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the wish to make judgments by means of the sense of position
impossible.

In the N. and in the W. R. Ser., the C. Mts. began between
25° and 30°, 7. e., approximately midway between the position
of the St. in all Ser. and that of the C. in the M.'R. Ser.

In the N. Ser. the Mt. was unimpeded; in the W. R, Ser.
a resistance of 134 kilogr. was provided in the form of a
weight attached to a wire running in a groove made in the
1im of one of the wheels, the whole being so disposed that the
weight was put on only after the St.’and before the C. Mt.

In the M. R. Ser., the C. lengths were so placed on the
semi-circle as to end at different points within 3° of a point 1°
from the extreme position the arm was able to reach. A rest
was provided in this series for the back and the head of the
subject so that his position with regard to the apparatus would
remain constant. A very considerable resistance, due to the
pressure of the forearm against the biceps, was thus intro-

. duced. It is to be noted that this resistance was not constant

from the beginning to the end of the C. Mt., as it was the case
in the W. R. Ser., but that it increased steadily until its
conclusion. ]

Two subjects performed the four Ser., one of them (R.), a
graduate student in psychology, the other (1.), the writer
who was the only subject informed regarding the purpose of

- the experiment and the detail of procedure. A third subject

(H.), a senior student, who had already had a good deal of

. experience in the comparison of arm Mts., served for the W.

R. and the M. R. Ser. :

The observers worked with their eyes bandaged,except L. who
kept them closed withoutthathelp. Practice series were given
before each new Ser. and a few tests at the beginning of every
session. 'These sessions were limited to about half an hour’s

~duration, broken by several interruptions for rest.

Introspection was asked for only towards the end -of each’
series, : S

The directions given to the subjects were simply that they
concentrate their attention upon the length of the Mts. and
express by the words, ‘‘shorter’’, ‘‘equal’’, and ‘‘longer’’, the
relation of the C. to the St. ‘T‘he words ‘‘duration’’ and ‘“‘ve-
locity’’ were not mentioned to them, at least not before the in-
trospective account was asked for. They were thus left to
move at the speed they liked best.

Results, 1. 1 give first, as a sample, a complete record of
theN. Ser. of I,. (Table I). The figures indicate, in terms of
fiftieths of a second, the duration of the St. and of the C. Mts.
when the C. were respectively 7°, 8°.5, and 10° and also the
judgment passed by the subject in each case. Observe the
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TABLE I

Normai Series
’ Subject I,

1221 588 1210

542[1231

Aver, 76

61

73.5/ 68 | 77| 76

Average of all — judgments, St = 75, C = 61, Differ. = — 14.
e = ‘€ St.= 79, C = 76, Differ. = — 3.
S “ St = 76, C = go, Differ. = + 14.

considerable variable error in the duration both of the St. and-

ot the C. In column %°—, for instance, the St. times vary
from 58 to g2. ‘The differences between the compared St. and
C. are also considerable. They range in the same column
from 19 to —40. Similar variations were found in series of
experiments in which the observer was comparing not the
lengths of Mts., but the duration of pressures upon his fore-
finger. * I shall use this similarity in a subsequent article to
reinforce the thesis that in the estimation of the length of Mts.
here dealt with, it is the durationand the velocity, not the
length, which are directly perceived. Nevertheless, the aver-
age duration of the St., leaving out the columns containing
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too few tests, is strikingly uniform: 76 for column 7°—; 77 for
column 8°.5—, and 76 for column 10°--. We look upon this
uniformity as an indication of the sufficiency of the number of
tests taken.

The duration of the individual Mts. varies for L. in this
series from a little below one second to a little over two seconds.
He moved more rapidly in the M. R. and the I. W. R. Ser.

The most interesting figures of the table are those express-
ing the duration of the C. When the C. was 8°.5 in length
and felt equal to the St., St. and C. were made practically in
identical times (77 to 76); when the same C. was felt shorter,
its duration was materially less than, that of the St. (73.5 to
68). If we pass to the comparison of the St. with a C. length
of 10° (felt markedly longer), we find that it took a much
longer time to make the C (76 to 89). The proportion exist-
ing in this case between theduration of the compared movements
is practically equal to that existing between their lengths:

764-0.5__ 8.5 \When the C. Mt. was 7°, it was made in con-
90 10

siderably less time than the St. (76 and 61). The other
columns contain too few tests to yield an average free from the

. variable time error to which I bave drawn attention.
These figures lead, itseems, to the conclusion—a conclusion
to be reinforced by our other results—that in comparing, as he

- thinks, two lengths, L. compares in reality, the duration of

two movements made at approximately the same rate. I may
add that during the experiment he did not bave duration in
mind. He strove to reproduce in the C. the sensations -of
_Mmovement experienced in the St. The sensations that drew
%11.5 attention seemed to be localized in and aroundthe elbow
. Joint,
II. Inorder to get the duration figures given in Table II,
the sums (mot the averages) of the —, the=, and the 4
columns in each series were added, and the total divided by
the number of tests included in each column. The
differences between the St. and the C. are indicated in pa-
renthesis. The W. R. Ser. of H. includes but 50 tests;
of these only ten fall in the -~ column, hardly a sufficient
Dumber for a reliable average. T'he figure in the equality C.
marked with an asterisk) is not strictly comparable with the
others, It is derived from a series not reported in this paper
In which the C. Mts. were made considerably higher up on
the semi-circle than in the N. Ser. The figure may serve,
Owever, as an approximation. ‘ ‘
. If the judgments recorded in this table are based, as it
: aP})Eared probable from the series already examined, upon time

Jourwar—6
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I assume, of course, in saying this, that the subject is infly-
enced, not only by the duration but also by the speed of his
Mts., that, in fact, a quasi-automatic compensation takes
place between duration and speed when he is judging of spatial
lengths. '

The data before us bear out these suppositions. Subject I,.,
moving through the St. and the C. in the N. and in the Ww.
R. Ser. at an approximately equal velocity, finds the C. equal
to the St. when both take the same time, shorter than the St tial overestit
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when it lasts g units more, she calls it longer. In the W. R.
Ser. she proceeds through the C. still more slowly than in the
preceding Ser., and the figures show that, even though she is
ot clearly conscious of it, this decrease is taken into account.
Her Equality C. takes her 11 units longer than the St. When
the C. takes her only 8 units longer, she calls it shorter, and
when it lasts 19 units more than the St., she calls it longer.
Her last twoSer. are, in this respect, in full agreement with
" Yer first two Ser. ‘The averages from H., as far as they pro-
ceed from a sufficiently large number of tests, match those of
the two other subjects. ‘

We find, thus, conclusive evidence that these subjects, set
‘to the task of comparing the length of two arc movements,
_were guided in their judgments by the duration and the rate of
the Mts., although their introspection does not indicate any
awareness of the fact. The degree of precision with which
changes of absolute speed and of relative speed between the
St: and C. are taken into account, came to me as 2 sur-
prise. And the further fact that, making use of duration, the
subjects did not try to keep the velocity equal (L. excepted)
was, I confess, somewhat disconcerting. I'intend to find out
at some future time whether persons required to compare the
length of two Mts. by means of their duration would not en-
- deavor to move with an equal speed through both.

Explanation. Let us, now, compare in the different series
the average lengths of the C. when it was felt equal to the
St.of 8°. These lengths are written down in the last ver-
‘tial columin under the head “‘Equality C.’ With regard
to the influence of the weight resistance, they confirm, in
every subject, the results obtained by other experimenters,
ie., the equality C. in the N. and in the W. R. Ser. do not
differ materially one from the other. It should not be over-
looked that it is the addition of a constant resistance which does
not alter the length of the Mt. The increasing resistance used
inthe M. R. and in the I. W. R. Ser. produced a substan-
tial overestimation of the C. Mts. But why this overestima-
tion of the C. in the M. R. Ser.? We know from the figures
of Table I that it has not its origin in an error of duration:
a shorter time is not mistakenly judged equal to a longer omne;
the lengths 7°.3 and 8° felt equal by L. are made in equal
times, "If not in the duration, the error must be in the estima-
tion of the rate of Mt. There is as a matter of fact in the M.

Ser. a gradual reduction in the velocity with which the
am moves through the C. ‘This falling off is correlated with
1¢ increasing resistance offered to the Mt. by the forearm
Pressing against the upper arm. ‘We shall submit figures on
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the only possible cause of a sensory change corresponding un-
equivocally to the rate of the Mt. ) )

I shall therefore hold, until further information comes to
hand, that our comparative judgments of the length of arm
Mts., when the ‘‘sense of position” 1s excluded, is really a
comparison of duration and of a peculiar se-nsm:y_value depend-
ing upon the rapidity with which successive joint organs are€
stimulated. ‘This sensory value may be called the rate-value of
the joint sensation. That introspection does not clearly re-
veal the existence of this rate-value is no argument against its
effective presence. .

We are now prepared to account for the over-estimation of
the rate of Mt. in the M. R. Ser, an over-estimation 1.ead1ng to
the length errors recorded in Table II. I }.1ave sa1@ already
that as the C. movement proceeds the resistance increases
- somewhat irregularly and the velocity falls off. It decreases,
"ot for the physiological reason offered by Loeb, but because
" the effort made at any particular moment to overcome the in-
~ creased resistance, so as to keep the speed constant, falls short
- of its purpose, since by the time the effort becomes effective the
. Tesistance has again increased. The decrease in speed would
- mot of itself cause the observed error. It is because of com-
"~ plicating circumstances making the correct estimation of the
“* rate impossible that the Mt. is made shorter. What happens

~is that the rate-value of the joint semsation is obscured by 2

- gradual and somewhat irregular increase in the in:censity of the

" joiut sensations,—an increase arising from the increment in
‘muscular tension made necessary by the growing resistance.
Furthermore, and chiefly, the necessity of repeated readjust-
ments of the speed to the resistance tends to draw the atten-

tion. away from the rate-value. .
The error is an overestimation of the rate because the intended

speed is greater than the realized one. o

Tn the W. R. Ser. the disturbing circumstances just ‘men-
tioned did not exist. There was, indeed, an increase of the
_muscle tension in the C. Mts., and, presumably, 2 slight corre-

sponding increment in the intensity of the joint sensations.
But this increase was, in_this series, constant from the begin-
Tt did pot, therefore,

Ting to the end of the C. movement. T
divert the attention from the rate-value and thus no velocity

error took place. . . .
If the duration of the Mt. remains undisturbed in the M R.
Ser,, it is, I think, because the duration of the Mct. experience
as a whole, or of the joint sensations in their entirety, 18 esti-

_mated by means of the duration of other sensations the;nsglves
‘tnaffected by the arm movement. It is, therefore, an indiffer-
ent matter whether or not any particular qualitative or inten-
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sive alteration takes plaée in aﬁy one of the sensory com one
of the whole Mt. experience. The important points for 5"

rect duration-estimate are that the Mt. should be presen?.'or
some way in consciousness and that the sensations ugeq 3

measure its duration—and we know that they are
sarily the same for every one—remain undisturbed b
ous factors as long as the Mt. lasts.

In order to verify the preceding explanation of the Space
error present in the M. R. Ser., a control Ser. was devigeq
In it the C. Mts. took place over the same portion of the ;
circle as in the W. R. and the N. series.

not neee&
y extrane.

A resistance w,

introduced in such a way that, instead of being constant a5 in |

the W. R. Ser., it increased as the C. Mt. proceeded. Thus
the pressure of the forearm against the upper arm, ang the
high degree of contraction of the biceps were eliminated, by

the increasing resistance remained. Under these circumstanceg -
one would expect, if our explanation is valid, a rate error just

as in the M. R. Ser. The resistance provided was a jo
weight of 2 Kgr. dipping in mercury. During the C. Mt, the
weight was gradually lifted out of the mercury. As, accord.

ing to our practice, the starting point of the C. as well ag of -

the St. varied by a few degrees in this series also, the initig]
resistance in the C. Mt. varied from o to about 300 gramg,
The amount of resistance at the end of the Mt. was not at aj]
as great as in the M. R. Ser.; nevertheless, the results sh
in the case of R., an overestimation of the equality C. pr

acti-
cally equal to the one present in the M.

R. Ser. (7°.6 against

7°.5in the M. R. Ser.). The error is not so great in the case

of L. (7°.9 against 7°.3 in the M. R. Ser.), yet an unmistak.
able error in the same direction as in the M. R. Ser. is appar-
ent in his results, Itisin fact the size of R.’s error and not
that of L. which is surprising in view of the considerably
smaller resistance applied in this Control Ser, Lack of time
prevented H. from doing this series, :

Our account of the over-estimation of the equality C. is thus
verified, as far as it was in the power of the Control Series to do,

Historical and Critical. In 1890 J. Loeb published in Vol,
46 of Pfliger's Archiv, pp. 1-46, under the title, ‘‘Untersuch-
ungen iiber die Orientirung im Fiihlraum der Hand und in
Blickraum”’, certain experiments with arm movements from
which he concluded that the more contracted are the active
muscles at the beginning of a movement, the greater is the
overestimation (p. 41). In order to account for this fact he
makes use of two hypotheses, the first of which is superfiuous,
and the second (dependent upon the innervation theory) is
now quite discredited. They are, (1.) the excitability of a
muscle decreases as its state of contraction increases; (2.) the
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length of a Mt. is judged by the amount of energy sent to the
If, then, we try to make two equal

muscles performing it.
Mts., the second of which follows in the direction of the first
and is therefore performed with the muscles in a greater state

of contraction, we shall send to the muscles for the execution
of the second movement an amount of energy equal to the
amount by which the frst was produced. But as the more
contracted muscles are less excitable than the less contracted
ones, an equal amount of energy will produce a shorter length
in the second than in the first Mt.

F. Kramer and G. Moskiewicz in *‘Beitrage zut Lehre von -
den YLage- und 'Bewegungsempﬁndungen” in the Zeits. f.
Psy., Vol. XXV (1901), pp. 101-125, repeated Loeb’s expeti-
ments and, generalizing his conclusions, stated that of two

ength, everything else re-

maining equal, the more uncomfortable (unbequem) falls short

" of the other. They rejected Loeb’s explanation, and sug-
gested, without putting their supposition to an experimental
test, that the ovestimation of the “unbequem’’ Mts. is the out-

come of a natural tendency to move more slowly through 2

difficult Mt. than through an easy one (pp. 121-123). This
statement we know to be inexact, unless the effect of an added
resistance, as in our W.R. Ser. does not fall within the in-
tended meaning of the word ‘‘unbequem’’.
The assumption of Kramer and Moskiewicz with regard to
Loeb’s illusion was recently put to a test by Erich Jaensch in
+Jeber die Beziehungen von Zeitschatzung und Bewegungs-

- empfindungen’’, Zeits. f. Psy., Vol 41 (1906), PP. 257-279-

He used for measuring the duration of the Mts. a pencil so
constructed that when its point is pressed down upon the.
paper it recedes into the handle. . Airis thus pressed back
through a rubber tube into a Marey’s tambour. In this way
_a record is made of the beginning and of the end of the Mts.
In one of these two series of experiments the observer, starting
with the hand near the chest, moved it away from the body for
a certain distance, stopped an instant, and then proceeded in the
same direction until he had made a line seemingly equal to the
first. In the other set, the direction of the Mts. was reversed,
the observer starting away from the body and coming toward it.
His duration records led him to this conclusion: “‘One
may take it as proven that the lengths appear equal because:
the times used in making them are equal’ (pp. 269). He
discusses the causes of the lower velocity of the uncomfortable
 Mts. and comes to the opinion, different from ours, that the
chief one is physiological, namely, the decreasing excitability

of the contracting muscle.

"Ioeb’s explanation of the decrease in length of the Mt. is
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thus taken up by Jaensch as the cause of the decrease in its
rapidity. This decreasing excitability hypothesis is shown by
our Increasing Weight R. Ser. to be superfluous. Moreover, if
the relation it supposes between the degree of contraction and ex.
citability really existed, we would in all likelihood have learneq
to increase automatically the innervation as the length of the
muscle decreases and thus have overcome the tendency to error,
Jaensch does not seem to have clearly realized, any more than
his predecessors, what our experiments prove, namely, that
it is an increasing resistance and not an added, constant re.
sistance which causes the velocity error in Loeb's expériments,
Neither did he grapple with the real problem, which was to
make clear why, while we are usually able to take into ac-
count, for the sake of the length of the Mt., minute changes of
velocity, under special conditions, a-constant error in the esti-
mation of speed takes place. To this problem an answer has

been given in the preceding pages.

Introspection revealed that our three subjects made no use
of visual imagery. In the case of L. there was at times a
vague image of the space covered, but it followed the produc-
tion of the Mct.. and never had the clearness necessary in order
to serve as a guide. Oune of the two subjects we used in other
experimental series, and ouly one, had clear visual images
of the length of the Mt. She saw the St. and tried to repro-
duce an equal visual length. Of all our subjects she was the
least accurate. I hope to have the opportunity of finding out
whether she also made use of duration and rate in judging of
the length of Mts.

In the light of the preceding facts and discussions the com-
plete inadequacy of Kiilpe’s statement is evident: ‘‘our judg-
ment of the extent of arm movement is not based (in the
author’s observation) upon the temporal relations of the
movement, butupon the reproduced visual image of the space
passed through, and more especially of the extreme positions
of the moved arm.’’ (Outlines, p. 348.)

Before closing T must refer to the constant positive error in
the Hquality C. of the N. and of the W. R. Ser. in the case of
the three subjects. (See the last column of Table IL.) I
have so far neglected it. My reason for doing so is that I have
at present nothing decisive to say aboutit, I do not know how
to account for the overestimation of the velocity, that, in my
view, it implies. ‘There are several possibilities. I shall pro-
bably return to the point in another paper.
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clnded, the comparison of the lengthof arc movements is made
through the comparison of the duration of one or several of the
sensations arising from the Mts. (preferably the joint sensa-
tions) and of a particular value of the joint sensation, called
here the rate value.

A quasi-automatic compensatory relation exists between the

duration and the rate value.
A gradual increase in the resistance offered to 2 Mt.,

. whether caused by a weight or by the pressure of the forearm

against the upper arm, producesa decrease in the rapidity of the
Mt. This decrease, for reasons mentioned above, is under-
estimated, and thus an overestimation of the length of the

movement takes place.
_ Local signatures cannot be connected with the rate value of
joint sensations, for oneand the same joint organ is susceptible
of a whole range of rate values. It is the joint sensation asa
whole, not the rate value, which possesses, or may possess, &
local sign.

The comparison of the length of Mts. under the conditions
present in our experiments does not necessitate the existence
of local signs in the joint sensations. An apprehension of

duration and of rate is sufficient.




