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Conditions That Appear to Favor Extrasensory Interactions
Between Homo Sapiens and Microbes

C. M. PLEass and N. DeaN Dey
University of Delaware, College of Marine Studies, 700 Pilottown Road, Lewes, DE 19958

Abstract —Wereport laser Doppler studiesof the possibility of extrasensory
interactions between Homo sapiens and isolated unicellular microbes, and
unattended computer-controlled studies of the response of culturesof mi-
crobesto the distant sacrifice of clones.

From the first series of experimentswe find evidence that the focussed
attention and intention of a person in nominal physica isolation from a
cultureof Dunaliella tertiolectacan influencetheir activity. Averagingof all
data from a total of 251 trials strongly suggested the rejection of the null
hypothesis. However, a subset of 118 formal trials conducted with more
restrictive protocolswere only marginally significant.

A second series of experiments used the sacrifice of clones as a distant
stimulus. The data appear to show that the marinedga Tetraselmis suecica
reactsdramatically to the sacrificeof cellsin a physicaly isolated aliquot of
thesameculture if the experimentersare aware of the moment of sacrifice,
and excited by the novelty of the experiment. In sharp contrast, only mar-
gindly significant resultswere obtai ned when the same experiment wasrun
entirely automatically, with the time of the sacrifice defined by random
number sel ection, and the experiment activated by computer command in
an empty laboratory.

A third seriesappearsto illustrate a difference between the effect of the
attention of experimentersand participantsin aformal series, and the more
highly devel oped statesof excitement and i nterest which normally character-
ize pilot trials.

In conclusion, we draw attention to the support which our observations
provide for an " experimenter effect.”” Our present working hypothesisis
that the result of any experiment is a form of environmental feedback, a
complex manifestation of the conscious and subconscious expectationsof
the experimenter and the participants.

I ntroduction

As background to the general question of interactions within and between
living organisms, we should recognize the emerging new field of psychoneu-
roimmunology (Ader, 1981; Lock, Ader, & Besedovsky et d., 1985). At
somelevel, we areal awarethat human consciousnessisinteractivewith the
body. We are now finding experimental evidencethat myriad cdlsinteract
within tissue, vast microbial populations maintain symbiotic relationships,
and to paraphrasean old Englishdrinkingsong, 'thewhole. . .isdriven by
(thought).™

Thereisclear evidence that the psyche and the immune system are inter-
active, although we are obliged to admit that only afew of the system vari-
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ables are well defined. Asisthe normal practice in our times, investigators
have progressed by applying the scientific method to nominally isolated
parts of the whole system such as electrical activity in the neural network.
Most recognize that thereisalimit to the information that sciencecan give
us about living systems, set by itsown protocol: the need to definethe vari-
ablesinfluencing an experimental sequence and replicatethe results. Living
systems are open systems, characterized by the ongoing exchange of water,
minerals, organic substances, and el ectromagnetic radiation with the envi-
ronment; they are al different, and constantly changing.

To a generdist, the differences between a single cell, a person, and the
world that they livein are trivial when viewed against the background of
common features. Many people including Thomas (1975) and Lovelock
(1979) have drawn our attention to this. We have tried to assumethis per-
spective when designing our experiments, to illuminate the central question
of the nature of the interaction of consciousnesswith its environment and
clarify our reasoning. The work reported here spanned five years, 1984-
1989, with a two year break, 1986-1988, between different experiments.

Using culturesof the unicellular marineagae Dunaliella and Tetraselmis,
and opto-electronic systems for characterizingthe He/Ne laser light scat-
tered from a very small measuring volume, we have been able to monitor
changesin the activity of large numbersof individual cellsin responseto ps
stimulus. The single cdl isthe simplest living entity whose behavior can be
studied, and to make behaviora changesvisible, we have worked with cells
that can swim. In thefirst seriesof experimentsthe ps stimuluswasconven-
tional, involving the focussed attention and intention of a participant. In
later experimentsthe ps stimulus was the sacrifice of a distant and nomi-
nally isolated culture of microalgal clones, following Backster (1968).

There are relatively few previous studies of the effect of ps stimulus on
single-celled organisms. However, Rauscher (1980) studied the effect of a
psychic subject on the growth rate of Salmonella typhirmurium. Nash has
aso attempted psychokineticcontrol of bacterial growth (Nash, 1982) and
mutation (Nash, 1984). Randall (1970) madean attempt to detect ps effects
with protozoa. Many experiments have been conducted with small labora-
tory animals; however, these lack the cogency of the experiments with cul-
tures of unicellular microbes, since the number of subject organismsin any
given trial is necessarily quite limited.

Research in the domain of macroscopic plantsrelatesdirectly to research
with marine microalgae which are, in effect, unicellular swimming plants.
There are many reports of ps effects on large plants, ranging in scientific
quality from the anecdotal to instrumentated studies. Backster's seminal
paper (Backster, 1968) describing the use of a polygraph to monitor the
resistance of theleaves of plantsduring periodsof ps stimulus attracted the
interest of many scientists, the media, and the genera public. It is most
interestingto notethat despitethiswidespreadinterest and the evident possi-
bility of replicating Backster's experiments, there has been no convincing
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scientific follow-through. Tompkinsand Bird (1973) have described severa
attemptsto replicate, and much other relevant research. However, in every
case, asfar aswe can ascertain, no other publicationsever appearedin refer-
eed scientificjournals. In some caseswe hote claimsthat paperswere turned
down by journals, but it seems unlikely that thisisthe whole story; amuch
more parsimonious explanation would be that in general the effect is not
replicable. Indeed our own work isonly replicablein the stochasticsense.

Considerationsaf thiskind support the hypothesisthat the magnitude of
ps effects might be complex functions of the consciousand subconscious
attitudes of the participantsand the experimenter. If thiswere the case, each
new datum would be dependent to some extent on its predecessor, and the
only valid anaytical techniques would be nonparametric.

The second series of experiments described in this paper were therefore
specifically designed to alow the experimenter and the participant to vary
thelevd of theirinvolvement. In summary, our objectives(whichweredevel -
oped sequentially) were to search for empirical evidence that:

1. Individual microbesin a culture respond to human attention and in-
tention.

2. Microagaerespondto the violent death of physicaly isolated clones.

3. The results obtained were primarily influenced by the peopleinvolved.

Apparatus, M ethod, and Protocol

The generic apparatus isillustrated schematicaly in Figure 1. It isalight
scattering spectrometer, which translates Doppl er shifts caused by microbial
motion into time seriesdata representing velocity and vector. The patterns
exhibited by the time seriesdata stringsare analyzed statistically to evaluate
the probability of a change in activity during the experimental periods. The
variable may be the mean veocity during the period of interest or some
higher moment of the distribution of observed velocities such as the vari-
ance. The apparatus was set to monitor the vertical axis since most marine
microbes show a tendency to migrate vertically with more or less pro-
nounced circadian rhythms. References and detailed descriptions can be
found in Pleassand Dey (1985, 1986).

In al experimentsthe method wasto study changesin microbial activity
during periods of ps stimulus. The "activity" measured is exocellular; the
Doppler shifts corresponding to swimming speed and secondary motions
like flagellum beat are recorded in the data sets obtained in adjacent " con-
trol™ and "stimulus™ periods. In the first series of experiments stimulus
means the attention and intention of an isolated "' operator'* or participant,
and the initiation and termination of the period is marked by pressing a
preprogrammed key at intervals chosen by the participant. A control data
block of equal szeisdeveloped from the time seriesimmediately before the
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Fig. 1. Experimental set-up: PK86. A 5-milliwatt He-Ne laser (Hughes model 3225-PC) is
beam-split in a custom Dantec Electronics, Inc. single axis Laser Doppler Velocimeter
(LDV).One beam is passed through a Bragg cell, whichimposesa 40 khz frequency shift.
The two beams are then focused to cross at the beam waist at an 18.60" intersection
angle. The crossover is normally located within a 1 cm X 4 cm capped polycarbonate
spectrophotometer cuvette or a polycarbonate tissue culture flask. Individual bursts of
Doppler-shifted light from the 0.6 nanoliter crossover, representing particle passages
through the crossover volume, are collected by an 80-mm focal-lengthlens, and passed
through a narrow band-pass filter and a pinhole into a photomultiplier (Model # RCA
4526). The resulting signal is passed to a Dantec model N55 frequency tracker, which
matches the incoming frequency with a voltagecontrolled oscillator. The analog voltage
is passed to a Scientific Solutions LabMaster 12-bit analog to digital converter mounted
in an IBMPC-I computer. The velocity and vector of each particle and the statistical
momentsof distributionsof dataare cal culated by acustom program, which alsogoverns
the (random) timing of control and experimental periods, and the collection of any
environmental control data. Time seriesdataisstored on hard disk for later analysis by
custom programs, LotusB, or Statgraphics®.

onset of the stimulus period, after the stimulus period has been defined. The
second seriesof experimentsinvolving the sacrifice of cloneswascomputer-
controlled throughout, with a random start to the stimulus period within
each hour.

A"tripolar' protocol similar to that devel oped by Jahn and Dunne (1987)
isoptimal under any circumstance where an " operator" is given the tasks
"go high™ and ""go low.” We are unableto adopt it since our instruction to
the participant isto ""be with the dgae"" during the stimulus period. Thisis
not an arbitrary decision: consideration of early data from the period 1982~
1984 showed that natural changesin the vectors of the microbes due to
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endogenous rhythms were sufficiently pronounced to make the result of a
command such as'*go high™ or *"swim faster' ambiguous. Expressed differ-
ently, the agae should not be expected to respond in the same way to exoge-
nous stimuli which are separated in time by a substantial fraction of a day.

Sampling and Statistical Treatment

Series 1: 1986 Data

Data for the entire year representing 251 trialswere analyzed by a some-
what severe statistical procedure known as double-differencing. A further
leve of ""globd"" control was applied by running otherwiseidentical experi-
mentsin the absenceaf any "'red"" stimulus. The double-differencing proce-
dure has been described in detail in Pleass and Dey (1986). However, in
outline it can beillustrated in this way:

.. timesariesdda. .. ...... time seriesdata .......|............
BiA; Random Space D,C, ByA,
TRIAL 1

Where:
Period A = the stimulus period, defined by key-press.
Period B = a control period of equal duration, defined subse-
Period C quent to the completion of period A.

= period between A, and B,, equal in duration to A,
and B, and selected by the data processingcomputer
afterthetrial, usngan internal random number gen-

iod D erator.
Period =""control"" for C

(Global control)
If the baseline time series consists of normally distributed data the differ-
ences between the mean va uesof the velocitiesin each period shouldtend to
zero asthe number of trials n increases:

(Global control)

1
AV =3 (XA, — XB,) — (XC, — XD,).

Only thefirst term of the algorithm, (X4, — XB,) would normally be exam-
ined in a system which was expected to give a time-invariant baseline. The
second term has been introduced to compensatefor trendsin thedatadueto
circadian rhythms, and toughen up the test for significance.

Notethat one substantial differencebetween the pilot trialsand theformal
serieswas that in the latter case the global control was taken from another
completely independent time series data string, matching the circadian
phaseangle by superimposingtheclock timesof thereal trials. Thisisamore
demanding techniquewith the merit of cleanly separatingthe global control
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period from any residual effectsdue to the previous stimulus period. How-
ever, it is not necessarily superior: the culture giving rise to the time series
data string for the globa controlsis a derivative of that used in the experi-
ment, sincethe cdlsdivide once a day.

Results and Discussion

Part |: Experiments with Dunaliella tertiolecta

Figures 2 and 3 represent a metaanalysisof the 1986 data describing the
interaction' of various participants with cultures of the marine microalgae
Dunaliella tertiolecta. Since the distributions of the "*scores” from the rea
trials and the global controls (the unattended computer-generated data,
taken when there was no "'real" stimulus) are both zero centered, the two-
sample x? statistical test is appropriate.

Figure 2 illustratesthe distributions of data from dl the trials conducted
using this protocol. The 251 global controls are normally distributed with p
=501 Thisisreasonable. Thedistribution of experimental scoresisvisualy
different and certainly nonnormal with p = 5.341E-9. Comparing control
and experiment gave p = 2.35E-10. These resultsstrongly suggest that algal
behavior, manifest by the motions of individual cells, changed on a signifi-
cant number of occasionswhen the participant followed the instruction to
“identify with™ or ""be with" the cellsin the measuring volume. Summary
stetisticsare givenin Table 1.

Cogent results, which began to appear in late 1985, attracted the attention
of many colleaguesand scientistsfrom other |aboratories. We hosted a sub-
stantial number of visitorsthrough 1986, and toward the end of the year had
asmall portfolio of comments from them suggesting changesin our control
procedureswhich might help to persuade the community of scienceto ac-
cept the result. Typica suggestionsincluded radio frequency shielding, in-
creased control over temperature variationsin the room, improved physica
isolation of the vessdl holding the culture of microbes, and global control
data taken from uninterrupted time seriesdata acquired on a different oc-
casion.

We took all these comments into account in the last part of 1986. The
University of Delaware was kind enough to cooperate by building a quiet
temperature control system for our lab with a dedicated heat pump outside
the building.2 Within it we assembled a wak-in environmental chamber,
with grounded metal walls, and inside this we set up the experiments.
Through portsin the wall, we were abl e to take data to a computer outside
the enclosure. With al thisdone, we had high expectation of afine seriesof
experiments. We called these our **gold” trials. The results are presentedin
Figure 3, and the summary statisticsin Table 2. Somewhat to our chagrin,
the probabilitiesagainst chance were not significant, with p = 0.059.

An unbiased scientist has to conclude from the results of these experi-
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Fig. 2. Interaction between Homo sapiens and Dunaliella. 251 trials were conducted by 18
participantsduring 1986. Significancelevd is derived from a two-samplex? test of the
distribution of control and the trial data. The control data are essentially normally
distribited (p= .0501) whilethe trial datashow Pareto-Levytails, and deviatestrongly
from normality (p= 5.341 E-9). Raw data(the Doppler shift representingthe velocity of
the cell in the measuring volume) was acquired at a rate of approximately 70 datums
sec™!. Variationin rateisdue to occasionswhen no cellsare present. 1.87 X 10¢ raw data
pointsform the database.

Breakdown of Contributions to the Database

Participant # of Total % of % of
# Sets Trias Trias Data
5 11 59 23.5% 20.1%
6 2 13 5.2% 2.7%
7 5 36 14.3% 4.2%
8 1 7 2.8% 2.1%
9 1 7 2.8% 3.2%
11 1 4 1.6% 2.5%
17 1 7 2.8% 4.9%
22 1 8 3.2% 1.3%
29 3 15 6.0% 12.6%
31 1 5 2.0% 2.7%
33 1 3 1.2% 4.7%
34 1 4 1.6% 4.6%
35 1 5 2.0% 6.3%
36 1 3 1.2% 2.8%
37 2 7 2.8% 0.7%
38 4 37 14.7% 16.1%
39 1 8 3.2% 2.9%
40 3 23 9.2% 5.6%

ments that the apparent difference between the' ps** and ™ control** periods
islikely to disappear as the experiment becomes more and more precisay
defined.

At first thisseemed likeagood reason for giving up thisresearch. Our best
effort, tightly controlled by any standards, utilizing a mass of data from
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Fig. 3. Interactionsbetween Homo sapiensand Dunaliella. 118" gol d trial swereconducted by
14 participantsduring 1986. Significancelevel isderived from atwo-sample x? test of the
distribution of control and trial data. Both control and trial distributionsare effectively
normd: significance levels of .403 and .643' respectively. This is a subset of the data
presented in Figure 2. Dataacquisition ratesaresimilar. 1.08 X 10° raw data pointsform

the database.
Breakdown of Contributions to the Database
Particpant # of Total % of % of
# Sets Trias Trials Data
5 3 10 8.5% 8.2%
23 2 14 11.9% 6.3%
25 1 12 10.2% 1.8%
29 1 6 5.1% 4.3%
30 1 10 8.5% 4.1%
38 t 6 5.1% 6.9%
39 1 7 5.9% 7.9%
40 1 7 5.9% 4.5%
41 3 15 12.7% 20.9%
42 2 5 4.2% 7.2%
43 1 1 0.8% 1.4%
44 2 7 5.9% 10.0%
45 2 16 13.6% 9.8%
46 1 2 1.7% 6.7%

many millionsof observations, seemed to haveled usto the samemarginally
significantresult that hascharacterizedmuch of thelast few decadesof scien-
tific consciousness research.

It was not until we had ponderedthe resultsfor about ayear (whileearning
our keep with more conventional laser Doppler studies) that we began to
appreciate a more subtle hypothesis. Switch perspectives, and think like a
bright young scientist; if he or she has not recognized any prior experiences
which suggest the possibility of so-called " extrasensory™ interactions, it is
reasonablefor them to declare that only data from the gold seriesare valid
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TABLE 1
Summary statisticsfor al 1986 trials
Variable Control Ps
Samplesize 251 251
Average velocity 0.214914 0.0268669
Median velocity —0.0626707 —0.0467433
Mode ~0.0787449 —1.2613
Variance 37.913 58.4067
Standard deviation 6.15735 7.64243
Standard error 0.388649 0.482386
Minimum —24.9731 ~50.1647
Maximum 20.5917 49.5457
Range 45.5648 99.7104
Lower quartile -341318 —3.1802
Upper quartile 3.78367 3.11628
Interquartile range 7.19685 6.29647
Skewness 0.0742012 —0.538967
Standardized skewness 0.479923 —~3.48597
Kurtosis 1.5576 16.6134
Standardized kurtosis 5.03718 53.7268

evidence. However, it does not follow that by constraining the experiment
(thegold series) we are approaching the true result. We suspect that we may
be approaching the result that a perfect scientific experiment would obtain.
Our current hypothesisisthat a'' perfect' scientificexperiment islimited in
that it must totally exclude human activity and therefore by definition,all ps

effects.
TABLE 2
Summary statisticsfrom the "gold' trials
Variable Gold Control Gold Ps
Samplesize 118 118
Average velocity 0.136849 0.0428034
Median velocity -0.110172 0.19604
Mode —-0.145843 —0.0983624
Variance 33.5796 57.6133
Standard deviation 5.79479 7.59035
Standard error 0.533454 0.698748
Minimum —18.6734 —40.697
Maximum 17.3044 17.2879
Range 35.9778 57.9848
Lower quartile —3.55412 —3.1802
Upper quartile 3.80811 3.82702
Interquartile range 7.36223 7.00722
Skewness 0.0613546 —1.39725
Standardized skewness 0.27209 —6.19641
Kurtosis 0.819328 6.73379
Standardized kurtosis 1.81674 149312




.

222 C.M. Pleassand N. D. Dey
Part 2: Experiments with the Sacrifice of Clones of Tetraselmis suecica

One of the factors which prompted this research was data from Backster
(1968).He described strip chart recordswhich showed that the resistivity of
the leaves of a plant changed dramatically when brine shrimp were tipped
into boiling water at a distant location. The experiment was automated, in
thesensethat the act of dumping the brineshrimpinto the water wascarried
out in the absence of the experimenter. The scientific community paid rela
tively little attention to this intriguing experiment, and after one or two
attemptsto replicate the result had proved inconclusive, there was ageneral
loss of interest.

Backster remainsan active researcher today, and is quite convinced that
the effects which he was able to demonstrate are viable, though not consis-
tently replicable (Backster, personal communication, 1989). In this sense,
his observationsare quite similar to our 1986 studies.

We reasoned that a ps stimulus could be applied to our agae without
involving a human participant, and in fact, without involving an experi-
menter beyond the point of initiation of the experiment. The experimental
concept can best be described with referenceto Figure 4. We had learned
how to turn our experimentsover to our computers, and therewasno reason
why we should not start them and go home. If we kept doing this, we would
tend toward a point where no one was acutely conscious of the ongoing
experiment, and that result promised to be most interesting. As an added
advantage, computer control and the exclusion of Homo sapiens promised
to make the data quite acceptable, at least in biology journals.

It seemed appropriate to usethe death of alga clonesasthe sourceof the
stimulus, and we thereforedesigned a microcomputer program with an ana-
log/digital interfacewhichwoulddumpasmall aliquot of our seawater algae
Tetraselmisinto a large volume of fresh water. Since the osmotic pressure
difference acrossthe cellular membrane isthen enormous, the effect on the
cells could be likened to the effect of placing Homo sapiensin a vacuum.
There isgood reason to supposethat thiswould be a very painful way to die.
In effect, this was a programmable natural event.

The single-celled motile dgae (Tetrasel missuecica) were preparedin 500
milliliter flasksin an incubator; the seed culture placed in the flask initially
was prepared from a single spot removed from an agar plate. These are
classicd techniquesfor preparing cultures of a singlestrain. Under normal
growth conditions cells will divide once aday. When the concentrationsin
the large flask reached approximately 500,000 per milliliter the particular
culture was examined microscopicaly for vigor and dividedinto two parts,
one of which wasset up in thelaser Doppler system, and the other abovethe
sacrificid vessd.

At a random time within each hour the computer sent asignal through a
digital toanal ogconverter which opened thesol enoid vave(shown schemati-
cally in Figure 4). This allowed the seawater culture of Tetraselmis to flow
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Fig. 4. Experimental set-up for "' Scream'* and "' AutoScream'* experiments. The laser and data
collection systemsare as described in Figure I. A custom program randomly selectsan
agd dump period in each hour. The only connection between the observed cuvetteand
the sacrificial culture isin the computer or viathe sound of the solenoid vave snapping
open, which is also present in the control set involving water into water. After the first
control data have been collected, the Scientific SolutionsLab Master A/D isinstructed by
the custom program to activate a Magnecraft relay (model W49REICIVG-5DC-sil, nor-
mally open) connected to one of the A/D board's auxiliary parallel ports. This relay
closes, completing an AC electrical connection to a solenoid vave (ITT model
S301AFO2V3BEL, normally closed). The opened solenoid valveallowsan aga culture
to flow through silicone tubing into fresh water in a 20-liter bottle. After 120 velocity
sampleshave been obtained from the “isolated” cuvette(circa2 minutes), the computer
stopsthe flow by opening the relay and thus closing the solenoid. The fresh water reser-
voir hasaconstant flow of fresh water through it. Theleve of the reservoir iscontrolled
by a Dyna-Sense Electronic Liquid Level Controller, Model 7186.

intothefreshwater. Experimental periodsweretwo minutesin the hour, and
the whole system wasgeared to weekend operation. Control data weretaken
from the time seriesrecord immediately prior to the sacrifice. It was possible
toinitiatethetrial just beforeleavingon Friday night and stop it on Monday
morning. The experiment became known as"* AutoScream."'

In any series of consciousnessexperimentsthe devel opment of a protocol
isnormally brought to closure with a set of trialsthat confirm the viability of
the particular combination of softwareand hardware. If the experimenters
are feeling good about the experimental design and an interesting result
seemslikely, these are*'sdlad days.”” In an optimal case, bright, happy, and
attentive people watch these "' pilot trials” closgly. Over the years we have
cometo realizethat theseare prime conditionsfor the manifestationsof ps
effects. Asthe protocolsare subsequently formalized in an attempt to make
the overall experiment more scientific,and the compilation of statisticsfrom
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a large number of trials becomes the most obvioustask, the result dways
seemsto becomelessand less persuasive.

We chose to do the first complete pilot trialsfor AutoScream on a day
when we were entertaining a relatively skeptical but open-minded visitor.
This decision was spontaneous; made only a few days before the visit. The
intent was light and bright: what better way could there be to describe our
work than to actively involve our visitor in something that we had never
attempted before? A modification to the computer program enabled usto
bypass the random start to the stimulus period, and substituted a computer
keyboard button press.> This created the required atmosphere of involve-
ment for our visitor and guaranteed that all thosein the lab would be aware
of the period in which the Tetraselmiswere being torn apart.

Four of us stood together around the computer keyboard, outside the
shielded environmental chamber in which the experiment was set up. Our
guest had responded warmly to the opportunity to be actively involved, and
the group watched while he pushed the F1 key to sacrifice approximately 20
million Tetraselmis and create a computer record reporting the behavioral
parameters of 120 distant clones. (To be sure of statistical independence,
with sequential data from different cells, we limited the sample rate to one
per second.) For the record, the group conversed quietly during trials 1 & 2.
Trials3, 4, and 5weredightly different; although al of the group were aware
that atrial was ongoing, only one participant was present at the keyboard.
The otherscontinued their discussionsin an adjacent room. It isinteresting
to note that although no statistical tests were applied at that time, the raw
time seriesdatafromtrials 1and 2 weredisplayed prior to trials3-5, and the
visible drop-outs in the stimulus period (Figure 5) served to enhance the
general feding of excitement.*

Our null hypothesis was that there would be no significant change in
behavior manifest by the clones which were being examined by the laser
Doppler system, during the period of the sacrifice. Time seriesdata reporting
the activity of microalgae very rardly show visudly identifiable' quiet™ pe-
riodslikethat in trial 2 (Figure5). It was, therefore, no surpriseto find that
the result of applying statistical tests for significant differences between the
distributions of mean velocities in the experimental and control periods
suggested the rejection of the null hypothesis, with a very low probability of a
chance result. Table 3 reports the Kolmogorov-Smirnov (K&S) and x?
scores’ for the five pilot trialscarried out on that day. The K&S test is most
senditiveto differencesin the means of two populations. The x? test is com-
plementary; it is most sensitive to extended tails. Normally in computer
controlled serieswe would ensemble average these data before performinga
dtatigtical test. In thiscase, where the stimulus period variesin duration, the
anaysis was modified.

Wechoseto usetwo different anal ytical techniques; ensembleaveraging at
the period of the shortesttrial, and individual treatment of each data set. Our
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Fig. 5. Pilot experiment: Scream series. Time seriesdata from pilot trial of the'* Scream' series.
Dataare recordedcontinuously. Thefour parti cipantsstood outsi dethe shielded environ-
mental chamber in which the apparatus was set up. One participant pushed a prepro-
grammed key on the computer keyboard (at the" ON" marker), opening asolenoid that
alowed ca. 20 million Tetraselmis to flow into fresh water, lysng them by osmotic
pressure. After an interval of his choosing, the participant then pushed the key again
(indicated by the' OFF" marker), terminating the algd flow into thefresh water. TheK
& Stest was used to compare the distribution of data in the preceding control period to
the experimental ""ON"" period.

reward was to observe severa instanceswhere the probability that the data
setsfrom the control and stimulus periodscame from the samedistribution
exceeded the low limit built into the statistical package!

I n the subsequent series of computer-controlled experimentsin which the
experimenter left thelab immediately after turning on the computer we used

TABLE 3
Statistical comparisons of set | data: Probabilitiesof a correct null hypothesis
(no significant difference between stimulus and control periods)

x? Test
Time of Ensemble Av. x? Test K&S Test
Exp. Period Control vs Raw Data Raw Data
Trials# Sec. Experiment? Distributions Distributions
1 363 9.72 X 107° 0.0014
2 349 3.4 x 10710 0.1112
3 368 < 10E-11 <10E-11 4.28 X 1077
4 374 <l10E-11 <10E-11
5 316 <10E-1! 1.2x 1078

* To ensembleaverage thisearly data, where the period of the sacrificewasat the discretion of
the participant it was necessary to chop the data stringsfrom thelonger experimental periodsto
be equal in length to the shortest. This does not affect the validity of the subsequent test.

Note: The stati sticswere devel oped using Statgraphics® software, which will report probabili-
tiesdown to 10E-11.
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Distribution of Ensemble Averages of 37 Trials
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Fig. 6. AutoScream: Tetraselmis. The aga Tetraselmis, served as both the target and sacrificia
subject. Each experimenta period was 2 minutes. One velocity record wascollected per
second. The control data weretaken from the time seriesrecord immediately preceding
the experimental stimulus. Each curve, therefore, derives from 4,440 data points. A
comparison of the control and experimental periods using the two-sample K & S test
produced a probability of p = 0.0506.

Summary Statistics

Variable Control Stimulus
Sample size 20 120
Average 11717 13.4909
Median 10.8634 13.3207
Mode 9.05282 12.9327
Geometric mean
Variance 359194 47.6285
Standard deviation 5.99328 6.90134
Standard error 0.547109 0.630004
Minimum —8.01855 —4.91466
Maximum 24.3135 32.332
Range 32.3321 37.2466
Lower quartile 7.63021 9.05282
Upper quartile 15.5192 17.8472
Interquartile range 7.88904 8.79434
Skewness —0.102187 0.0788196
Standardized skewness —0.456992 0.352492
Kurtosis 0.15026 0.170979
Standardized kurtosis 0.335991 0.38232

ensembleaveraging of the 37 trialsto bring the relatively weak signal out of
the noise. It appeared possible that the culture monitored by the laser
Doppler sysem may have reacted to the demise of the distant culture of
clones(Figure 6 should be compared to theglobal control, Figure7), but the
magnitude of the effect was dramatically reduced to the level which we jok-
ingly call ""*normal*; a probability level p = 0.051 which we regard as** mar-
ginaly significant."
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Digtribution of Ensemble Aver ages d 46 @lobal Trials
20 v T . v — ]
I | K&S 4
28 |- | Significance -]
F | Lovel q
AL 0. 999 Control E
g ]
% 2| 3
] I 'Experiment’ b
b 8 :__ _i
o :
of; : : : : . =
8 18 28 38 40 58 68

Velocity

Fig. 7. AutoScream global control. The alga, Tetraselmis served asa target and distilled water
was used in the sacrificial vessel. Two-sample K & Scomparisons of the periods produced
a nonsignificant probability of p = 0.999. Dataacquisitionsand sampling wereidentical
to that described for Figure 6.

Summary Statistics

Variable Control Stimulus
Sample size 120 120
Average 27.8816 27.8514
Median 27.1567 26.7314
Mode 27.0504 26.4123
Geometric mean 27.1257 27.0006
Variance 44.1461 52.7973
Standard deviation 6.64426 7.26618
Standard error 0.606534 0.663308
Minimum 14.928 15.9913
Maximum 51.9332 51.0825
Range 37.0052 35.0911
Lower quartile 22.9032 23.4349
Upper quartile 32.1545 30.6658
Interquartile range 9.2513 7.2309
Skewness 0.665393 1.11191
Standardized skewness 2.97574 4.9726
Kurtosis 0.574194 1.59852
Standardized kurtosis 1.28394 3.5744

These experiments were triple blind; the paired control and stimulus pe-
riods were initiated randomly (the control precedesthe stimulus, because
one must anticipate the possibility of prolonged effects) and the distribution
of the data was compared to that from a globa control sequence, which
differed only in the substitution of water for the distant culture of clones
(Figure 7). All clicks, creaks, el ectrical noise, and other buildingand environ-
mental variablesthereforehad similar long-term averages. It waspleasingto
note that the probability that the globa control data from 46 trialswere all
from the same distribution wasp = 0.999 (Figure?).
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Distribution of Ensemble Averages of 45 Trial's
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Fig. 8. AutoScream: Tetraselmis.The alga Tetraselmis served as the target and the sacrificial
subject. Thiswasa precisereplication of theexperiments whose resultswereillustrated in
Figure 6. Theglobal controlsdescribed by Figure 7 serve both setssince they have quite
adequate statistical power and givean unambiguousresult. Two-sample K & S compari-
sons of the periods produced a nonsignificant probability of p = 0.099.

Summary Statistics

Variable Control Stimulus
Sample size 120 120
Average 18.9908 21.5394
Median 18.3652 21.8743
Mode 18.3652 21.5553
Geometric mean
Variance 156.498 128.142
Standard deviation 12.5099 11.32
Standard error 1.14199 1.03337
Minimum —26.5089 —5.6669
Maximum 53.2437 49.2029
Range 79.7526 54.8698
Lower quartile 11.4533 14.0054
Upper quartile 26.8722 30.0623
Interquartile range 15.4188 16.0569
Skewness —0.0491128 —-0.237949
Standardized skewness —0.219639 —1.06414
Kurtosis 0.961031 ~-0.391417
Standardized kurtosis 2.14893 —0.875235

At first glance, these data seemed to suggest that natural modalitiesexist
for distant real-timecommunication between algae clones. | n effect, we had
used expensive apparatus to demonstrate something that Grandmother
knew: identical twins can sense each other's wdl-being. But, as Figure 8
illustrates, the effect continued to weaken in the next set of 45 trials. The
probability that the null hypothesiswasincorrect was not significant, with p
= 0.099. Wherewasall the fire and excitement that our early pilot trials had
promised?

Backtracking to examinethe possibility that direct involvement by a par-
ticipant would enhance the effect, we conducted 42 trialswith participants
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from insideand outside our laboratory. All had participated in our previous
trialsin 1984-1986. The participant pushed the F1 key of a computer key-
board to initiate a two-minute sacrificial period, and data wasthen recorded
automatically. Control data wastaken from the period immediately prior to
the key-press. The experimenter sat in an adjacent room, continuing with
other work.

Datafrom al 42 trials were ensemble averaged to eliminate random noise
and bring out any signal associated with the experimental period. The aver-
aged data were tested for significant differences between the two-minute
control and experimental periods using the two-sampletest (p= 0.627) and
the K&S test (p= 0.999). It was necessary to accept the null hypothesis(no
difference). It isimportant to appreciate the structure of the experiment in
the context of the research; the trialswere aformal series modelled after the
pilot trials which had given such exciting results, differing only in that the
stimulus period was set at two minutesto alow usto ensemble average all
the data and directly compare the resultswith the AutoScream series. The
experimenters had no vested interest in either a positive or negative result,
since at the onset, both were fascinating possibilities.

Overall, theimplication of thefour formal AutoScream seriesisclear: the
dgee, per se, are not significantly perturbed by the death of their clones.
Since the statistics from the group of 42 attended formal trials showed that
the physical presence of Homo sapiens and awareness of the period of the
""kill'" are not a sufficient condition for asignificant result, and the result of
the set of pilot trials was so robust, one can argue that some property of the
overal system (the algag, the participant, and the experimenter) changesas
we pass from pilot trialsto formal trials. Thisis, indeed, the point we wish
to make.

Conclusions

None of the formal seriesreported in this paper were statistically signifi-
cant at the p < 0.05 level and we must therefore accept the null hypothesis
and clearly state that we have no scientifically viable evidencefor extrasen-
sory interactions between Homo sapiensand the unicellular agae Tetrasel-
mis suecica and Dunaliella tertiolecta, or between clones of Tetraselmis
suecica.

In sharp contrast, data from the pilot experiments, which preceded the
formal series, require the rejection of the null hypothesis. Thisconclusionis
robust. As naturalists interested in phenomena which attend living systems,
we must report this, and see if we can conceive a simple hypothesiswhich
will embrace all data sets.

The pilot trialsand exploratory series spoken of in this paper all met our
own very high laboratory standards for viable scientific experiments. They
use the same elegant laser Doppler monitoring techniques, data processing,
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and very conservativestatistical methods asthe formal trials. In every case
global controlsare taken from the time seriesdata string which accumul ates
between trias, using random sampling of the string.

Astrained observerswe thereforehaveto conclude that anomal ous extra-
sensory information transmission doestake place under certain as yet unde-
fined conditions. Although the factors are not susceptible to quantitative
definitionwe suspect that it isasense of the " importance™ of aformal series
which damps performance. By definition, the formal seriesisintended to
produce data which persuades others. The ego-involvement of the experi-
menter(~vould be expected to increase; emotions might vary from fear of
failure to anticipation of enhanced stature in the scientificcommunity. Our
experiencewith participants from outside our laboratory isthat for the most
part, individualswish to test their ability to create an impressiveresult, even
if they choosewhat might be called a mystical approach.

Speaking as experimenters, and asindividual swho have played asubstan-
tial role as participants, there seem to be certain rare occasions when an
individual or agroup resonate with an experiment, bondingtoit in thesense
of an exclusive awareness, free from peripheral thoughts. The data from
periodslikethisoften callsfor rejection of the null hypothesis(nosignificant
effect due to the stimulus).

Biologistsand behavioral scientists use the methods of science: replication
normally precedesthe presentation of data. However, work with living sys-
tems should not be presented as pure science, since many of the variables
show acomplex time dependance which makescompl etedefinitionimpossi-
ble. We cannot reasonably expect to define a set of conditions which cause
the resonance which we occasionally observe, and use this definition to
structure a scientific proof of an effect.

We, therefore, expect to find that anomal ous phenomena will continueto
be most meaningful to the individualsinvolved. In this context the experi-
menter stands out clearly: if unbiased curiosity prompted them and sus-
tained their experimental work, our experience suggests that they will de-
velop an enhanced awareness of their personal ability to influence other
physical systems. The secondary act of persuadingother peoplethat thismay
begenerdly trueappearsto be much more difficult, since the expectationsof
the experimentersare then generally modified by ego-involvement.

Our work with interspecific communication between clonesof Tetraseli-
mi s suecica is negative, in astrictly scientificsense. However, the quite strik-
ing behavioral changes observed in the preliminary trials reinforce the idea
that data often correlate with the expectationsaof the experimenter(s), if they
arefreefrom any artificial sense of the importance of their work. In alarger
context, this suggeststhat the environment which an individual perceives
may be a manifestation of their consciousand subconsciousexpectations. In
engineeringterminology, theindividual and their environment may forman
interactive feedback system.
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Endnotes

! Interactions are referred to as follows:
Set: A group of trials carried out during one session by one participant.
Trial: One stimulus period, marked by key-pressor computer generated start.

2 We must have made the request at exactly the right moment: perhapsthisin itself isthe best
evidence we can produce of a verifiable anomaly!

3 This modification isidentified as'* Scream.™

4 Readersinterested in theintegrity of thisset of experiments, or the prevailingatmosphere of
excitement and expectation may speak with the guest who participated, whoseformal responsi-
bility wasto evaluate our program. The author will be pleased to provide details.

* These standard tests were applied using the statistical software package Statgraphics®, ver-
sion 2.6.
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