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INTERFERENCE IN SHORT-TERM RETENTIOL!.
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The retention of discrete lever movements was examined, with additional
movements of the same lever interpolated in a 12-sec. retention interval.
In Exp. I, the position within the retention interval of one or two interpolated
movements was varied. The absolute error of recall was significantly greater
as the amount of interpolated material increased, and as its position moved

toward the end of the retention interval.

In Exp. II, four types of move-

ments, ranging from a complete active movement to a complete passive
movement, were interpolated. Forgetting was directly related to the amount
of motor output during the retention interval, indicating that the most
important information used to encode a discrete movement is the motor out-

put required to execute it.

Williams, Beaver, Spence, and Rundell
(1969) have shown that retroactive inter-
ference effects can be demonstrated in the
short-term retention of discrete motor
movements. Such movements, however,
may be seen as involving a number of dis-
tinct components, such as the motor out-
put required for the movement or the feed-
back the movement generates. The present
experiments were designed to determine
how much of the total interference effect
is attributable to each of these components.
It can then be argued that the original
movement is encoded in terms of those
components which produce the greatest
interference effects.

ExpERIMENT 1

The original design for an experiment to
compare various interference effects in-
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volved interpolating different movement
components at different positions within
the retention interval. It was first neces-
sary, therefore, to determine whether posi-
tion of interpolation itself had any differ-
ential effect on retention in this situation.

Method

Apparatus.—The apparatus used was the same in
both experiments. Fitted to a right-handed stu-
dent’s desk chair was a lever which could rotate in a
horizontal plane through an angle of 130°. In its
left-most position, the lever was parallel to S’s
frontal plane. It was equipped with an elbow sup-
port and an adjustable vertical bar, which .S gripped
with his hand. In Exp. I, the lever was always
moved by .S. In Exp. II, it was sometimes moved by
means of a bidirectional motor and a clutch. In
either case a brake stopped the lever's movement
when necessary. With the clutch engaged and the
motor on, the arm rotated at 54 rpm, and under
these circumstances a torque of 15 kg.-cm. was suffi-
cient to cause the clutch to slip and the arm to stop
moving. There was a shield over the lever so that .S
was not able to see either the lever or his arm.

Instructions were presented to .S on a cathode-ray
display controlled by a PDP-1 computer. The com-
puter was also used to control the motor power and
direction, the clutch and the brake, and to monitor
the position of the lever.

Design.—FEach S was presented with 96 trials,
comprising eight experimental conditions, six target
angles, and two replications, in a factorial design.
The trials were presented in random order, with the
exception that one replication was completed before
the other was begun. Any difference between the
replications therefore constitutes a practice effect.
The target angles which were used ranged from 15°
to 40° in 5° steps.

A preliminary experiment revealed that the size
of the target angle and the direction of its presenta-
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motor on, the arm rotated at 54 rpm, and under
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was not able to see either the lever or his arm.

Instructions were presented to .S on a cathode-ray
display controlled by a PDP-1 computer. The com-
puter was also used to control the motor power and
direction, the clutch and the brake, and to monitor
the position of the lever.

Design.—Each S was presented with 96 trials,
comprising eight experimental conditions, six target
angles, and two replications, in a factorial design.
The trials were presented in random order, with the
exception that one replication was completed before
the other was begun. Any difference between the
replications. therefore constitutes a practice effect.
The target angles which were used ranged from 15°
to 40° in 5° steps.

A preliminary experiment revealed that the size
of the target angle and the direction of its presenta-
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tion had significant effects on algebraic error, but
none of the interactions involving these factors were
of interest. In the present experiment, the Angles
X Direction of Presentation and Angles X Direc-
tion of Recall interactions were therefore confounded
with the Ss effect. Within each S, each angle was
paired, in a balanced incomplete-block design, with
only one of the four possible combinations of the
two directions of presentation and the two directions
of recall. Across every four Ss, however, all possible
combinations occurred equally often.

The retention interval in this experiment was 12
sec., permitting four interpolated movements, one
in each of four 3-sec. intervals into which the reten-
tion interval was conceptually divided. In each of
the eight different treatment conditions, the reten-
tion interval was filled differently. In Cond. 1, the
retention interval was unfilled. In Cond. 2, 3, and
4, it was filled with just one interpolated movement.
In Cond. 2, this movement occurred in the first
position, i.e., in the first of the four 3-sec. intervals.
In Cond. 3 it occurred equally often in each of the
two middle positions, and in Cond. 4 it occurred in
the last position. In Cond. 5, 6, and 7, two move-
ments occurred in the first two, the middle two, and
the last two positions, respectively. Finally, in
Cond. 8, the retention interval was completely filled
with four interpolated movements. The various
ways in which the retention interval was filled are
shown schematically in Table 1.

The construction of each trial.—For each trial, the
starting point for the target movement was chosen
from within a 90° “working range,” placed in the
center of the lever’s 130° movement range. There
was, therefore, an additional 20° of movement at
either end before the lever struck against the fixed
stops. The starting point for all movements was
chosen randomly, but with the restriction that if
each movement was made accurately the lever would
never move outside the working range.

In Cond. 2 through 8, interfering movements were
interpolated between presentation and recall, each
movement taking approximately 3 sec. The finish-
ing point for each of these movements was chosen
randomly from the working range, with the restric-
tion that each movement should be at least 5° in
extent. The starting position for recall was always
chosen with the restriction that S could not predict
the direction of recall.

Procedure—Each trial, including the first, began
with the display of the word rEsT for 8 sec. During
this period the lever was set to the starting position
for that trial. At the end of this period, the words
GRASP LEVER were displayed for 4 sec., and S was
instructed to rest his arm on the lever at that point.
The words MOVE AND REMEMBER then appeared,
with an arrow beneath them indicating to S the
appropriate direction for him to move. On this
signal, .S moved the lever in the direction of the
arrow until the brake came on.

For Cond. 1, and for the rest portions of the reten-
tion interval in Cond. 2 through 7, the screen re-
mained blank, and S was instructed to keep his arms
still until some instruction appeared. When an

TABLE 1

LOCATION OF THE INTERPOLATED MOVEMENTS
WITHIN THE RETENTION INTERVAL FOR EACH
OF THE TREATMENT CONDITIONS, WITH THE
ASSOCIATED ALGEBR%RROR'AND Its
VARIANCE, EXPERIMENT [

3-sec, intervals
Condi- Algebraic

tion error Variance
ist 2nd 3rd 4th
1 — .92 | 58.98
2 X —1.24 | 61.64
3 X---Xb — .73 | 61.12
4 X 95 | 75.60
5 X X — .16 | 57.16
6 X X — .39 | 65.01
7 X X 12 | 84.68
8 X X X X — .16 | 80.04

Note,—Algebraic error is measured in degrees. i
2 An X indicates the presence of interpolated material.
b Material is divided between these two positions.

interpolated movement was to be presented, a num-
ber and an arrow appeared on the screen at the be-
ginning of the 3-sec. interval. The number repre-
sented the distance in degrees through which .S was
to try and move the lever, while the arrow indicated
the direction. After this display had been on for 1
sec., the word MOVE appeared above it. The .S was
instructed not to move until this appeared. Once S
started moving, the lever’s position was read every
200 msec., and the end of the movement was delined
as having occurred if the lever's position did not
change by more than 2° in any 200-msec. period.
The S was allowed 2 sec. to complete the movement,
making 3 sec. in all for each interpolated event. In-
structions stressed that each movement had to be
made smoothly and deliberately and that corrections
could not be made once S stopped moving.

At the end of the retention interval the word
RECALL was displayed, together with an arrow indi-
cating the direction. This was a signal for S to try
to move the lever through the target angle, 3 sec.
being allowed for him to complete the movement.
Finally, the word REST appeared, which was a signal
for S to take his arm off the lever and rest it in his
lap.

Whenever .S made a mistake by failing to follow
directions, a signal such as WRONG DIRECTION ap-
peared for 2 sec. to indicate the nature of the mis-
take. This was followed by REsT, then by the be-
ginning of the next trial. The aborted trial was then
automatically repeated at the end of an arbitrary
block of trials in which it occurred.

Each S was given two short practice periods. The
first period continued until S had completed five
consecutive trials without any mistakes, such as
moving in the wrong direction. Instructions were
then given on the bonus system, which was 3¢ each
time S reproduced the angle to within +2° of its
correct value. During the second practice period, S
was told after each trial whether or not he had at-
tained the criterion, and the practice ended when he
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F1c. 1. Absolute error as a function of
amount of interpolated material.

had attained it three times, or had completed 10
trials, whichever took longer.

Subjects.—The Ss were 28 right-handed males who
had volunteered to serve in paid experiments. They
were paid at the rate of $1.50 per hour, plus a bonus
based on performance. All were naive to motor-
retention experiments.

Results and Discussion

The dependent variables were the abso-
luté and algebraic errors to the nearest
degree. The experiment involved a total
of 2,688 trials, of which 75, or 2.8, were
missing. Although trials on which .S made
an error were repeated, there were some
occasions when the paper tape was misread,
with the result that an impossible trial
was attempted. In such cases, the program
automatically continued with the next trial.
Since there was no case in which a trial was
missing from both first and second replica-
tions, each missing trial was simply re-
placed with the corresponding value from
the other replication, and the degrees of
freedom were reduced where appropriate.

A four-way analysis of variance was
carried out on the absolute errors, the fac-
tors being Ss, practice, treatment condi-
tions, and angles. The treatment condi-
tions will be discussed below. Although the
practice effect was not significant, the angle
effect was significant, F (5, 135) = 7.30,
f < .001. There were significant interac-
tions of Ss with treatments, F (189, 870)
= 1.39, and of Ss with angles, F (135, 870)
= 3.67, both ps < .01. Thesereflect greater

%
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variability across treatments and angles -

for some Ss than others.

The overall effect of amount of inter-
polated activity is shown in Fig. 1. The
data have been averaged across Cond. 2, 3,
and 4 to give the mean effect for one inter-
polated movement, and across Cond. 5, 6,
and 7 for two movements. The significance
of the effect of number of interpolated
movements was tested with a planned
comparison in which weights of —3, —1,
-1, —1,1, 1, 1, and 3 were used for the
eight treatment means in order. The re-
sults were significant at the 59, level,
F (1, 189) = 6.54, showing a direct in-
crease in absolute error with an increase in
the number of interpolated movements, the
retention interval remaining fixed.

The effect of varying the position of in-
terpolation within the retention interval is
shown in Fig. 2. In order to test this effect,
separate analyses of variance were carried
out for one and for two interpolated move-
ments. There was a significant effect of the
position of the two interpolated movements,
F (2, 54) = 5.51, p < .01, but not for one
movement, F (2, 54) = 1.32. No interac-

tions reached significance in either of these -

analyses.

Since Bilodeau (1966) has suggested that
the variance of errors will increase as a
result of forgetting, the variances associated
with the treatment conditions were ex-
amined and are given in Table 1. It is not
appropriate to carry out a series of pair-
wise F tests on these results, but Cochran’s
C test for homogeneity of variance (Winer,
1962, p. 94) was carried out. For the three
variances involving one interpolated item
(Cond. 2, 3, and 4), C = .38, and for two
items (Cond. 5, 6 and 7), C = .41. Both
of these are significant at p < .05, indi-
cating significantly nonhomogeneous vari-
ances. An examination of the individual
variances indicates that, with the exception
of Cond. 2 and 3, which are almost identical,
there is an increase in the variance of the
recall as the interpolated material moves
toward the end of the retention interval.

No immediate explanation of this is
apparent, but one possibility is that the
closer the interpolated material is to the
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recall, the greater the likelihood of response
competition between the interpolated and
retained movements. If this is so, there
should be some relationship between the
similarity of the interpolated and retained
movements and recall performance. Al-
ternatively, there might be some relation
between the angles recalled and the inter-
fering items, which would be analogous to
finding intrusions in the verbal situation.

These two possibilities were examined
for trials in Cond. 7, where two interpolated
movements appeared at the end of the re-
tention interval. The first possibility was
examined by calculating the regression of
the absolute difference between the angle
presented and each of the two interpolated
angles. In all cases the angle -actually ex-
ecuted was used. The multiple-regression
coefficient was .09, which is not significant,
The second possibility was examined by
calculating the regression of the angle re-
called on the two interpolated angles. The
result was not significant, the coefficient
being .08. Finally, the regression of abso-
lute error on the sizes of the two interpo-
lated angles was calculated, with the aim of
examining the hypothesis that larger inter-
polated angles might produce larger errors,
without regard to the sign of the error. The
regression, with a coefficient of .07, was
again not significant.

ExpErRIMENT ]I

The results of Exp. I suggest that the size
of the interpolated angles does not affect
retention in this situation. Another possi-
bility is that the nature of the interpolated
movement itself has some effect. It is
known that an active movement of the
same general type as that being retained
will cause an increase in forgetting, while
at the other extreme, neither the writing
nor the mental activity involved in an in-
terpolated paper-and-pencil task has any
effect (Williams et al., 1969). The present
experiment examined this dimension by
interpolating movements which involved
various components of the retained move-
ment.

Four components were chosen as being
both tractable and theoretically interesting.
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The first is the preparation or planning of a
movement. Welford (1968, p. 140) sug-
gests that brief movements such as the
present discrete motor movement are
“ballistic,” in that they are initiated and
carried out as a single unit, with .S monitor-
ing feedback only from the beginning and
end of the movement. 7

This preparation component was manip-
ulated by interpolating some items in which
S was given the angle and direction to move
through, but then told poN'T MOVE in-
stead of MOVE. This will be referred to
as a Movement Preparation item. In the
previous experiment, the angle and direc-
tion were displayed for 1 sec. prior to the
MOVE signal. The same applied in this
case, and it was again stressed that .S
should move as quickly as possible if MOVE
appeared. - It is therefore assumed that
when DON'T MOVE appeared, .S used the
prior 1-sec. period to prepare the move-
ment, even though it was not actually
executed. :

The second component was the actual
initiation of the movement, including what-
ever feedback might result from such initia-
tion. The item which involved this com-
ponent, the Movement Initiationitem, also



INTERFERENCE IN THE RETENTION OF DISCRETE MOVEMENTS

involved the first component mentioned
above. In other words, .S was asked to pre-
pare and initiate the movement, but once
he moved 2° fragg the starting point the
apparatus took over and finished moving
his arm through the displayed angle.

In performing both of these interpolated
items, .S was to be exposed for at least 1 sec.
to a display which indicated in degrees the
extent of the movement. If both of these
twoitems are just as detrimental to recall as
the complete movement used in the previous
experiment, the display of this number may
be responsible. The S may transform the
number into his own measure of the extent
of the movement, and this in itself may be
sufficient to affect the retention of the
original item.  The possibility that such an

effect may be important was checked by in-

cluding an item identical to the second,
except for the absence of the number indi-
cating the movement extent. This will be
referred to as a Movement Initiation with-
out Display item. For this item, S was
required to initiate the movement, but he
had no idea how far the machine would
move his arm once it took over.

The final component which was ex-
amined involved all those aspects of the
movement that are not involved in the
initiation and execution by .S. This com-
ponent will be termed the feedback com-
ponent, but it would be best to define it
operationally, in terms of the Passive
Movement item which was used to measure
it. The S saw the angle and direction dis-
play, but at the end of the 1-sec. period the
word RELAX appeared on the screen, and
the apparatus moved S’s arm through the
displayed angle. The .S was therefore sub-
jected to much of the feedback involved in
making the complete movement.

Method

Design.—Details of the design which are not men-
tioned were the same as in Exp. 1. Each .S received
84 trials made up of 7 Conditions X 6 Angles X 2
Replications. The 7 conditions differed only in the
ways in which the retention intervals were filled.
They are as follows: In Cond. 1 there were four
Movement Preparation items; in Cond. 2, four
Movement Initiation items; in Cond. 3, four Move-
ment Initiation without Display items; and in Cond.
4, four Passive Movement items. In Cond. S there

404

were four Active Movement items, exactly as in
Cond. 8 of Exp. I. Cond. 6 was a rest condition in
which the retention interval was unfilled, exactly as
in Cond. 1 of Exp. I. Finally, Cond. 7 was a control
condition in which Active Movement and Movement
Preparation items were mixed in equal numbers.
Without Cond. 7, S would have known that one
Movement Preparation item always indicated that
three more were to come, and he would not have pre-
pared the subsequent movements.
Procedure.—Changes in the procedure from Exp.
I were relevant to the new items used. If .S resisted
during any of the conditions involving passive move-
ment, so that the clutch slipped and the lever did not
reach the finishing point by the time the 3 sec. were
up, the error signal YOU MUST RELAX was displayed.

"A Movement Initiation item was signaled by the

appearance of a diamond around the number indi-
cating the size of the angle, while for a Movement
Initiation without Display item, the diamond ap-
peared, but there was no number inside it

Three practice periods were given, introducing .S
gradually to the various conditions.

Subjects—There were 32 right-handed male Ss
drawn from the same source as for Exp. I. All were
again naive to motor-retention experiments, and
they were given the same base pay and bonus as
before.

Results and Discussion

Of the 2,688 trials, a total of 101, or 3.6%,
were missing because of apparatus failure.
These were estimated, as in Exp. I, by re-
placing each with the corresponding value
from the other replication, and the degrees
of freedom were reduced where appropriate.

In an analysis of variance on the absolute
errors, two of the main effects were sig-
nificant: angles, F (5, 155) = 10.74, p <
.001, and treatment conditions, F (6, 186)
= 2.34,p < .05. The treatment conditions
effect was subjected to an F test, since no
contrasts were planned on the means.
There were two significant interactions: Ss
X Angles, F (155, 829) = 2.06, p < .001,
and Treatment X Angles, F (30, 829)
= 2.78, p < .001, for which the explana-
tions are as previously given. :

An examination of the algebraic errors in
both the experiments indicated that the
same main effects were significant in all the
absolute-error and algebraic-error analyses.
There were many significant interactions
in the algebraic-error analyses, making
interpretation of the main effects difficult.
The angle effects, however, were highly
consistent in both experiments (in each
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case p < .001), and are shown in Table 2.
In each case there is undershooting for the
three largest angles and overshooting for
the three smallest.

Table 3 shows the treatment condition
means for the absolute error. Since the
treatment condition means were not on any
type of scale, and there were no specific
prior hypotheses about their order, pos-
terior comparisons were carried out using
Duncan’s new multiple-range test (Duncan,
1955), the results of which can be sum-
marized schematically as follows: 4162375.

Treatment means not underlined by a

common line differ significantly, the sig-
nificance level being 5%, or better.

It is clear that Cond. 5 (Active Move-
ment) produced recall which is significantly
worse than almost all the other conditions.
The difference between the means for Cond.
3 (Movement Initiation without Display)
and Cond. 5 was .737°, while the difference
required for significance at the 5% level
was .745°. This suggests that Cond. 2 and
3 (the two Movement Initiation condi-
tions), while not significantly different from
each other, have together a significantly
smaller effect than Cond. 5 (Active Move-
ment). Removing from the display of
Cond. 2 (Movement Initiation) the number
which tells S how far he will be moving
clearly has no effect on the results. Simi-
larly, simply asking S to prepare a move-
ment without actually making one has no
significantly detrimental effect on recall.
In fact, both Cond. 1 (Movement Prep-
" aration) and Cond. 4 (Passive Movement)
produced mean errors slightly below that
of Cond. 6 (Rest).

The interpolation of passive movements,
as shown by the results of Cond. 4, ob-

TABLE 2

MEAN ALGEBRAIC ERRORS FOR THE TARGET
ANGLES, EXPERIMENTS I AND 11

Angle
Exp.
15° 20° 25° 30° 35° ‘ 40°
I |2.35(243} .39 | — .81 —2.47 | —3.78
I 250|231 .29 | —2.32 | —3.31 —-3.95

Note.—Algebraic errors are measured in degrees.

A. S. FAUST-ADAMS

TABLE 3

MEAN ABSOLUTE AND ALGEBRAIC ERRORS AND
ALGEBRAIC ERROR VARIANCES FOR THE
TREATMENT CONDITIONS,

EXPERIMEWI .

Treatment condition Atésrg})gte Alggl_:g’?lc Variance
1. Movement prepara-

tion 5.68 — .58 | 52.90
2. Movement initiation | 5.86 —1.01 | 55.87
3. Movement initiation

without display 591 — 49 | 57.79
4. Passive movement 5.60 .57 | 51.98
5. Active movement 6.65 — A5 | 77.27
6. Rest 5.76 —2.60 | 47.35
7. Control 6.17 — .97 | 61.44

Note.—Algebraic errors are measured in degrees.

viously has no detrimental effect on recall.
The kinesthesis generated by these passive
movements would be very similar to the
kinesthetic feedback produced when S
makes an active movement. The fact that
no significant interference was produced by
the passive movement therefore suggests
that under normal circumstances S does
not remember the angle he moves through
in terms of any transformation of the feed-
back it generates. This is in keeping with
physiological evidence indicating that a
response can be learned without kines-
thetic feedback, and that a consistent re-
sponse can be executed without such feed-
back (Lashley, 1917; Laszlo, 1967; Taub,
Bacon, & Berman, 1965).

The variances for the algebraic errors
shown in Table 3 were examined with
Cochran’s test, giving C = .19, p < .0L
The variances are in the same order as the
mean absolute errors, except for Cond. 6
(Rest), which has the smallest variance.

It seems that the important variable
affecting retention is the amount of active
movement made by S during the retention
interval, since only interpolated items in-
volving complete active movements have a
significantly detrimental effect on recall.
Further support for this conclusion is given
by the fact that Cond. 2 and 3 (Movement
Preparation) and Cond. 7 (Control) appear
to produce forgetting which is intermediate
between that produced by Cond. 6 (Rest)
and Cond. 5 (Active Movement). In both
of these conditions there is active move-
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ment, but in each case it is less than in
Cond. 5.

Pepper and Herman (1970) have ex-
amined the questign of what happens to the
trace of a motor act as it is forgotten, direct-
ing their attention to the effects on alge-
braic errors. In a number of studies on the
retention of a movement extent (Adams &
Dijkstra, 1966; Posner, 1967; Stelmach,
1969), Pepper and Herman find a negative
time error, i.e., an undershooting, which
increases with time, a finding which they
account for in terms of a fading trace the-
ory. A second finding with respect to the
algebraic effect is that any interpolated
material tends to result in a more positive
error. The results of the present experi-
ments support this finding. In Exp. I, a
slight undershooting of about 1° is reduced
to zero with interpolated material (.05 <
p < .01, see Table 1). In Exp. II, a mean
algebraic error of about —2.5° is raised to
between —1° and .5° by the interpolation
of any material (p < .05, see Table 3).
Although the large between-S differences
and the many interactions make it quite
clear that these are only average effects,
they appear to be quite consistent. Pepper
and Herman offer an explanation in terms
of the distracting effects of the interpolated
material.

An explanation must also be given, how-
ever, for the increase in absolute error
which is found in this and other studies.
The fact that the increase in absolute error
is accompanied by a variance increase sug-
gests that S is trying to match a trace
which is not only “shrinking” (a less am-
biguous term than ‘fading’), but also
getting dimmer in some sense, so that it is
reproduced less accurately. This sugges-
tion is strongly supported by the effect of
angles on the algebraic error, as shown in
Table 2. The finding that the smaller
amplitudes in a series are overestimated
and the larger ones underestimated is not
new; is was explored at length by Holling-
worth (1909). It is likely that this repre-
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sents a tendency for Ss to err toward the
mean whenever they are in doubt as to the
size of the angle presented, an explanation
which avoids reference to a spatially ex-
tended image. This eflect is obviously
much stronger than any absolute ‘‘shrink-

age.” If it were not, we would expect the

negative time error to be present for each
angle taken separately, and not just for’
the mean of all angles.
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