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Abstract

Transcranial magnetic stimulation (TMS) with weak (micro Tesla) complex waveform fields have been claimed to evoke the sensed
presence of a sentient being in up to 80% in the general population. These findings have had a questionable neurophysiological foundation as
the fields are approximately six orders of magnitude weaker than ordinary TMS fields. Also, no independent replication has been reported.
To replicate and extend previous findings, we performed a double-blind experife®9], with a sham-field control group. Personality
characteristics indicating suggestibility (absorption, signs of abnormal temporal lobe activity, and a “new age”-life-style orientation) were
used as predictors. Sensed presence, mystical, and other somatosensory experiences previously reported from the magnetic field stimulatio
were outcome measures. We found no evidence for any effects of the magnetic fields, neither in the entire group, nor in individuals high in
suggestibility. Because the personality characteristics significantly predicted outcomes, suggestibility may account for previously reported
effects. Our results strongly question the earlier claims of experiential effects of weak magnetic fields.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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It has been claimed that up to 80% of the general population gue that because the purported experience of God’s presence
experience the presence of a sentient being from the applicais possible to elicit through brain stimulation, these findings
tion of weak complex magnetic fields to peoples’ temporal cast a shadow on the ontological accuracy of religious ex-
lobeg[12,18,19] It has also been asserted that this experience periences. Spiritualists, on the other hand, may now finally
strikes at the core of religious experiences, many of which are have found a fairly cheap device that may help promote their
characterized by a sensed presence of God or some other figspiritual experiences.
ure. These findings have attracted enormous media attention, Before a reaction of either kind is warranted, the findings
with coverages by major TV channels, such as CNN, BBC, reported are in need of replication by an independent research
and Discovery Channel, as well as innumerable citations in group. This is important not only because of the potentially
popular science journals. Moreover, a derivative of the mag- far-reaching implications of the results, or the commercial-
netic field device has recently been commercialized on theization and wide media attention, but also because of the
internet where it can be purchased by the general public. = ambiguities of the experimental designs utilized (see the fol-
The claims naturally evoke reactions from atheist-skeptics lowing). The aim of the current study was a replication and
and spiritualists alike. For the skeptic it may be temptingto ar- extension using a double-blind protocol. We also assessed
personality characteristics to determine if traits indicative of

* Corresponding author. Tel.: +46 18 4712113; fax: +46 18 4712123.  suggestibility might predict the experience of a sensed pres-
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Transcranial magnetic stimulation (TMS) is a well- blindness was provided. This is particularly problematic
established clinical technique to trigger activity in, e.g., the given the wide scope and occasional vagueness of the experi-
motor cortex by inducing currents in the brain leading to ences reported. Hence, it is possible that the experiences are
neuronal activity. Typically the fields are in the 1T range artifactual, resulting from differential interactions with par-
and are delivered in short pulses (200—@8)[27]. TMS us- ticipants across conditions, expectancy effects, and/or partic-
ing weak (.T) complex waveform fields have been reported ipant suggestibility. In case of differential treatments, sug-
to induce various psychic experiences among exposed pargestibility could work as a potent alternative explanation.
ticipants[18,19] Such weak fields are considered unable to Therefore, it is important to investigate if the basic findings
induce currents strong enough to depolarize neurons. Thusgcan be reproduced in a double-blind, randomized experiment.
the mechanism through which weak complex field TMSmay  An additional methodological problem with the studies
work remains obscure, but the waveform of the field has beencited is that they consistently used an outcome measure (the
suggested to be crucifll8]. EXIT scale), constructed inductively and with unknown reli-

Persinger and co-workers have identified specific wave- ability and construct validity. Many of the experiences listed
form patterns that elicit biological responses in a high propor- on the scale are rather vague (“tingling sensations”, “felt
tion of participants. Some of these patterns are based looselyodd”), and their relations to the paranormal and mystical
on the “burst-firing” behavior of amygdaloid-hippocampal experiences, to which the findings are generalized, remain
neurong26]. The fields have been applied over one or both disputable. Thus, it is important to investigate if the findings

temporal lobes. can be reproduced with measures with well-documented re-
The magnetic field has been proposed to interfere with liability and validity, such as HoodEL4] Mysticism scale.
the electromagnetic activity between the left and right hemi- It is possible that previous findings resulted from partic-

spheres with the right hemispheric activity being “projected” ipant suggestibility, either directly or in interaction with the
and intruding into the left hemisphere “awareness” leading magnetic fields. A widely used indicator of suggestibility is
to the sense of a non-self presence or elffiB]. Findings Tellegen’s absorption scad1]. Absorption is a trait refer-
such as these have led to the proposal of a neurobiologicalring to openness to self-altering experiences and other indices
foundation for paranormal experiences. Recent findings in of an altered state of consciousness. Besides indicating sug-
functional neuroimaging studies also suggest a correlationgestibility, e.g., to hypnotic induction, absorption has been
between spiritual experiences and specific neurophysiologi- linked to paranormal and mystical experienf®45,29,32]
cal activation1,2,7,25,28] Hence, absorption shares many of the correlates of TLS.
Persinger and co-workers have published a large numberGiven that the experiences indicated in TLS interact with
of articles on direct or indirect psychological effects of com- complex magnetic fields in the prediction of the experiences
plex magnetic fields. Some studies concern the correlates andeported, absorption should also do so.
events occurring in relation to naturally fluctuating geomag-  “New age” attitudes and practices have recently been re-
netic activity. Various wave patterns have been documentedlated to absorption, magical ideation, and a tendency to infer
in relation to naturally occurring “haunted” houses, religious patterns in randomly distributed dd&,10]. In conjunction
experiences, wars, alien abductions, reports of seeing UFOswith their reports of paranormal experiences, this suggests
and various paranormal experieng¢2@]. More indirect evi- that new agers may be high on suggestibility.
dence indicating effects of abnormal activity in the temporal In the present study we attempted to replicate and extend
lobes comes from a series of studies showing that peoplethe findings on sensed presence and similar experiences in
with partial epileptic signs (e.g., sensory enhancement, af-a controlled, double-blind experimental setting. The study
fective dissociation) have a higher occurrence of paranormalwas part of a larger research project, including a follow-up in
and mystical experiences, including that of sensed presencewvhich we planned to assess the brain activation of magnetic
[21]. Causality cannot be inferred from these correlational field responders by means of positron emission tomography.
findings. Based on previous research and theorizing, we hypothe-
A series of somewhat more controlled laboratory studies sized that the application of weak complex magnetic fields
have yielded convergent resu]is]. For instance, in astudy  over participants’ temporal lobes would lead to a higher de-
with a low number of participants, Cook and Persinfdr gree of sensed presence of a sentient being as well as the other
found that those who had been exposed to the magnetic fieldsomatosensory experiences described by Persinger, as com-
reported a sensed presence to a larger extent than participantsared to a sham-field condition. In addition, given the pre-
exposed to sham-fields. However, the effects of the magneticsumed link between these events and mystical experiences,
fields interacted with complex partial epileptic signs, such we expected increased occurrence of mystical experiences
that 75% of the participants who scored high on the Temporal in the magnetic field group. Besides these anticipated main
Lobe Signs Inventory (TL$16]) reported sensed presence effects of experimental manipulation, we expected interac-
(six out of eight participants), while none of the below average tion effects between magnetic field condition and personal-
TLS scorers reported a presence. ity characteristics (predictors), such that participants high on
It is difficult to evaluate the reliability of these results, suggestibility would be particularly likely to show the antic-
because no information on experimental randomization or ipated effects. In addition, we explored whether there would
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be any statistical main effects of the predictors, in which case ceived a debriefing letter, containing contact information to
a partial suggestibility interpretation of the findings seems the investigators. The debriefing included information on

warranted. whether the participant belonged to the magnetic field or
Participants were undergraduate students at Uppsala Unisham-field group.
versity, Sweden, drawn from the theology=46) and psy- A custom built TMS devicg18] with associated con-

chology fr=43) departments. Twenty-five (27%) of the par- troller software (Complex 1.15) was run on a PC compat-
ticipants were male. The mean age of the sample was 24 yearsble computer with a Pentium Pro processor, 64 Mb RAM
(S.D.=4.77;range 18-41). Theology students were compen-and Windows 95 (SPC Datorer, Uppsala, Sweden). The soft-
sated with two cinema vouchers worth approximately US$ ware and TMS hardware were programmed and constructed
21. Psychology students participated for course credit. Eligi- by Persinger’s collaborator, Stanley Koren. The digital wave-
ble forinclusion were participants who had never experienced form signal generated by the computer program was sent to
an epileptic seizure or psychotic phase. the TMS device where it was passed through a digital to
Participants were recruited during class, and were in- analogue converter, thereafter amplified and sent to the two
formed of the anonymous and voluntary premises for par- headboxes, each containing an array of four solenoids. The
ticipation. The project had been approved by the ethics com-waveform signal was cycled in a circular fashion between
mittees at the medical faculties of Uppsala University and the solenoids at a rate of 2 Hz, i.e., each solenoid was active
Lund University. In accordance with the guidelines from the for 0.5 s, after which the signal was routed to the neighbor-
committees, presumptive participants were informed that the ing solenoid. Dr. Persinger was consulted with regard to the
project was about the influence of complex, weak magnetic stimuli patterns and solenoid array placement to make our ex-
fields on experiences and feeling states. No information per- perimental set-up optimal for replication of previous works
taining to spiritual or other paranormal experiences was pro- on sensed presence experiences and related phenomena. The
vided. We emphasized that the magnetic fields were quitefield strengths were measured using a BMM3 magnetic field
weak and harmless, e.g., in comparison to the fields sur-meter (Radians Innova AB, @eborg, Sweden) and fields
rounding mobile phones. They were not told that there was were between 3 and 30T at distances from the solenoids that
a sham-field control condition. In case of an interest in par- were estimated to correspond to the intracranial distance. Par-
ticipating, the students were asked to write their names andticipants received either sham-field for 30 or 15 min “Thomas
telephone numbers on a sheet of paper. They were contactedvaves” (specific program parameters were 3 ms pixel dura-
by phone a few days to a few weeks later, and appointmentstion and 3 ms cycle interval) over the right side immediately
were scheduled. followed by 15 min of “burst waves” (3 ms pixel duration,
Upon arriving in the laboratory, participants were ran- 3000 ms cycle interval) bilateral[18].
domly assigned, by sex and subject of study, to the mag- The Temporal Lobe Signs InventdiLS[16]). The TLS
netic field or sham-field condition by a non-blind exper- was originally constructed to tap psychological experiences
imenter (P.U.) who never interacted with the participants. which indicate a temporal lobe activity pronounced for in-
When eligible for inclusion, they were asked by a blind ex- dividuals with electrical foci in the temporal lobes, such as
perimenter (A.H.) tofill outa pre-experiment questionnaire in temporal lobe epileptics, but normally distributed in the gen-
an adjacent room, containing demographic information and eral population. These includeé@d vu and paranormal ex-
the predictor measures, which took approximately 15 min to periences, formed visual hallucinations, unusual smells, and
mark. The experimenter then led them to the laboratory room, circumstantial and stereotyped thinking. The scale consists of
placed them on a comfortable office chair in the center of an 30 items, scored in a True (1)-False (0) format, and summed
isolation chamber, which was approximately 2 in size. to reach a summary scor®E 10.28; S.D.=4.20). Sample
Both the laboratory room and the isolation chamber were items include, “Sometimes an event will occur that has spe-
set up to be neutral in terms of affective induction. There cial significance for me only” and “People tell me | ‘blank
were no items present besides the relevant stimulus equip-out’ sometimes when we are talking”. The internal consis-
ment, an EEG device, and two computers. Participants weretency of the TLS has been establistgé], and was found to
told that they could communicate through an intercom in the be adequate also in the present study (73). The construct
chamber. The magnetic field device was then attached, withvalidity of the scale has been supported, e.g., in moderate
two magnetic field blocks placed bilaterally, horizontally to associations with EEG-assessed temporal lobe activity, and
their temporal lobes, just above and in front of the ears. They elevated TLS scores in clinical populations, particularly in
received ear plugs, and were told to relax, after which the patients diagnosed with temporal lobe epilefis§,21—-23]
experimenter left the room, closed the door, and switched off  The Tellegen Absorption Scq[BAOS[31]). The TAOS is
the light. a 34-item measure originally constructed to predict suscepti-
After 30 min, the experimenter entered the isolation cham- bility to hypnotic induction. The term “absorption” refers to
ber and instructed participants to fill out the post-experiment a tendency to have one’s attentional system fully absorbed,
questionnaire, containing the outcome measures. These wergvhich causes an altered state of consciousness. Items were
filled out in the isolation chamber during approximately scored @ a 1 (Strongly Disagree [SD]) to 6 (Strongly Agree
10 min. Finally, participants were debriefed verbally and re- [SA]) scale, and summed to reach an average stbre3.39;
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S.D.=.75). Sample items include, “Sometimes | feel as if and scoring instructions were modified in accordance with
my mind could envelop the whole world” and “Sometimes | our focus on mystical experiences occurring specifically dur-
‘step outside’ my usual self and experience an entirely differ- ing the experimental session, rather than in participants’ life-
ent state of mind”. The reliability and validity of the TAOS time. Sample items include, “| had an experience in which ul-
are well-established, as evidenced in, e.g., high internal con-timate reality was revealed to me” and “I had an experience in
sistency and associations with hypnotic susceptibility, dis- which | realized the oneness of myself with all things”. Iltems
sociative experiences, and hallucinatig@sl5,31,32] The were scored on a 6-point scale where 1 =S.D. and 6 =SA, and
internal consistency was found to be high also in the presentsummed to create average scods=(1.88; S.D.=.69). The
study @ =.91). reliability and validity of the M scale are well-established,
The New Age Orientation ScglAOJ11]). The 22-item e.g., in adequate internal consistency, relations to other as-
NAOS was constructed to assess individual differences in thesessments of mystical experiences, and ego permissiveness
adoption of a new age life style orientation, with respect to [30]. The internal consistency was found to be high also in
broad systems of thought, as well as more specific beliefs, the present studyx(=.92).
interests, and activities. Sample items include, “Comparedto A double-blind, between-subject experimental design was
most religious and non-religious people, | am probably some- used. Participants were randomly assigned to experimental
what of a spiritual seeker with an unusually open mind” and conditions (magnetic fields activateds 43; sham-field con-
“Everything that happens in an individual’s life has an un- dition,n=46). Temporal lobe signs, new age orientation, and
derlying meaning that it is important to try to comprehend”. absorption were used as predictors, and mystical experiences
In spite of the seeming heterogeneity of new age phenom-and the EXIT scale as outcome variables. The laboratory ses-
ena, across three Swedish samples of new agers, religiousion was individual for each participant.
adults, and adolescents from the general population, NAOS Independent grouptests were used as a first test of main
has been shown to be both unidimensional in factor anal- effects of experimental manipulation. Cohef#t effect size
yses and highly internally consistent in reliability analyses formula d) was applied to calculate the strength of effects.
[10,11] Therefore, the mean scofd £2.62; S.D.=1.02)on  Cook and Persing¢6] found a highly significant effect with
the entire scale was used in the present study, where internaN =16, indicating a large effect size. However, with the cur-
consistency was also found to be high=<.94). The con- rent sample size, d as small as .30 would be sufficient to
struct validity of NAOS was supported in analyses showing obtain aPowerof .80. Finally, multiple regression analyses
higher scale scores in participants drawn from new age set-were performed to test for interactions between experimental
tings (e.g., alternative bookstores and medical centers) com-condition and continuous predictor variables, with explained
pared to religious adults and adolescents from the generalvariance R?) as the effect size estimate. We employed re-
population. gression analyses instead of ANOVAS to retain all variance
The EXIT Scale[24]. The 20-item EXIT scale de- on the predictor variablds].
scribes various somatosensory sensations that, according to There were no significant differences between experimen-
Persinger and co-workers, may be experienced following tal and control group participants on age or any of the pre-
the application of weak, complex magnetic fields to peo- dictor variables, alps>.10.
ples’ temporal lobes. These sensations include dizziness, felt Independent group tests were performed on the EXIT
presence of a sentient being, tingling sensations, vivid im- and Mysticism scales, as well as separately on the sensed
ages, vibrations, ticking sounds, odd smells and tastes, sexuapresence item (seEable 1. In spite of high power for de-
arousal, out-of-body experiences, feelings of de-realization, tecting differences between groups at a small effect size level,
and various emotional states, such as anger and sadnesshere were no significant differences between experimental
Iltems were scored on a 3-point scale for frequency of oc- and control group participants on any of the dependent vari-
currence during the experimental session, where 0 =never,ables. Thus, the application of weak complex magnetic fields
1 =occasionally (or at least once), and 2 = frequently. The re- did not have any statistically discernible effects on the out-
liability and validity of the EXIT scale are, to the best of come measures. However, as suggested by Persinger’s find-
our knowledge, unknown. Persinger and co-workers haveings, it is still possible that the interaction of experimental
typically analyzed the outcomes at the item-level. How-
ever, when statistical analyses are used, this leads to a po-T able 1
tential mass-_3|gn|f|cance Pr‘_)b'em' As the internal consis- t-tests and effect sizesl) of differences between magnetic field (E) and
tency across items was sufficieat{ .71) we created average  sham-field (C) groups on the dependent variatiis 89)
scores at the scale levéll=.30; S.D. =.21). Also, given the

- Dependent E-group, C- group, t (87) d
strength of past effects specifically on sensed presence, W€ riables M (S.D.) M (S.D.)
performed additional analyses separately on the sensed Press, 7 33 (22) 27 (21) 55 P
ence item {1 =.32; S.D. =.53). Sensed presence 32(51) 33(56) —.09 —.02
The Mystical experiences scalgé4], as translated to  Mysticism 1.80 (.58) 1.96(77) -104 -.23

Swedish13]. The 30-item “M-scale” is the most frequently  sensed presence and EXIT were drawn from Persinger's EXIT 24l
used empirical measure of mystical experien&ég. Items mysticism: The M-scalgL3].
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condition and predictors explain unique variance on the de- treatments, this does not seem unlikely considering the na-
pendent variables. ture of the suggestibility trait in connection with the vague-
A series of multiple regression analyses were run on eachness and wide scope of experiences covered in the EXIT form.
of the dependent variables (the EXIT and Mysticism scales, Also, the experiences might have been further potentiated by
as well as specifically on the sensed presence item). In eacthaving patrticipants fill out the pre-test questionnaires (e.g.,
equation, dummy-coded experimental condition, a centeredthe Temporal Lobe Signs Inventory), which contain items
predictor and the interaction terms (cross-products) of ex- referring to various anomalous experiences.
perimental condition and centered predictor were utilized.  Rather than indicating a higher degree of suggestibility
The overall equations were in all cases significant on the in new agers and individuals high on absorption and tem-
EXIT and Mysticism scales, range B§ (3, 85)=3.17-9.71, poral lobe signs, our results could be interpreted as simply
range ofR?s =.10-.26, range @ = <.05t0 <.00001. Ineach  showing that individuals with a high degree of openness to
of these equations, the predictors made a significant contri-unusual experiences in fact had more unusual experiences
bution, range of8s =.33-.53, range gbis<.05 to <.0005.  when placed in a sensory deprivation context. Such an in-
Higher temporal lobe signs, absorption, and new age orienta-terpretation cannot be ruled out on the basis of our findings,
tion were associated with higher EXIT and Mysticism scores. but it would fail to account for why participants in the mag-
However, the contributions of experimental condition and the netic field groups of Persinger and co-workers’ studies were
interaction terms were in all cases non-significant, indicating more prone to have these experiences than participants in the
that the application of the weak complex magnetic fields, or sham-field conditions.
its interaction with predictors, had no discernible effects. In Besides the attempted induction of religious-like experi-
other words, the application of the fields did not induce any ences, recent studies have examined the neurophysiological
experiential effects either on those high or low in suggestibil- correlates of naturally occurring religious experiences with
ity. In addition, none of the equations for the sensed presencePET and SPECT methodology. These studies suggest that the
item was significant, range &s=.03-.06, n.s. assumption of temporo-limbic activation in religious experi-
We tested whether the application of the magnetic fields ences is overly simplistic. For instance, results from Azari et
might have any discernible effects within or differential ef- al.’s[1] and Newberg’s (for a recent review, 4&&]) studies
fects across the sub-samples of theology students, many obn highly religiously devoted participants’ repetitive recital
whom are religiously active, and psychology students, most of religious texts and meditation, respectively, suggest that at-
of whom are not actively religious. Results from a two-way tentional and higher cognitive functions, associated with pre-
(samplex experimental condition) MANOVA on the sensed frontal cortical activation, are more likely neurophysiological
presence item, the EXIT and Mysticism scales showed no candidates for religious experiences than the emotional pro-
significant effects of sample, experimental condition, or their cesses associated with temporo-limbic activation. It should
interaction. be noted, though, that the Azari and Newberg findings, which
Unlike previous studies in this area we did not find that concern more meditative states, may not be generalizable to
the application of weak complex magnetic fields caused the mystical experiences of interest in the present study. If
the sensed presence of a sentient being, mystical or any othose experiences could be studied in controlled settings, they
the other somatosensory experiences described by Persingenay well involve temporo-limbic activation.
and coworkers. However, personality characteristics indica- The commercially available weak complex field TMS de-
tive of suggestibility consistently predicted the mystical vices have a different design than the device employed in the
and somatosensory experiences in both religious and non-resent study, but their function builds onthe same principles.
religious participants. These characteristics included absorp-However, no double-blind studies of these devices have been
tion to mind-altering experiences, the adoption of a “new- reported in the scientific literature that may support an effect
age” lifestyle orientation, and signs of anomalous tempo- of their magnetic fields. Note, though, thatinsofar as prospec-
ral lobe activity, which individually explained approximately tive purchasers of such equipment are high on suggestibility,
10-25% of the outcome variance. placing the helmet on their heads in a sensory deprivation
How could the discrepancies between our results and thosecontext might have the anticipated effects, whether or not the
produced by Persinger and co-workers be explained? A keycord is plugged in.
may lie in considering the methodological differences be-  Regarding methodological considerations, the present
tween study designs. Whereas blindness, including double-study employed a more rigorous research design compared
blindness, of previous studies is questionable (or at least wagto previous studies in this area. Also, we had a relatively large
not reported), we took great care to set up and adhere to asample, which consisted of religious as well as non-religious
double-blind experimental protocol. Hence, in Persinger and participants, and used measures with well-established reli-
co-workers’ studies, highly suggestible individuals may not ability and validity. In other words, the possibility to de-
have been affected by the application of the magnetic fields tect effects from the magnetic fields was optimized. Any fu-
but may simply have been more prone to pick up on and ture replication, or extant findings cited in opposition to the
respond to the experimenter’s potentially differential treat- present results, will also need to be based on a randomized,
ments across groups. Presupposing even subtly differentialcontrolled, double-blind procedure to have credibility.



6 P. Granqvist et al. / Neuroscience Letters 379 (2005) 1-6

If at all possible, more powerful techniques than the ap- [13] N.G. Holm, Mysticism and intense experiences, J. Sci. Study Relig.
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