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SCIENCE 

A Critique of Psychophysic Methods.  

I R E A D  with care the comment by Dr. Boas upon my article in 
the Anzerican Journal of Psychology, and carry away from it the 
impression that there is less difference of or~inion between us than 
~ r .Boas supposes. T h e  question is not b n e  of fact, but of in- 
terpretation. W e  all admit that there is a psychophysic fact  for 
which the word ' threshold ' is a good name ; but t'le important 
question is, How shall we theoretically understand tht conception, 
and what place shall we allow it in the development of an experi- 
mental psychology? Fechner makes it rank as  by all means the 
most important factor in psychophysics, and is willing to .sacrifice 
Weber's law before yielding the supreme and fundamental fac t  of 
the threshold. H e  is led to this view by the method of the ' just  
observable difference,' and by the neglect of the other two methods. 
This entire structure I regard as  reared upon an illogical basis, and 
a psychophysics based upon the mathematical methods as  very dif- 
ferent anr! mdch sounder than the other. The  threshold as  a 
practical, enlpirical fact, 1 not only fully admit, but even Suggest 
methods of furtiler develop~r~g its utility ; but its theoretical irnl)or- 
tance with reference to :he estahiishiiirrit of a psycl1ophysic law I 
regard as  almost r c i l ,  its true nnltortnnce lying in another tlirection, 
This, I trust, tletiries my position cieai-1). ii single illustration may 
not be out of place. Dr.  Boas says that :i balancehas a threshold, 
and I accept the comparison. This thresholtl is something to be 
eliminated, ant1 that balance is the finest that has the least of this 
characteristic. T h e  theoretical I~alance upon \ ~ h i c h  lneclranics 
worlts out its pl-inciples has no threshold. I l t~ t  apcirt from tl-iis, I 
think the physicist will agiec with iue that it leatls to nlore useful 
and scientific conceptions to regard every particle that is placed 
upon the pan of tlie Ijalance as  111-oducing an effect alike in ltintl, 
.inti differing o~:ly in degree f ~ o ~ i i  a SUFI-that protlucetl by mass 
cient to turn the balance. Tliele is no point \vllere a ne\v factor 
enters, anti the turriing of the balance is a merely empirical fact. 
Returning to the psychophysical me~ l~o t l s ,  I slioultl state the case 
thus : it is generally atln~itted that the basis of the !ntthotl of the 
"right ant1 wro~ lg  cases," as  of the "average error," ~ilriiriately 
rests upon the fact that tile probabilities of my making errors of 
various degrees follow the path traceti by the proh:lbrlity curve. 

come the skilful observation of this feei~ng as  an  important contri- 
bution to psycl~oph~sics.  JOSEPH JASTROTV. 

Ba't imore3 'larch12. 
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On t h e  Sense  of Tas te . '  
A.r the Philadelphia meeting of the American Association we  

presented a paper upon the ' 1)elicacp of the Special Senses,' - a  
topic upon which we have since continued our investigations from 
time to time." 

The  method pursued in the follo~ving experiments was as  fol-
lows :-

Solutions of known strength were made of the substances to be  
tasted ; then, by successive tlilutions, several series of solutions 
were made from these, each one in the series being of one-half the  
strength of the preceding one. T h e  bottles containing these solu- 
tions, and several bottles of water, were placed without regard to  
order, and the person to be experimented upon was  requestetl to 
separate thein into their proper groups 114. tasting them. In each 
series the last solution was so dilute as  to he beyontl recognition. 
All unrecognized solutions were classified as  water. 

WTe chose for our tests the following typical substances. T h e  
strength of t!ie iniii:il solution of each is given helow. 

I. ( E i t ~ e r )quinine, one part in ro.oao p : ~ t s  of water. 
2 .  (Sweet) cane-sugar, one part in lo parts of water. 
3. (Acid) snlph~lric acid, one part in loo parts of water. 
4. (Alkaline) sodium bicarbonate, one part in ten parts of water. 
:. (Saline) sodium chloride, one part in loo parts of water. 

The  attempt \<as tnatle to iiiclutle other sul~stances, a s  nromaiics, 
In the tes t ;  hut it \\.as soon found that t!le odor bcir.:iyet! their 
presence without the aitl of the sense of taste, 

Other investigators havc ac?tIed astringents as  a sixth clas-,, 1)ilt 
these substances are so often reccigriizable Iry otlor, color, or  soilie 
speci;il taste raot purely a~i r ingent ,  thar it was iliought best no[ 11) 

inclutle them. - .J. esls by the likcthoci abo5.c tlescl-iijetl were irlatle LijIor? r r.8 per-
sons ; 8 2  being male, anti 46 female observers. 

The  following table s l~ows tile :unount of each sni,l;ta~icc: ~vliich 
coulcl be tletectetl l>y tile avprage ol)sel.vrr : --

'This is the fundamental fact of the entire science ol ~~s)cl>ophysics.  
Now, this curve is a one, and has no i)l.eaI< in it, no C O ~ Z I ~ ~ Z U O Z L S  
point characterizetl by any special peculiarity, no thresholtl in any 
true sense. 

A word as  to my misrepresenting the vie\\.s of iriy opponen!s* 
The  inipoi-tant point is, ~ i o t  what the upholders really do  say, but 
what logically follows from the pc>sitlon they take. li they tlo not 
say what I attr-ibute to them, it is because they are inconsistent; 
and I have guartletl myself against this misuntlerstantling by a t  
times stating, ant1 else\vhere unrnistakal~ly implying, that I was 
dealing with the logical corisequences of the tllresholtl theory, ant1 
not with that particular portion of it that its atlherents happenetl to 
employ. 

Tile secontl point in I lr .  Boas's criticism is a real difference of 
opinion between us. H e  thinlts " tloubtful " answers shoultl be 
admitted in experinlentation : I most en~phatically ol~ject  to thern. 
In rny paper I regarded the objections to allowing such answers as  
so necessarily following from the theory of the " right ant1 wrong 
cases" method, that a full statement of the reasons was super-
fluous. Any one of half a dozen reasons is enough to show the 
impropriety of the ' I  doubtful " answers. Fo r  instance : it is ad- 
mitted that the nlethods should be a s  con~parable,  one with the 
other, a s  possible. Now, the method of the " average error" 
depending upon the same principle a s  that of the " right and wrong 
cases," allows no doubtful answers. Again : there is no reason 
for singling out " doubtful " answers as  any thing peculiar. Why 
not make a special rubric of unusually confident anslvers ? And if 
we do, as  Dr. Boas suggests, make a threshold where doubtful 
answers no longer occur, that threshold will vary so much in differ- 
ent indivitluals, etc., that it will invalidate a large share of the 
results. And what shall I say when some one else proposes a 
threshold for another degree of confidence, say, the point whereone 
is sufficiently sure of the correctness of one's answer to risk money 
upon it, and so on, adz'nfinit2tnz? If you mean that this subjective 
feeling is worth taking account of, I fully concord, and will wel-
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Substances. 1 Male Observer, dctecred. 
.... . 

Quinine . . ~ 1 part in j.:2,~0o 

Sugar . . . .& ' L  

'99 

Acid . . . . ' 
.* , L  ~ ~ 0 8 0  

&~Soda . . . . ., 
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Salt . . . ' I  ( 6  
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lielnale Observers d ,LC!-d. 

r part in (j6,ooo 

' 6  A b  l ' i 4  
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E'roin the above results the following conclusions may be 
drawn :-

I .  T h e  sense of taste is vastly more delicate for bitter substances 
rhan for any others. It is possible to detect quinine in a solution 
that is only .hi, the strength of a sugar solution, ant1 we have pre- 
viously shown (Zoc, cc't.) that quinine is only 2na s  bitter a s  strich- 
nine. 

2. T h e  order of delicacy is, bitter, acid, salt, sugar, and alkali. 
3. T h e  sense of taste appears to be more delicate in women than 

in men. This  is true in the case of all the substances excepting 
salt. As  we had found a sirnilar difference in favor of female ob- 
servers in an  earlier and intlepentlent set of experiments, which 
agreed in every essential particular with the results of the present 
test, we do not regard it as  an accidental difference, or as likely t o  
disappear in lnore extended investigations. 

Marked differences in the delicacy of tlie sense of taste of differ- 
ent individuals were met with in the course of these experiments. 

1 Paper read a t  the New York meeting of the American Association for the Ad- 
vancement of Science, August, 1897. 

a See Relative Bitterness of Different Bitter Substances, by E. H. S. Bailey and 
E. C. Franklin, in Proceedi~rgsof the Kansas Academy o f  Sciences, 1885 ; Relative 
Sweetness of Sugars, by E. H. S. Bailey, in Reporf ofKansasBoard  o f A ~ r i c t l l f u v r ,  
1884 ; The  Sense of Smell, by E. L. Nichols and E. 1%.S. Bailey, in Nafuve,  xxxv.. 

P. 74. 
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There  were persons who could place in the proper class, solu- 
tions containing one part of quinine in 500,000, and other sub- 
stances in correspondingly high dilution, while some failed to detect 
solutions of more than three times the above strength. In how far 
this was due to education, we are unable to say. Among the men 
examined were many who have been accustomed to handling and 
recognizing drugs and medicines, and yet even these were fre-
quently surpassed by female observers who had no such training. 

In some previous experiments upon the sense of smell, of which 
a n  account appeared in Nature (Zuc. cil.), we noted almost a s  
marked super~ority on the part of male observers. 

In  a few cases, the ability to detect a dilute sweet was accom-
panied by a lack of ability to detect dilute bitters. This peculiarity 
was, however, far from being a general one. 

A s  quinine is so largely used a s  a medicine, especially in the 
Western States, it was thought that its habitual use might dull the 
sense of taste for this particular substance. Among the observers 
subjected to our experiments, the use or disuse of quinine seemed to 
have had no especial influence. 

T h e  experiments just described suggested several interesting 
questions upon which we were unable to enter. How many, for 
instance, of these substances, taken of equal delicacy-strength, 
could be detected together in a mixture, in what order would they 
be detected, and by what portion of the tongue or organs of taste ? 
Would all observers recognize them in the same order a s  to time ? 
W h a t  would be the influence of the temperature of a solution 
tasted, upon the delicacy of the sense of tas te?  

A s  to the degree of accuracy with which our results give the 
average delicacy of the human sense of taste for the substances in 
question, we are led to belleve from their substantial agreement 
with determinations based upon the previous set of experiments 
already alluded to, alike in the matter of absolute delicacy, of rela- 
tive delicacy, for the various substances used, and of relative srnsi- 
tiveness of- male and female observers, that they are but slightly 
influenced by individual idiosyncrasies, and may be regarded a s  
fairly representative. E. H. S. BAILEY. 

E. L. NICHOLS. 

On New F a c t s  relating t o  Eozoon Canadense. 

I N  the February number of the GeuZugical Magazifze there is an  
interesting article by Sir J. W .  Dawson, 'On New Facts relating to 
Eozoon Canaclense.' In paragraph g, ' Continuity and Character 
of the Contaming Deposits,' there are some remarks respecting the 
stratigraphy of the Archzan or older crystalline rocks of Canada 
upon which I wish to make a few comments. 

The  author does not indicate what are, in his opinion, " the ex- 
travagant statements respecting the older crystalline rocks now 
being made," nor by whom they have been made. Neither does he 
state what portion of the Laurentian system is referred to under 
the  term 'Middle Laurentian,' nor where he has recently exam- 
ined it. I am not aware that Sir W .  Logan ever used the term 
" Middle Laurentian.' As  regards the 'continuity of the great 
limestones' over certain areas, and their intimate association and 
interbedding with the gneisses, both orthite and anorthite, it has, 
so far a s  I know, never been questioned. In some cases, however, 
the limestones are very irregular, and occur in longish, more or less 
lenticular bands interleaved with the gneisses, often in such a man- 
ner a s  to suggest an  origin posterior to that of the gneisses, or, 
rather, to that of the strata from which they have been produced. 
It is, I think, more than probable that original sedimentation of 
calcareous matter, and subsequent segregation, have both operated 
in producing the phenomena now observed in connection with these 
great limestone belts, the latter somewhat analogous to that which 
has produced the great 'quartz belts '  in the Nova Scotia gold- 
fields. 

I must entirely dissent from the views expressed by the author in 
correlating any of the so-called Upper Laurentian anorthosites of the 
vicinity of St. Jerome, or  elsewhere, with the Huronian rocks west 
of Lake Superior. T h e  massive anorthosites, a s  I have elsewhere 
stated, are clearly intrusive, and the surrounding gneisses and lime- 
stones do  not pass beneath them ; and there are no grounds what- 
ever for regarding them as an  unconformable Upper Laurentian 

series. On p. 4, 'Report of Progress, Geological Survey of Canadar 
1879-80,' I wrote, ' I  If the foregoing determinations by Mr. Vennor, 
which are given in his own words, are correct, they seem very con- 
clusively to prove, what I have already stated to be my opinion, 
that the labradorite or  Norian rocks of Hunt  do not constitute an  
Upper Laurentian formation, but occur in part a s  unstratified intru- 
sive masses, and in part a s  interstratifications with the orthoclase 
gneisses, quartzites, and limestones of the Laurentian system." I t  
is satisfactory to find that Sir William Dawson is now disposed to 
admit that the "great masses of labradorite may be intrusive ;" but  
when these are eliminated, nothing remains of the Upper Laurentian 
a s  defined in any of these areas, from the Moisie River to St. Jerome ; 
and unless the interstratified anorthite gneisses are made Upper 
Laurentian, the term, so far a s  the Norian or labradorite rocks of 
the areas named are concerned, must be abandoned, and I would 
reiterate what I wrote in 1884 ('Descriptive Sketch of the Physical 
Geography and Geology of Canada, 1884 '):-

" A s  regards the so-called Norian or Upper Laurentian forma- 
tion, I have no hesitation in asserting that it has a s  such no exist- 
ence in Canada, its theoretical birthplace. Wherever these Norian 
rocks have been observed, they are either intimately and conforma- 
bly associated with the ordinary orthoclase and pyroxene gneisses, 
or they occur a s  intrusive masses when they present no gneissoicl 
or bedded structure. They clearly cut the surrounding gneiss, and 
are probably clue to volcanic or other igneous agency in the Lauren- 
tian age." 

Considerable further investigation since the above was  written 
has entirely supported the view then expressed. 

ALFRED R.  C. SELWYN. 
Ottawa, hlarch 13. 

Queries. 

30. POISONOUSJELLY-FISH.- Last summer, while bathing on 
the Maine coast, I had what was  to me a novel and not very en- 
joyable experience. While swimming I happened by accident to 
kick some sort of an animal. For an  instant the feeling that passed 
over my feet was like a slight electric shock. Of course, I turned 
to see what the animal was, and, from the glimpse w h ~ c h  I had, I 
should call it a red jelly-fish. For  three or four hours after, my 
feet were slightly inflamed and very pa~nful, the feeling being like 
that caused by a burn. Afterwards I learned that a certain kind of 
jelly-fish was said by fishermen thereabouts to be poisonous. Can 
you tell me through your columns about this an~mal ,  what it is, 
and how it stlngs, shocks, or poisons? What  is the remedy for i ts  
poisons ? Zoo. 

Boston, Macs., Feb. 29. 

Answers .  

30. POISONOUS JELLY-FISH. -T h e  above doubtless refers to 
the effects of our common large red jelly-fish (Cyanea a~ctica) .  
Many jelly-fishes have the power of stinging soft-skinned animals, 
ancl in this way ordinarily kill and secure their prey; but there are  
only a few species that have nettling threads powerful enough or 
long enough to sting the human skin. On our New England coast 
the only ones that are able to sting thus are the Cyanea, referred to 
above, and the Portuguese man-of-war (PhysaZia);but the latter is 
not common, and is rarely, if ever, found on the shore north of 
Cape Cod. The  Cyatzea stings many persons very severely, espe- 
cially if the tentacles come in contact with a tender part of the 
skin, a s  the face, lips, eyes, or between the fingers, ancl of course 
on any part of the body that is ordinarily covered ; but in my expe- 
rience they will not sting the palms of the hand. T h e  sensation is 
much like that o i  the sting of a nettleordinarily ; but in some cases, 
or  with some persons particularly sensitive to the poison, it results 
in numbness, swellings, and subsequent eruptions, and even ulcera- 
tions. T h e  Physadia stings much more severely than Cyanea, and is 
able to cause temporary paralysis of the arm or leg ; ancl in some 
experiments it has been found to act in such a way as  to affect the 
heart : perhaps in a severe case it might even cause paralysis of the 
heart. The  nature of the poison is unknown, but it must be very 
powerful, for the quantity is minute. A. E. V. 

New Haven, March 10. 


