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Abstract
Efforts to establish whether a correlation between anomalous cognition (AC)
performance and geomagnetic fluctuations exists have met with mixed results, a negative
correlation being seen in some studies and not in other comparable ones.  Confirming this
observation, in a large database of 2,879 free-response trials the Spearman’s ρ correlation
between the ap geomagnetic index and AC effect size was –0.029 (p = 0.06).  However, a
large increase in the magnitude of the correlation was found at approximately 13 hours
Local Sidereal Time, the longitudinal-like astronomical coordinate for the portion of the
celestial sphere that is directly overhead at the time of the viewing.  This sharp increase
of correlation may be connected with an earlier result: that the AC-effect size increases
by 380% within ±1 hour of 13.5 LST.  The correlation observed here for trials which
occurred between 11.2 h and 14.8 h LST was –0.192 (N = 256, p = 0.002) while the
correlation was effectively zero (ρ = –0.01, N = 2,623, ns) elsewhere.  The maximum
magnitude correlation of  –0.33 (N = 134, p = 0.0001) was observed in the 12.9 ±1 h LST
period.  The negative correlation peak was confirmed in both the ganzfeld and remote
viewing protocols and was homogeneously present in those individual studies with trials
in the relevant sidereal time interval. This finding allows an understanding of a previous
anomaly in the literature: the varying correlations to GMF found in different studies.  For
instance one large remote viewing study showed near zero overall correlation since few
of the trials occurred in the critical time period.  In another case a comparable study had a
large correlation of –0.22 and by happenstance all the trials were conducted near 13 h
LST.
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Introduction
For some years there has been speculation that anomalous cognition (AC) performance
may be correlated with global geomagnetic field (GMF) fluctuations.  This idea arose
from the work of Persinger (e.g. 1988) who found that anecdotal cases of putative AC
occurred on days when GMF fluctuations were significantly lower than on the preceding
and following days.  Many workers have investigated whether this interesting observation
could be extended to laboratory anomalous cognition, but with mixed results.  Tart
(1988) and Persinger & Krippner (1989) found an association between high scoring AC
trials and low GMF fluctuations, while Haraldsson and Gissurarson (1987) and Nelson &
Dunne (1986) did not.  In an unpublished meta-analysis this author collected 1,468 free
response trials from 21 studies reasoning that the effect, if it existed, would be most
easily detected in a large database with high effect size; in fact the overall correlation was
a disappointing -0.0002 (Spearman’s ρ, N = 1,468, ns).

Recently it has been shown that there is a relationship between free-response effect size
and the Local Sidereal Time (LST) at which a trial occurs (Spottiswoode, 1997).  In a
database of 2,483 free response trials with a mean effect size of 0.122 overall, those trials
that occurred within ±1h of 13.5 h LST showed a 380% increase in effect size.  In light of
this, it was considered worthwhile revisiting the correlation between anomalous cognition
performance and geomagnetic fluctuations but including LST as a filtering variable.

Method

Data Sets
The data consisted of 51 free-response studies comprising 2,879 trials, with a mean effect
size of 0.140 and resulting Stouffer’s Z of 7.503 (p = 3.1 x 10-14).  These records were
elicited in response to a request for formal experiments (i.e. excluding exploratory trials)
which were of free-response design and for which trial time, date, location and score
were available.  The data falls into two broad groups of protocols.  The first includes
most of the ganzfeld work done since the 1980’s, comprising the complete data from The
Psychophysical Research Laboratories, and partial data from The Institute for
Parapsychology, the Amsterdam Psychology Department, the Utrecht Institute for
Parapsychology and the Koessler Chair at Edinburgh University.  The other major
grouping consists of remote viewing trials and consists of the work of the Princeton
Engineering Anomalies Research, a partial set of data from SRI International and Science
Applications International Corporation, experiments by M. S. Schlitz and remote viewing
experiments by the author.  An exception to this division by protocol is Carpenter’s work,
which was obtained in a psychotherapeutic setting.  The PEAR remote viewing
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experiments have been subjected to some methodological criticism (Hansen et al, 1992;
Dobyns, Y., 1992) but they are included here since the effect size observed is comparable
to that seen in other laboratories using a similar protocol.

This data set is not exhaustive of free response experimentation, though it likely
comprises more than 80% of all such work done in the U.S. and Europe during the last
two decades.  Rather the data collection effort is part of an ongoing research effort to
elucidate physical factors in AC and it is expected that more trials will be added as they
are excavated from archives.

Analysis Technique
Each trial’s time was corrected for daylight savings time, where appropriate, and
converted to UTC.  Geographical coordinates for the trials were obtained from the
gazetteer of the Rand McNally International Atlas and this data, with the UTC timings,
were used to compute the local sidereal time of each trial.  Geomagnetic index data for
the ap index was obtained from the National Geophysical Data Center as the “Lenhart”
data files.  The anomalous cognition data was delivered with a time for each trial and a
score, given either as ranking made from within a number of choices, or as a trial z-score,
or effect size.  In those cases where a trial effect size was given it was used directly, but
when only a ranking was available, it was converted by the standard formula to an effect
size:

( )es
r r

N
MCE OBS=

−
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where rMCE is the mean chance expectation rank, rOBS is the observed rank and N is the
number of targets used in the ranking procedure.

In the case of many of the ganzfeld trials, such as those using the auto-ganzfeld protocol,
the mentation period commenced after a relaxation, or induction tape lasting 15 minutes
had been played.  In those experiments where this was known to be the case, the stated
trial time was adjusted forward by 0.25 h.

The ap index is reported for 3 hour intervals of universal time and the correlation
coefficients reported here were calculated between the ap index for the 3 hour interval
encompassing the trial and AC effect size.  In all cases the rank order based, Spearman’s
ρ correlation function was used, rather than Pearson’s r, to allow for the statistical
properties of the ap index (Spottiswoode, 1993).
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Results
The distribution of correlation in LST space was examined by calculating the correlation
between effect size and ap in 2 hour wide windows of LST.  This calculation was
repeated for windows spaced 0.1 h apart for all values of LST from 0h to 24 h.  To ensure
that windows with their centers in the 0 to 1 h and 23 to 24 h regions had a complete set
of trials, the LST data was padded with two copies of itself, with the sidereal times
advanced and retarded by 24 hours.  Figure 1 shows the resulting correlation data plotted
against the window center time.  The overall correlation of the data (ρ = -0.029, N =
2,879, p = 0.06, 1-tailed) is shown dashed.  The error bars show the estimated standard
deviation of the correlation coefficients (Hedges & Olkin, 1985) calculated as:

( )σ ρ= −1 2 2
n

Local sidereal time (h)

Sp
ea

rm
an

's 
rh

o

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 1.  Correlation between ap and effect size versus LST.

The correlation between AC and ap geomagnetic index turns out to be strongly
dependent on the region of sidereal time considered.  There is a large correlation near the
13 h point where the maximum effect size was found.  The maximum magnitude
correlation of -0.33 (N = 134, p = 0.0001) occurs at 12.9 h, in approximate agreement
with the maximum of effect size for this data at 13.3 h.  Elsewhere in LST space there is
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little correlation.  Taking as the correlation region the period between 11.2 h and 14.8 h
LST, where the correlation shown in Figure 1 crosses zero, the correlation in this “in-
band” was -0.192, N = 256, p = 0.002, whereas the correlation outside was -0.010 (N =
2,623, ns).  It is interesting to see how this pattern replicates across the individual studies
in the database.  Table 1 shows the correlations observed in those studies that had five or
more trials occurring within this in-band, in order of increasing standard deviation of the
estimated in-band correlation.

Table 1 - Correlations by Study

In-band Out-bandStudy Overall
ρ ρ σ N ρ σ N

Princeton (PEAR) 0.0025 -0.27 0.13 52 0.075 0.06 280
Amsterdam auto-ganzfeld1994 0.045 -0.82 0.14 5 0.14 0.17 32
IfP auto-ganzfeld Series FT2 -0.40 -0.60 0.21 9 -0.38 0.13 41
Utrecht ganzfeld (PA1993) -0.15 -0.27 0.24 15 -0.11 0.17 35
PRL ganzfeld Series 301 0.14 0.43 0.25 11 0.086 0.16 39
PRL ganzfeld Series 103 0.013 -0.51 0.26 8 0.12 0.15 42
IfP auto-ganzfeld Series CLAIR1 -0.12 -0.40 0.28 9 -0.0012 0.16 41
SJPS ARV -0.14 -0.10 0.29 12 -0.14 0.069 200
Schlitz & Gruber -0.22 -0.22 0.30 10 --- --- 0
IfP manual ganzfeld Series 203 -0.0081 0.025 0.30 11 -0.015 0.17 35
SRI Precognition vs real-time 0.15 0.084 0.30 11 0.12 0.12 70
SRI Fax study -0.16 -0.13 0.30 11 -0.046 0.19 29
SAIC Entropy II 0.051 0.40 0.32 7 0.028 0.11 83
Edinburgh auto-ganzfeld 0.14 0.24 0.33 8 0.14 0.089 120
PRL ganzfeld Series 101 0.053 -0.43 0.33 6 0.086 0.15 44
IfP manual ganzfeld Series 301 -0.29 -0.34 0.33 7 -0.30 0.25 13
Carpenter 0.092 -0.042 0.35 8 0.094 0.11 82
PRL ganzfeld Series 104 0.18 0.37 0.35 6 0.18 0.15 41
IfP manual ganzfeld Series 988 0.34 0.21 0.36 7 0.28 0.19 23
IfP manual ganzfeld Series 987 -0.012 0.12 0.37 7 -0.068 0.16 41
SRI Hypnosis study 0.16 -0.23 0.42 5 0.23 0.15 39

The in-band negative correlation is present in many cases where the overall study
correlation is near zero or positive.  For instance in the large study from PEAR, with an
AC effect size of 0.33, the GMF correlation is close to zero for the whole study but
clearly seen in the in-band.  In a different situation were Schlitz & Gruber, whose data
were fortuitously taken entirely in the in-band giving a large correlation to ap, and a large
study effect size.  The 21 estimates of in-band correlation from these studies were
converted to Z scores by means of Fisher’s transformation in order to test for
homogeneity.  The resulting χ2  (2.66, 20 df, ns) suggests that the same correlational
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effect was present in these studies, but this result must be treated cautiously as the sample
sizes in the critical region of LST are very small for many of these studies.

Comparing the protocols in this sample, for ganzfeld data the overall correlation across
all trials was -0.023, (N = 1609, ns), whereas in the in-band ρ = -0.18, (N = 145, p =
0.03).  In the case of remote viewing, the correlation of all the data was -0.032 (N =
1,254, ns) while the in-band correlation was -0.21 (N = 113, p = 0.03).  The correlation
effect at 12.9 h therefore also replicates across these protocols.

Finally, it is worthwhile examining the subset of the data that occurred with ± 1 h of 12.9
h.  These occurred during a wide range of geomagnetic conditions with ap values ranging
from 0 to 56 and the trials  which occurred at times of low ap constitute a highly
significant subset.  See Table 2 for details.  Particularly considering the heterogeneous
data analyzed here, these results suggest that unusually high effect sizes may be observed
in trials occurring in this time period when geomagnetic fluctuations are also minimal.

Table 2 - Effect Size for the Period 11.9 to 13.9 h LST

ap range Mean effect size Stouffer’s Z n p
0 - 5 0.71 4.93 48  4.1 x 10-7

0 - 10 0.52 4.75 83 1.0 x 10-6

0 - 20 0.47 4.92 111 4.4 x 10-7

0 - 40 0.36 4.04 128 2.5 x 10-5

Discussion
The negative correlation between AC effect size and geomagnetic index has been found
to be restricted to a limited region of local sidereal times and is effectively absent from
this data outside this range.  Given that the correlation is observed over approximately 4 h
of LST, or 17% of all possible trial times, it is hardly surprising that retrospective
searches for the effect in experiments timed without regard for this result have yielded
conflicting results.

Figure 2 shows the distribution of AC effect size versus local sidereal time with the
correlation to ap superimposed.  The mean effect size in the AC data of 0.140 is shown
dashed.



GMF Fluctuations and Free Response AC

Submitted to The Journal of Parapsychology Page 7

Local Sidereal Time (h)

Ef
fe

ct
 S

iz
e 

an
d 

Sp
ea

rm
an

's 
R

ho

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Effect Size
Correlation

Figure 2 Effect Size and Correlation to ap versus LST.

As can be seen the maximum in effect size occurs a little later (es = 0.434 at 13.3 h) than
the maximal correlation (ρ = -0.334 at 12.9 h), though this cannot be established
definitely given the noise in the data.  It should be noted that the apparently very strong
inverse relationship between effect size and correlation seen in Figure 2 is partly an
artifact, since the effect size data contributes to both the correlation and mean effect plots.
What seems to be occurring is that as the anomalous cognition improves near 13 h, the
signal comes up out of the noise and the correlation strengthens.

The existence of this strong correlation is puzzling.  The global geomagnetic indices,
such as ap, measure fluctuations occurring over time periods of a few minutes to some
hours in the strength of the earth’s magnetic field averaged around the globe.  At any
particular location, typical disturbances produce changes in field strength of the order of
50 - 200 nT in a total field strength of approximately 50,000 nT.  The subjects in these
experiments were typically in urban environments where field changes due to buildings
and ferrous structures can be many times larger than this and occur rapidly as the body
moves through steep field gradients.  It thus seems improbable that the geomagnetic
fluctuations are themselves responsible for the modulation of AC performance.  The



GMF Fluctuations and Free Response AC

Submitted to The Journal of Parapsychology Page 8

surface level field fluctuations are one result of complex interactions between emissions
of particles and radiation from the sun and earth’s field.  It is likely that the correlation
with anomalous cognition reported here is due to some other parameter associated with
these interactions.
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