Consequently, after having adopted the
new habit of building cells with plant
hairs, selection might have forced the
Anthidium bees to protect cell contents
in an alternative manner. Extrafloral
trichome exudates transferred to the
nest wool may compensate for the pro-
tection exerted by resin. This view is
supported by preliminary experiments,
which demonstrated that plant wool
soaked with glandular secretions ex-
hibits increased water repellency, as
well as by the ecological function at-
tributed to the trichome e¢xudates.
These apparently serve either as contact
poisons or as volatile repellents, in-
hibiting microbial infection of the plant
surface and preventing attack by herbi-
vorous arthropods [11]. We therefore
hypothesize that the plant glandular
secretions on the nest wool serve to wa-
terproof the brood cell, to prevent mi-
crobial attack of provisions and larvae,
and/or to deter nest-robbing arthro-
pods. In addition, they may facilitate
the manipulation of the plant hairs by
glueing the wool threads together.

However, a few Anthidium species and
the representatives of the genus Pseu-
doanthidium which also -build their
brood cells with plant hairs [8, 12] are
not equipped with specialized tarsal
brushes for harvesting plant glandular
products. This shows that the collection
of plant hairs for cell construction is
not necessarily connected with nest
wool impregnation in every case.
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The Dowsing Data Defy Enright’s

Unfavorable Verdict
S. Ertel

Institut fiir Psychologie der Universitit,

Comment on J.T. Enright: Water
Dowsing: the Scheunen Experiments.
Naturwissenschaften 82, 360 (1995)

In the next two issues there will be a
further comment by H.-D. Betz et al.
and a final reply by J. T. Enright.

Konig and Betz investigated the skill of
dowsers to identify the position of a
hidden pipe, the experiment was per-
formed in a barn (Scheune). Based
upon an analysis of their Scheunen
data, the authors contended that the
empirical evidence for such skills is
compelling [1]; Enright [2], however,
summarizing his reanalysis of the same
data concluded:
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“No persuasive evidence was obtained
for a genuine reproducible dowsing
skill. The absence of reproducibility
suggests that the entire research out-
come can reasonably be attributed to
chance.”

In order to help resolve this contradic-
tion, the present author also reanalyzed
the complete data set. Dowsing success
was assessed by the absolute distance
on the test line between the dowser’s
response’ and the location above the

! «Response”, as used here, does not presup-
pose an empirical relationship to the experi-
mental stimulus.

hidden pipe. Enright analyzed the

Scheunen data by spatial correlations,
not considering that the direction
towards which a dowser’s response
deviates from the target (plus and mi-

nus) should be ignored. Konig and '

Betz, utilizing multinomial frequency
counts, correctly considered only tpe
size of response deviations ignoring ir-
relevant directions. _

Next, the definition of an exact hit i
arbitrary and unnecessary for an anal}"-
sis: Enright assumed that effects, if
existent, must be precise enough 'to
become visible by glancing at spatial
scatter plots. Konig and Betz were more
careful by allowing for a hit toleranct
of ca. 10 dm. Nevertheless, they, to0
excluded ‘valuable information, as V{ﬂ
be shown later. We sought relationships
between stimulus and response without
preconceived hit definitions in order t0
avoid a Type B error, ie., erroneol{SIY
concluding that an effect does not eX.ISt'
Third, our analysis is based on all trials
of all dowsers (N = 843), not on selecs
ed samples of dowsers (Enright) a0
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got on runs of trials within individual
qessions (Konig and Betz). Advantage:
Statistical degrees of freedom (df) are
eater for all trials taken together in-
qeasing the precision of analysis.
Legitimacy: target—regponse relation-
ships for individual trials are stochasti-
cally independent of one another, even
within one dowser’s session, since
target locations were randomly deter-
mined.
Fourth, expected distances between re-
sponses and targets (“expected” = “ex-
pected by chance”), indispensible for
assessing error probabilities of ob-
served responses, are obtained by ran-
domizations (to be explained below)?.
Enright did not consider expectancies
at all and Konig and Betz’ assumptions
underlying their use of multinominal
distributions are not as certain as the
present procedure. Expectancies by ran-
domization help avoiding a Type A er-
ror: erroneously concluding that an ef-
fect exists [3].
A first check. Expected distances were
obtained as follows: 843 observed
dowser responses, varying between 1, 2,
and 100 dm, were paired with the origi-
nal 843 target positions randomized,
ie, the positions were shuffled, so that,
e.g., the dowser’s response no. 1 in the
series of 843 trials which had occurred
at, say, 10 dm on the line came to be
paired with pipe position no. 515 asso-
ciated with, say, position 60 dm. The
absolute distance between response and
target is S0dm in this case. After
calculating absolute distances between
843 dowsers’ responses and randomly
paired pipe positions, the latter were

“shuffled again to be randomly paired

with the dowsers’ responses, another
843 distances thus being obtained. This
process was repeated 1000 times yield-
Ing a total of 1000x843 distances,

2_ The mathematical rationale of randomiza-
tion procedures “is rather different to the
classical or normal theory models. . . The prob-
ability statements made under randomization
models do not refer to distributions over all
Samples, but rather to distributions over all
Possible randomizations of the same sample”
B1. Randomization, when applicable, is pref-
erable to classical procedures (“the fairest test
of all”, [3]), and less demanding, the only
Tequirement being appropriate computer hard-
and software (programs have been customized

here by SC, Statistical Calculator, MOLE
Software),

ranging between distance 0 dm (exact
hit) and 100 dm (complete miss). The
average occurrence of distances 0, 1, 2,
3,... 100dm, ie., each occurrence
divided by 1000, defined 101 expectan-
cy levels (E = expected).

The observed values (O) were obtained
by counting the distances between 843
dowsers’ responses and 843 wnran-
domized pipe targets at original ex-
perimental locations. These counts
were then related to the average counts
for each distance with expected target
locations by subtraction (O—E). The
obtained differences O—E are shown in
Fig. 1. It can be seen that the greatest
positive deviation from expectancy oc-
curs at 0dm above the pipe’s hidden
location. Moreover, the rise of FFT-
smoothed deviations from right to the
left culminating at 0 dm suggests that
the pipe did, in fact, function as attrac-
tor (here called attractor I).>

There are three additional peaks along
the test line, as if other attractors had
been active in the barn; but what else,
aside from the experimental pipe stimu-
lus, could have attracted the dowsers’
rods? A closer look at this is required.
An unexpected pattern of responses
emerges by analyzing the dowsers’
response frequencies separately for ten
groups of target-response distances
0-10dm, 11-20dm,... 91-100dm.
Observed frequencies for the first five
target positions are given in Fig.2
(original frequencies, not their devia-
tions from expectancy). Strangely, in
eight of the ten frequency distributions,
two peaks appear instead of only one,
and the corresponding average distribu-
tions based on 1000 target randomiza-
tions do not display secondary peaks
(not shown in Fig. 2). Another notable
observation is that the distance between
the two peaks diminishes as the target’s
location approaches the midpoint of
the dowser’s test line (31 —50 dm).

3 Frequencies of response deviations from
target at scale position 0 dm (exact hits) were
doubled for both expected and observed
samples, in order to adjust their probabilities
to deviations >0dm, e.g. absolute deviations
of responses of size 1 combine response devia-
tions at —1 dm and +1 dm while exact hit oc-
currences (deviation = 0 dm) stand alone. The
doubling of 0dm deviations adjusts them to
(—1dm)+(+1 dm) deviations, i.e., to the prob-
ability level of all >0 dm deviations.
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Fig. 1. Main results. Difference of observed
response counts from chance expectancy, for
all experimental trials (V = 843), occurring at
0, 1, 2,...100dm absolute distance for the
pipe’s location. Solid 1st stage of analysis; bold
FFT-smoothed results; dashed 2nd and im-
proved stage of analysis (to be described be-
low). Counts are based on a mirror-trans-
formed scale (mirror axis at 34 dm). Note for
the dashed curve: The second peak represents
attractor IV, not attractor II, since attractor II
effects have been joined here with attractor I
effects

This oddity reminded me of one of Pro-
fessor Betz’s personal communications.
It had appeared to him that the dowsers
sometimes responded at locations op-
posite to where the pipe had been
placed (a “symmetry error”, as it were).
He tentatively explained such responses
— if they were real — as possibly due
to the slanted roof of the barn whose
ridge, projected down to the test line,
would cross it about halfway. Reflec-
tions of rays (if rays were the transmit-
ters) had to be stipulated in that case, In
order to avoid generalized doubts in his
dowsing study, Betz had omitted this
casual and uncertain observation in
publications. Interestingly, even En-
right’s visual inspection of his spatial
scatter plot indicated this symmetry
effect: “ ..quite a few points are also
distributed along the opposite, down-
wardly directed diagonal”.*

If such reflections occurred, then the
data might also tell how they worked.
For this purpose the test line was “mir-

* Enright, p. 364, see also his Fig. 2A. After
removing all points at the main upward regres-
sion line, a regression for the remaining points
will have the opposite, downward direction.
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ror-transformed”.’ Dowsing responses
that occurred opposite to the target’s
location (“opposite” defined by a mir-
ror axis) were thus treated as if they had
occurred on this side of the mirror axis.
Mirrored locations of pipe or response
are thereby treated like real locations.

If mirrored responses occurred, then
the question arises where the axis of
symmetry was located. The computer
therefore searched, along the original
test line between section 20dm and
80 dm, the axis of symmetry yielding
maximum effect size. “Effect size”,
defined by Cohen’s kappa [5], evaluates
numerical differences between observed
and expected frequencies.® This search
would yield between dm 20 and 80 a
random kappa distribution if no mirror
effect existed; a conspicuously peaked
curve must be expected if mirrored re-
sponses did occur.

Searching an effect size maximum went
hand in hand with searching for anoth-
er empirical maximum: at which hit
tolerance will kappa culminate? A hit
may be defined as a response at dis-
tance 0dm from the target, or at

5 An original linear scale A (the dowser’s
testing line) is transformed into a bidirectional
symmetrical scale B using an arbitrary axis of
symmetry (= mirror axis). An axis at 30 dm,
for example, transforms A into B as follows:

A 10 20 30 40 50 60 70 80 90 100 dm
B 20 10 0 10 20 30 40 50 60 70dm

After scale transformation the pipe’s location
at 10dm in A is equivalent to its location at
50 dm in A. In general, any target or response
on one side of the bidirectional line B is
equivalent to the respective target or response
on the opposite side of that line, “opposite”
with respect to the selected mirror axis. The
presupposition underlying this procedure (true
with approximation only) is that the energy of
rays (or whatever it is) is not diminished
through reflection by the barn’s slanted roof.
The mirror axis effective in the Scheunen ex-
periment will be obtained by kappa maximiz-
ing calculations (see main text).

¢ Kappa = (observed frequency for a critical
condition minus expected frequency for the
critical condition) divided by (the total of ob-
served frequencies minus expected frequencies
for the critical condition).

Example A: 15 critical observations, expec-
tancy = 10, N = 100 total observations.
Example B: 15 critical observations, expec-
tancy = 10, N = 1000 total observations.
Kappa (A) = (15—10)/(100—10) = 0.056.
Kappa (B) = (15— 10)/(1000—100) = 0.0056.
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Fig.2. Strange secondary peaks. Counts of
dowsing responses broken down for the first
five of ten target locations. Original counts are
shown here, not deviations from expectancy, as
was the case in Fig. 1. Note: absolute response
distances decline for targets >50dm with
target locations approaching the midpoint
(41—50dm) of the test line. This is a proce-
dural constraint, no result, since the greatest
possible deviation from a target of a dowsing
response declines when the target approaches
the midpoint. The main result is that secondary
peaks interrupt the declining frequency curves.
The slant of the dotted line across secondary
peaks shows that their distance from the main
peaks (outer left) diminished as the targets ap-
proached the midpoint of the test line (range
41—50 dm)

distances <1, <2, <3 dm, etc. kappas
were calculated for 0dm through
<25 dm ( = 26 integer positions), sepa-
rately for each mirror axis.

Results (see Fig. 3): first, kappa peaks
with hit tolerance <11 dm; second,
among the axes of symmetry the axis at
34 dm reveals the greatest effect. Con-
sequence: subsequent data analyses
ought to be based on hit tolerance
<11 dm and on an axis of symmetry at
34 dm (“mirror axis”).

For secondary peaks 54—56dm and
68—70 dm, kappas are also conspicu-
ous. That is, even attractors III and IV,
suggested but still questionable in
Fig. 2, become more pronounced.

Asxes of symmetryt
o 34dm:mtractor] v 56 dm: sttractor IT

—— oot (34 dn) ~— smoothod 56 dm)
e 68cmatmaciorl 48 dm (control)
——— smoothed (68 dm) -~~~ amoothed (48 dm)
o2l  p=00007

0.10F
0.08
0.06
0.04}

o0 ¥

Effect size [kappa]

0.00

-0.02

|||||| :

0246 81012141618202224
I Hit tolerance (range O=exact hit, 1,2...25 dm)

el e latoaas )

Exact hit

Fig. 3. Maximizing kappa (2): kappas (verticafy
for varying hit tolerance definitions (horizon-
tal) and mirror axes 20 dm through 80 dm. Of
61 resulting curves, the three most conspicuous
(effect-indicating) have been selected (another
curve lacking any effect is given as a control
case). Note: the control curve (dashed) shows
kappas obtained by using a mirror axis of
48 dm which is apparently incapable of reflect-
ing dowsing signals: the dowsing effect peaks
with mirror axis at 34dm using response
tolerance <11 dm from targets

A finel significance test. By randomiz-
ing target positions with the mirror axis
set at 34dm and hit tolerance at
<11 dm, following the above results,
the observed effect reaches the largest
significance (p = 0.00007). In other
words, by shuffling the 843 target posi-
tions prior to calculating their distances
from 843 responses, the observed nun-
ber of hits occurs only 7 times among
100000 such runs.

Our understanding of what actually
happened in the barn may be sum-
marized as follows: dowsing stimuli ex
isted, but they were deflected to some
degree. Konig and Betz took into ac-
count an attractor 1 effect only and the
researchers’ significance level (=
0.007) was conservative. Fortunately,
the pipe stimulus did not entir'ely
vanish by dissipation, some portiod
seems to have been reflected by slanted
constructions above the test line dowt
to nonpipe locations. Our analysis ut-
covered those secondary effects. As 3
tractor 1I effects were joined with &
tractor 1 effects, the effect total W&
raised to a significance level (P*
0.00007), which can hardly be dis
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Table 1. Frequency of hits (with hit tolerance =11 dm) for test and retest conditions, ten trials
cach, based on a mirror-transformed scale of the test line at 34 dm. (Examples: subject no. 10 par-
ﬁcipated two times, no. 18 six times, no. 108 five times)

pirmo. 1 2 3 456 7 89
gubject no. 10 18 18 18 23 23 23 23 23
Test 6 0 6 2 43 1 1 3
Retest 035242126

10 11 12 13 14 15 16 17 18 19 20

23 36 77 77 99 99 100 101 108 108 108

® 4 33 22 2 3 5 4@

4 5 3 3 22 2 3 5 4 2

missed as not convincing (see dashed
{ine in Fig. 2).

The dowsing sucess due to stable skills?
The Scheunen experimenters did not in-
vestigate this question specifically, only
9 of 43 subjects participating more than
once (considering here only full ses-
sions comprising 10 ftrials). Four of
them participated twice, 5 participated
3, 4, 5, 6, and 11 times, respectively.
Nevertheless, the resulting hits per ses-
gion obtained by the nine dowsers,
pased on our standard definition, may
be subjected to test-retest correlation.
Table 1 shows the data. A nonparamet-
ric retest-correlation yields tau = 0.42,
z=2.23. The result is very significant
(p=0.01).

The stability of dowsing performance
was aldo tested within sessions. A total
of 58 full sessions (consisting of 10 tri-
als each) yields 58 pairs of hit scores,

summed over the first 5 and the second
5 trials, respectively. A split half tau is
0.18, z=1.6, p=0.05. An odd-even
number division of trials within ses-
sions yields: tau=0.24, z=2.2, and
p = 0.01. Hence, within sessions, the
dowsers’ successes and failures were al-
so significantly consistent (“reliable”).
These results contradict Enright’s con-
clusion based on his eyesight: “Repro-
ducibility by a given individual seems
to be absolutely lacking” (p. 366).

Our reanalysis of Konig and Betz’s
Scheunen data have revealed more
dowsing skill than that suggested by
Betz’s original analysis. Further, the
dowsers’ skill was shown to remain rel-
atively constant within and across ex-
perimental periods. Finally, it seems
that the dowsers identified a virtual
pipe at mirrored distances from the real
hidden pipe and that these distances are
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correlated with some aspect of the barn
geometry which thus confused the
dowsers. Open field experiments would
probably have yielded larger dowsing
successes. On the other hand, the
deflection of signals as indicated in this
study - suggests systematically varying
the pertinent conditions in future dows-
ing experiments. The physical mecha-
nisms underlying positive dowsing
results as observed in the barn might
thus come into focus.’
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. Fraktale, Chaos und Selbstiihnlichkeit.
| Von M. Schroeder. Heidelberg: Spek-

trum 1995. 4398S., DM 78—

Das umfangreiche Inhaltsverzeichnis
am Anfang des Buches vermittelt einen
aussagekraftigen Ausblick auf die zahl-
reichen Gebiete der Wissenschaft, die
man beim Lesen durchstreifen soll.
Se}bst wenn man daraufhin die Lektiire
mit hohen Erwartungen beginnt, ist
kaum mit einer Enttduschung zu rech-
nen: Die Vielfalt der behandelten The-
men und aufgezeigten Querverbindun-
gen zwischen unterschiedlichen Zwei-
g_en der Wissenschaft ist schwer zu
Uberhieten, und von den leicht ver-
Standlichen, originell verfaBten Texten
5t man schnell vereinnahmt.

Jm Vorwort wird die im Umfeld von

‘Chaos und Fraktalen allgegenwirtige

Skaleninvarianz als eine Form der Sym-
metrie eingefithrt und mit anderen
Symmetrien verglichen, die in den Na-
turwissenschaften von Bedeutung sind.
Durch eine geschickte Auswahl von Bei-
spielen stellt der Autor im einleitenden
Kapitel dar, daB Phinomene der Inva-
rianz zu allen Zeiten in den Naturwis-
senschaften beobachtet und mathema-
tisch untersucht wurden. So wird an-
hand eines einfachen Beweises zum
Satz von Pythagoras, den Einstein im
Alter von elf Jahren formuliert hat, die
Bedeutung von Ahnlichkeit und Skalie-
rung veranschaulicht. Dieses und ande-
re Beispiele lassen den Leser erkennen,
dal} die Grundideen der fraktalen Geo-
metrie eine weitreichende Tradition ha-
ben. Ihre Methoden, vor allem ihre
unterschiedlichen Dimensionsbegriffe,
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ermoéglichen ein tieferes Verstdndnis
vieler klassischer Fragestellungen.

Zusitzlich zum Kanon der Themen, die
iiblicherweise mit Chaos und Fraktalen
in Verbindung gebracht werden und zu
denen etwa die Iteration von Funktio-
nen, Julia-Mengen, die Mandelbrot-
Menge, Periodenverdopplung und viele
weitere Themen gehoren, behandelt der
Autor zahlreiche andere Erscheinungs-
formen der Selbstdhnlichkeit in Physik,
Mathematik und Statistik. Bemerkens-
wert sind aber vor allem die vielen ein-
fachen Gedankenexperimente, die Si-
tuationen aus dem Alltag aufgreifen
und denen jeder Leser ungeachtet sei-
ner naturwissenschaftlichen Vorbil-
dung folgen kann. Zum Beispiel wird
der Frage nachgegangen, wie sich der
Schaltrhythmus der Ampeln in einer
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