
~ ~ t ~ 

Table  1. Analyses of gases collected f r o m  Sul fur  Bank  
fumarole. 

Constituents (vol %) 

t u i e  	 N S  
CO, CO H, SO, 0, 	 (resi-

due)  

Dur ing  a n  eruptive s tage  of Kilauea Volcano, J u l y  1952 
1 97.4 1.0 0.4 1.5 0 0 
2 97.6 1.4 0 1.8 0 0 

3" 96.2 1.7 0.4 1.6 0 0 


During a quiet  s tage  of Kilauea Volcano, J u n e  1953 
In  10.9 5.2 0 0 	 13.6 71.5 
l b t  10.6 2.2 0 0 	 15.1 70.7 
2 10.2 2.9 0 0 	 13.2 71.8 

* Xo. 3 was n vacuum-bottle collection made a t  a later 
(late than collections NO. I and NO. '7. 

f Poor analysis. 

Table 2. Stable carbon isotopic rat io i n  the  carbon 
dioxide present i n  volcanic a n d  Sul fur  B a n k  fumarolic 
0(-19P9
F"' "'. 

Gas sample 	 Cu/Cr"heir 

lg4',&IaunaLoa in 89.0 
Sul fur  B a n k  1952, Kilauea i n  eruptioli 89'0 
Sulfur  Bank  1953, both volcanoes quiet 89.0 
Gas collected f r o m  1950 Mauna  Loa  lava flow 91.2 
CO, extracted f rom Olirine Basa l t  of 1950 

N a u n a  Loa  lava flo\\ 	 90.7 -

carbon dioxide from a Jurassic limestone that has 
been used as a primary standard by other workers, 
through the kindness of A. 0.Yier ( 5 ) .Isotopic ratio 
determinations of the carbon dioxide samples were 
made on the Consolidated-Nier type of mass spectro- 
meter. 

The results f o r  the ga i  analyses are listed in Table 1. 
The great difference in the composition of the gas be- 
tween times of eruption and quiescence of the nearby 
volcaiio is noteworthy. During the quiet period, there 
is strong indication of air  contamination from the 
presence of nitrogen and oxygen in the gas. The pos- 
sibility of using a systematic gas-analysis routine to 
detect changes in the proportions of the gaseous com- 
ponents with time and to use this as a predictive tool 
in volcanology immediately arises and, in fact, has 
been suggested previously. 

The results f o r  the determination of the carbon iso- 
topic ratios are listed in Table 2. The significant points 
to be noted are ( i )  the constant value of the isotopic 
ratio of the carbon dioxide obtained from the Sulfur 
Bank fumarole despite the eruption or dormancy of 
the adjacent volcanoes and (ii) the "heaviness" of the 
fumarolic carbon dioxide when conlpared with the gas 
extracted from the lava or f rom above the active lava 
flow. 
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The Visiting Research Professor 
Ten vears aeo Carl E .  Seashore of the State Uni- " 

versity of Iowa, Emeritus Professor of Psychology, 
but called back to serve as D~~~ of the ~ ~ 
College, proposed [Science 100, 218 (1944)l the ap-  
ointment of retired Dersons who desire to continue 

researches as visiting research professors a t  a 
neighboring university. Supporting his view he ap- 
pointed two visiting research professors in 1944. As 
one of those fortunate persons, I can testify to  the 
enormous benefits that have accrued to me. A stipend 
was granted sufticient to enable the appointee to spend 
3 months in residence a t  the university or to defray 
the expenses of making frequent visits f o r  longer o r  
shorter periods. Most fnlportant has been the fellow- 
ship of the resident staff, and the i~lcentive to keep 
on doing those things that one has been doing and 
hoping to continue to do. I commend the visiting re- 
search professorship to university administrators and 
to retired professors. I t  is immediately available. It 
meets the needs of elderly persons and increases the 
national scholarly output. And it  requires no outlay 
for  additional buildings, libraries, or laboratories. 

HEPJRYS. CON-~RD 
Emeri tus  Professov of R o t a ~ y ,  G r i m e l l  Collt.ge 
7 September 1954 

Psi and Probability Theory 
The occurrence of significant deviations from mean 

expectancy in experiments in which guesses, cards, 
drawings, die faces, and so forth, are matched with 
targets has been attributed not only to psi (1)but also 
to error in  the production, recording, selection, or 
analysis of the data. That these counterhypotheses t o  
psi have been adequately refuted, either by ratiocina- 
tion or by the performance of experiments in which 
the counterhypotheses were precluded, is testified to 
by the subsequent silence of their proponents. Two 
explanations fo r  the results of these matching experi- 
ments have remained, namely (i) reality of psi and 
(ii) fallacy of probability theory. While there are com- 
paratively few who have accepted the first explana- 
tion, there have been practically none, until recently, 
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who have voiced their acceptance of the second ex-
planation. As unacceptable as psi theory may be, it 
has so f a r  proved generally less unacceptable than the 
abandonment of probability theory. 

Recently, however, an experiment has been reported 
by Brown (2),the results of which have caused him 
to question the validity of probability theory and the 
evidence f o r  psi that rests upon it. I n  this experinlent 
he matched "randomly selected columns of random 
digits" and obtained results that differ from the mean 
expectation by more than three standard deviations. I f  
forthcoming, a detailed publication of the procedllr~ 
and data of Brown's experiment may indicate that the 
results were producible by error in the prodnction, 
selection, or analysis of the data. Otherwise (unless the 
improbable conclusion is accepted that this deviation 
with a p of less than .001 is the result of chance), 
there are two possible explanations fo r  Brown's 
sults: ( i )  they are the result of fallacy of probability 
theory, and (ii) they are the result of psi. While 
Brown recognized only the first explanation, the fol- 
lowing considerations indicate that the second explana- 
tion is also a possibility. 

Sections of a random series vary in dpgree of simi- 
larity and lilust be randomly selected so that their 
matching will constitute a valid test of probability 
theory. While Brown does not state' the method by 
which the coluinns he matched were "randon~ly" s(l-
lected, the method he used is not important since, if 
psi is real, any method of selection may be influrnced 
by it. F o r  example, if the columns were selected by 
cutting a book, the result ntay have been influenced 
by extrasensory perception; if they were selected by 
rolling a die, the result may have been influenced by 
psychokinesis (3); and if they were selected by the 
next day's temperature, the result may have been in- 
fluenced by precognition. Even if the nlatched sectic~~ls 
are chosen systematically, the choice of the system (of 
choosing the matched sections) may be influenced by 
psi. F o r  example, if the chosen systelii is to 1natl.h the 
first two columns, there existed the choice of matching 
two contiguous sections at  the beginning of the series 
or soine other pair, the choice of the length of the sec- 
tions that were matched, and the choice of the table of 
random digits that was used. Since it is possible to  

select two similar sections fronl a sensorily perceired 
random series, there is no valid reason to doubt that, 
if psi is real, two silnilar sections could be selected 
frorn an extrasensorily perceived random series. This 
is supported empirically by the significant results ob- 
tained with the "ESP shuffle" tecllnique which consists 
of matching two series of cards hose symbols are not 
srnsorily perceived (4 ) .  

The results of Brown% experiment add little to tlie 
rvidence f o r  accepting psi or abandoning probability 
theory that is not already provided by the results of 
other matching experiments. However, Brolr-nls re- 
sults may be differently received. lIere, ill an esperi- 
~nent  designed to test the concept of rando~nness and 
~vhich, therefore, may not be disregarded hy those 
whose ~ i~ol 'k  is based on the validity of prob:tlrilitp 
theory, are results that cannot hr explained, unlcss 
they are  attributed to chance, except hy the alterna- 
tives of the reality of psi or the fallacy of probability 
theory. The results of Brown's and other matching ex- 
perinlents place statistical theorists, and those ~rliose 
worlr is based on probability theory, in the unpalatable 
position of having to assert that psi is real in order 
to uphold the validity of probability theory. To make 
it doubly distasteful, if they accept psi they mast 
admit its possible effect on the selection of "random" 
samnles. 

Perhaps the dilenl~na of accepting psi or abandoning 
probability theory will be complet~ly resolved only if 
and when there is adequate experimental evidence for  
psl other than that based on piobability theory. Cntil 
then the only logically defcnslhle position is affirma- 
t ~ o n  of psi or denial of probability theory. 
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