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ON SMALL DIFFERENCES OF SENSATION.

By C. S. PRIRCE and J. JASTROW.

The physiological psychologists assume that two nerve excitations alike in quality will only
produce distinguishable sensations provided they differ in intensity by an amount greater than a
fixed ratio. The least perceptible difference of the excitations divided by halt their sum is what
they call the Unterschiedsschwelle. Fechner* gives an experiment to prove the fact assumed,
namely: He finds that two very dim lights placed nearly in line with the edge of an opaque body
show but one shadow of the edge. It will be tound, however, that this phenomenon is not a clearly
marked one, unless the lights are nearly in range. If the experiment is performed with lateral
shifting of one of the lights, and with a knowledge of the effects of a telescope upon the appear-
ance of terrestrial objects at night, it will be found very far tfrom conclusive.

The conception of the psychologists is certainly a difficult oune to seize. According to their
own doctrine, in which the observed facts seem fully to bear thewn out, the intensity of the sensa-
tion increases continuously with the excitation, so that the least increase of the latter muost pro-
duce a corresponding increase of the former. And, indeed, the hypothesis that a continrous in-
crease of the excitation would be accompanied by successive discrete increments of the sensation,
gratuitous as it would be, would not be sufficient to account for a constant Unterschiedsschiwelle.
We are therefore forced to conclude that if there be such a plienomenon it has its origin, not in
the faculty of sensation, but in that of ¢comparing sensations. In short, if the phenomenon were
established, we should be forced to say that there was a least pemeptlble diftference of sensation—
a difference which, though existing in sensation, could not be brouohf into consciousness by any
effort of attention. But the errors of our judgments in comparing our sensations seem sufficiently
accounted for by the slow and doubtless complicated process by which the impression is conveyed
from the periphery to the brain; for this must be liable to more or less accidental derangement at
every step of its progress. Accordingly we find that the frequencies of errors of different magni-
tudes follow the probability curve, which is the law of an effect brought about by the sum of an
infinite number of infinitesimal causes. This theory, however, does not admit of an Unterschieds-
schwelle. On the contrary, it leads to the method of least squares, according to whick the multipli-
cation of observations will indefinitely reduce the error of their mean, so that if of two excitations
one were ever so little the more intense, in the long run it would be judged to be the more intense
the majority of times. It is true that the astronomers themselves have not usually supposed that.
this would be the case, because (apart from constant errors, which have no relevancy to the pres-
ent question) they have supposed this extreme result to be contrary to common sense. But it has
seemed to us that the most satisfactory course would be to subject the question to the test of direct
experiment. If there be a least perceptible difference, then when two excitations diftering by less
than this are presented to us, and we are asked to judge which is the greater, we ought to answer

wrong as often as right in the long run. Whereas, if the theory of least squares is correct, we not

* Elemente der Psychophysik, I, p. 242,
7
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only ought to answer right oftener than wrong, but we ought to do so in a predictible ratio of
cases.* '

We have experimented with the pressure sense, observing the proportion of errors among
Jjudgments as to which is the greater of two pressures, when it is known that the two are two
stated pressures, and the question presented for the decision of the observer is, which is which ?
From the probability, thus ascertained, of committing an error of a given magnitude, the probable
error of a judgwment can be calculated according to the mathematical theory of errors. If, now,
we find that when the ratio of the two pressures is smaller than a certain ratio, the erroneous
Judgments number one-half of the whole, while the mathematical theory requires them to he sen-
sibly fewer, then this theory is plainly disproved, and the maximum ratio at which this phenom-
enon is observed the so-called Unterschiedsschwelle. Tf, on the other hand, the values obtained for
the probable error are the same for errors varying from three times to oune-fourth of the probable
error (the smallest for which it is easy to collect sufticient observations), then the theory of the
wethod of least squares is shown to hold good within those limits, the presumption will be that
it extends still farther, and it is possible that it holds for the smallest differences of excitation.
But, further, if this law is shown to hold good for difference so slight that the observer is not
conscious of being able to diseriminate between them at all, all reason for believing in an Unter-
schiedsschawelle is destroyed. The mathematical theory has the advantage of yielding conceptions
of greater definiteness than that ot the physiologists, and will thus tend to improve methods of
observation. Moreover, it affords a ready method for determining the sensibility or fineness of
perception and allows of a comparison with the results of others; for, knowing the number of
errors in a certain number of experiments, and accepting the conclusions of this paper, the calcu-
lated ratio to the total excitation of that variation of excitation, in judging which we should err
one time out of four, measures the sensibility. Incidentally our experiments will afford additional
information upon the value of the normal average sensibility for the pressure sense, which they
seem to make a finer seirse than it has hitherto been believed to be. But in this regard two things
have to be noted: (1) Our value relates to the probable error or the value for the point at which
an error is committed halt the time; (2) in our experiments there were two opportunities for judg-
ing, for the initial weight was either first increased and then diminished, or rice versa, the sub-
Ject having to say which of these two double changes was made. [t would seem at first blush
that the value thus obtained onght to Le multiplied by V2 (L.414) to get the error of a single judg-
ment. Yet this would hardly be correct, because the judgment, in point of fact, depended almost
exclusively on the sensation of increase of pressure, the decrease Leing felt very much less. The
ratio v2 (1.414) would therefore be too great, and 1.2 would perhaps be about correct. The
advauntage of having two changes in one experiment cousists in this: If only one change were
employed, then some of the experiments would have an increase of excitation only and the others
a decrease only; and since the former would yield a far greater amount of sensation than the latter,
the nature of the results would be greatly complicated; but when each experiment embraces a

* The rule for finding this ratio is as follows: Divide the logarithm of the ratio of excitations by the probable
error and multiply the quotient by 0.477.  Call this produet £.  Enter it in the table of the integral 6t, given in most
works on probabilities; 6t is the proportion of cases in which the error will be less than the ditference hetween the
given excitations. In all these cases, of course, we shall answer correctly, and also by chance in oue-half of the
remaining cases. The proportion of erroneous answers is therefore (1—ft)=2. In the following table the first col-
umn gives the quatient of the logarithm of the ratio of excitation, divided by the probable error, and the second
columu shows the proportion of erroneous judgments:

0.0 | 0. 50 ]
D 0.05 | 0.49 | /
| 0.1 0471
| 0.25 | 0.43 |
| 0.5 0.37 |
P10 0.25 I
|

To guess the correct card out of a pack of fifty-two once in eleven times it would be necessary to have a sensation
amounting to 0.37 of the probuble error., This would be a sensation of which we should probably never becomse
uware, as will appear below,
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double change this difference in the amonnt of sensation caused by an increase and decrease of
pressure affects every experiment alike, and the liability to error is constant.*

Throughout our observations we noted the degree of contidence with which the observer gave
his judgment upon a scale of four degrees, as tollows:

0 denoted absence of any preference for one answer over its opposite, so that it secmed non-

sensical to answer at all.

1 denoted a distincet leaning to one alternative.

2 denoted some little confidence of being right.

3 denoted as strong a contidence as one would have about such sensations.
We do not mean to say that when zero was the recorded contidence, there was absolutely no
sensation of preference for the answer given. We only mean that there was no sensation that
the observer noticed when attending to his feelings of this sort as closely as he conveniently
could, namely, closely enough to mark them on this scale. The scale of confidence Huctuated
cousiderably. Thus, when Mr., Jastrow passed from experiments upon differences of weight of 60,
30, and 15 on the thousand to difterences of 20, 10, and 5 on the thousand, although the aceuracy of
kis judgments was decidedly improved, his contidence fell off very greatly, owing to his no longer
having the sensation produced by a difference ot 60 present to his memory. The estimations of
confidence were also rough, and might be improved in future work. The average marks seem to
conform to the formula—

m=clog r
1—p

. where m denotes the degree of confidence on the scale, p denotes the probability of the answer
being right, and ¢ is a constant which may be called the index of confidence.

To show that this formula approximates to the truth, we compare it with the average marks
assigned to estimates of differences for which more than a hundred experiments were made. Mr.
Jastrow’s experiments are separated into groups, which will be explained below.

First group.
_ — ;
Peirce, observer, ~Jastrow, observer,
e=1,25. ’ e=1.5. =0, 0,
Ratio of pressures. R R - -
Mean confidence. Mean confidence. Mean conlidence.

77‘7&4—&77,—_7"—“ T I o
Observed., Calculated.| Ohserved. ;Ca.luul;\['ml.; Obhserved. i()alcnhne(l..

| 1) &P 0. 14 ) 0. 10 0.30 . 0.2 0,34 0.2
LO30. oo e 0.30 0.35 0. 40 0. 42 0.55 0.6
1060 e e e, 0.70 0,70 0,85 | 0.87 1.02 1.2

i
' | i

Jastrow, observer,

Ratio of pressures.
Mean conlidence.

i
|
' Mean confidence.

| : ’ :
Observed, lUn‘l('ula(ed. Ohserved. 1C;111-nlated.|

1 E
1010 e e e 5 0,07 0. 06 0, 06 0,12 ;
1.020 | 0.12 0,12 050 | 0.39

D003 . e e | 0.00 | 003 1 0, 00 0,06
|

» The namber of errors, when an increase of weight was followed by a decrease, was slightly less thun wheun the
tirst change was a decrease of pressure.
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The judgments ennnciated with any given degree of confidence were more likely to be right
with greater differences thau with smaller differences.  To show this, we give the frequency of the
different marks in Mr. Jastrow’s secoud, third, and fourth groups.*

The apparatus used was an adaptation of a “ Fairbanks” post-ofiice scale; upon the end of the
beam of which was fixed a square enlargement (about onec-half inch square), with a fat top,
which served to convey the pressure to the finger in a manner to be presently described. This
was tightly covered with an India-rubber cap, to prevent sensations of cold, &e., from contact
with the metal. A kilogram placed in the pan of the balance brought a pressure of one-fourth

*The result of our observations on the confidence connected with the judgments is as folows:

' '

[Subject, Mr Peiree.]

Average  Nuwmber of

Variations. . s
ariat Ccontidence,  sets ol DO,

Chrams.

60, e 7 7
30 e .28 6
) 5 Y 15 H

[ 90 13
T80 e .51 12
) E5 Y, .30 122
Q0. . e 11 12
10, ... .06 12
S 3 .00 10

In 1,125 experiments (subject, Mr. Peirce)—variations 15, 30, and 60 grams—there occurred confidence of 3, 3
times (3 per cent.); of 2, 102 times (9 per cent.); of 1, 282 times (25 per cent.); of 0, 706 times (63 per cent.). In
these experiments there were 332 (29 per cent.) errors committed, of which 1 (0.3 per cent.) was made in connection
with a confidence 3; 10 (3 per cent.) with a confidence 2: 51 (15 per cent.) with a coulidence 1; 270 (&1 per cent.)
with a confidence 0. From which we find that in connection with a contidence of 3 there oceurred 1 error in 35 eases
(3 per cent.); with a confidence of 2, 10 errors in 102 cases (10 per cent.); with a confidence of 1, 51 errors in 2=2
cases (18 per cent.); with a confidence of 0, 270 errors in 706 cases (38 per cent.).

In 1,975 experiments (subject, Mr. Jastrow)—variations 15, 30, and 60 grams—there occurred contidence of 3, 62
times (3 per cent.); of 2, 196 times (10 per cent.); of 1, 594 times (30 per cent.); of 0, 1,123 times (57 per cent.). Iu
these experiments there were 451 (23 ,per cent.) errors committed, of which 2 (0.4 per cent.) were made in connection
with a coufidence of 3; 12 (3 per cent.) with a confidence of 2; 97 (22 per cent.) with a confidence of 1, 340 (75 per
cent.) with a confidence of 9. Aguain, in connection with a confidence of 3, errors occurred twice in 62 cases (3 per
cent.); with a confidence of 2, 12 times in 196 cases (6 per cent.); with a confidence of 1, 97 times in 504 cases (16 per
cent.); with a confidence of 0, 340 vimes in 1,123 cases (30 per cent.).

In 1,675 experiments (subject, Mr. Jastrow)—variations 5, 10, and 20 grams—there occurred confidences of 3,
none; of 2, none; of 1, 115 times (7 per cent.); of 0, 1,560 times (93 per cent.). In these experiments there were 532
(32 per cent.) errors committed, ot which 16 (3 per cent.) occurred in connection with a confidence of 1: H%2 (97 per
cent.) with a contidence of U. Again, in connection with s confidence of 1, errors oceurred 16 times in 115 cases (14
per cent.); with a contidence of 0, /22 times in 1,560 cases (34 per cent.).

Second group.

' e e

, . ‘ » ! ‘
Ratio of weights. Mark 0. Mark 1. | Mark 2. ¢ Mark 3,

e e e e I {
: 1.015......... 3 5 110 right 51 right i 3 right 1 right l
""""" 66 wrong 17 wrong . 2 wrong U wrong
1.030...... g - 106 right . 72 right; © 23 right 2 right
""""" 35 wrong L1 wrong 1 wrong 0 wrong
1060 § 86 right 75 right, od right 24 right

. 8wroug | 1 wrong 2 wrong 0 wrong
i ; i i i
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of its weight upon the finger. The differential pressure was produced by lowering upon the pan
of the balance a smaller pan into which the proper weights conld be firmly fixed ; this little pan
had its bottom of cork, and was placed upon a piece of Hannel which constantly remained in the
pan of the balance. It was lifted otf and on by means of a tine India-rubber thread, which was so
much stretched by the weight as certainly to avoid any noise or jar from the momentum of the
descending pan. A sufficient weight could also be hung on the beam of the balance, so as to take
oft the entire pressure from the finger at the end of each experiment. This weight could be
applied or removed by means of a cam acting upon a lever; and its bearings upon the beam were
guarded by India-rubber. It was found that the use of this arrangement, which removed all
annaying irregularities of sensation connected with the removal and replacement of the greater
(initial) pressure, rendered the results more uniform and diminished the probable error. It also -
shortened the time necessary for performing the experiments, so that a series of 25 experiments
was concluded before the eftects of fatigue were noticeable. 1t may be mentioned that certain
causes tended to the constant decrease of the probable error as the experiments went on, these
mainly being an increased skill on the part of the operator and an education of the sensibility of
the subject. The finger was supported in such a way as to be lightly but firmly held in position,
all the muscles of the arm being relaxed; and the India-rubber top of the brass enlargement at
the end of the Leam of the balance was never actually separated from the finger. The projecting
arm of a filter-stand (the height of which could be adjusted) with some attachments not necessary
to detail, geutly prevented the finger from moving upwards under the pressure exerted by the
weight in the pan. In the case of Mr. Peirce as subject (it may be noted that My, Peivce is left-
handed, while Mr. Jastrow is strongly right-handed) the tip of forefinger, and in the case of Mr.
Jastrow of the middle finger, of' the left hand were used.  In addition, a sereen served to prevent
the subject from haviug any indications whatever of the movements of the operator. It is hardly
necessary to say that we were fully on our guard against unconsciously received indieations.

The observations were conducted in the following manner: At each sitting three ditterential
weights were employed. At first we always began and ended with the heaviest, but at a later
period the plan was to begin on alternate days with the lightest and heaviest. When we began
with the heaviest 25 observations* were made with that; then 25 with the middle one, and then
25 with the lightest; this constituted one-half of the sitting, It was completed by three more sets
of 25, the order of the weights being reversed. When we began with the lightest the heaviest
was used for the third and fourth sets. In this way 150 experiments on each of us were taken at
one sitting of two hours.

A pack of 25 cards were taken, 12 red and 13 black, or vice versa, so that in the 50 experiments
made at one sitting with a given differential weight, 25 red and 25 black cards should be used.
These cards were cut exactly square and their corners were distinguished by holes punched in
them so as to indicate the scale of numbers (0, 1, 2, 3) used to designate the degree of confidence
of the judgment. The backs of these cards were distinguished from their faces. They were, in
fact, made of ordinary playing-cards. At the beginning of a set ot 23, the pack was well shutfled,
and, the operator and suquct having taken their places, the operator was governed by the color

Third aud founrth ygroups.

[Marks 2 and 3 do not ocenr.]

Ratio of weights. Mark W, Mark 1.

. - C 204 right 2 right
LS oo g [ 203 w’;un;: 1 w’;nng

y 366 right - 32 right
LOLO eeeeeiee 10192 wrong 30 wronyg

y 395 vight 62 right
LOW.ceeenenene 131 wrong 6 wrong

“ At first a short pause was made in the set of 25, at the option of the subject; later this was dispensed with.
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of the successive cards in choosing whether he should first diminish the weight and then increase
ity or vice versa.  If the weight was to be first increased and then diminished the operator brought
the pressure exerted by the kilogram alone upon the finger of the subject by means of the lever
and cim mentioned above, and when the subject said “ change” he gently lowered the differential
weight, resting in the small pan, upon the pan of the balance. The subject, baving appreciated
the sensation, again said “change,” whereupon the operator removed the differential weight. If,
on the other hand, the color of the card directed the weight to be first diminished and then
increased, the operator had the differential weight already on the pan of the balance before the
pressure was brought to bear on the finger, and made the reverse changes at the commard of the
subject. The subject then stated his judgment and also his degree of confidence, whereupon the
total pressure was at once removed by the cam, and the card that had been used to direct the change
was placed face down or face up according as the answer was right or wrong, and with corner
indicating the degree of contidence in a determinate position. By means of these trifling devices
the important object of rapidity was secured, and any possible psychological guessing of what
change the operator was likely to select was avoided. A slight disadvantage in this mode of pro-
ceeding arises tfrom the long runs of one particular kind of ¢hange, which would occasionally be
produced by chanee and would tend to confuse the mind of the subject. But it seems clear that
this disadvantage was less than that which would have been occasioned by his knowing that there
would be no such long runs if any means had been taken to prevent them. At the end of each
set the results were of course entered into a book.*
The following tables show the results of the observations for each day:

Ratios ot pressures, [Subject : Mr. Peirce. ] . '
Date | ; . | [ i T B
} 1100 Loso | 1060 ' 1050 | Los | 1030 1015
December 10............ D OITOS, oo Werrors, ... .l
December13............ ... cderrors. | Berrors, fo.o...o... U IBEITOUR. Liliiiii. ciiliiaa..
December17......._... ... ... ... ... 11 e eaen PO~/ 53 4 N () -
December20.... ... ... ... ooilL. R D 16 21 errors.
January 3 ... ... oLl 14 N 20 25
January 15 ... Lol el 15 D 20 | 28
| January 22 ... ... oLl P ) 52 | 16 120
Jannary 24 ... oo 6 Ll e 15 )
Means. ... ..... 2 1 10,4410 13 15 19.341.4 216111
| Calenlated from probu-
hle error=0.051. ... _.. L6100 724 L6 107408 127421 14.942.2 17.24.0.9 21.011.1
Average confidence. o o ‘\
\
Observed. .............. 1.9 0.0 0.7 0.8 0.3 0.3 0.2
Caleulated ............. 1.3 1.0 P07 0.6 L 0.5 0.3 0.2

The numbers in the columns show the number of errors in fifty experiments. With the aver-
age number of errors in a set of fifty we compare the theoretical value of this average as calculated
by the method of least squares. The number .051 thus obtained in this case best satisfies the mean
number of errors. The numbers affixed with a sign denote, in the upper row the observed (e
posteriori) probable error of the mean value as given, in the lower row the calculated (a priori)
probable error. The last two lines give the average confidence observed and calculated with each
variation of the ratios of pressure. It will be seen that the correspondence between the real and
theoretical numbers is close, and closest when the number of sets is large. The probable errors
also closely correspond, the observed being, as is natural, slightly larger than the calculated
probable errors.

* In the experiments of December, 1883, and January, 1884, the method as above described was not fully perfected
the wnost important fault being that the total weight instead of being removed and replaced by a mechanical device,
was taken off by the operator pressing with his finger upon the beam of the balance.
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The following is a similar table for Mr. Jastrow as subject:

Ratios of pressures.

i Dadte,

} 11,100 L. 030 1.060 1.050 L. 040 1,030 1,020 1,015 1,010 1.005

- | o _—

" December10...... ... D ... 1Y e e e
December13.......... ..... [V ¥ S ) ¥ T
December17...... ... ... ... | F S S
December®?0. ... ..o o0 Ll | 17 ... W e el
Janunary 3 ...l .. oLl N D T B2 B
January 10 ... _._. ... leeeeee eeean T e | 13 S 17 .
January 15 ... ... [omrme e 12 ; 6 ... 22 e
January 22 .. eeeeae e moo . 0 16 oeemnr e
Janmary 24 ool o oL E ) 5 U 1w
Febrnary 11 ... ..o ... oooL. 1 e e Tl 1= --
February 17 ... ..o .0 oL P e e | (U 17
February 18 ... ... ... ... 2 AU O § R, 17 el

- Februavy 24 .......... e e 2 R O o S, 15

S Marehd Lo il il el il [ 13 ... )
MATCH D oo et e e e e e e e e I3 17 ...
March 18 . oo e il e eaaas Y . 14 ...... 19 2
March 10 . o e e e e e 1 PRl 13
March 23 oo e e e i eiieddeeeas 17 18
MArChl 2D . ot e et et e eeeae e 12 16 1=
Marchi 30 . e e e e e e e e Il 16 21
March3l ... ....... ; S DO SRS (1 15 21
) 1 B | 17 21
April 3 ..... OO U P S O IR [ ] 20
April 6 ..o : e 13 21
April 7 ..ol e e : 14 15 17

Means.......... o 9 6.6 19 : 15.0  11.6 . 11.4 ;15911‘3«5‘20 5
i : i \ | ! |

81

It would obviously be unfair to compare these numbers with any set of theoretical numbers,
gince the probable error is on the decrease throughout, owing to effects of practice, etc. For
various reasons we can couveniently group these experiments into four groups. The first will
include the experiments from December 10 to January 22, inclusive; the second from January 24
to February 24, inclusive; the third from March 4 to March 25, inclusive; the fourth from March

30 to the end of the work.

The mean results tor the different groups are exhibited in the following tables:

First group.

{ Prohable error=0.05. ]

Ratios of

Numberof

- ]
i

Average number of

Average col
¢ITOon'S, e«

i

itidence.

pressures.  sets of 50, Caleulated ! o |
Observed. : from proba-! Observed. :Calculated, :
: I ble error. |
— e e —y - e —— [-——__.__.. ————

1.100 15 | a4gna) 0.9 1.5
1. 020 1 9 7.041.7 0.9 L2
1. 060 70 11.040.7  10.4£0.7 0.85 0.9 |

1. 050 1 19 12.542.1 0.35 0.7
1. 040 1. 15 14722 0.3 06 |
1.030 61 13,8415 17.040.9, 0.5 0.4 |
.05 5, 20,8411 210411, 0.3 0.2

SNecond group.
[Probable error=0.0235. ]

Ty T T Tt T o
- 1. 060 5 2.240.3 2.140.4 1.0 1.2 }
1.030 5 9.41.0.6 9.640.8 ¢ 0,55 0.6
1.015 S5 17.04£0.3  16.641.0 0.3 0.3 |

S. Mis, 69—11
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Third group,

[Probable error=0.02. ]

‘ Average her of
| Average nun Average contidence,

CITOIN,
" Ratios of Numberof __ . o L
©opressures,  sets of 50,
! ;“h’ ! Caleulated

: i i Observed. . from proba-; Observed. Calculated.
! I | ble error. |

- e

, 1. 020 G IRBE03 12.5.4.0.8 0.12 | 0,12
1.010 60 774060 1B 0.07 0. 06
1,005 A 2007407 . 2L6LL ey 0.00 0.03

| | | . !
Fouwrth group.
[Plob(ll)](, error=0.0155.]

. ‘ T o ' |

i 1. 000 10 0.84.0.6 { L6 ... i
1. 030 1 5 4.801.4° 0.5 0.4
Lo 6 10.04.0.5 9.64.0.8 0.1 0.2
1.015 1 14 12.8412.1 0.1 0,13
1. 010 6 16 16.510.9 0.05 0.12
1. 005 6 20.84-0.4  20.641.0 0.00 0. 06

1 '

The tables show that the numbers of errors follow, as far as we can conveniently trace them,
the numbers assigned by the probability curve,* and therefore destroy all presumption in favor of an
Unterschiedsschwelle.  The iutroduction and retention of this false notion ¢an only confuse thought,
while the conception of the mathematician must exercise a favorable influence on psychological
experimentation.t

The quantity which we have called the degree of confidence was probably the secondary sen-
sation of a difference between the prlmary sensations compared. The evidence of our experiments

*In the tables of the third and fourth groups, there is a marked divergence between the a priori and a posteriori
probable error, for the average number of errors in 50, making the observed probable error too small. This can only
be partly accounted for by the fact that the subject formed the unconscious habit of retaining the number of each kind
of experiment in a set and answering according to that knowledge. In point of fact the plus errors and minus errors
geparately do not exhibit the singnlar uniformity of their sums, for which we are quite unable to account. Thus in
the fourth group we have:

Number of -+ and — errors.

1 1 ;

' Date. ' L0200 1010 Loos |
!7 e

, i

| March30._...... b —4,4 7 —6,-+10| —13,4 8

! March 31 ......... C-7,+ 3 —5,410 | — 6, +15" !

PoApril 2.l —1, 410 —3,4+ 9| — 8,413 }

! April 3......... —4,4+ 5 —4, 414 | —10,410

D oApril 6. —6,4+ 6 —8,+4 7| —10,411 |

C April 7oLl =5+ 9 —8,4+ 7| — 38,49 !
i

t The conclusions of this paper are strengthened by the results of a series of experiments on the color sense, made
with the use of a photometer by Mr. Jastrow. The object was to determine the number of errors of a given magnitude,
and compare the numbers thus ascertained with the theoretical numbers given by the probability curve. A thousand
experiments were made. Dividing the magnitude of the errors from 0 to the largest error, made into 5 parts, the
number of errors, as observed and calculated, that occur in each part are as follows:

Observed...... 199 | 151 | 217 1213 190
| Calculated ....| 213 | 197 | 209 | 181 200

I S A N B

These numbers would be in closer accordance it the probable errer were the same throughout, as it is not owing
to the effects of practice, &c. Moreover, the experiments were made on different colors—300 on white and 100 each on
yellow, blue, dove, pink, green, orange, and brown, These experiinents were not continuous.
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seems clearly to be that this sensation has no Nelewelle, and vanishes only when the difference to
which it refers vanishes. At the same time we found the subject often overlooked this element of
his field of sensation, although his attention was directed with a certain strength toward it, so that
he marked his contidence as zero. This happened in cases where the judgments were so much affected
by the difference of pressures as to be correct three times out of five. The general fact has highly
important practical bearings, since it gives new reason for believing that we gather what is passing
in one another’s minds in large measure from sensations so faint that we are not fairly aware of
having them, and ecan give no aceount of how we reach our conclusions about such matters. The
insight of females as well as certain “telepathic” phenomena may be explained in this way. Such
faint sensations ought to be fully studied by the psychologist and assiduously cultivated by every
man.



