INVESTIGATIONS IN REACTION-TIME AND ATTENTION
BY

Crarrus B, Brass, P D.

INTRODUCTION.

The work deseribed in the following pages occupied the groater
part of my time during the academical year 1892-93. As I was
the first to carry on such experiments in the Yale psychologi-
wl Inboratory, a large part of my fall term was spent in preparing
the apparatus and in developing a method which should serve for
all future experiments. The result is a method for measuring
reaction-time which is in some parts entirely new. In operation
it is simple and aceurate, having been built up step by step as the
nueds vequired.  In the hope that the whole or parts of it will be of
value to other laboratories, the description has been made as com-
plete as seemed necessary.

In the experimental part of the work I am especially indebted to
the following persons for valuable time which they have spent in
the reaction-room. To Messrs. Thomag J. Lloyd, William 1, Cran-
ford and Joshua A. Gilbert of the Graduate Department, and to
Mr. Joseph Roby, a member of the senior class in Yale College.

During the sccond term, Abraham Fisher, the laboratory steward,
recorded all the experiments, thus leaving me free to do my own
reacting. The advantage of doing my own introspeective observing
was an important one.

Dr. Scripture not only suggested the first problem but has always
been ready to assist me in carrying out the experiments and in
arranging the apparatus. In fact, parts of the apparatus were in-
vented by him. One line of research was carried out at the sugges-
tion of Professor Ladd, who has always shown a kindly interest in
my work, .

In the drawing of the diagrams valuable suggestions were received
from Mr. Walter I. Lowe, a member of the Graduate Department.
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ADPPARATUS,

Apparatus for measuring 1'(’.:mt.inn-l.iz-1w s i'fn'niwzh w-;mv nn_‘:m.\;‘
for giving the reactor a gtimulus and im'. Inv:isaut:lm; tlhes anterval c.ul
time between the moment in which the stimulos s wwiven, atal that iy
which the reaction takes place.  The Hmeanemsurerment st e
accurate to thousandths of » second and the person experimentsd
upon must, so far as possible, he free from all intluences whiteh would
distract his attention.

This last requirement was mel by placing the reactor T Sb e
rate room, so constructed as to he free from light el <ouied. oo the
center of the building o room was finished ofV, twelve feot Tome, nine
feet wide and nine fect high,  Inside of this room o soaller one was
constrneted with a door wnd ventilator correspotnling to those b the
outer room. This inner room was supported on thicek st of
felt and rubber, the only conncetion with Che onter rooan boimer
heavy canvas around the doors and the ventilators Tor the purpose
of holding back the sawdust with which the spaee hetween the two
walls was filled, The door was likewise anaede donble with heveld
edges, like a safo door, so that it shut tightly npminst the eanvas
connecting the two rooms. A thick mat, made of hair Felt and cove
ered with cloth, was hung up over the door on the inside, Phis
acted like a heavy curtain to cheek any sounds which gl ereep in
around. the door.

During the experiments the door of the dark room was not shat
more than five or ten minutes ot o time,  For that period the ven-
tilator conld be kept cloged without producing any bud effects, I
the case of longer experiments it is proposed to open a ventilntor in
the floor and pass a current of air through the room by means of o
blower. The ventilators can then be packed with wool or some other
material, which will allow the passage of air, but effeetually shut ont
all sound. The experiments deseribad in this paper were all taken in
the winter, and the tempevature of the room was the sione as that of
the rest, of the building. Very lowd sounds in adjancent rooms e
still be heard in the reaction-room. IMeavy wagons, which ocen-
slonally pass along the streef, jar the whole building and with it this
room ; the shaking can be felt hut not hieard, When the el jrrevent
rooms are kept quiet, the reaction-room ix free from sound.  The
reactor is thus practically removed from all oxternal distarbauees in
sight or hearing.

There are two methods in uge for mensuring intervals of timoe to
thousandths of a second, the graphic methad and that of the ehrono-
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scope.  The Hipp chronoscope is the most perfect picce of mechanism
thus £far constructed for recording such short intervals of time on a
dial,  An hmmense amount of time and labor has been spent in per-
fecting this chronoscope and in investigating its accuracy. In its
maost pertfect form thoere is always a very large errvor in the results as
they are rewd off from the dial.  This error depends on the relative
strength of the electric current passing through it and that of a
spring which pulls back the armature when the cirenit is broken. A
control-apparatus must be used which consists of a hammer so
arranged that it can be made to fall certain distances. The time
requirad for this fall 18 earcefully measared by the gmphié method
and the spring of the chronoscope adjnsted nuntil the chronoscope
ttselll mensures the time of fall with the same resnlt.  Other times
are accurately obtained by correcting the recorded results. The
chronoscope in one of ity forms is then aceurate only for times of
about that length. G. K. Morner claimed' that Miinsterberg’s
experiments contain a large orror cven though he had corrected
his chronoscope by a control-hammer.,  That particular hammer
was made to corveet the chronoscope for intervals of 160 thou-
sandths of a sccond, whereas many of Miusterberg’s experiments
gave times as high as half a sccond.  Although Miunsterberg seems
to have avoided the error supposed, yet the danger is evident. A
more claborate control-hammer has been counstructed by Wundt.*
By means of this hamuner covrect times can be given up to 616
thousandths of n second. The mean variation of this hammer in
500 experimonts was 1.04 thousandths of a second. The mean varia-
tion of chronoscope and hammer combined was also 1.04% This,
the Dbest result which has yet been obtained from the chronoscope,
is ten times as great as the mean vaviation of the graphic method in
ity simple form.”

In the graphic method a tuning-fork, kept in constant vibration by
a current of electricity, is allowed to trace a curve on a revolving
drum covered with smoked paper. This gives a representation of a
period of time divided according to the rapidity with which the fork
vibrates.  Using a fork which vibrates one hundred times a second
the drum is revolved with such rapidity that the single waves are so
long that we make no cerror in estimating tenths of a vibration and
so reading the results in thousandths of a second.

L ($ottingische gelohrte Anzeigen, 1891, p. 898,
¢ WiLer and KImseumans, Hin never dpparat zwm Controle zeitmessender In-

stranente, Phil., Stud, 1892 VII 145. '
8 Wuwnpy, Physiol. Peych, 8 ed. 11 282,
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Now, given this tuning-fork curve, all that is needed is some
method of registering alongside of it the exact instants at which the
stimulus and the reaction oceur. TFig. 1 shows the usnal way in

Fig. 1.

which this is done. The upper curve is drawn by the recording
point of a tuning-fork which vibrates one hundred times a second.
The other two lines are drawn by electro-magnetic time-markers.
The current passing through one passes also through the key whose
closing produces the stimulus.  The current through the other passes
through a key in the reaction-room. The movement of each key is
thns recorded by a break in the straight line drawn by its time-
marker. These points are then transferred to the tuning-fork curve
by dropping perpendiculars from the points to the curve. The
measure of the time which has elapsed between the movement of
the two keys c¢an then be counted off on the time-curve.

Thie objeetion to the use of this method in making a large number
of experiments is that it takes a long time to drop the perpendic-
ulars and that great variable errors are likely at the two points.
These errors are increased by the fact that the time-markers must be
adjusted so that they shall both touch the drum in the same per-
pendicular line.  Moreover, the latent times of the markers may not
be the same. '

Mgl 3.

An improvement upon this method has been made by doing away
with one of the markers. The same current is passed through both
keys and through one time-marker. Fig. 2 shows a measurement
made by this method. Closing the stimulus-key draws the lever of
the marker toward its magnet, making a break in the straight line.
Opening the key in the reaction-room breaks the circuit and allows
the lever to fly back again, thus making a second break in the same
straight line. These two points are transferred to the time-curve
and the interval is counted off as before. The result is that the
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number of lines on the smoked paper is reduced by one-third, allow-
ing more experiments to be taken on the same paper and m:Lk‘ing_': the
records easier to count. But more important than thix is the fact
that omne large source of error is removed., The accuracy of the
result no longer depends on the adjustment of the two markers so
that they shall touch the drum in the same horizontal line,

The latent time for the two movements is generally different.
And there still remains an error and a great loss of time in trans-
ferring the two points to the time-curve. What is wanted is some
means of registering the interval directly upon the curve itself.
This has been accomplished after trial of various methods, The
first suggestion was to arrange an apparatus so that the stimulus-
key when it was closed should start the curve and the reaction-key
stop it by being opened. This was done by taking the fork from
the drum and replacing it by one of the electro-magnetic markers.
The current was run through the tuning-fork, the time-marker and
the reaction-key, but it was short-circuited through the stimulus-key.

Fig. 3.

As long as the stimulas-key remained untouched, the marker did
not vibrate; but as soon as it was touched, the record began. When
the reaction-key was pressed, the entire eircuit was broken and the
record ceased. Suech a record is shown in fig. 3.

At first sight this might appear to solve the problem but a closer
examination shows that this is not the case.

Fig. + shows the way in which the Pfeil marker works. B is the
battery, I¥ the tuning-fork, M an electro-magnet, S a steel armatuve
which. serves as a spring ; the lever is attached at O. This lever
swings on a pivot at H; when the cireuit is complete the vibration of
the fork alternately makes and breaks the current at X. As soon as
it is made the coil in the fork beeomes a magnet, pulls the prongs
inward and breaks the cirveuit. This demagnetizes the coil, the
prongs fly back and the process is repeated indefinitely.  DBut when
the current is closed at X, the magnet M draws down the arma-
ture and its lever. When the current is broken in the fork the
armature flies back carrying the lever with it. Thus the point P
vibrates in unison with the fork.
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Let CDE be a section of the curve which would be traced by the
marker. Ifrom C to D the motion of the point comes from the
spring that causes the armature to fly back. From D to E the mo-
tive force is a combination of the spring and the magnet. Now if
the stimulus-key, which starts the current through the marker, is
opened between C and D, no effect will be produced until the point
D is reached for no current is passing through the cirecuit. There-
fore the chances are one in two that the beginning of the movement
will be too late by anywhere from 0 to 5% the section of the curve
from C to E being 107 with a tuning-fork which vibrates 100 times a
second,

N 5 = — ]
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Fig. 4.

At the end of the interval the case is not quite so clear. If the
reaction-key breaks the circuit between C and D, there will be no
effect until the point D is reached., But, unlike the beginning, the
effect will not he shown at D. For, when the marker is in motion
the motive force, between D and E is a combination of the spring
arel the magnet, Near D the spring is stretched. The tension grad-
ually decreases passing from a positive to a negative quantity some-
where below the middle point, while the force of the magnet grad-
nally inereases the neaver the armature approaches it. Therefore the
vifeet of a break in the current is not shown until the magnetic
component of the motive force reaches a certain strength in propor-
tion to that of the spring before it is interrupted. Suppose that this
takes place when three-fifths of the distance DE have been passed
over, then the chances are seven to ton that the end of the interval
will be registered anywhere from 0 to 79 100 late.

In a Inrge number of experiments these errors at the beginning
and end would partially balance each other, but their presence would
still be shown by the large mean variation. The beginnings would
on the average be 1.257 too late and the ends too late by 2?45”. In
a small numher of experiments the results are not accurate beyond
hundredths of a second. By using a fork which vibrates 500 times
a seeond, the error would be reduced to 2% and by using a fork
vibrating 2000 times a second, the method would be accurate to
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thousandths of a second. This however is impossible since the time-
markers are not delicate enough to record such rapid vibrations.
Even if they were, the task of counting so many wave-lengths woulid
render the method of no practical use.

The next step was to arrange the apparatus so that the time-
marker vibrated continually in unison with the tuning-fork, but yet

Fig. 5.

so that closing the stimulus-key sent an additional current through
the time-marker, which additional current was released by opening
the key in the reaction-room. The result is shown in fig. 3.
During the interval to be measured the vibration of the marker
continues in a different line from that of the normal time-curve.
Here we have the beginning and end of the interval accurately
marked. By adjusting the strength of the two currents and the
rapidity of the drum, this method will probably be quite sucecessful.
If so, it will be superior to any other method heretofore used. It is
possible however only with the Pfeil marker which has a steel spring
as shown in fig. 4 ; for it consists in a partial magnetization of the
glectro-magnet which draws the spring part way but still leaves
room for it to be affected by the current passing through the tuning-
fork.

" This method was not used in the following experiments for the
reason that a much better plan suggested itself. Instead of trying
to change the curve to mark the beginning and end of the interval
the apparatus was so arranged that closing the stimulus-key hroke
the primary current of a spark-coil and sent a spark from the tuning-
fork to the metal drum through the smoked paper. Opening the
key in the reaction-room likewise broke the same current and sent
another spark through the smoked paper. Fig. 6 gives a speci-

Fig. 6.

men record taken by this method. Here we have both ends of the
interval marked exactly, there is no time lost and no error arising
from transferring the interval to the time-curve or in adjusting the
markers on the drum.
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The question now arises whether the spark occurs at the exact
time the primary circuit of the spark-coil is broken. In a large
dynamo the spark might be delayed several seconds, but in a small
coil such as is used for this purpose there is no delay sufficient to
affect the result. Fig. 7 is one of a series of experiments made
to test this point. The time-curve represents hundredths of a second.
The straight line was drawn by a pointer attached to the lever of a
key, the least motion of which broke the primary current of the
spark-coil, sending a spark from the key to the drum through the
smoked paper. None of these experiments show any latent time.

Fig, 7.

Even if there were a latent time which could be detected by read-
ing to ten-thousandths of a second, that would not affect the relia-
bility of measurements taken by this means. TFor the same coil,
under the same conditions, this latent time would remain constant.
The spark which marks the end of the interval would be delayed
Just as much as the spark which marks the beginning ; the interval
between the two would be exactly the same as though both sparks
were in their proper places.

Presupposing the aceuracy of the tuning-fork, this method is ab-
solutely aceurate to thousandths of a secomnd. In counting the
records one falls into the habit of counting by threes, making use of
the psychologieal fact that three things can be kept in consciousness
at the same time ag easily as one., In thig way a paper containing
twenty-two records of simple reaction-time oan be counted in four
minutes.  This is a much shorter time than is required to record the
readings of the Hipp chronoscope and correct them for the variable.
error.

The only justification for the use of the chronoscope lies in the
supposition that it saves time. The method here described is much
simpler and quicker, in addition to being absolutely accurate. For
simple reaction-time this method is far more accurate and rapid than
any hitherto described. But for longer times, such as association-
time or diserimination-time, some easier method must be devised for
counting the records. It is suggested that another time-marker be
placed on the drum ; this marker to be connected with a pendulum
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or clock work which shall mark every third or fourth wave of the
tuning-fork curve. With this assistance it will be possible to count
long records quickly and accurately.

Two drums were used in these experiments, an electric drum and
a Konig drum.

The electric drum consists of a brass cylinder mounted on iron
brackets so as to turn on its axis. It is rotated by a small electric
motor clamped to the right side of the table. Linen thread serves
for a belt. The tuning-fork, or the marker is mounted on 2 carringe
which moves along a track parallel to the drum by means of an end-
loss screw turned by a crank at the left side of the table. Onmne turn
of the serew moves the marker on the drum one-quarter of an inch
to the right or left. By regulating the strength of the current
which runs the motor considerable variation can be produced in the
apeed of the drum, while a switch near at hand allows the motor to
be stopped or started at will.

Two kinds of curves are produced by this drum. In fig. 8 the
marker, or the fork itself, is kept vibrating on the drum all the time

Tig. 8.

When a record is taken, the marker is quickly moved to the right
or left by a turn of the screw. The record is made during this side-
wise movement of the marker, the result being two white bands with
the record on a curve passing obliquely from one to the other. The
first spark comes from the stimulus-key, the second from that in the
reaction-room. .

At first it is somewhat difficult to make these two motions, the one
with the right hand, the other with the left, just at the right in-
stant, but a short practice enables one to do it with ease and accu-
racy. The whole dificulty, however, is removed by the multiple
key to be described below. Using that, together with the electro-

Fig. 9.

magnetic time-marker, we produce the curve shown in fig. 9.
The marker remains stationary, simply drawing a white line around
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the drum. Opening the stimulus-key starts the marker vibrating
and an instant later gives the stimulus which is marked by a spark
on the eurve.,  As soon as the spark from the reaction-key has been
recorded, the multiple-key is released, and the marker ceases to
vibrate before the drum has made a complete revolution. The
marker is then moved to the right or the left by a turn of the screw
and anotber record is taken. A similar record on an ordinary drum
is shown in fig. 10.

Fig. 10.

The other drum is constructed, as can be seen in fig. 13, so that
every turn of the crank moves the drum itself half an inch to the
right or left. In this case the standard holding the marker or the
tuning-fork remains stationary. Omne hand twrns the drum once
around while the other closes the stimulus-key. The reaction always
tollows before the revolution is completed. TFor simple reaction-
time this is mnch the better drum of the two. 'The records are
always the same distance apart and can be made to begin in the same
horizontal line on the drum, thus making the counting of the records
much easier than those of the electrical drum which are scattered
over the paper and are liable to be cut in two when that is removed
from the drum. For other purposes the electrical drum is to be pre-
ferred, .

It ix evident from the various functions ascribed to the stimulus-
_]{Q_\* that something more than the ordinary telegraph-key is implied.
I every ease it is assumed that it produces the stimulus and records
it at the same instant on the drum by means of a spark. In addition
to thix it sometimes starts the tuning-fork curve just before the
stimulus and stops it just after the reaction has taken place. The
Iwm;.'s‘sit.y for some contrivance by which such things might be done
wits felt at the beginning of the work and led to the invention, by
Dr. Seripture, of the multiple-key.

Figs, 11 and 12 show drawings of this key. It consists of two
square bars of brass I and H rotating on small steel axles X held in
place by check-serews I T, passing through the upright parts C of
a firm brass frame which is serewed to the wooden base J. One end
of each bar is held by a spring M, Y ; the strength of M is reg-
;I’a;::l.}fl’s};‘ wf}:h:t;lu; ‘li t}fs:»:;llfiq t;:i;is ther‘e are four other screws

» Ly 1, : ass o upper lever, one of them F
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being insulated from the lever by hard rubber. The screw I rests
upon a small steel plate P, insulated by a hard rubber serew from
the brass stanchion @ and c¢onnected by wire on the underside
of the base with binding-post 5. None of the binding-posts are
shown in the elevation because they would conceal impo_rtmlt parts
of the key. The screws B, D, F are connected through the brass
rod, steel axles and upright support with a serew that passes
through. the base and thence by insulated wire with binding-post .

D E ¥ e
tlFl'I.‘ flh‘U'
¢ o v
7 ol |5
2
I i

® )
EOROEQ M
©) ©® == O, ®

gs, 11 and 12.

The sorew B being adjusted so that the upper lever is level, the
screw I regulates the amplitude of its movement. By means of this
sorew it makes contact with the brass stanchion V. The screw E
which is insulated from this lever, is connected to post 2 by insulated
wire running along the lever, down the standard through the base.
The screw U with which it comes in contact is also insulated from
its lever and connected in a similar way with binding-post 3. By
means of screw 1 the copper spring S can be made to make contact
with screw T which is insulated from its lever and connected with
binding-post 6.

The lower lever is adjusted to a level position by screw O ; it is
insulated from its steel axle and together with screw O is counected
with binding-post 7. The screw Z, with which it makes contact, is
connected with binding-post 4. So are the brass stanchion Q and the
screw N, passing through it, as well as the mercury cup W. The

P



12 Inwestigations in reaction-time and aitention.
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serew K is so regulated that just before ¥ makes contact with
V the lever I breaks contact with the screw Z and immediately after
makes contact again in the same circuit either through the screw N
or the mercury cup W,

We have six contacts : three makes, two breaks, and one break fol-
lowed by a make in the same current. One of these breaks, if used
at all, must always come first and one of the makes, if used at all,
must always come last. According to actual count this gives forty-
four different ways in which currents can be passed through the key.
When more than one ecurrent is being passed through the upper
lever at the same time, care must be taken to have thig lever con-
nected with the same pole of all the batteries, |

A few of the uses to which this key may be put will be mentioned
here together with the contacts used in each case. |

1. As an ordinary key where the contact is made by pressing down
the key ; cirenit through E-U or F-V. |

2. As an ordinary key in which the contact is broken by pressing
down the key ; circuit through B-P or O-Z.

3. To close two circuits at the same time ; E-U, D-T.

4. To close to circuits at the same time and one an instant later 3
D-T, E-U, F-V. |

5. To close one circuit and break another at the same time ; KU,
0-Z. .

6. To close two circuits and break a third at the same time ; BT,
D-T, O-Z,

7. To break oune circuit just before clbsiug a second ; 1B-P, B-T.

8. To break a circuit and an instant later close the same circuit
again; O-Z, R-N, or I-W. '

In the second method of recording reaction-time on the smoked
drum, aceording to the arrangement of wires in fig. 13, the tuning-
fork current is short-circuited at P-B while the key remainsg closed.
When this contact is broken, the current passes around through the
marker on the drom. A moment later the contact B-TT closes a
telephone-cireuit which passes through the apparatus in the reaction-
room and so produces the stimulus, But the primary current of the
kpark-coil is passing through O-Z. At the same instant in which
the contact E-V is made, this contact O-Z is broken and a spark
passes through the smoked paper. This primary circuit is made
again at W in time to be broken a second time by pressure upon the
key in the reaction-room. As soon as this reaction takes place the
operator releases the multiple-key, the tuning-fork curve is short-
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circuited again at B-P and the time marker ceases to vibrate. As
the reaction always follows the contact E-U within three-tenths of o

second, the key need not be kept open longer than is natural in slow
movement,

A
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Fig. 18,

The most important pieces of the apparatus having been described
in detail, its general arrangement can easily be understood from the
diagram in fig. 18. The reaction-room is indicated above on the left.
The room used for the production of sound stimuli is shown next

to it, although it is situated in another part of the building so that
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1o sound from the loud tuning-forks can penetrate the walls of the
reaction-room. The recording-room is on the floor below. These
figures ave all diagrammatie, being drawn to show the meaning of
wires and apparatus rather than actual positions or proper propor-
tions.

Taking the diagram from left to right, the first pair of wires
belongs to an electric light cireuit. The lamp 1, which wag used in
these experiments, was a miniature incandescent lamp of 6 c. p. DBy
a switeh, 10, the light could be turned on or off.

The next three wires connect two electric bells, 2 and 12, with the
Leclanché elements B and C. Closing key 8 rings the bell in the
recording-room, The gong being removed from bell 2 and the
cqntact made permanent, closing key 11 only produces a click
in the reaction-room. Otherwise the sound would be so loud as to
distract the person reacting.

The next pair of wires forms a telephone-circuit by means of
which the experimenter can talk freely with the person in the reac-
tion-room.  The switch 13 breaks this circuit during a series of
experiments and so prevents any noise reaching the reaction-room
through this telephone, This telephone connection is a new feature
in reaction-time apparatus and its advantage cannot be overcsti-
mated.  In some of the German laboratories the reactor and cxperi-
menter are in the same vroom, separated only by a cardboard partition.
The reactor is thus inflnenced by every sound in- the building, by the
changing lights and shadows and by the noise of the chronoscope.
In other Iaboratories the reactor is placed in a separate room in
another part of the building, When the operator desires to speak to
the reactor he must leave his work and go to this room, often break-
ing up the whole series and producing more or less distraction.
.’With this arrangement the reactor is in a dark room, free from sound.
Ly a turn of the switech he can hear even a faint whisper from
the experimenter,

Next on the diagram comes a one-inch Ritchie spark-coil ; 81 and
30 e .the poles of the primary cirenit. The current from battery R,
cousisting of two to four Grove cells, passes through the closed key 6
in the _I‘("fr{l(f‘,tif}ll:-l‘()()lll and through the contact 21-22 in the multiple-
h“]:rf}(ﬁ;ﬁ tt ’(—_:f-j' ‘111;[31 clotzge?m:;sd?ey  ressed down o Oi'r(mi't

) : los tately after at 23. In practice it
wis Toumd better to use the mercury cup W, fig. 11, for this second
contict as the contact with the copper spring and iron screw R, is a
shiding contact liable to produce additional sparks and thus to con-
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fuse the record. The mercury must be kept covered with water as
alcohol takes fire with a current of the size used.

The poles of the secondary coil are 28 and 29. One was connected
with the brass cylinder of the drum by being attached to the iron
frame at 16, the other with the point which marks on the drum.
‘When the electro-magnetic time-marker was used, a light aluminium
point was substituted for the ordinary straw or quill point. Every
time either key is pressed a spark passes from the marker to the drum
through the smoked paper scattering the smoke and making the
white dots shown in figs. 6-10.

Numbers 19 and 20 are two ends of a second telephone cirenit. H
18 the battery, 9 the transmitter and 7 the receiving telephone.
Before the transmitter there stands a tuning-fork 8 run by the bat-
tery G. When the multiple-key is pressed down, this telephone
circuit is closed at 19-20 and the tuning-fork is heard in the telephone
in the reaction-room. At the same instant a spark is made on the
drum by the breaking of contact 21-22. The strength of this sound
was regulated by passing the telephone-current through a resistance-
board, not shown in the diagram. TFor purposes of simple reaction
it was not necessary to use tuning-fork 8. The short, sharp click
made in the telephone by closing the circuit at 19-20 was sufficient.
By changing the resistance in the telephone-cireuit this sound could
be varied from one too weak to he heard to one too loud to be
endured. Tt was found mnecessary to run the wires of this circuit
from the recording-room to the reaction-room without allowing
them to come near any other wives which were in use at the same
time. Otherwise sounds were produced in the telephone by induec-
tion from the currents in those wires.

During the latter half of the experiments the two receiving tele-
phones, 5 and 7, in the reaction-room were each connected with both
transmitters, 4 and 9. By this arrangement the sounds from the
recording-room and from the sound-room were heard in each tele-
phone. One of them was fixed by rods and clamps in such a posi-
tion, that the right ear of the person experimented upon naturally
rested against it. The other was held to the left ear by the left hand,
while the right hand was free to manipulate the reaction-key.

A still better plan would be to use a head telephone with a re-
ceiver at each ear. This would always be in place, leave both hands
free and allow the person reacting to take the most comfortable posi-
tion and to move about instead of keeping the body in one fixed
position. However, as a series of experiments never lasted over five
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minutes, the disturbance from the act of holding one of the tele-
phones cannot have been very great. "

The remaining wires shown in the diagram all have to do with the
time-curve, The tuning-fork 26 is run by a dip-battery F. This
current passes through the contaet 24-25 when the key is closed as
shown in this figure. When the key is opened, this contact is broken
and the current passes around through the electro-magnetic time-
marker 17 communicating to its lever the vibration of the tuning-
fork,

In most of the experiments made with the hand-drum this time-
marker was not used. The fork itself was placed on the standard
and allowed to vibrate continuously on the smoked paper.

In addition to the wires shown in the diagram another pair was
used to connecet an electro-magnet in the reaction-room with a bat-
tery and switch in the recording-room,

All of these wires are part of a system of wires running through
the whole building. At first seven wires were laid from each room
to a switch-board in a eentral position.  This number not being
sufficient for the currents required between the reaction and record-
Ing-rooms seven more were laid to each of these rooms. All of
these wires where the resistance is of small importance, such ag the
telephone and bell circuits, are number 16 B, and 8. office wire. TFor
the electric light and the primary ecircuit of the spark-coil, where
stronger currents are required, number 10 heavily insulated wire wasg
put in.  These were 1run directly from the reaction-room to the
recording-room independent of the switch-board,

EKPER.I'AIENTS IN REACTION-TIME,

In all the experiments the stimulus to which the person in the
dark room reacted was a sound produced in the telephone.

A warning click was given on the bell in the reaction-room just
before cach experiment. Experiment has shown that when the in-
terval hetween warning and stimulus is always the same the mind is
soon able to estimate the interval correctly and always reacts just at
that time whether it hears the stimulus or not, Thervefore this warn-
ing cannot he produced by any mechanism connected with the drum
but must be given by the voluntary act of the experimenter. The
effect. of this warning on the reaction-time depends on the interval
between the warning and the stimulus, If the interval is too short
there is not time enough to concentrate the attention and the warn-
ing hinders the reaction instead of helping it. If the time is too
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long the effect dies away, as the mind is not able to keep its maxi-
mum tension for more than one or two seconds. L. La NGE' mentions
about 2 seconds as the best interval. Wuxpr® places it at 2.5 ;1 Kstel®
says 2.25; MenNer' and GLass® agree on 2.5, Brrrers® found that it
took the mmd 24 seconds to reach the maximum degree of atten-
tion. The interval used in these experiments was 23 seconds, as
nearly as the experimenter could estimate it by counting.

Much also ('iependq upon the interval between the suecessive exper-
iments. If it is too long the series covers too mneh time. Changes
in the mental and bodllv condition of the experimenter come in to
change the reaction-time. If the interval is too short there is not
time to recover from the preceding experiment.  About fifteen
seconds was the interval between the successive experiments in the
present case. As reaction requires close attention, not more than
twenty-five experiments can be taken at one sitting without showing

marked effects of fatigue., In the larger part of these experiments
the number was limited to twenty-two and at least five minutes inter-
vened between successive series.  Seldom were more than five series
taken at one time.

An important point in which there is less agreement is that of the
rejection from the records of unusually long or short times., These
have usually been regarded as errors and aseribed to two sources, to
a faulty action of the electro-magnet in the Hipp chronoseope, and
to inattention on the part of the reactor. The present apparatus
eliminates the former error but the latter still remains. Inattention
may give long times and the person may react before he actually
hears the stimulus. By keeping a carveful wateh most of these cases
will be noticed on the spot and be rejected without question as errors.
But still the tables will contain an oceasional long or short record
which largely affects the average of the serics. What shall be done
with these cases? ~Some have refused to omit any, claiming that
individual differences disappear in the final average. Most writers
use their judgment in each particular case and rejeet all records which
they think unduly affect the results. It is always hard to draw the
line between normal attention and the next grade below it, to deeide

V. Beitrdge zur Theorie der sinnlichen Awfmerksambkeit, Phil. Stud 1888 III 49

* Physiol. Psych. 3 ed. II 361,

3 Neue Versuche iiber den Zeitsinn, Phil. Stud. 1885 IT 87.

4 Zur Lehre vom Zeitsinn, Phil. Stud. 1886 II 560.

¢ Kritisches und Experimentelies iiber den Zettsinn, Phil. Stud. 1888 IV 454,

§ Versuohe itber die Ablenkung der dufmerksamkeit, Inaug. Diss, Dorpat 1889,
5 .
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which are correct reaction-times and which are errors. The purpose
of the experiments may have an influence in deciding this question.
For instance, it it is to get the average reaction-time of a certain
person in a series lasting five minutes, then more marked cases of
inattention would be expected and let pass unchallenged than if the
purpose was to deteet the influence of a slight distraction on the
reaction-time. In the former case the variation in attention is the
guantity to be measurved. In the latter case it is desired to eliminate
all variations in the attention save that due to the one cause whose
effect is being investigated.

In the present instance every record was rejected which seemed to
the rarretor to be a mistake.  Iis opinion was always written down
hefore he left the reaction-room and before he knew what the figures
were.  After that the criterion for rejecting readings was that laid
down by Horyax,! “’Tnke the mean and the average deviation of
the observations, omitting the doubtful one. Tind the deviation of
that one from the mean. Then reject the observation if its devia-
tion is greater than four times the average deviation.” This is an
arbitrary criterion and does not imply that all records rejected by it
are crrors. It means rather that in the small number of records they
would have nndue influence and that the average without them will
he nearer the truth than if they were included.

In every case excepting the few series where the names are given
in the table the writer was the person experimented upon.

EXPERIMENTS SHOWING THE INFLUENCE OF SENSATIONS OF LIGHT .
UTPON THE TIME OF SIMPLE REACTIONS TO SOUND.

The first problem undertaken was the investigation of the in-
fluence of the presence in consciousness of different colored lights
iupon the time of reaction to sound-stimuli. It was suggested by
the results of Finf’s experiments with the dynamometer,® Ie found
that with hysterieal patients different colored lights had different
dvnamogenice effects, red being most effective and violet the least.
If the energy with which the muscles can be contracted varies with
the appearance in consciousness of different colored lights it seems
probable that there should be a similar effect upon the rapidity with
which they ean be moved.

' Horman, Discussion of the Precision of Measurements, New Yorlk 1892,'1). 30.
? FERE, Sensation et mouvement, Paris 1887. '
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These experiments ave not to be confused with those condneted by
Trreneser in Wuandt’s laboratory where Jdifferent colored li;‘_l:hf:;
served as the stimulus.!  The cffeet of a steady influence mi_u‘hf. he
detected when the effeet of a momentary intluence was too xmall to
be measured.  We certainly have a different tone of feeling when
looking at a red light from that which we have when lcmkiri.g at @
green light.

The different colored lights were produced by eolored gelatine
films between two pieces of glass placed before the box c:cin;t:liuing
the electric light, "

Three hundred experiments were made upon this point, but they
must be regarded as preliminary and negative. They were made
upon six different persons all of whom were without practice in re-
acting, and, as they were taken before the apparatus was completed,
the method illustrated in fig. 3 was used, the error of which has
already been pointed out.

The results show no difference for the different colors within the
limits of error and none between those taken in the dark aud those
in the light. However, in all eases they show the effect of practice
on reaction-time. Table I brings this out in the case of two persons,
the first one of whom reacted several thousand times in the interval

TABLE L

|
[
Name | Date R MY n
!
C.B.B. Nov. 13." 183 & 34 90
______ e .
| | . : !
¢ Mar 310 140 13 230
J.A.G. Dee.1. ' 230 36 | 4D
« Fen.80. 161 | 2@ 28

R, reaction-time.
MV, mean deviation.
n, number of experiments.

botween the two ates given while the second reacted only a few
times between the dates for which his reactions are compared. In the

! Zur Chronometrie des Erkennungsactes, Phil. Stud. 1893 VII 140.



20 Investigations in reaction-time and attention.

case of the first person an average of 90 experiments taken on Nov.
13, gave a reaction-time of 183°% and an average deviation from that
avufﬁge of 347  On Mareh 81 an average of 236 experiments gives
a reaction-time of 140° with an average deviation of 13.7 Thus
showing not only a great falling off in the time but also a great in-
crease in the regularvity of the experiments.

A like result is shown in the record of the second person.

From these figures it is plain that we are not to expect differences
due to small changes in the conditions of the experiments to show
themselves until the person experimented upon has had some prac-
tice.

One other set of experiments was taken before the apparatus was
accurate to thousandths of a second. These were all made upon one
man, the object being to see whether, with the degree of accuracy
then obtained, any difference could be detected between the time of
reactions taken in the dark and those taken in the light. The
averages of the separate series are given in table II.  The final
average of 115 experiments in the dark gives a result of 170° with a
mean variation of 239 The 4 experiments taken in a white light

TABLE II.
, : ——————
Disturbanece R i MV n
None 170 23 115 I
White light 177 | 80 74
Red light 1 25 20
Green light 160 15 | 20

give a time of 177° with a mean variation of 30°, The 20 experi-
ments in red light give a time of 1759 with a mean variation of 25°
and the 20 experiments in green light give a time of 1607 with a
mean variation of 157, _
After the apparatus was correct to thousandths of a second, another
attempt was made to detect a difference between the time of reac-
tions in the dark and those in the Light, A series of twernity or thirty
experiments was taken in which the light was turned on i;1 the mic{-

L 2
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Ale of the serics.  Table TIT gives the average ot five experiments
before the light was turned on and five immedintely after. The ex-
periments were taken upon seven different persons only two of whom
had haul experience in reacting and only one of whom had hasd
practice that year.  Considering this ol also the Cact that only five
series were taken upon any one person, too much confidence must not
be placed in the results, 1t would be very casy to sy that they
show the distracting influence of the light @ for in the case of each
individual, save one who had had no practice and upon whom only
one series was taken, the average of the reactions in the hight is
longer than those in the dark,

TABLE III. '

| Person D AV " L MV n L-1D
Du L. N 14% gwmh | 1’3 150 1 15 i: +3
T I

LM 150 H 2 5 161 24 '@"_w:-s_ +:§2
v» I. C. 146 10 20 1 1506 9 - _n _____ - +10 |

H K. M, W. 119 30 10 18 ~16 :t)w_ +20

W;iiv}:}';“l | 1‘;’ 15 w3160 R | T

D, reaction-time in darkness,
1., reaction-time in light.
Phe final average of the 210 experiments is 1537 for the dark with
4 mean variation of 187 and for the light 1607 with a mean variation
of 147 But later and more relinble experiments show that the mere
presence in the field of vision of this steady light would not produce
that effect. A glance at the original records throws some light on
this point. In eight of the series the first reaction after the light
was turneid on was unusually long.  In the nature of the case these
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records could not be rejected, for though there is a possibility that
they may be due to inattention yet it is far more probable that they
are the very thing we are looking for. When the light is turned on
it startles the person for an instant and go increases the reaction-time,
Table IV shows this fact very clearly. It contains the first, second,
third, fourth and fifth experiments before and after the light was

TABLE IV.
Person !; Dark Light 7
) | L |
Number of exper. | 4.7 4. & | 2.1 1, 1. 2.1 8 4o |8
. | | E J

D. W. L. 181 153 141 1,.8 1403} 149, 171] 144| 146] 180 8

C. B. B. 189 150§ 182! 1535. 150) 158 145 142) 156] 158 5
: : ! ! i

E. W. S. 175 170 172 147) 202 178 187 192] 177, 228 5
S O VRS [N S N —

J. M. ML 165, 151 155 188 189 248 194 167| 166| 179! 1

B I ; R

wW. L. 135 154 139! 158! 140 108 150 142! 16| 128 4
I ' ' ‘ 5 :
i N ------------4---:.\m‘_‘_...‘, !»-vf—-—m—-— I P :i._.___._____ ._.__.___!:_..__._.-._..

K. M. W, S 114 1310 108; 185 108 151 122 118] 136] 167 2
[ i : ! : Ny ‘ !

J. A. G, 183, 148 128' 209 133 197, 177} 176134 1
: i : i ! b |

Weighted mean \ 1541 136: 142 158 135 165 162 !l 155] 160) 1606

turned on in each series, o arranged as to show the averages {for the
tirst, seconud, third, fourth and fifth experiments in the case of each
individual and also the final average of all together. In the final
average and in the ease of most of the individuals, notably in the
case of those who were practiced, the first experiment after the light
was turned on was longer than the other and enough so to affect thc
averages in table TT1L

When the light was turmed on, no eare was taken to have it come
exactly half way between two experiments, Sometimes it would be
nearer the one hefore, sometimes nearer the one whieh followed.
This may explain the reason why some of the series show no dis-
traction. The light was turned on in the early part of the interval
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and the person had time to aecommodate himself to it before he
heard the stimulus.  Doubtless if the interval hetween the moment
of turning on the light and that of the reaction immedintely follow-
ing it were carefully measured it would be found that this first reac-
tion wonld be lengthened the more the smaller this interval,

The next attempt to deteet o difference between the time of reace-
tions in the dark and those in the lght was mevle later on in the
year, after eonside able practice.  In the experiments  already des-
seribed the electrie lamp was carefully coneealed in a box, the sides
ot which were lined with tin reflectors, =0 that the person sitting at
the renction-table saw only a brightly ilfuminated square of white
card-board in the back of the box,  Sinee the ¢ffect was so slight the
box was dispensed with in these later experiments and the Tamp huny
suspended in full view. The method was the same as in the former
sase, except that the order of light and dark was reversed in some of
the series to eliminate any effeets fram fatigue or aceeleration which
might enter into a series of twenty experiments.

The total number of experiments wias 207, consisting of 97 in the
dark and 108 in the light.  Of the ten series, xix gave a slightly
longer time for those in the light while the other four gave an equatly
cmall difference in favor of those in the dark.  The tfinal averiges
are : tor those in the light, 1387 with o mean variation of 127 and
for those in the dark 1867 with o mean variation of 107, thus show-
ing a differenece of enly 2% both in the renction-time and in the mean
-ariation, a difference which is practically zero.  These firares then
warranut the statement that the difference Dotwecn pection-tine i
the ek cand recetion-time writh the eyes flaed wpon a Lirigght steciddy
Liyht is veryy sweall coipered with the constant prariation due to suh-
Jertive eluenges in the cowdition o the prerson civpee plinerted ot

After it was found that the presence of a steady intensely bright
light in the field of vision produced no variation in the reaction-time
which coulid be detected, it was deeided, at the suggestion of Pro-
fessor Ladd, to study the effeet of a moving light.

The small incandescent lamp was suspended from the cetling by a
fexible cord about six feet long.  Just above the lamp 2 picce of soft
iron was fastened to the cord.  This iron served two purposes: it
made the lamp swing steadily and allowed it to he held in position
by an electro-magnet fastened to one end of the roow. The clectric
light current and that of the electro-magnet were then hoth passed
through the saume switeh in such a way that one movement of the
lever broke the electro-magnet current and turned on the light.
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Ten experiments were taken in the dark ; then the operator turned
the switch and the person experimented upon had. a steadily swing-
ing light in his field of vision. In addition to the moving light
there was always a great variety of moving shadows and changing
intensities as the lamp swung past the wires, standards and. other
parts of the apparatus, When the light was turned omn, the eye in-
variably followdd the lamp for one or two minutes, after which the
shadows came into consciousness, then the objects which produced
the shadows and finally other things in the room.

The amplitude of the motion was regulated by moving the electro-
magnet.  During part of the experiments the lamp commenced to
swing through an arc of two meters, which gradually diminished
during the experiment to half a meter. In the rest of the experi-
ments the are was half a meter at first and the lamp gradually
approached a state of rest. Had the results warranted, a more care-
ful determination of this amplitude would have been made. In
these experiments the order of light and dark was changed to elimi-
nate other influences. It was of course impossible to stop the lamp
swinging in the middle of a series, but the light could be turned out,

The mean variations are fairly low and regular. 'Therefore the
results may be regarded as quite trustworthy. In twelve out of the
Kixteen series the reaction-time while looking at the swinging light was
from 27 to 207 longer than the reaction-time i the dark. The final
averages for those in which the long swing was used were : in the
dark, 1377 with a mean variation of 13° ;.1 the light, 1427 with a
mean variation of 119 For those with the short swing they were :
dark, 1427 mean variation 1295 light, 147°, mean variation 12°. No
difference can be detected between the influence of the long and
short swings,  Combining the two we have as a result of 863 experi-
ments a mean variation of 127 for those in the light, the same
for those in the dark, and an average of 1429 for the reaction-time
in the dark and 1477 for the reaction-time when looking at a swing-
ing lamp, .

It is important to discover if possible whether this disturbance is
uniform throughout the ten experiments with the swinging light, or
whether it is confined either, as-in the earljer experiments, to the first
reaction after the light was turned on or to those first few experi-
ments where the eve follows the moving light., For this purpose the
averages of the first, second and third experiments and so on of all
the sixteen series were caleulated and tound to be, before the light
wis turned on, (1) 1457, (2) 1437, (3) 1447, (4) 1459, (5) 1429, (G)
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1397, (7) 1447, (R) 1447, (9) 1357, (10) 14071 after the light was
turned on, (1) 1547, (2) 1407, (3) 1427, (1) 1427, (5) 1447, (1) 1517,
(7) 1517, (8) 1897, (M) 1407, (1o) L85 This xhows conclsively that
the chief disturbance is found in the three renctions after the Hgaht is
turned on.  The greatest lengthening i in the first reaction.  DPart
of that is certainly due to the same effect which was noticed in table
IV, nunely to the distracting effect of having the licht suddenly
appear.  But the presence of n similar though less offeet in the
nevt two averages shows a distinet intluence from the moving lght
after the tirst surprise is over.  Therefore we infer that part of the
lengthening in the first renction with the swinging light is also due
to the moving light,

Later on in the series there is one average which is nearly equal
to the first one with the light but an exanination of the individual
experiments shows that thix is (e to the aecidental presence i that
average of four unusually long tirmes,

From these experiments we conchude thet the duthuesce of Light
sensilions wporn the Hipe o redction 1o somtnnel s comparatively soell
wdesn the Lght is steadiy, bad hecoyis cery srectiheedd ats soow s the Light
begpiiis to e,

A practieal application of this fact sugwests itself ut once.  There
is no advantage for purposes of simple reaction in having the room
Jark. But it should not be lighted by a window, clse moving
shadows and changing intensities will affeet the reactor.  To must not
be lighted by a lamp or gas jet for they would eacl, in the case of
a small room at least, raise the femperature or, in case the room were
ventiliuted by o eurvent ot air, he made to flicker and so distract the
attention. But when the conditions of the experiment do not reguire
a dark room there can be no abijection to the presence of an incandes-
cent lamp.  On the contrary the person expuerimented upon will feel
more at ease in a lighted than in a dark room andd will finel it mueh
casier to make notes of any hmportant points which occur to hiin
during the experiments.

Y PERIMENTS SHOWING THE INFLUBNCE OF SENSATI NG Q) SOUND
UPON THIE TIME ObF 51 VPLI REACTIONS T s UNIN

The experiments thus far Jeseribed have had to do with the
influence of sensations of light on the time of reaction to sound, A
similar set of experiments was condueted for the purpose of inves-
tigating the effect of sensations of sound on the time of reaction tu
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sound. In the first place the sound used was a steady tone pro-
duced by an electric tuning-fork vibrating 250 times a second.
This tuning-fork was placed on a shelf before the transmitter in the
recording-room and run by a dip battery. When the telephone
civeuit was closed this tone was sent to the reaction-room and, when
the two receiving telephones were connected together, was heard in
the same telephone in which the signal to react was heard. The
moveable drum shown in the diagram makes no noise and, when the
operator is carveful and the rest of the building is guiet, no sounds
reach the ear of the reactor through this telephone save those of
the tuning-fork and the sigmal to react. The tuning-fork sound is
so loud that none of the fainter sounds in the building or on the
street ean be heard. This method could not be used with the elec-
trie drum on account of the noise of the motor, except by placing
the transmitter and the fork in another room.

The method of experiment was similar to that employed in inves-
tigating the influence of light-sensations. Ten experiments were
taken in silence, then the telephone circuit was closed and dur-
ing the remainder of the series the person heard the steady tone of
the tuning-fork in the same ear in which he heard the stimulus.
I successive sertes the order of silence and sound was changed to
eliminate the inflnence of sequence. After cight series had been
taken the method was slightly varied. Tt was evident that as in the
case of the steady light the disturbance was very small. It was
thought that possibly, as in the case of a steady light, the influence
would be greatest upon the first reaction after the sound was turned
on.  Therefore to get the full effect of this influence, instead of
taking ten experiments in silence and ten more with the tuning-fork
sound in consciousness, one experiment would bhe taken in silence,
then the tuning-fork sound turned on for the second reaction, while
the third would be in silence and so on through the series. In each
case, hrowever, the tuning-fork was turned on immediately after the
reaction in silence, thus giving about ten seconds for accommodation
before the signal to react.

By changing the intensity of the telephone-current the loudness
of the tuning-fork sound was varied at will, TFor the purposes of
these experiments it was kept as nearly as possible equal to that of
the sound which served as the signal to react.

Table V gives the averages of all these series.  In it no difference
tan be detected between the time of reactions in silence and those
in which the tuning-fork was heard. Seven of the individual series
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from which this table was compilesdt showed a stight difference in
favor of silence and nine howed sbont the same Jifference in favor
of those with the sound. Of those where silemee and ~ound alternate
the same thing is true, Fourwere Jonger in silence and five in sound.
The final average gives a time of 1537 and a nean variation of 197
for those in silence and a tinme of 1527 with a mean variation of 187
for those with soumdl. The average for the weiter was 1417 for silence
with a mean variation of 157 and for soumd 13507 with 4 miean vari-
tion of 167, showing a slight difference iu the same direction a8
the combined results of the three persons,

TABLE V.

Silenoee MV H ek fork MV n
C. B. B. 141 15 104 189 16 114
w. I C 167 20 39 174 22 i
e m————— A A AR et e [ — . - PR e e 'E - P o eam—— % iR s SE PSRRI
UV O 352 42 _ 10 242 | 3O 8
[ — R .. L _
Weiglhted o o o " -
= 5y K i S ]
[ e 155 14 : 147 15 ]‘[ 15 154

\When it was found that the presence in conseiousness of a steady
tone produced no appreciahle effect upon the resetion-time, with the
«kill in reacting thus far obtained, it was thought best to ry the
influence of an intermittent soumnd, s in the former experiments i
moving light took the place of a steady one. The most convenient
jnstrument which snggested itself for this purpose Wwas the metro-
nome.  Swrrr' investigated the effect of the ticking of the metro-
nome uwpon diserimination-tnne and found different results aceording
to the rapidity with which the metronome ticked. [Te also fonnd
that it lengthened the time of simple muscular reaction.  In a scries
of 100 experiments he found the reaction to be 1037, with a meatl
variation of 97, wherceas 100 experiments taken while a metronoeine
wias ticking in the room guve 1227, with a mean variation of 127%

During the first few experiments the metronome wis placed in the
renction-room and so arranged that the pendulum was held to one

1 SwirT, Disfroliunee of the atieation e rdingg siinply et pinacesses, Am. Jour.
Puych, 18502V 8,
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side by the electro-magnet until the cirecunit of the magnet was
broken in the recording-room. Thus the metronome could be
started at will during the series. DBut in the small reaction-room the
sound was almost too loud to be endured. It was found more satis-
factory to place the metronome on the shelf before the transmitter
in the recording-room, as had been done with the tuning-fork.
Heve the operator could stop the sound as well as start it and could
regulate the intensity so that it should be about the same as that of
the stimulus. There was an advantage also in having the two
sounds come in exactly the same direction.

The order was the same as before, ten experiments in silence,
then ten with the sound and viee versa. In different series the
metronome ticked 40, 80, 120, 160 and 200 times a minute. Table
VI gives the averages for each of the rates.

TABLE VI.

I. i
Rate of Metronome ;01 40 80 120 160 200 I

j | '

B |
Reaction-time L 152 | 156 | 184 186 179 169

— —
Mean variation [ 18 1| 26 0 20 25
Increuse 0| @ 82| 84 et | 17 I
Numher of experiments 147 28 i 54 03 61 42

Im the first experiments where the metronome was in the reac-
tivni-room, there was a great innervation aund strain in all the muscles
of the bealy called forth to withstand the influence of the metro-
naome,  This was not noticed while the metronome was tickine. but
the moment it stopped the sudden relaxation was .very evident.m

At the beginning of the experiments there is a marked change due
to getting acquainted with the sound but, owing to the short dura-
tion of the experiment, that influence does not continue after the
first surprise has worn away. Judging from the .complete inatten-
tion to a clock ticking in my room it is probable that after listening:
to a metronome tick for a few hours it would no longer affect the
redetion-time.  The stopping of the metronome might then have a
temporary effect. Indeed, in these experiments the reactor sbori be-

L4



Investigations in reaction-tiine and attention. 29

eame so far accustomed to the sound that an occasional vibration of
the metronome spring, just loud enough to be heard, seemed more
distracting than the metronome itself.

Fromn these experiments we conclude that the influcnce of « sound-
sensation wpon the time of reaction to snwnd-sensation is very small
as long as that sound is « steudy tone but becomes very marked when
the sound is tntermittent.

EXxPERIMENTS SHOWING THE DIFFERENCE IN THE TIME OF REACTION
TO SOUNDS WHEN THE SOUND IS HEARD IN TWO EARS
INSTEAD OF ONE. '

It has already been suggested that the best way to produce a
sound-stimulus for purposes of reaction is to use a head-telephone
with a receiver at each ear. The following set of experiments were
taken to show the relation between the time of reactions when the
stimulus is heard in one ear and the time of those in which the same
stimulus is heard in both ears.

The arrangement of the telephones has already been deseribed.
The method of experiment was similar to that of the experiments
which have been described above. The person reacted ten times
with a telephone at only one ear, then without interrupting the series
he placed the second telephone at the other ear and continued to react
ten times more. To eliminate other influences the order was some-
times reversed and the first half of the series taken with the sound
in both ears.

Table VII gives the average of twenty-one series taken in this
way. With the exception of three cases, where the person had no
experience, the reaction to the sound in both ears is much shorter
than that of the reaction to the same sound in one ear. The average
of the thirteen series upon the writer, who was the only one having
experience in reacting, with the exception of Dr. Scripture, give for
one ear a time of 1479 and a mean variation of 199, for two ears a
time of 133° with a mean variation of 199 The number of experi-
ments with one ear was 108, with two ears 123. 'T'he average of
eight series taken on four other persons gives for one eara time of
92099 with a mean variation of 387, for two cars a time of 1887 with
a mean variation of 319, The number of experiments with one ear
was 83, with two ears BZ.

A natural explanation of the difference between the reaction-time
when the signal is heard in one ear and the reaction-time for the
same signal heard 1n two ears would be found in the difference in
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the intensity of the sound as heard in the two ways. In order to
see whether this explanation was satisfactory or not, fifteen series of
experiments were taken in which the stimulus was varied in inten-
sity from a loud to a weak sound. |

This change of intensity was secured by introducing a resistance-
box into the telephone eircuit. The battery then in use consisted of
twelve gravity elements. With the normal resistance of the cireuit
they gave a cirvent of 0.5 amperes. With an additional resistance
of 100 ohms the current was reduced to 0.08 amperes and the click
made by making the cirenit was a weak sound compared with that
heard in the telephone when the normal current was used. Yet it
was a sound which could be distinetly recognized. A switeh was
so arranged that by a turn of the lever the resistance box could be
brought into the telephone cireuit.

TABLE VIIL
One ear MV n ' Two ears MYV E 7
t |
: i_ 1
¢. B. B. 147 19 . 108 | 138 | 19 123
f | !
E. W. S, ~ 269 58 . 17 | 199 38 20
T.J. L. o182 35 389 : 175 26 33
w. L C. 192 20 15 201 | 33 39
Weighted mean = 170 7 . 179 158 | 24 215

The average for 132 experimments with the loud sound was 1487,
with a mean variation of 13%, The average of 126 with the weak
soumd was 1537, with a mean variation of 16°. The difference
between the loud and weak sound was 10°.  That between one and
two ears was 67,

Attention might be called in passing to the fact that in this set of
experiments four series were taken in which the succession of loud
and weak intensities was rregular.  The experimenter was told to
make 1t as irregular as possible. The average of these four series
for the loud sound 18 1487, for the weak sound 1559, The mean vari-
ation from the average of the whole set is, for the loud 16°, for the
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wenk 177 The namber of reactions to the lond sonnd was 64 to the
weak sonned i,

These icures are in marked confrast to those of Wundt,  With
him 18 successive reaetions to o strong sonned ove o time of 1167
with a1 mean variation of 107 A set of 9 reactions to a weak sonned
gave a time of 1277 with @ mean variation of 127, YWhen the sue-
cession of towl and weak sounds was irregubar the thne for the loud
connid wis 1807 mean variation 387 munher of experiments 9. The
time for the wenk souml was 2087 menn varintion 767, number of
experiments 15, The inerease due to irregnluarity in his case amounts
to 1147, in our case to 127,

Tt can searcely be that there was o greater difference between the
coundsg he used 3 the difference in the present cise was =0 great that
the loud soundd, when the order wag unknown, was arreatly dreaded
and always produced o decided <linck.

There are two other series of experiments whieh are worthy of

note, having been taken withont warnings, Their average for forty
experiments is 1397, mean variation 267, whereas the average of the
thirteen series takeu on the same person under the samne conditions
but with the warning was 1407 with a wmean variation of 1073 total
number of experinents 231, Wundt’s figures on the same point are,
with warning 1257, without warning 2397, total number of experi-
ments, Gi.
" YVe have shown that a large part of the difference between the
time of one and two ear reactions is due to the difference in intensity.
But to test this poeint more closely another set of experiments was
taken in which this factor was entirvely eliminated, yves, more than
eliminated.  The reaction-time of one and two ears was compared as
in the last set but at the same time the intensities of the cnrrents
were varied so that the soundd heard in one ecar was judged to be
muech londer than the combined result of a weaker sound heard in
both ears. If intensity be the only factor in producing the differ-
ence between one and two ear reactions then the reaction under these
conditions ought to be much longer for one ear than for two. In
only two series wns there any marked difference between the two.
One of these is in favor of the loud sound in one ear the other in
favor of the weak sound in two ears. The difference between the
final averages of the ten series is only 17, practically 0.

"Pherefore: the reavtion-time to sounds heard Qi (0o 6Ars S€CInS to
be shorter than For the swine sound heard i one car even after due
lloneance has been nuade for diference in {nteresity.
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In all of these experiments the sound in two ears was located in
the upper interior part of the head. Turning the attention toward
the sound resulted in rolling the eyes upward ; the sound seemed
closer at hand and less effort was required for reaction than when
the stimulus was heard in only one ear; the reaction also seemed
more automatic, especially when the attention was turned to other
things.

CoNCLUSIONS FROM THE THRER PRECEDING SECTIONS.

The general results of these experiments in reaction-time can be
summed up as follows: '

1. The experiments did not indicate any difference in reaction-
time produced by changing the color of the light present in the
field of vision.

2. No difference was detected between the times of reactions in
the dark and those made while looking at a stationary incandescent
light of six candle power.

3. When this light was in motion the reaction-time was lengthened.

4, No difference was detected between the times of reactions in
silence and those made while listening to the steady sound of a
tuning-fork making 250 vibrations per gecond.

5. When the intermittent sound of a metronome was substituted:
for that of the fork, the reaction-time was lengthened.

6. The reaction-time to a sound heard in both ears is shorter than
when the sound is heard only in one ear, even after making allow-
ance for the difference in intensity.

INTROSTECTIVE OBSERVATIONS ON REACTIONS.

During the larger part of the experiments pencil and paper were
kept in the reaction-room and immediately after each series of
experiments the person reacting noted down any conditions liable to
affeet the time of his reaction and any observations which might
throw light on the nature of reaction-time. These notes were after-
wards transferred to the record blanks just below tlie records to
which they referred in order that these records might be used more
intelligently. |

A careful study of the notes together with the records to which
they refer brings out many interesting points. Not all of them can
be touched upon here but the most important ones will be found
below substantially as they were written down from day to day.
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After a few weeks practice reacting becomes so much i matter of
habit, that trying to recall what has taken place Jduringe ooseries s
like trying to remember dreams. The more striking points are
easily retained but the larger part of the points which are noticed
during the series are gone beyond reeall unless they arve noted down
within a few minutes. A little practice enables one to recond all
mistakes in reacting, all reactions to warnings, all reactions reris-
tered before the signal is heard and all cases where the reaction-time
ix greatly lengthened by a physical or mental disturbance,

NOTES MADE IN THE REACTION-ROOM IMMEDIATELY AFTER EXPEHRIMENTS.
The followinge abbreviations are uszed :

W= Warning.

R=—TReaction.

M=23usvular.

Att=Attention,

i fore P==Reaction before the signal.

Met == Metronome.

Om =0Omitted.

a=first, b second half of a series.

The figurss are taken from the original records for comparison with the notes.
The nunhers of three fizures are reaction-times, those of one or two figures are
mean variations. Where two sets of figures are civen the first pair is the first
half and the second pair the second half of a series.  When the note refers to o
particular experiment that one is eompared with the rest of the series and its
figures are given first. Tn order to make the meaning of the notes clearer ex-
planatory remarks have been added ; these are distinguished by italies,

1. R. to light.

9, Sounds heard outside.

63. Irregularity due to novelty of M. (1834-6—138-17). Showiny that the irregu-
learity 1was orer-estimeated.

63. Turn Att.=turn eye.

76. 6, 8-11. React with jerk. (133—135-8).  The average of these four is 27
shorter than that of the vest of the series,

+&. React with full arm movement. (135-1 3—137-28).

9. R. to W,

8§2-4. Tired, nervous, slow. (134-26—118-20.) Mistake in judgment.

04, W. L ¢ ¢ No difference.” 200-22.—181-31.) Showing lack of practice.

93. Notice regularity with two eurs.  The figures don’t show It

96. 0. 1. React in spite of resolve. (222—197-26.) 4 purely automatic reac-
tion, extra lony.

96. Tryving to think of Schopenhauer. (200-27—~179-24.) At least 507 longer
than the normal reaction-time.

99. Omne R. before will impulse.

g2, R. to W.—h, 1, om. in relaxation of silence. Sound terrifie. (Silence 133-7
——with sound 133-10.) No effect from this very loud tuning-fork sound.

3
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100. a, usual way, b, tense muscles. (146-83—120-16.) In one case will didn'
overcome pressure. Att. confused in learning a new lesson. In spite of
confusion the reaction with tense muscles are 26% shorter than the others!

105. Last four, extra effort. (168—161~10.) _

106, 7. Dx. Scripture ‘‘ Not used to react without W. Have to ‘ wake up® when
only one ear is used.” 2wo-ear reaction is more awtomatic,

108. R. to small sound raises finger but little, Showing the reflex element in all

: reactions, .

109. a, 5. R. too weak to raise finger, b, 8 ““fore.” '7-10, absourbed in plans.

111. a, one ‘‘forve.” All sorts of distractions, pain in toe, wagon, shadows,
thought.

118. Last one quick. Way prepared for motor impulse, (127—156-15.) Correct
estimate,

114. 9 ““fore.” Met. very loud, scarcely hear W,

115. R. to W, Last 8 good. First 2 om.

116. Met. gives terrific sound.

119-21. Effort to touch a point 6 in. away.

126. The same. Very quiet; perfeet type. b, att. more to muscles. (188-13—

139-11.)

128, a, one ear, b, two ears. Two slightly longer. (148-18—142-28.) Irror in
Judgment. : '

127, One om. driven out by another idea. R. o W. Every W, heard with ten-
dency to R.

129. Sensory—NM. M. quicker, harder. (129-10—127-9.) Not enough quicker to
be detected, .

130. a., 3. Terrific scraping;=insulation worn off in key. b, Att.=rolling
eyes up. _ _

134, 2-1 ear, 2 ear quicker. (1R7-7—140-15.) Correct. a, 9 Antomatic.
Mind refurning from wandering surprised. (124-7—183.)

136. Att. all over, affects nerve force,

13%7. Loud—faint. Tend to give more Att, to faint sound at fivet.

141, Att. wandered. (I87-17.) 20 longer than normetl, :

142, (153-14—182-9.) % Exercise between 142 and 148, Quick pulse, deep

143, (129-6-—127-13.) breathing, Shortening the time 240,

144. Careful Att., Sensory (2). Eye turned up. a, 5, long (202). b. 6, long (226).:
(153-18—17%0-7),

145, Faint demands, loud compels At Att, wandered. (Faint 158-17—1loud
18324,

149. 9, “fore.” M. Faint-loud. Don’t notice dif. intensity. M—hard work.
(150-15—156-81.) Attempt at muscular reaction a failure, ' |

150, React best way. Att good, (168—19~—~1‘?‘1—8.) Error in judgment.

153. Faint-Loud. Irreg. No accommodation, no guessing, (148-16-—167-21.)

134, No influence from knowledge of problem. One R. too faint to be recorded,

136, Sound varies from large sound to small short sharp pops=poor contact in
multiple-key, ,

158. 1 ear loud—2 ear week, b, 1 No R.; too wealk for one ear, :

158, b, 1, loud sound in two ears. Awful start—Quick, (1R8-—141-7.) A4 case
where the reflex element shortens the time. . '




160,
161,
164.
171.
172.

176.
177.

178.
182.

186.
184.

198.

204.
201.
202.

205.

208.
209.
206.

207,
208.
209.
210.

211.
213.

214,
215,

216.
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Lasgt half thinking of something else. (184-159.)

Met. magnet didn’t work. Started it myself.

Distr. of small sounds more than Met,

Reverberation of Met. spring very distr. (160-12—190-21).

Head most aches. Not feeling well. W. don't nerve me up. Sleepy. (132-
11—156-16).

One ‘‘ fore.”

Sleepy. Not energy enough to tell what I have done. It was pretty good.
(156-17—193-29.) Erior in judgment.

Not so good. TUncomfortable position. Thought distr. more than noise.
(172-27—167-13.)

Clear mind, like crystal, a sharp frosty morning, or the clear blue sky.
(149-16—155-19).

Thinking of key. Does it distract? (150-21—196-48). Decidedly.

Noise of met. board provokes me. (151-8—205-0.) Showing that irreg.
sounds are much more distracting than the metronome.,

. Two om.; one slow. No light at first. 2-4, one ear. Wagon: Out of

patience! (186-8—158-15.)

. Best yet. (154-12—129-8.) a, 1-6, uneasy. b, first rate; key between

fingers.

a. Not esp. good. (184-16—146-10.) 2-4, Att. off. 147, 138, 189. .ds
goocl as 196,

Some one up stairs. Warning out of order. (151-183-—158-12))

Distr. small, (180-7—139-10.)

Too fast. Iairly good. (127-10—184-17) ILast 3 thinking of spark.
125, 180, 128.

a, 6. Wagon heard on the street. (122—186-13.) No disturbance shown—
b, 8. Seashore dropped something, (156—139-12.)

Seems long. Att. Wanders. (158-15-—161-14.) Decided effect.

Little Att. Not tired. No ability to apply myself, (171-10—1561-8.)

First rate, last half of b, distr. by wagon because I ought not to hear it.
(189-16—156-18.) _

Not so good. Too excited. b, light steadies me. (143-9—148-17.)

Haxd to hold att. for 20 experiments. (146-11—162-11.)

Impossible to do good work, Think of everything. (138-9—151-13.)

0Old position, elbow on table. First class example of inattention. Reac-
tion natural in the flow of ideas, (141-18—140-8.)

First rate; b, 1, ““fore.”’ Innervate finger and forearm. (1832-14-—141~11.)

Very good. b, end, M. (180.) One before sensory. (129.) Perfectly
passive. Not innervation enough to hold the key. (129-8—141-20.)

Not quite as good. (121-12—185-15.) . _

Try to get away from bodily feelings=innervate Cortex. (128-7--147-13.)

The same, (126-12—145-9,)

The first impression on reading over these notes is one of surprise
at the number of experiments in which there is some disturbance of
the attention aside from that of the stimulus and warning, No
amount of care in the preparation of a reaction-room and in remov-
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ing external influences can do away with skin sensations, with mus-
cular feelings, with changes in the physical and mental condition or
with the ceaseless flow of thouglt.

An examination of the notes shows that these disturbances vary
greatly. At times they are very prominent; then again they will
be scarcely noticed. Record 196 is such a case. The note says of
the series as a whole “ best yet,” of the first half ¢ uneasy” of the
gsecond half ‘first rate.” The figures are: dark 1547 with mean
variation 127, steady light 1297 with mean variation 87 Records
184—7 also ought to have more weight than the average series.
Their note says “best part of the day, excellent physical condition,
mind eclear and sharp.” The figures in this case are: two ears
1297 M. V. 99, one ear 1397 M. V. 14° Certainly the average of a
dozen series all of which had a similar certificate of the conditions
under which they were taken would give different results from those
of a set made up from records like 178. The note on this record
reads “Not so good; uncomfortable position. Thought distraction
very great.” 'The times are: silence 167° M.V. 137; metronome
1720 M.V, 279, To gain the most trustworthy results a large number
of experiments should be taken and only those used which are free
from. all conscious disturbance.

Though introspection is of great value in estimating the general
conditions of an experiment and showing the influences which affect
the results yet it is not to be trusted in estimating the results them-
selves. Aside from the fact that the mind is unable to accurately
estimate small divisions of time under the most favorable conditions,’
its judgment is peculiarly liable to be affected by the conditions of
the reaction. Its report is what it thinks ought to be rather than
what it actually sees. TFor instance, in gseries 82-84 the reactor was
tired and nervous and therefore judged the reaction-time to be
longer than usual. The figures are: one ear 134° M.V. 26°, two ears
118° M. V. 207, showing that the nervous excitement more than
counterbalanced the physical fatigue.

Tn series 150 after having reacted in the muscular way in the pre-
vious experiment, the person reacted in the way which he thought
would give the shortest time. Accordingly he judged the time of
that series to be less than that of the preceding one. The figures
for this one are: loud 1689 M.V, 19°, weak 1717 M.V. 8°; for the
preceding one: loud 150° M.V. 159, weak 156° M.V. 317, being just
the reverse of his judgment.

1 MarTivs, Ueber die m-u.sc'a-elfire Reaction und die Aufmerksamkeit, Phil. Stud.
1891 Vil 167. '
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The last four renctions of series 7o were made witho o visdent Jerk,
More effort was put torth and the mind jntfersed that the preustion
st be gquieker, The average of the Bast Sooar owas 1007, thae of the
first hulf of the series g™,

Aeein, in 78 the reactiva-tiue was fielonad shorter thun genul In
this eise the ool was ratsed tothe shoabder 3o every reaetion, There

£

wis more mmotion awd morve effort, theretore the nadnd Jueigod that
the reaction started gnicker. The fgnees e o sdfenee 10=7 MOV,
147 ¢ with fork sommding in the telephone 1477 MUV, =7,

In several series, T2oa, 1T2oh, 127 the reaetion vonsistesd In taonehing
a point on the talde sixoineles from the key, Raising the tinger
from the ey to make this motion broke the spark-cotl cirenit, anl so
only the beginning of the motinn was registered, Here again the
mined was mistaken in jwdeing thar the veletion-time wias guieker
than wsual.  The average of the parts of these <eries not suledect 1o
other disturbing influcnees was 1019 MUV, 117,

In conunection with these experiments where the attention wis
dirceted to a motion for whicvh the reaction wias a wenns, the bleg
sugreested itelf, but Lias not yet heen carried ont, of havinme o seesnd
reactivm-key in place of the point on the table. Then we Rhonld
have recorded in widdition to the reaction-time, the thne required to
make a certain movement,  This worhl donbtless vary from fhne to
time with changing mental and physival cowditions. None of its
sariations conld he attributed ro influenees acting upon the coseinus
part of the reaction as it woubl be purely antomatic after slight
practice,  This might throw some light on the relative portion of
the variation in reaetion-time which is to be assigned to the purely
pevehieal part. Possibly it might be nsed instend of the stmple rege-
tion as o standard for comparing the different kiwds of reactivn-time.

Between 142 and 143 the reactor went throngh vigorous museular
exercise so that, wherens 142 was tuken with the hody in o gquiet
passive state, duringr 143 the pube-beat was stronuge and rapid, the
breathing deep and heavy and the whele systen generally vxeiteds
The fignres for 142 ave : 1587 MUV, 147 for o loud sonned i one car
and 1327 M.V, 07 for 2 weak sound in two cars. The figures for
144, after the exereise, are : 1287 MLVL 67 for the loud sownd in one
car and 1277 M.V, 187 for the weak sound in two ears,  The sherten-
ingr of the time by exereise was 147,

But the chief value of these notes is found in the light which they
throw upom the nature of simple reactions.  In the first place, are
these reaetions muscular or sensorial ¥
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Wundt says that, with a signal loud enough to be clearly heard,
we naturally react in the muscular way. Ie explains the difference
between the time of reactions to weak sounds and those to loud
sounds as due to a passing from the sensorial to the muscular way of
reacting. In all of our experiments, with a few exceptions, the
signal to react was a loud sound. This would seem to indicate that
our reactious were muscular. Furthermore, the two criteria, which
Wundt regards as sure signs of muscular reaction, were both present.
Tn six cases at least a reaction was registered just before the signal
to react was heard, while searcely a series passed in which there was
not one or more reactions to a warning.

On the other hand, throughout the whole course of experiments
the reactor believed that he was reacting in the sensorial way. The
attention, with the few exceptions about to be mentioned, was invari-
ably directed to the ear or rather, as it seemed to him, to the sound
to be heard. The eyes turned in that direction and there was a dis-
tinet feeling of accommodation in that part of the head, due to a
combined muscular and nervous excitation. The reactor even went
so far as to attempt reactions after the muscular way, carefully direct-
ing the attention toward the hand or the movement to be made.
In one case, before the reaction habit had been formed, the reaction
was shortened in this way from about 1407 to 100°. In omne of the
later series, 139, an effort was made to have the last three reactions
muscular, two of these were 1107 and 112° while the average of the
other half of the series was 1429 M.V. 89, These would seem to be
true cases of muscular reaction, if there be such a thing. - But in
general the attempt to shorten the reaction-time by turning the at-
tention toward the hand or the movement to be made was a decided
failure, More often the time was lengthened. It seemed very diffi-
cult to overcome the habit of turning the attention toward the ear.

Tt would seem that those experiments in which the attention was
directed to a peculiar movement of the hand or arm, to touching as
quickly as possible some point near the key or raising the hand as
quickly as possible to the shoulder, satisfied the definition of mus-
cular reaction. Yet none of these show any signs of a decrease in
the reaction-time,

Finally, in none of the reactions save those in which there was an
attempt at the muscular method, did the person experience that
peculiar physical fatigue which is generally ascribed to the mus-
cular mode of reacting. The fatigue was always mental. As such
it was very marked at the end of five or six series. From this point
of view these reactions must be regarded as sensorial.



Investigations in reuction-time and attention, 39

But again, according to Wuxpr, the peculiar nature of muscular
as opposed to sensorial reaction lies in the fact that, while the sen-
sorial reaction contains an appereeptive link in the chain of canses
leading to the reaction, this disappears in the muscular method and
the reaction becomes a purely automatic brain retlex.

Turning to the notes taken in the reaction-room we read, © Reac-
tion a, 1, series 96, was made in spite of a resolve not to react.”
This was certainly a purely “automatic brain reflex’ and contained no
« apperceptive ” link. The time of this reaction in the table 1x 2227,
The average of the rest of the series 1079 M.V. 26° Reaction a, 9,
series 134, was made while consciousness was entirely absorbed in
something else. - 'When it returned to the scene of operations it was
quite surprised to find that a stimulus had been received and a reac-
tion made in its absence. Its servants had done better than it ex-
pected.  Surely this must be an “automatic brain reflex,” with no
trace of conscious perception or ¢ apperception.” The time was 1837,
that of the whole series 1247 M. V. 77,

In series 99 omne reaction took place before the will to react. That
was set down at the time as a brain reflex. Its time however was
not materially different from that of the other reactions in’the series.

Several times, for instance in 108, it was remarked that a reaction
to a weak sound only raised the finger a little whereas the reaction
to a loud sound raised it over an inch.

These instances all seem to show that as soon as the habit is
formed all our reactions are in the main brain reflexes. But they
show just as conclusively that quick reactions are something more.
The reflex action left to itself is slow, compared with the reflex
action with the concentrated effort of the mind to hurry it along.

WouxDT lays great emphasis upon reactions to the wrong signal as
proving the reflex nature of muscular reaction. DMarTius' takes
him to task for this and proves that he is wrong by showing that the
same phenomenon oceurs in sensorial reactions. Wouexpr is right.
They do prove that muscular reactions are brain reflexes. But they
also prove that sensorial reactions are retlex in exactly the same sense,
A note was made, referring to 127a, in which there had been a reac-
tion to a warning, *every warning is heard with a tendency fto
react.” And so it is with all sounds. All sounds tend to produce
motion in some part of the body. We notice it in the case of loud
sounds, in the case of sounds which startle us and especially in the
case of rhythmic musical sounds. In the same way reaction 18 a

1 See the article cited above.
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brain reflex. Therefore the difference between sensorial and mus-
cular reactions is not to be found by deciding whether or not they
are brain reflexes. '

The key-note to much of the confusion about the different kinds
of reaction lies in the indefinite use of the word attention and in a
lack of careful introspective analysis of what actually takes place in
consciousness.

The word attention is most commonly used in the sense of idea-
tional attention. This kind of attention is described by such expres-
sions as: “ Having a clear idea of the object of attention;” lkeep-
ing the object in the foreground of consciousness;” thinking
about an object calmly and quietly, yet clearly.” It is Passive as
distinguished from the two following varieties of attention. There
is little feeling of effort. What there is, is largely devoted to the
inhibition of other ideas. Doubtless there is a slight innervation
and musecular contraction but they are not prominent in conscious-
ness.

This kind of attention can he directed to any part of the body, to
any motion to be made or stimulus to be perceived, or to something
entirely disconnected from the experiment. For instance, in one
series, 96, the reactor fixed his attention on a lecture which he had
just attended. The time for one ear was 200° M.V. 279, for two ears
179% M.V. 249, This exceptionally long time was not due entirely to
voluntary diversion of the attention ; the series was also taken
without & warning to tell when the signal was to be expected.

As a rule this kind of attention does not shorten reaction-time.
So far as distinct thought forms are concerned, the nearer a blank
the mind can be kept the more satisfactory seems the reaction.

Often, turning the attention to another object seems to facilitate
the movement, just as in writing the hand moves more freely when
the attention is directed to the word being written than when it is
directed to the muscular effort involved. It seems to drain off the
surplus ideational force and leave the field clear for the reaction.

Using the word in this sense MARTIUS is right in criticizing MuNs-
TERBERG when he speaks of the idea of the sound as fusing with the
idea of a movement to be made. There is no fusing together of
these ideas. Association is the word which describes their relation
to one another, and the association is always a temporal succession,
so far as the ideas themselves are concerned. It is impossible to
keep two of these ideas in consciousness for any length of time.
When the effort is made, it results in a rapid passing from one to the
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other. TFirst one comes into the foreground of consciousness, then
the other. '

A second sense in which the word is used is that of neural atten-
tion. Were it not for the fact that the word usually tmplies an
inerease in the muscular tension this might be called innervation.
It results in bringing into consciousness the neural sensations,  Some-
times it seems like a voluntary control of the nerve-foree similar to
the involuntary change which is produced by a severe strain when
an increase in nervous excitement for the time being counterbalances
physical fatigue. Closely combined with it there may be more or
less of the feeling of outgoing will force as experienced in willing-
games where one person wills another to do some particular thing.

This is closely conuected with a third meaning of the word atten-
tion, namely, feeling-attention, i. e. the becoming immediately con-
scions of different parts of the body, which may be expressed either
as bringing those parts into consciousness or as extending consclous-
ness into them.

Using the word attention in either of these meanings it is pos-
sible to turn the attention to different parts of the body at the same
time and to speak of ideas melting together. DBut the ideas here
are quite different from those which we found in the first division.

In one ecase, 136, this attention was directed to all parts of the
body at the same time. It scemed to increase the nerve-foree and to
result in a general excitement of the whole system. The average
time of this series was 1487 DMLV, 179, that of the series just before
and just after, under the same conditions was 1297 M.V, 107, But
a single experiment is hardly suflicient to show the effect of this
kind of attention. No experiments were taken in which this kind of
attention was directed to one or two parts of the body during a
whole series. |

A fourth sense in which the word attention is used is that of mus-
cular attention. Involuntary changes in the condition of the muscles
take place in response to various psychical changes ; for example,
they become tense in a fit of anger. To a large extent 2a similar
change may be produced by voluntary effort. Something similar to
this is nsually meant by the expression “innervate the muscles.” We
can keep the muscles of the hand or arm relaxed or in a state of
tension independent of the three kinds of attention already men-
tioned. Record 100 is an example of this; the first half was taken
in the usual way and had a time of 1467 M.V. 337 the second half
was taken with tense muscles and had a time of 1207 M.V, 169 In
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one of the experiments in this series the motor impulse for reaction
was not strong enough to overcome the pressure on the key.

A fifth way in which attention can be directed is best expressed as
a preparation of the path for the motor impulse from the brain.
This consists of a moderate innervation of the whole nerve tract, a
small museular tension and an effort to get a clear idea of the sound
and the movement to be made, resulting in a rapid passing of the
thought from one to the other. The last experiment of series 113
was made in this way ; the time was 1279, that of the whole half-
series 1569 M.V. 15°. .

A sixth state of the attention, one which requires as much effort
of a certain kind as any, is that of inattention. All ideational atten-
tion, all neural attention and muscular attention are withdrawn
leaving the reaction mechanism as far as possible to work automat-
ically. This reduces the circulation, the nervous and muscular ten-
sion and with that the whole energy of the system. The tension of
the muscles becomes so weak that they sometimes fail to move the
very light spring in the reaction-key. By this means many persons
are able to put themselves to sleep in a short time. Series 210
was taken in this condition; the time was, in the dark 1417 M.V, 13°
with a steady light in the field of vision 1407 M.V. 87 .

None of these six descriptions accurately state the condition of the
attention in the majority of our experiments. The most prominent
feature was always an expectant attention, a strain in the muscles of
the ear and a waiting for the sound. There was no attempt to form
an idea of what the sound was to be, but simply an effort to hear it
as quickly as possible. At the same time there was an under-current
of neural and muscular attention directed to the hand and arm. If it
is proper to use the terms primary and secondary consciousness, the
primary was engaged with the sound, the secondary with the motor
apparatus.

Aside from these seven phases of attention numerous other com-
binations of the three elements are possible. The dividing line be-
tween the classes is not a sharp one. All three or any one can be
given especial prominence. Certainly the expressions muscular reac-
tion and sensory reaction are of themselves very indefinite and give
no accurate descriptions of the distribution of psychic energy.

With these different kinds of attention in mind it would be umpos-
sible to agree with Jayxms when he says,' in speaking of WuUNDIS
and Exvur’s experiments, ¢“The preparation to react consists of

1 Principles of Psychology, T 488.
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nothing but the anticipatory imagination of what the dnpressions or
the reactions are to be™ and < It ix hmgeossible to read Winelt™s amd
Exner’s pages and not to interpret the * Apperception” and *Spamang’
and other terms as equivalent to imagination” A Dittle practiee will
enable one to become master of all the different phases of attention
here mentioned and many others more difficult to dexceribe,

The remarks thus far have referred to voluntary atiention.  On
the other hand there is a large involuntary clement always present m
the state of attention at any given time,  This changes with practice
and with the mental and physical eomlition,  One naturally falls
into a habit of reaction. The attention in that ease ix largely mvol-
untary and resists all efforts of attention in other directions but en-
pperates with additional voluntary attention in the same direction.
When a person is sleepy he has little control over the attention,
The same iz true wlhen he is wrought up fo a high state of nervous
excitement.

The mass of bodily feelings vartes with changing physical con-
ditions ; when one is fresh and vigorous they are large and massive
and the motor impulse to reaction seems to meet more or less resist-
ance in passing through them, After prolonged badily or nervoux
strain these feelings tend to grow less and their ceuter gradnally
rises. The extremities drop out of consciousness and the reaction
scems to take place with less resistance. The background of all
these various forms of attention is the constant play of psyehic life,
Waves and ripples of feeling and conation are incessantly passing
through the mind. More clear cut and eaxily recognized are the
ideas and images of the memory or imagination which follow each
other at their own faney. Now they pass along lightly like fleecy
clouds over a summer sky. At the sonnd of the warning they
vanish from eonsciousness and all the energies of the mind are bent
to cateh the coming stimulus and make the reaction. At another
time the thoughts roll along like leavy irresistible storm-clouds,
They heed not the faint warning or even the signal itself. Through-
out a whole series the mind will be busily engaged inventing new
apparatus, improving the old or struggling with some great problem
of life. The reaction, so far as consciousness is concerned, goes on
automatically. No amount of effort at the end of the series can call
into consciousness a singrle fact counected with the reaction, nothing
gave the elements of this dream-like stream of consciousness. But
during such a series let there be a break in the regularity in the
recurrence of warning or signal and the mind is instantly alert to
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inquire into the matter. Thongh apparently absorbed in other
matters, yet there is a kind of unconscious attention being directed
to the reaction. :

Again, when the mind is apparently wholly engaged in the matter

of reacting, an idea will suddenly come into the mind from some
mysterious quarter with force enough to carry away for the moment
all the attention, unconscious as well as conscious. In series 127
there was such an instance. An idea suddenly flashed upon the
mind just as the signal was heard and the motor impulse being
started ; the whole force of the attention was diverted and the only
impulse which reached the hand was a tremor too weak to raise the
finger.
. These observations and others suggested by the summary of the
notes taken during the coyrse of the experiments show that there is
still much which can be learned about the mind and its processes
from the study of reaction-time. They suggest a large number of
experiments which might be earried out along the different lines of
attention. Most of all they emphasize the great value of introspec-
tion. TFor the rougher work in reaction-time this may not be neces-
sary. We can easily detect differences in reaction-time due to the
presence of very distracting influences, to the effect of practice, to
changes in intensity of the stimulus, to a change in the quality of
the stimulus, and to many similar changes. But as soon as we
inquire into the mnature of reaction, and try to make quantitative
estimates of these changes and to learn more about the nature of
the mind’s activities, then introspection is necessary.

Some will criticise these reaction-experiments because they were
all made upon one person, and therefore can give no idea of what
would be the result in another case. They say that results to be of -
value must be made upon a great many persons and the average
computed as has been done in the case of physical measurements.

In reply it may be said of physical measurements that while statis-
tical results from one point of view are of great value yet all the
important discoveries in physiology have been made upon individuals.
Statistics would never have discovered the circulation of the blood
or the constituent parts of the brain. The human body is for the
most part the same the world over and a discovery in anatomy in
one body holds good in all others. The same thing is true in psy-
chology. Nearly all the results thus far obtained have been gained
from the study of individuals. The human mind like the human
body is for the most part the same in its workings everywhere and
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a diseovery in one mind will ol good for other minds. Thoael
important results will b reached along statistical lines vet the
greatest wlvance in the future us in the past will i all probahbility
be made hy discoveries in investigating individaals,

EXpenriMeENTs sHOWING THE EFFECT OF CHANGES IN THE STATE OF
ATTENTION UPOoN THE MAXIMUM BATE OF VOLUNTARY
MOVEMENT,

In a series of experiments earried on at Clark University, Degss-
rar found that the time veqguired to make 200 taps varies with
different individnals and with a change io the mental and physieal
condition of the same individual.  Inereased central activity favored
an inerease in the rate of voluntary movement.”  DBryax continuing
the investigaations upon a large number of school ehildren found that
the rate of tapping for the different joints of the hand and arm
varted with children of different ages m o aceordance with  their
physical and mental development.®  Many interesting points were
bronght out as to the effect of fatigne and the relative development of
the different joints.  DBut with the apparatus which they used it wias
impossible to show the relation between the individual taps of the
series.  The most that could be done in that line was to detect a
slight decrease in rapidity dine to fatigue when more than 300 taps
were taken at a time.  Otherwise it was taken for granted that the
rate was uniform throunghout the series,

The following experiments were taken with the purpose of inves-
tigrating this question of the uniformity of rate.  Our reaction-time
apparatus offered the best possible means for measuring the interval
between each successive tap.  The taps were made upon the reaction-
key in the dark room, and recorded by the electrie sparks on the
smoked paper of the drum.  About 300 taps could be recorded on
one paper by turning the drum slowly., An electro-magnetic time-
marker was placed beside the tuning-fork and conneeted with a pen-
dulum which beat seconds.  This enabled one to tell at a glance the
number of taps in a second in any part of the curve while, without
it, it was necessary, in order to find the number of taps in a second,
to add up the successive intervalg, given in thousandths of a second,
until they amounted to a second, and so on throughout the series.

1 Soine influences whieh affect the vapidity of voluntary movements, Am. Jour.
Paych., 1891 IV 5i4. _ |
T On the development of voluntary motor ability, Am. Jour. Psyeh., 1883 V 1.
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As a matter of fact this longer process was gone through in the pre-
" paration of the curves described below because there was a slight
irregularity in the successive spaces marked off by the pendulum,
due to the fact that the mercury contact was not made exactly in
the middle of the arc of osciliation.

A click on the bell was the signal to begin tapping and the instrue-
tions were to tap as rapidly as possible until a seeond click announced
that the record was complete.

TABLE VIIL

No. A MYV MV No. A MV MV |
1 189 15 12 11 189 11 ) 9 3
2 184 9 - 9 12 144 11 8
3 185 vt ve 18 147 14 3
4 180 T 6 14 147 | 14 ty
5 180 4 - 4ﬁ 15 188 7 6
6 133 6 7 16 143 9 5“ -------
¥ 180 9 7 17 114 15 6
8 1383 4 4 18 148 19 5
9 138 8 i 8 19 148 B 16 5
10 138 Gw 4 20 139 10 5 -

No., number of group.
A, average time,

Table VIII gives a summary of the figures for omne experiment.
There were 180 taps, or rather intervals between successive taps,
recorded in this experiment. They were collected into groups of
nine for the purpose of showing the gradual changes in the rate
during the series; instead of finding that the intervals are all the
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ame, we found a continual variution, During the Iso tapes there
were only four easex where sucees<ive intervalx were reeoniled o« the
same.  The intervals were collected iuto gronps of nine for the pur-
pose of showing the gradual changes in the rate during the series;
only the averages of these successive groups are given in the talde,
The deviation of the individual intervals was computed in two wiays,
The first deviation-column represents the average deviation of each

TABLE IX.

Name Date | A MY T 8
W.IL C. Feb. 25 123 03 a3 800
Feb., 23 147 0.5 6.8 441
i SR
. 143 4. 89 - 485
‘- i 147 10, 6O 441
‘s . 185 5, T2 494
I Average 142 HRS 7.1 ' 4.2
C.B.B. = Mar. 24 ' 135 11. 55 524
Dresslar 'i 117 ' Ra 958
| et e op st 5ok e et b e R e E S ...ﬁﬁ. S .
. LAv. of 20 v . iy

A, average time.
T, number of taps per second.
S, number of seconds for 3U0 taps.

interval of the group from the total average of the 180 intervals,
The second column represents its deviation from the average of its
own group of nine. The difference between the two is due to the
cradual change in rate. Looking at the first column one would say
that the irregularity of tapping increased very fast toward the end
of the series but a glance at the second column shows that this was
not the ease. On the contrary there is a steady increase in the
regularity of the intervals in the Jdifferent groups but, owing to the
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rapid increase in the intervals themselves, the deviation of the later
groups_frozn the total average is greater than that of the earlier
ones.

Six of these experiments or sets of taps, were taken and they all
show the same general results. The average for the successive
. groups of nine taps for the six experiments were 140°, 1379, 136°,
1340, 1397, 144, 1467, 1479, 1487, 150°, 1459, 150% 1500, 1549, 1549,
1547, 1537, 152° and 150°. 'These averages show an increase in the
rapidity of tapping for the first four groups of nine. After that
there is a gradual falling off for five groups then a slight recovery
during two groups followed by a still greater slowing up for four
groups and then another slight recovery. The average of the first
set of groups is 1407, that of the nineteenth, which is the last to
contain records from all the six experiments, is 150°,

MR R R A TRt vt i e
= v en bl et .74 T, 7 7 e

Lhiatle A +aa Clicky [«J“‘V‘{?'ﬂ"\.,/\/\/
--uh'Ar | — £ f + t t ) + 1 ¥ t + it :. t k F T

HX

l!ll?"

Fig. 14.

Table IX containg the final averages of the six experiments.
Besides the average interval between successive taps, and the average
deviation from it, the number of taps per second has been computed,
and also the time required to make 300 taps. This was done for the
purpose of comparing the results with those obtained by DRESSLAR
and Bryax. The time required for 800 taps is naturally somewhat
less than it would have been if that number of taps had actually
been made ; for the experiments show that the last taps of a series
are much glower than the first owing to fatigue.

However, we are not so much concerned with the number of taps
in a series as with the regularity of the intervals between the suc-
cessive taps. This can be studied much more satisfactorily by means
of graphic representation than by tables. Accordingly the records
of two series have been plotted. The resulting curves are given
in fig. 14.

The curves represent the intervals between the successive taps of
each series. The abscissas show the place of each tap in the series
while the ordinates represent the length of the interval between two
adjacent taps, each vertical division on the paper representing 107
and the horizontal line being taken to represent 150°. Thus the
high parts of the curve correspond to slow and the low parts to
rapid rates of tapping. The short vertical lines mark off the seconds.
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A glance at these curves shows how the interval between the taps
is constantly varying. Only in a very few instances does it remain
the same for two successive intervals. Tor two, three or even four
successive taps there will be a gradual increase in the rate until
the mind is satisfied with its work or until it iIs unable to keep up
this high strain of attention, when the rate again falls off, This
effect can be seen in the second and third seconds of the first curve,
Again as in the fourth and fifth seconds of this same series the
process of change is more rapid. The rate alternately rises and
falls with each successive tap. In the sixth second the rate falls off
for three intervals, gains in the next what was lost in the last two,
and again loses the same in the two following. DMost of these
changes pass unnoticed by the person while he is tapping. ~ He
is, however, at times conscious of a talling off in the concentration
of attention and tries to correct it by a special effort.

The second curve, corresponding to the record of C. B. B, in table
IX, is almost entirely above the 1507 line, showing a slower rate of
tapping than the other experiments. The explanation of this is the
fact that the experimenter had learned of the great irregularity of
the intervals and in this case aimed to tap as regularly as possible
rather than as fast as possible. The result shows a slower rate but
also the same irregularity, the same increase and falling off in the
rate, now rapid, now gradual.

In all of these records aside from the usual variation in rate there
are a few unusually long or short intervals. In the nature of the
case there are more long ones than short ones. In one case there
secems to have been a momentary break in the series, due very likely
to a condition sometimes experienced by other persons in similar
experiments. - All of a sudden in the midst of a series of taps the
arm seems to be momentarily paralyzed.

Over and above this variation in the rate from one tap to another
f-here are larger gradual changes from second to second. During
the first second there is always a general increase in the rate. After
the middle of each curve there is a gradual slowing up. DRESSLAR
detected signs of fatigue after 300 taps. DMy experiments show a
decrease in the rate soon after 100 taps,

But aside from these two changes in the rate, an alternate increase
and decrease of the successive intervals and a gradual slowing up to-
ward the end, there is a third change brought out by these curves,
which is of great interest. If we turn the curves around and lock at

them from the end so that the line of vision makes a small angle with
4
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the plane of the paper we notice a gradual rise and fall of the curve
every two or three seconds. This is doubtless due to the gradual
rise and fall of the attention and corresponds to the alternate appear-
ance and disappearance in consciousness of a sound just loud enough
to be heard, as for example the ticking of a watch held at just the
right distance, and with the alternate appearance and disappearance
of faint rings on a rapidly rotating disk.' The chief point of differ-
ence is that in those cases the phenomenon iz a matter of con-
sciousness whereas in this case the person is entirely unconscious
of the rise and fall in the rate. This fact shows that the rise and
fall are not confined to ideational attention but are also character-
istic of the subconscious muscular attention. 'These results agree
with those recently obtained in the field of sight and hearing® in not
showing any regular period of rise and fall. In general it occurs
every three or four seconds.

In the second, third, fourth and fifth experiments an effort was
made to distract the attention of the person tapping. The warning
and signal used in reaction-experiments were sounded several times
and the tuning-fork sound described in one of the experiments in
reaction-time was turned on while the ear was at the telephone.
In some cases there may have been slight changes in the rate of
tapping owing to their influence, but that was by no means clear.
In fact such weak sounds would hardly be expected to produce
much disturbance in such heavy work.

In the sixth series the distractions were greater and show them-
selves plainly in the second curve. They were produced by an assis-
tant in the reaction-room. A second electro-magnetic marker was
placed on the drum and connected with another key in the reaction-
room ; by means of this key the assistant could register by the side
of the time curve the beginning and the end of each disturbance.

The nature and place of the disturbances are noted just above the
curve; their duration is indicated by the length of the short lines
above the curves. In every case it will be seen that the disturbance
produced marked changes in the rate. The blowing of a loud
whistle was followed by a great irregularity. The mental addition
of 214 and 23 at first made the rate very regular, more so than at
any other point in all the meries. This was during the period

! Lance, Reitrige zur Theorie der sinnlichen dAufmerksamkeit wnd der activen
Apperception, Phil, Stud. 1888 IV 390.

® MARBE, Die Schwankungen der Gesichisempfindungen, Phil, Stud. 1892 VIII
614,
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between hearing the problent and beginning to solve it. At first
the person was reluctant to undertake the problem.  He felt that all
his energies should be directed to the tapping but finally realizing
that the problem must be solved he went at it.  The first attempt
at solution produced marked irregularly and real work was accom-
panied by a steady falling off in the rate. As soon as the answer
was reached the attention returned to the tapping and the rate
rapidly recovered.

A clicking with the tongue, such as is used to make a horse o
faster, owing to this association seemed accompanied by irresistible
impulse on the part of the person tapping to accelerate his move-
ments. There was 2 slight falling off in the rate at the first sur-
prise and then a gradual increase for four taps. But to the great
surprise of the person who did the tapping, the rate did not exceed
that which had been maintained since the last disturbance. The®
mental multiplication of 14 by 5 produced great irregularity as well
as a general decrease of the rate. The sight of a lighted match,
however, produced great regularity and a steady increase in the
rate,

This sudden increase in the regularity of tapping without a
marked change in the rate, when the attention is attracted by some
other object, is similar to the fact noticed in some of the experiments
In reaction-time, namely, that more regular results were sometimes
obtained when the mind was partially absorbed in other things.
The more superficial, ideational attention is directed to them while
the unconscious muscular attention which is largely a matter of
habit runs along more smoothly and automatically. As the mind is
absorbed in the secondary problem, the more substantial subeon-
geious attention gradually withdraws from the muscular effort and
reinforces the mental effort,

On the other hand, as was also shown in the reaction experiments,
some sudden surprise, in this case a clicking sound or a lighted
match, at once draws away the deeper as well as the more superficial
attention. DBut as soon as the surprise is over there is no strong
intellectual effort required to watch the light and the {subconscious
attention returns unhindered to its habitual task, while the more
fickle ideational attention remains captivated by the new sensation,

There can be no question that these Iast changes in the rate of
tapping are due to disturbances of the attention. There can also be
no uestion that the second change mentioned, namely the gradual
slowing up after the first ten seconds, is due to fatigue. This
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fatigue may be psychical, muscular or neural. Judging from the
results obtained by LoamBarDp in his investigation of the amount of
work which can be done by a person under different conditions,® it
is probable that the fatigue is in the nerve centres. |

In the case of the change first described, namely the Vamamon
from tap to tap, the cause is not so evident. The fact that a partial
withdrawal of the attention stops it and makes the intervals regular
indicates a psychical caunse. TUnder the additional strain of con-
scious voluntary attention the nerve mechanism acts more irregu-
larly. Trregularity seems to be a char acteristic of the higher forms
of psychlc life. The usual explanation is that there are two sets of
nerve centres involved, the higher more unstable brain-centres and
the lower more automatic ones of the smaller br am‘and spinal cord.
A disturbance of the attention is supposed to cut off the higher
centres from the circuit engaged in the muscular action. Yet both
in the tapping and the reacting it was seen that further central
activity was accompanied by further decline in the muscular rate.
Therefore it seems proper to speak of a subconscious attention in
this connection,. |

The explanation of the third change in the rate, namely the
gradual rise and fall, is still more uncertain. Many persons will.
object to the use of the word attention in this connection. They
would claim that it is a purely muscular phenomenon and regard it
as supporting MUNSTERBERG’S explanation of the appearance and dis-
appearance of faint visual images. The disappearance, he thinks, is
due to fatigue of the muscles of the eye. As soon as the image dis-.
appears they relax and begin to recover ; when they have regained
their strength the object comes into consciousness again.”
Tt seems certain that this rise and fall in the rate must be closely
connected with the appearance and disappearance in consciousness
of faint sensations but it seems equally certain that they are not due
to muscular fatigue. In the first place, it must be remembered that
this rapid tapping is not a mere muscular operation; we have seen
that the rate changes with changing psychic states. In the second.
place, there is no chance for the muscles to recover while the
tapping continues. In the case of the. eye there is a possibility that
the muscles relax when the image disappears. Not so here. In the
third place, the real fatigue shows itself in the general slowing up '_
of the rate.

-1 Some of the influences which affect the power of voluntary muscular contfrac—
tions, Jour. Physiol. 1892 XTIT Pts. 1 and 2.

* M{UUNSTERBERG, Beitrdge zur experimentellen ‘Psychalo gie 1889 IT 69.
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CONCLUSIONS FROM THE INTROSPECTIVIE OBSERVATIONS.

1. Reaction-time is constantly affected by irregular disturbances
large part of which may be detected by introspection.

2. Introspection is not to be trusted in estimating results,

3. Exercise shortens reaction-time.

4. Reactions to the wrong signal, reactions before the sigrnal is
heard and the reflex nature of reactions are not sufficient eriteria to
distinguish muscular from sensorial reactions.

5. There are at least six distinet kinds of voluntary attention;
ideational attention, meural attention, feeling attention, muscular
attention, preparatory attention and inattention.

6. The involantary attention is constantly changing.

ExPERIMENTS SHOWING THE INFLUENCE OF DISTURBANCES OF THE
ATTENTION UPON THE VOLUNTARY CONTROL OF MUSCLES.

There have been various devices invented to show the effect upon
the body of various psychiecal disturbances. Some of the effects
which have been pointed out are a rise in the temperature of the
‘brain, a change in the circulation, a contraction of involuntary mus-
cles, increased activity in the various glands, and a change in the
force with which the muscles ean be contracted. Loumparp found
that the kunee-jerk showed marked changes in the case of mental
disturbances. We have seen that the reaction-time and rate of
tapping are influenced in a similar way. Jastrow' describes a plece
of apparatus which he calls the automatograph, constructed for the
purpose of registering involuntary movements of the hand. The
hand is placed on a freely moving table to which there is attached
a marker that records every movement upon a smoked paper. It
was found that when the apparatus is sereened from the eyes of the
person experimented upon that the hand involuntarily follows in the
direction toward which the attention is turned.

During the course of my experiments Dr. Scripture suggested
that the accuracy with which a person could steadily point to a
given spot wounld be a measure of the amount of attention he could
direct toward the work. 1In accordance with that suggestion the
apparatus shown in fig. 15 was arranged (o measure this aceuracy. It
differed fundamentally from JasTrRoOW’s automatograph., In his case

* JasTROW, Studies from the University of Wisconsin, Am. Jour. Psych. 1891
IV 308; 1892 Vv 228,
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the pointer was concealed from the person performing the experi-
ment; here the pointer was in full view and every effort was made to
keep it steadily opposite a given mark.

A receiving tambour was fixed to a standard in a horizontal posi-
tion, face upward, so that the lever moved in a vertical plane. A
light pointer eight inches long was attached to the lever. Back of
the tip of this pointer a piece of card-board was fixed in a vertical
position parallel to the plane of the lever. A dot was made on this
card-board just below the end of the pointer. The recording
tambour was adjusted to register the movements of this lever upon
the smoked paper on the drum. An electro-magnetic time-marker
was placed by the side of the recording tambour and connected with
a pendulum which beat seconds.

- Fig. 15,

This apparatus having been arranged in a convenient position, a
person placed his finger on the lever of the receiving tambour and,
with the whole arm free, kept the end of the pointer as steadily as
possible opposite the dot on the paper. It was found impossible to
keep the point exactly opposite the dot; there was a constant vibra-
tion above and below. Within certain limits the movements of the
point increased or decreased inversely with the amount of attention
given to the work.

Figs. 16-19 contain sections cut from the record of one of these
experiments. The upper curve was drawn by the lever of the regis-
tering tambour and shows the vertical movement of the finger. The
heavy broken line was made by the time-marker and each section
represents one second. The fact that some are longer than others
shows that the drum was not turned with uniform speed ; this fact
must be kept in mind while examining the records.

The irregular shape of the curve shows the constant movement
of the finger. In the centre of each of these sections there is a still
greater nrregularity. These disturbances all correspond to disturb-
ances of the attention at the time the record was made.
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A mark shows the point where the disturbance began, the white
mark toward the right marks the point where the disturbanee
ceased.

Fig. 19,

Fig. 16 shows the effect of an accidental distraction, There is
great irregularity just at the time when another person happened to
leave the room, The first half of fig. 17 indicates the effect of a
sound which originated in another room. The distraction scemed
to steady the hand; great irregularity occurs about the time of
return of attention. Fig. 18 shows the effect of the mental subtrac-
tion of 88 from 89. In this case the problem was so simple that
the answer was given immediately, yet the disturbance is very
marked. In fig, 19 the attention was drawn away from the work
in hand by a person walking around the room.

These are only a few of the instances in this one experiment
which show the inability of the mind to resist the smallest influences
even when the will is set resolutely against them. It seems that in
cases where the attention is distracted in a way such as to cause a
tendency to move the eyes or when mental work is being done, the
coutrol of the musecles is uncertain. When the disturbance is a
slight one, such as noticing a noise in another room, the distraction
seems to aid the regularity. This latter case seems to be analogous
to the well-known fact that we can perform numerous actions much
better when only half attending to them.



