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O SMALL DIFFERENCES OF SENSATION.

READ OOTOBER 17, 1884.
By C. 8. PEIRCE and J. JASTROW. -

, ’I.‘he physrologlcel psvchologlsts assunle that tWo nerve excitations’ ahke in quality will only"
) — ' produce dlstmgmshcble sensations provrded they differ in intensity by an amount greater than a
fixed ratio.. The least perceptxble difference of the excitations divided by half their sum is what' .
- “they call ‘the Dnterschzedsschwelle Fechner* gives an experiment to prove the fact assumed,
A uemely ‘He finds that two very. duu ]xghts placed nearly in line with the edge of an opaque body -
_ v -5 .. show but one shadow of the edge. Tt will be fouud ; however, that this phenomenon is'not a clearly
' - . R marked one, unless the lights are neerly in range,’ If the expenment is performed with lateral
, P ' o , D shifting of one of the lights,: and with & knowledge of - the effects of 8, telescope upon fh&appear-
‘ , - : : L :ance ‘of terrestrial objects at mght, it will be found: very far from conclusive.
- THISPAGE LEFT BLANK INTENTIONALLY . . _ - . - The conception of the psychologists is certmnly a difficult. one to seize. - Accordmg to then'
) . : . - ' o _ s 5 own docmne, in which the observed facts seem’ fully to bear them out, the mtenexty of the senga-
- ' _ : .. tion increases. contmuously Wrth the excrtatron, go that the least increase of the latter must pro-
o : _ ‘ S duce & correspcthdmg increase of the’ former. : And mdeed the hypothesvs that a continuouns in-
o : - o - , " crease of the excitation. would be accompanied:by successive discrete increments of the,sensatlou, -
o . . ’ : ' S {_"rctmtous as it would be, wonld not-be gufficient to account for a constant Untersohwdsschwclle
" ‘We are ‘therefore forced to conclude thet if there be'such & phenomenon it has its origin, not in~
: - the faculty of ‘sensation, but in’ that of compe ng sensations.. In short, if the phenomenon were -
r . : o o . ' I el estabhshed, we should be forced to say that there was a- least perceptrble dlﬁ‘erence of . seusatlon—-
) S ’ T e drﬁ‘erencc ‘which, tbough exrstmg in seneetron, could not:be brought into. consclousness by any -
- effort of attention. ' But the errors of our judgments in comparmg ‘our sensauone eeem sufﬁcxeutl_y
: '_-accounted for by the. slow and doubtless comphcated process by which the impression is conveyed:
. from the periphery to the: bram, for. ‘this must be liable to more or Jess’ accldental derangement at -
.- every step of its progress.. Accordmglv we ﬁ1 that the freqnencles of errors of different. magni-. 'I .
-+ tudes follow the probabihty curve, which is. t,he law of an effect brought about by the sam of an
- mﬁmte Tnumber of infinitesimal causes. ,’.l‘hls theory, however, does not admit of an-Unterschieds:
o schwelle. Ou the contrary, it leads to the method of least squares, accordmg to-which the multipli-
~-cation of observatrons will: mdehmtely reduce the error. ‘of their mean, so that if of two excitations .’
. ‘omie 'Were ever 0. htble the more intense, in the long ran it would be. Judged to be the; more, intense -
o the majority- of. tlmes. ‘It is true that the astronowrers themselves have not; usually supposed tlmt
L tlus would be the case, becanse (apart from constant errors, which have o relevancy to the pres-
‘.‘_eut questxon) they have supposed this’ extreme result-to be contrary | to common gense. “But'it has
b seemed to us thet the most setlstectory course would be to subject the question. to the test of dlrecb
expenment. ‘If there be a lcast percepmble dxﬂ'erence, then when two excitations d)ﬁ'ermg by lees
>*than this are presented to us; and we are asked to. Judge whleh is the- greater, we ought to angwer -
i the loug run. ‘ Whereas, 1f the theory of least squeres is correct, we not
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only ought to answer right ofbener than wrong, but we ought to do 80 in a predlctible ratio of
casen,®

We have. expenmented ‘Wwith the pressure sense, observmg the proportion of errors among
judgments a8 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
rom the probability, thus ascertained, of committing an error of a given magnitude, the probable
ervor of & judgment can ‘be ca.loulabed according to the mathematical theory of errors. If, now,
we find that when the ratio of the two pressures is smaller thau a certain ratio, the erroneous

judgments number one-half of the whole, while the mathematical theory requires them to be sen-

sibly fewer, then this theory is plainly disproved, and the maximum ratio at which this phenom.
enon - ubservad the so-called Unterschiedsschwelle. If, on the other haud, the values obtained for
the prolmbm error are the same for errors varying from three times to oné-fourth of-the probable

error (thd smallest for which it is easy to collect sufficient obsermtxous) Sthen the theory of the

method of least squares is shown to hold good within those limits; the presumption will be:that
it extends still further, and it is possible that it holds for the smallest differcnees of excitition.
But, farther, if this law is shown to hold good for differeuce so slight that the observer s not

congcious of being able to discriminate between them at all, all reason for believing in at_Unfer..

sohipdssohuwelle is destroyed. The mathematical theory has the advantage of yielding conceptions
of greatep definiteness than that of the physiologists, and will thus tend ‘to improve methods of
obsermtmn. Moreover, it affords a ready method for determmmg the sensibility or fineness of
perceptivh and allows:of a comparison with the results of others; for, knowing the number of
errors in& certain number of experiments, and accepting the concluswns 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 pressiire sense, ‘which they
seem to-make a finer sense 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 half the time; (2) in our experiments there were two opportumtxes for judg-

ing, for the initial weight was either first increased and then diminished, or vice versa, the sub- -
Jject having to say which of these two double ehanges was made. It would seem at first blash.

that the value thus obtained ought to be multiplied by 2 (1.414) to get the error of a gingle judg-

ment. Yet this would hardly be correct, because the judgment, in point of fact, depended almost

exclusively olt the sensation of inerease of pressure, the decrease being felt 'vc'r_v much less.. .The
ratio v2 (1.414) woild therefore be too great, and 1.2 would perhaps be about correct. The
advantage of having two changes in one experiment consisls 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 comphcated but wh(.n each expenment embraces &

* Thecgule for finding this ratio is as follows: Divide the lognrlthm of the ratio of exeitations by tho pmbnble
error amd waltiply the quotient by 0477, Call this product ¢, Enter it in the table of the integral 0t, given in wost
works on robabilities; 0t is the pxopnfuon of cases.in which the error will be less than the difference between the
given oxcitntions. In all these cases, of course, wo shall answer correctly, pud also by chance in one-half of the
remaining cases, The proportion of erroneons answers is therefore (1--0t)+2. 1n the following table the lirst col-
umn gives the quotient of the logarithm of the ratio of excitation, divided by the prohable error, amd t,lm second
column shows the proportion of erroneous judgments: :

0.0 0.50
0,05 0. 49

’ % B T 14

C0.95 0,438

0.5 1 0.37

- 1.0 0.25

IR

To guess tlm ‘correct enrd out ot 0 pack of fifty-two once in eleven times it woul(l be necossary to haven sonsation

.unuuulmg to 0.37 of the probable error. This would be a sensution of which we should probably never becowme
aware, us will appear below, :

.
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double change thxs difference in the amount of sensatxon caused b) an increase and decrease of
pressure affects every experiment ahke, and the habxhty to error is constant.*

Throughout our observations we noted the degree of eonﬁdeme with which the observer gave
his judgment upon a scale of four degrees, as follows: ' v

0 denoted absence of any preference for one answer over its opposxte, 8o that it seemed non-

. sensical to answer at all. - :

1 denoted a distinct leaning to oune nlternatlve.

9 denoted some little confidence of bemg right. .

3 denoted as strong a contidence as one would-have about suob sensatnous.
We do not mean to say that when zero was the ‘récorded confidence, 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 teelmvs of this sort as closely as lie couveniently
could namely, closely enough to mark them on this scale. The sc’lle of confidence fluctuated

. }; oonsxdembly. Thus, when Mr. Jastrow passed from experiments upon differences of welght of 60,

+:30; and 15 on the thousand to differences of 20, 10, and-5 on the thousand, although the accuracy of

s Judgments was demdedlg improved, his conﬁclence fell off very greatls, owing to his no longer.

having the sensation produced by a difference of’ 60 present to his memory. The estimations of
confidence were also rough, and mlght be 1mproved in tuture work The-average marks seem to

conform- to the formula-——

b B m._clog]—pwﬁ .

where m denotes the déBree of conﬁdence on the suxle, p denotes the probablhty of the answer

* being right, and ¢ is a constant which may be called the index of confidence,

‘To show that this formula approxnmates to the truth, we compare it with the average marks
assigned to estimates of differences for which more than & hundred experiments were made. M,
Jastrow’s experiments are sepamted mto groups, which: Wlll be. explmned below

Ftrst group, . , \
Peirce, observer, ~ Justrow, observer, E
LI — e Bt A.,_'.g._\‘,{._ . '_‘!.4...‘.._;-. PSS i *}
¢=1,25. Ce=1.5, S e=0,0. :
‘Ratio of pressureg, oo o m e m o e S o s -

Mena confidence. Muoan conﬁilenqu. ‘Mean cunﬁqleum;

!

1

A

! ’ . ’ ! i

Observed. E;Culcnlnteu. Observed. Cnluﬂntul | Obgerved. ;Ca)culmed ‘

\

e e o e e

R N PR . ,,,.._.W.__; oo iernc]
!

. |

I 1 T 0. 14 .10 0,2 A, 34 o 0,27 !
I 0.!6%

.83 .87 | 1,02 i 1,42 |

;
0,30

T30 e e OUB07 0.35 3, 40 1 0,42 0.55
S R 111 D 0,70 : 0.70 0,85 !
: ’ i

Jastrow, observer.

Mean confidence, ! Mean confidence.

| !
I Observed. g(lnlcnlnted.‘k Observed. tCnlculutetl \
§

1
[N IR D

1005 eee e e 000 - 0,03

' i 0000 0,06
1.010...... etenaanens ‘; 0,07 | 0,06 | 0.05 1 012
LOWeenonicia et 0127 0,12 | 0,50 i : 0.39 !

’l‘he numhex of ervors, when an incrense of W eight was fo]lmved by n decreu\c wis alq,htl) less thnu W hen the )
ﬂrst elmug,c was a- decrense of pressurc
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‘The judgments enunciated with any given degree of confidence were more likely to be right
with greater differences than with smaller differences. To show this, we give the frequency 6f the
different marks in Mr. Jastrow’s second, third, and fourth groups.® ' L

The apparatus used was an adaptation of & «Fairbanks” post-office scale; upon the end of the

beam of which was fixed & sqnare enlargement (about one-baif iuch square), with a flat top,

which served to convey the pressure to the finger in a manner to be presently described. This.

was tightly covered with an India-rabber cap, to prevent seglsations of cold, &e., from contact
with the metal. A kilogram placed in the pan of the balance Lrought a pressure of one-fourth

* The result of onr observations on the confidence connected with the jndgments is as follows:

[Sulnjécf.‘ Mr Peirce.]

Averago  Number of .

ot
Variations. . contidence. - sets of 50.
Grams. .
60 eeeneeeeninn e .67 7.
R {1 S .23 ] 6
R £ R 15 Hi

T 60 13
30 12
15 12
20 12
10 12

D, 10

In 1,125 experiments (subject, Mr. Peirce)-—variations 15, 30, and 60 grams—there occarred confidence of &, 35
times (3 per cent.); of 2, 102 times (9 per cont.); of 1, 282 times (25 per cent.); of 0, 706 timnes (63 per cent.). In
these experiments thore 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 confidence 1; 270 (81 per cent.)
with a confidence 0, ¥From which we find that in connection with a confidence of 3 there occurred 1 exror in 35 canes
(3 per centl);‘ with a confidence of 2, 10 errors in 102 cases (10 per cent.); with a confidence of 1, 51 errors in 282

. eases (18 per cent.); with a contidence of U, 270 errors in 705 cases (38 per cent.). ' ‘ '
.+ In 1,975 experiments (subject, Mr. Jastrow)—varintions 15, 30, aud 60 grams—there occurred confidence of 3, 62

f,ff*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.). In..
these experiments theré wero 451 (23 per cent.) exrors committed, of which 2 (0.4 per cent.) were made in consection -

with o confidence of 3; 12 (3 per cent.) with a confidenco of 2; 97 (22 per cent.) with a confidence of 1, 340 (75 per
cent.) with o confidence of 0. Again, in connection with a coufidence of 3, orrors occurred twice in 62 cases (3 per
cont.); with a confidence of 2, 12 times in 196 cases (6 per cent.); with a confidence of I, 97 times in 504 cases (16 per
cent.); with a confidence of 0, 340 times in 1,123 cases (30 per cent.).

Tu 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 pev cent.). In these experients there were 538
(32 per cent.) errors committed, of which 16 (3 per cent.) oceurred in connection with a eonfidence of 1 523 (47 per
cent.) with o confidence of 0. Again, in connection with o confidence of 1, errors occurred 16 times in 115 cases (14
per ceut.); with a confidence of 0, 522 times in 1,560 cases (34 per cent.). .

Second group.
Ratio of weights. = Mark 0. . Mark 1. | Mark 2. { Mark 3.

e "10right | Slright | 3Zright  Lright

L0 e e 1 ! 66 wrong : 17 w?ong i 2wrong i 0 w;mlg :

1,030 g 1106 right | 72right” : 2rvight | 2right

P e © 3 wrong ; 1lwrong , 1wrong : O wrong |
- 1. 060 : 86right | 75right . Sdright | 2right
ST mens s meenes . 8wrong { 1wrong |

2 wrong ' 0 wrong .

“pan of the balance. ' It was lifted off and on by ‘meaus of a fine India-rubber thread, which ‘was 80

 descending pan. - A safficient weight could also be hung on the beam of the balance; so as fo take

-causes tended to the constant decrease of the probable ‘error as the experiments went on, these

" 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 Teft hand were used. Inaddition, a screen served to prevent :

period the plan was to begin on alternate days with thie lightest and heaviest, When we began

“made at one sitting with a given ‘differential . eight, 25 red and 25 black*%ards shguld be used,
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of its weight ﬁpoufthe finger. "',~Thé"diﬁ‘ereﬁtial'~p'réséur§'waé produced: by lowering upon the pay o

of the balunce a smaller pan into which the proper weights could be firmly fixed ; this little pan

had its bottom of cork, and was ‘placed upon & piece of* flannel which constantly remaiied in-the

much stretclied by the weight as certainly to aveid any noise or jar from the momeutnui b the

off the entire pressure from” the finger-at the end of each experiment. This weight could be - = =~
applied or removed by means of & camn 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 =
aunoying irregularities of sensation connected with the removal and repiacement of the greater . s

(initial) pressure, reudered the results more-uniform and diminished the>probable error. It also - o
shortened the time necessary for performing the experimeuts, so. that a series of 25 experiments
was concluded before the effects of fatigue were noticeable, - It may be wentioned that certaiil - '

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 o way as to be lightly but firmly held in position,
all the muscles of the arm being ‘Télaxed; aud the India-rubber top of the brass enlurgement ut iy
the end of the beam of the balance Was never actually separated from the finger. The projecting b
arm of a filter-stand (the height of which could be adjusted) with sone attachments not necessary = . .
to detail, gently prevented the finger :from moving npwards under the pressure exertéd by the i
weight in the paf. In the case 667Mr. Peirce as subject (it miry be noted that Mr. Peirce is left- '

the subject from having any indicatious ‘whatever of the movements of the operator.. It is hardly

necessary to say that we were fully on our guard against unconsciously received indications, . .~
The observations were conducted in the following manuer: At each sitting three différéitial <

weights were employed. - At first we always began and'ended with the heaviest, but at a later

with the heaviest 25 observations* were made with that; then 25 with the middle one, and then
95 with the lightest; this constituted ove-half of the sitting: It was completed by three more sets
of 25, the -order of the weights being: reversed. ‘When we began with phe lightest t;heheaﬁ@g; L
was used for the third and fourth sets. In this way 150 experiments on each of us were taken at .
oue sitting of .two hours. . ST S T

- A pack of 25 cards were tuken, 12 red and 13 black, or vice versa, so that in the 50 experiments

1

These cards iere cut exactly square and their corners were distinguishied by holts 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 u set o125, the pack’\'ﬁf%:well shuffied, =
and, the operator and.subject having taken 'heir places, the operator was governed by the eolor '

7 "'Thivrt_i and Sourth groups.

5]

[Mu;k;q 2and 3 do not eceur.j. - .

1 Ratio of woights. | Mark 0. | Maikl,

e e 1

294 rignt g right:

CLO0BLIenns g | 2! g ‘

i 1203 wn;\ug . '.33 '\\'_;uhng;

P1010 sl -y 1366 right 32 right -
LI e % | 00 o | 30 wiong

y 1 395 vight- | 63 right

porer 3 E8E wrong |6 wrong
I o

Ly ) -

i A - s SR PR

« - * At first a short pause \‘vias wade in the set of 25, at the dptibn of the subject; later this was dispensed withe
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‘of the successive cards in chocsmg whether be should first dlmlmsh the. “elght and then.increase.
it, 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 cam wentioned above, and when the suluect said ““ change” he gently lowered the différential

weight, resting in the small pan, upon the pan of the balance. - The sub,)ect, having appreciated

the sensation, again said * change,” whereupon the operator removed the differential weight. - Ify
on the other hand, the color of the card directed the weight to be-first diminjshed and:; (:hen
increased, the operator had the differential weight already on the pap 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 bis degree of conﬂdence, wherenpon: 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 thh corner .
indicating the degree of confidence in a determinate position. - By means'of these tnﬂing devices
the important object of rapidity was secured, and ahy possible psychological guessing of what ’

chavge the operator was likely to select was avoided. A slight disadvantage in this mode of pro- - '

ceeding arises from the long runs of one particular kifid of change, which would occaaloually be
produced by chance and would tend to confase the mind of the subject. But it seems olear that -
this disadvantage was less than that which would have been occasioned by his lmowmg that there ..
would be no such long raus if any means had been ta.keu to pmvenbthem. At tlxe en(lof each -

set the results were of course entered. into a book *
The followmg tables show the results-of the obsermtmus for each day

.A:

, ' Rutios of pressures. [Shbjeéb: Mr. Peirce.]»
Date. ) Fomes e ol e e et s __».._

i 1100 Le80 | 1060 | 1.050 | 1040 | 1,030 | 1.015%"
S SHUMIRS UM IO ERSO I N
December 10........ ... { 2 CITOY8, {avcenn ans IS PO, 118 €ITOTB, {evemosnsnnsjincioacmeds
December13.... ........i. oo : 4 errovs, | 8 €rrors. j..... cveese| 15 €rrOrs. loiiiianaoal
December17...... B feevasonnss i1 LT S P, oo} 20 Orrors, fnieaneaan..
December20............ v feraaar aes 7 S ]21 errors, -
“January 3 ol iioiieeii i, 14 eedecieeiafirenen . R0 28
January 15. ... ... Heevaeans " 15 . e seevenn] 29- l28
January 2. o] 12 ies HJoewdrrauanni 16 20
January 24 ............. R eeeaas ey 6 T P I 15 ! 2‘2 _
Means...... ... i ;‘a‘i f 10..4},1.0 B S Tiesgag ; 216411

Calculated from proba- : : R : E . i
ble error:O.(lﬁl..-....:i 4.6:41.0 7 ‘2:{_1 610, 7:}:0 8 12,7421 14.94.2.2 17.25:0.9” "1.0:}:1.1

Average confidence. P -

! : |
Observed. Joo.luuene. .. 'y L 0.9 DT £ 0.8 103 0.3 .
Calqlmted......-......g L3 : 1.0 P07 . 08 j 0.5 0.3 I

i i , . i ‘ ;;‘

The numbers in the columns show the number of errors in fifty. expenments Wlth 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 obtainedin this cage best satisfies thie mean
number of errors. The nwmbers affixed with a sign denate, in the upper row the observed (a
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, 1t will be seen that the correspondence between the reml and”

theoretical numbers is close, and closest when the number of sets is large. The probable érrors

also closely correspond the observed bemg, as is natural, slxghtly larger than the calculated
probable errors.

V‘,A“‘(] .

*In the expenmente of December, 1883, and Jauuvary, 1884, the method a8 sbove desoribed was not fnlly pmfected '

the most important fanlt being that the total weight instead of being removed and replaced by 5 mechamoal demce,
was taken off by the operator pressing with hls ﬂnger upon tbe beam of the balunce

B
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The following is a similar table for Mr. Jastrow as subject:-

e
3

; Ratios of pressures.
R 1.100:1.080 1.060: 1.05(/ 1.040 1.030 i 1. 020 1. 015. 1. 010 1. 065

' December 20..

b Jonuary 3 ...eeee... N

i Japaary 10 ... .. ...

- Jannary 15..i....o... .

. Janpary¥2........

‘ ,Januury?xl-....-. R : ‘ :

" Febrnary 11...... ..., . ‘ ! eveaninuans
i Febroary 17 ..;....... cpemas hena ' 10 ..l 1T el _
i February 18...... : R . ’ L e
i February 24 .......... : : ‘ RPYERtS
| March4.....c...loees BN ; ; . W16

Marchd .coovnveanann. e e SRS | S o
i March18...0......... 2
i March1Y. . oeeuein... 1
| March 23 18
! March?2) 18
March 30 ....... 5. ... a
! March3l - , 2l
PApril2. ..l il B FO seias Caeraees . . u
BRI Apl’llB;.-... . . . Pes . ; fewvaani .21
i April6 .. kC
: Apml7 Ceaeees 5 2 K : : : ! %
. MemnSe..eccee..i B 9 66019 ;l 15.0 -1L.6 | 1L.4 18,9 'l 16.8 ;1 20_.5
: ) . ’| : ' ' ] - | i

It would obvxously be unfair to compare these numbers with -any set of theoretlcal numbers,

sinée the probable error is on the decrease throughout, owing to effects of practice, ete. For
~various reasons we can- conveniently 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 for the different groups are exhibited in the followmg tables:
Tirgt group.

-[Probable error=0.05.1} : )

Average number of

X .. Average confidence.
! : eIrors,

¢

Ratios of ‘Numbevof: . . . .
pressures, | sets of 50.; Q . Calenlated | - A
’ ¢ Observed, - from proba-! Observed, Calculated.
L  Dle errov. -
1.100 15 . 4&14} ~ 09 .- 1.5
1,080 - 1009 70XLT . 0.9 L2
1.060 : 710407 10,4407 0.85 Ny
1,050 - 1019 12,5121 0.35° 7
1. 040 115 S 147 4R 0.3 0.6
1,030 6i 13.841,5 17.010.9 : 0.5 0.4
1.015 51 20.8% 11 2LOEL1 0.3 0.2
“Second group. .
. o "~ [Probable error::O.lrz:lB.] ’
SN . . t, o s s e _I
D nee0 51 22403 21404 L0 LY
: 1,030 ! 6 ‘l4 0.6 9.6:};75 o L DY 0.h i
;__i-1 015 | 5 17.040.3  16.6E10 30

8, MIB. 9-———-11
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Third group.
[Proboble error==0.02.] -

|
{

Average nowmber of . ‘

i 1 errors. _ Avorogo conﬁdence..

i Ratios of Number of! : S

. pressures, :setsof50,; - ‘ -’Calculatt,d 1 P

: Observed. . fromproba-| Observed. | Calculated.
! ble error. T .

P
|
I
;
1

12 8403 12.540.8 0.12 -
7.700.6 , 18.340.9 0.07 .
20751, 7, 6L 0,00 |

!

Fourth group.

[Proba.ble error==0,0155.]

!
1 1.060 .
U LO30
1.020 .
1015 | .
1,010 - ’ 16,510, 060 02 ! '
1,005 : .0 00 0.06 | \

The tables show.that the nunbers of errors follow, as far as we can convemently trace them,
the numbers assigned by the probability curve,* and therefore destroy all presumption in favor of an
Unterschiedsschwelle. The introdnetion and retention.of this false notion can only confuse thought,

while the conception of the mathematician must exermse a fa,vorable mﬁuence on psychologlcalf

experimentation.t
The quantity which we have called the degree of conﬁdence was ptobably the secondary sen-

sation of a difference between the pmmary sensations compared. The evidence of our.experlments o

*In the tables of the third and fourth groups, there is o marked divergence between the a prwn anda poalarwri .
probable error, for the average number of orrors in 50, making the ohserved 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 experimeut in a et and answering according to that kuowledge In point of fact the plus errors and minos errors

separately do not exitibit the singular uniformity of their sums, for which we are qmte unable to acconnt. Thus i m
the fourth group we have:

Numbe; of + and — orr ors : S

Date. * ’ 1.020 1.010 E 1.005

i

March 30 —6,410 | —13, 4+ 8

March 31..... 7,43 5410 | — 6, +15

April ! =84 9| — B, 413

April 3%, L —4, 414 | —10, 410

April © 4 6 84 7| —10, 411 |

April 7.0 o =B+ T — 840
M i

. o N
R L S S )

*.4The conclusions of this paper are strengthened by the results of a series of experiments on; the color sense, wade
with the use of a photometer by Mr. Jastrow. The object was to determine the uumber of ‘wtrors of a given magnitude,
and compare the numbers thus ascertained with the theoretical numbers given by the pmbubxllby ourve, A thousand

experiments were made. Dividing the magnitude of the errors from 0 to the largest erfor, made into 5 parts, the.

number of errors, as observed and calculated, that ocour in each part are as follows:

R e
* Observed {199 | 151 | 217 | 213 190
. Caleulated ... 213 | 197 | 209 - 181 . 200

H i .
U SR S R ! \

i

Theso numbers would be in closer accordance it the probable error were the same throughout, as it is not owing
to the effects of practice, &c. Moreover, the experiments were made on different colors—300 otf thte and 100 each on
yellow, blue, dove, pink, grceu, orauge, and brown. These exporlments were not continuous,

<
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seems clearly to be that thls sensatlon has no Schawelle, and vamshes only when the dlﬁerence to

" which it refers vanishes. At the same time we: found the subject often over looked this element of
~ his field of sensation, although his attention was directed with a certain strength toward it, so that
. hemarked his confidence as zero. This happened in eases where the judgments were so much affected
‘::-rbyvthe difference of pressures as to be correct three times ont of five. The general fact has highly |
- important practical l)earmgs, since it gives new reason for believing that we gather what is passing .

in.one anothér’s minds in.large measure from sensatlons so faint that we are not fairly aware of
having them, and can give no account of how we reach our conclusions about such matters. The

" insight of females as well ag certain “telepathic” phenomena may bé explained in this way. Such.

faint sensatlons onghb to be fully studled by the psycholomst and assiduously cultlvated by e» ery

. oman.




