using a simplified expectation model (Fig. 4), we have been able to explain — though only in a
rather informal manner — why the bias appears and why it is dependent on the sequence length. (For a
more formal approach to the present bias, see Jiri Wackermann's paper on pages 293-305 of this
volume.) Basically, the bias and its dependency on sequence length are attributable to the occurrence of
“chains” of calm stimuli. When means of arousal units prior to calm stimuli are calculated for individual
sequences, the first stimulus in such a chain enters into the calculations even though it is not preceded by
any arousal itself, meaning that for any sequence containing successive calm stimuli, there 1s at least one
calm stimulus more than there are arousal increments prior to calm stimuli. This will lead to a reduction
in the mean arousal prior to calm stimuli as compared to the mean arousal prior to activating stimuli, But
as the sequence length increases, the effect will diminish, due to the reduced importance of the first calm
stimulus in a series of such stimuli.

When data are analyzed on the individual level, the present bias poses a serious threat to amy
presentiment experiment, due to its large cffects (see Tables 4 and 53). Even though some statistically
significant experimental effect would be larger — or even much larger — than the effect predicted for some
realistic expectation model, or an estimated maximal effect for any model, we do not know to what extent
the bias has “helped” the results to reach statistical significance.

However, when data are pooled across subjects before means are caiculated, the situation is
different. It is true that the bias remains unless all possible sequences have been included and are evenly
distributed across participants (which, in practice, is impossible using the standard design), but the
expected effect of the bias was found to be extremely small for
various reasonable models of expectation growth (see Table 4). Nevertheless, pooling data before
averaging is not an infallible method. Moreover, even if one is willing to assume that the bias in reality is
extremely small and therefore cannot be mistaken for a genuine effect, the effects of the bias are still
disturbing, mainly because they render any statistical test difficuit or impossible to perform.

As an alternative to reducing the effect of the bias by pooling data across sequences, ong might find
a strategy that does not produce any bias at all. Since the bias, according to our suggested explanation, is
attributable to the first calm stimulus in any sequence of calm stimuli, one might think that the bias could
be eliminated by removing from the calculations the first stimulus in such sequences. Unfortunately,
however, this doesn't work. The reason is that the relative number of calm and activating stimuli would
then be changed, leading, among other things, to a “reversed” bias when ail possible sequences are pooled
before averaging - a method which otherwise does not give rise to any bias.

A strategy for climinating the bias that does work was suggested previously in this paper. It is based
on the fact that no bias occurs when sums instead of means of individual arousal levels are considered.
The corresponding strategy is simply to use the unbiased sums instead of the biased means in comparing
arousal levels prior to activating versus calm stimuli. As already pointed out, however, there is a

: Starting from different experiments, Jid Wackerman and our group have identified and investigated the present
bias independently and without knowledge of each other's work, IW:s approach is analytical, whereas ours is
computational. Thus, the two approaches complement each other. We do not know whether the bias can be found in
previous research. We do know, however, that it has gone unnoticed by all, or the vast majority of, experimental
rescarchers, both within and cutside parapsychotogy.
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drawback also to this strategy: a possible true presentiment effect runs the risk of being obscured by the
random effects of unequal numbers of activating and calm stimuli. It is true that the hypothetical
presentiment effect might be strong enough to withstand this effect, but there is no good reason to believe
a possible presentiment effect to be particularly strong. It is also true that sampling effects can be reduced
by increasing sequence length, but sequences can obviously not be made too long without jeopardizing
any possible presentiment effect, due to fatigue or reduced motivation on the part of the participants.
Nevertheless, the strategy now considered cannot be definitely rejected.

An altemative strategy has been suggested by James Spottisweode (personal communication). This
strategy attempts to avoid the bias by using methods of data collection and data analysis that make the
data immune to the bias. This is assumed to be accomplished by presenting stimuli at irregular, instead of
fixed, time-intervals, and analyzing the change of the response instead of the response itself, Although
this is an interesting possibility, some assumptions behind this strategy (for example, that the change of
the response is not dependent on the level of the response) need te be investigated.

In a sense, the final strategy suggested below is by far the soundest one. Like the “just sum”
strategy considered above, it is based on the idea of avoiding calculating means of arousal values across
stimuli for separats individuals or samples of individuals. Based on the fact that no bias occurs when a/l
possible sequences are merged into a single cluster, all these possible sequences are entered into the
experiment. This means, however, that stimuli as such cannot be randomly chosen; instead, all the
possible sequences are vandomly distributed across participants. The point is, of course, that in the
resulting set of data, the total number of activating and calm pictures will be the same. _

However, on some conceptions of precognition, such as the occurrence of “time-reversal”,
predetermining stimulus orders might be an inadequate method, because randomization does not occur in
real time, even though the assignment of sequences to subjects can be done in real time.

Unfortunately, there-are also practical limitations to the present strategy. One is that the sequence
length must be very short so as not to give rise to a prohibitory number of different sequences;, a sequence
length of five stimuli or so is probably maximum. In terms of the total number of trals, however, this
limitation can be compensated for by using a large number of participants — one or several participants for
each particular sequence. Unformunately, however, the present strategy cannot be used for re-analyzing cld
presentiment data, where only samples of sequences are used.

Another practical problem is that in order to make it impossible for the experimenter to transmit any
information to the participant the experimenter may not have any contact whatsover with the participants.

The statictical bias considered in this paper is certainly not unique to the presentiment experiment,
but may potentially occur in many different experiments, both within and outside parapsychology.
Experiments that are potentially vulnerable to this bias are, as far as we can see, characterized by the
following five properties: (1) There is a fixed number of types of targets (for example the different
numbers of eyes in dice throwing), instances of which are randomly presented to the participant, with or
without replacement. (There is nothing special about just two target types.) (2) Feed-back is given after
each trial; that is, the participant is informed as to whether the response was correct. (3) The different
target types are associated with expectation functions that differ from each other in a relevant way (which
has to be worked out for particular types of experiments.) (4) The dependent variable is a set of responses
that are systematically (but not necessarily monctonically) related to the different expectation functions.
(There is nothing special about EDA as an indicator of expectation.) (5) Means, instead of sums, of
responses are calculated for each target type and participant {or sample of participants).

At the present time, we do not know how many previous ESP experiments satisfy all of the five
criteria — or if there exist any that do. In any case, it is important to re-consider as many previous ESP
experiments as possible to ensure that none of them have been affected by the present bias. Similarly, the
various meta-analyses of different types of ESP experiments that have been carried out during the past
decades (see, e.g., Radin, 1997b} should be re-considered to discover whether any of the positive findings
might be accounted for by the present bias. Doing so would seem particularly urgent in view of the fact
that very small effects may result in significant overail results, due to the large amount of data invelved.
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That this particular bias could in fact have occurred in some previous ESP experiments 1s suggested
by an extensive meta-analysis on “forced choice™ precognition experiments conducted by Charles
Honorton and Diane Ferrari (1989). There was one single moderator variable discriminating successful
from unsuccessful experiments: the occurrence Versus nonoccurence of feedback. Although this finding
could, of course, be interpreted differently, it does suggest that the present bias could account for it.

Qutside parapsychology, there arc, most notably, several areas within psychology where
experiments that are formally of the same type as Radin's presentiment experiment have heen performed.
Ameong these areas are, for example, psychophysiclogy, atiention, memory and leamning. Again, such
experiments should be re-considered, to ensure that the present bias was not responsible for the results.

The present paper has been exclusively concemed with the case of randomization without
replacement, or open deck randomization Howsever, in mainstream psychology, closed deck
randomization is much more common than open deck randomization. This means that, on top of the
expectation effect considered in this paper, which properly may be regarded as a numerical bias
attributable to faulty calculations rather than to expectations per se, there is another, “true” ¢xpectation
effect. The combination of the two effects may by guite dramatic.

Could the present bias somehow be utilized for making any useful predictions, such as predicting
gambler’s performance at the roulette table by means of EDA measures? The answer to this question is
definitely “No”. The reason is simple: the bias is basically concerned with the relation between
expectations, on the one hand, and the relative number of different types of targets, on the other hand, and
not with foreseeing firture events. In other words, knowing how expectations tend to be formed on the
basis of previous stimuli cannot be used to predict the correctness of these expectations, only to predict
how the expectations become “normalized” when means of expectations prior to different types of stimuli
are calculated. But this feat is not in any way tantamount to outwitting chance; that is, to predicting

performance in terms of the total number or mtensity of correct expectations about altemative firture
events.
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