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The effects of average KR schedule
and decided movement rhythm
on learning of timing

Tadao Ishikura
(ABSTRACT)

The purpose of the study was to examine the effects of average feed-
back length and decided movement rhythm on the acquisition and retention
of timing movement patterns. In this study, the task consisted of
five movement components (submovements): (1) press a starting button,
(2) knock down first barrier, (3) knock down second barrier, (4) knock
third barrier, and (5) press a stop (goal) button. The goal movement time
for the subjects to complete the five submovements was 1200 ms. The sub-
jects were requested to finish the five submovements either with a 300-ms
fixed interval (decided task), or a self-determined interval (free task), be-
tween any two submovements. The subjects were provided either 100% KR,
or 3-trial average KR, or 5-trial average KR, depending on the conditions.
The results indicate that the decided movement rhythm led to a delay in the
acquisition of timing movement patterns. The author claims that the aver-
age of three trials associated with KR after every trial tended to be an ap-
propriate length for the acquisition of timing movement patterns; however,
there is little support from the data.
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1. Purpose

In acquiring motor skills, knowledge of results (KR) is terminal feed-
back provided to the performer after the completion of a response about the
movement outcome in terms of an environmental goal (Adams, 1968, 1971),
such as the overall movement time or spatial deviation from a target. This
information is very important for error detection after a response and to
serve as a basis for error correction on subsequent trials. In this context, a
learner’s performance stabilizes and becomes more accurate through physi-
cal practice. However, it has been indicated that, if the learner received too
much KR, their performance might not be maintained during retention tri-
als. One reason for this is that too high a frequency of KR may lead to a
learner becoming dependent upon that information (Schmidt, 1991a), and
may lead to overcompensation such that a learner will try to correct the er-
rors from the inherent noise process in the neuromuscular system, labeled
as “maladaptive short-term correction” (Schmidt, 1991b). Another reason
for this is that, in the absence of KR, a learner should utilize self-error de-
tection and correction using inner feedback information when practicing.
However, it becomes disadvantageous to the retention of performance if de-
pendency upon KR increases, labeled as “the dependency-producing effects
of feedback” (Schmidt, 1991a).

Summary and average KR is one method of avoiding the phenomenon

of the dependency-producing effects of feedback (e.g., Schmidt, Young,
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Swinnen, & Shapiro, 1989; Schmidt, Lange, & Young, 1990; Schmidt, 1991a;
Yao, Fischman, & Wang, 1994; Guadagnoli, Dornier, & Tandy, 1996).
Generally speaking, with this method, performers are provided with KR
about a set of trials after this set has been completed. Yet, whereas sum-
mary KR involves providing KR about every trial in the set, average KR re-
fers to the average performance on a set of trials. Yao, et al. (1994)
considered the effectiveness of summary feedback and average feedback
methods using a movement timing task which required participants to
move a stylus 40 cm in 500 msec. The effect of different summary lengths
and average lengths of trial were also examined. A summary length and av-
erage length of five trials was found to be most effective with respect to the
retention test. When KR was given after each trial, the learner was given
information regarding the accuracy of performance as external feedback.
As a consequence, the learner was dependent on external feedback and
needed the information to correct their timing. The learner who was given
KR after each trial was less reliant on self-error correction, and this had a
detrimental effect on retention of performance. Conversely, in a summary
or average feedback schedule, since there is less external feedback informa-
tion, a learner seemed to pay more attention to internal feedback such as
muscle sensitivity and timing. As a result, Yao, et al. (1994) concluded that
a learner becomes more sensitive to their own reaction-reproduction feed-
back in a summary or average feedback schedule, and this is advantageous
to retention of performance. Butki & Hoffman (2003) considered the effec-
tive summary length of average KR using a golf putting task. Results
showed that the continuous KR group, who received continuous KR about
ball path and final location, performed better during acquisition, but the
KR-deprived groups, who were deprived of specific KR on 50% or 100% of the

acquisition trials, performed better on delayed retention trials. The results
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of Yao, et al. (1994) and Butki and Hoffman (2003) indicated that the
learner becomes dependent on augmented KR and is unable to use intrinsic
feedback, and that the optimal summary length appears to depend on the
complexity of the task.

Ishikura (2005) used a barrier knock-down task to examine the influ-
ence of length for average KR and task complexity. In addition, they exam-
ined the effects of average knowledge of results on the learning of
movement parameters. In his study, the number of barriers which were
pushed down defined the complexity of the movement. The case where one
barrier was pushed down was set as a simple task, and the case where three
barriers were pushed down was set as a complex task. The results of analy-
sis indicated that, given KR after every trial and given average KR of three
trials, perticipants’ performance was more accurate and more stable than
when they were given average KR of five trials. Note that these results had
high task specificity. According to Henry’s specificity hypothesis (Henry,
1968), it suggested that the number of motor abilities specific to a particu-
lar task is very large, and that the correlation between the abilities to be
learned among similar tasks is nearly zero or at least very low. The move-
ment timing task used by Yao, et al. (1994) and Schmidt, et al. (1989), and
the golf putting task used by Butki & Hoffman (2003) seem to have the
similar task specificity, and internal feedback may be focused on less than
in a barrier knock-down task. Considering these studies, it may be that the
advantageous effects of the average KR method depend on task specificity.

The present study took into account task difficulty and examined its
relationship with the summary length for average KR. In addition, effects
of average KR on the learning of movement parameters were examined. In
this study, a barrier knock-down task was used (see Fig. 1 below). The dif-

ficulty of the movement was defined in term of the decided movement



The average KR schedule and decided movement rhythm

on learning of timing 75
S Time counter

— — —
> Starting v
position I:l
. Goal button
subject
— —

Figure 1. The barrier knock down task: the free task required a partici-
pant to knock down three barriers and press the goal button
1200 msec after pressing the start button. The decided task re-
quired the participant to knock down three barriers at 300 msec
intervals.

rhythm required by a participant to knock down three barriers at 300 msec
intervals. The case where three barriers were pushed down with partici-
pant’s own rhythm was set as a free rhythm, and the case where three bar-
riers were pushed down with decided time was set as a decided rhythm. If
the phenomenon of the dependency-producing effects of feedback was ex-
amined by learning of timing, it would be expected that the influence of av-
erage KR length and task difficulty would appear as a learning effect. That
is, as a result of comparing the decided rhythm with the free rhythm, it
was expected that the error in the movement would be larger, and that the
learning effect of a parameter would not be predictable. On the other hand,
it was expected that the summary length most advantageous to learning
with the free rhythm would be longer than for the decided rhythm.
Moreover, if it could be assumed that a learner’s own reaction-correction
feedback process is activated during skill acquisition, a learner’s capability
for error detection and correction would be increased (Schmidt & White,

1972; Newell, 1976; Newell & Shapiro, 1976; McCracken & Stelmach, 1977).
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It was expected that the estimated movement time for performance after a
trial would coincide with movement time, and that the difference between
the estimated time (trial n) of performance after trial and the target time
would coincide with the difference between the next performance time (trial

n+1) and performance time (trial n) (Blandin & Proteau, 2000).
II. Method

Subjects We asked the participants before an experiment started which
hand they would use. Individuals self-reporting right-handedness were
scheduled as participants. The subjects who participated in this experiment
were 72 university students (36 men, 36 women; M = 20.00, SD = 1.56).
The subjects had no experience with learning this experimental task before.
A task and apparatus  The apparatus (made by the Shin-Osaka com-
pany) is illustrated in Figure 1. It consisted of six wooden barriers (10 cm
x 8 ecm), a start button, and a goal button. The start button, the goal but-
ton, and the six wooden barriers were connected to a digital timer.
Microswitches were set in the bottom of the six wooden barriers, and the
mechanism was such that the time counter stopped as soon as a wooden
barrier inclined. The goal button was located 46 cm opposite the start but-
ton. Three wooden barriers had been arranged on both sides of the axis be-
tween the start button and the goal button, which were 40 ecm apart. The
three barriers on each side were set at intervals of 10 em, respectively.
The subject was requested for the timing task, to push a goal button
exactly 1200 msec after pushing a start button. Furthermore, after pushing
the start button, a subject was required to knock down three barriers be-
fore pushing the goal button (from No. 1 barrier to No. 3 barrier in Fig 1).
Procedures and experimental groups The subjects were divided into six

groups by two tasks (free task / divided task) x three experimental groups
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Pre-test
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v

No KR

Practice phase
60 trials (6 blocks)

v

Post-test
10 trials
v
Retention test 1 | 10 min after the last
0 trials trial of post-test
L)
Retention test 2 | 24 hours after the last
10 trials trial of post-test
No AR

Figure 2. Experimental procedure.

(100% KR / Avg 3 / Avg 5). Each group numbered 12 people (6 men and 6
women). Each subject participated in five experimental phases (see Fig 2).
The subjects of the 100% KR group were informed of the time it took them
to push the goal button after pushing the start button immediately after
each trial as feedback information. The average time for 3 trials was given
to the subjects of the Average 3 group as feedback information every third
trial. In the Average 5 groups, the average time of 5 trials was given to the
subject every fifth trial. In addition, the subjects in the decided task were
asked to push down three barriers, one every 300 msec. On the other hand,
the subjects in the free task were required to push down three barriers with
their own free time interval.

After explaining the procedure and task of the experiment to each sub-
ject, all the subjects took a pre-test of 10 trials which did not affect the KR

score. Each subject was requested to estimate the time spent on
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performance at this time. Next, the physical practice phase of 60 trials was
taken. At this time, one type of KR was explained to the subject orally.
Therefore, in the physical practice phase, KR was given 60 times to the 100%
KR group, and the 20 times to the subjects of the Average 3 group, and 12
times to the subjects of the Average 5 group. KR was shown in whole msec.
The immediate test was started immediately after the 60th trial of a physi-
cal practice phase. Retention test 1 was taken 10 minutes after the immedi-
ate test was finished. Then, retention test 2 was taken 24 hours after that.
The transfer test was taken after the immediate test and the retention tests
1 and 2. In the transfer test, although the barriers were pushed down in the
same movement patterns as the previous tasks, the subjects were requested
to push the goal button only 1000 msec after pushing the start button. An
immediate transfer test, the retention transfer test 1 and 2, and the reten-
tion tests 1 and 2 followed the same schedule as the pre-test (performance
and time estimate of 10 trials without KR), respectively.

Dependent variables The data for 60 trials in the physical practice
phase was summarized into blocks of ten trials. In order to evaluate the
performance result of each test, the absolute constant error (ICEl) and the
variable error (VE) were chosen as dependent variables. To consider the
mechanism of error detection, the correlation was calculated between the
Movement Time and the Estimated Movement Time on trial n. Positive
high correlation suggested that a subject’s Estimated Movement Time was
correct. The estimation error, the difference between the Estimated
Movement Time and the target Movement Time (i.e., 1200 msec) was calcu-
lated on trial n. The actual correction is the difference of Movement Time
on trial n+1 and Movement Time on trial n. This measure indicates the size
and the direction of the correction currently made to the next trial from the

previous trial. Second, the correlation produced between the bias in
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estimation error and the actual correction was calculated. The negative
high correlation suggested that a subject’s estimation was used for per-
formance correction (Blandin & Proteau, 2000). To analyze all correlation
scores, Fisher’s r to Z transformation was calculated, and these were used
as the dependent variables which contain information on error detection
and the correction mechanism.

Data Analysis A one-way analysis of variance (ANOVA), a two-way
analysis of variance (ANOVA) with repeated measures on the last vari-
ables, and a three-way analysis of variance (ANOV A) with repeated meas-
ures on the last variables were used to consider the differences of ICEl and
VE, and the score of error detection and correction. All significant effects
are reported at p< .05. Post hoc comparisons of the means used the Tukey

HSD technique.
II1. Results

Analysis of variance (ANOVA) was employed.
Analysis of a physical practice phase The ICEl and the VE for each
group were computed. To consider the acquisition level of a physical prac-
tice phase, three-way analysis of variance (ANOVA) with repeated meas-
ures on the last variable by 2 (task) x 3 (feedback condition) x 6 (block)
was employed. For ICEl (Table 1), the analysis indicated the significant
main effects of task (F, ¢ = 164.33, p < .001), feedback condition (F ¢ =
13.43, p < .001), and block (F, s = 41.51, p < .001). The results of post hoc
comparisons indicated that the mean of ICEl on the free task was signifi-
cantly less than that on the decided task, and that the mean of Avg 5 was
more than that of 100% KR and Avg 3. Blocks 1 and 2 had a significantly
larger timing errors than blocks 4 to 6. Moreover, the interaction between

feedback condition and block was significant (Fi, s = 10.71, p <. 001). The
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results of post hoc comparisons indicated that Avg 5 performed more er-
rors than 100% KR and Avg 3 on blocks 1 to 4, and that a significant change
was not observed by ICEl of 100% KR. For VE (Table 2), the results of
analysis showed that the main effect of feedback condition (F & = 3.48, p
< .05), and block (F} s = 34.73, p < .001) was significant. The mean for
100% KR was significantly less than that for Avg 5. The block main effect

Table 1 Each group’s mean and standard deviation of ICE/l on each test

Experimental phase
Feeg]?:jwk Pre Block IT* Retention ITT* RTT*
condition test 1 2 3 4 5 6 Test 1 Test2 1 2
Free Task

100% KR M 2250 678 358 256 290 283 253 336 853 1260 495 673 980
SD 1639 773 232 183 275 219 168 273 634 1375 442 578 944
Average3 M 2949 1206 364 302 256 183 17.1 446 1033 1009 588 739 655
SD 2254 958 255 209 194 138 86 312 651 497 330 595 479
Average5 M 3173 2575 959 668 644 421 379 456 919 1089 60.1 414 624
SD 189.2 1594 878 493 390 312 279 336 503 582 374 345 444
Decided Task
100% KR M 2623 989 769 604 594 771 626 708 870 1338 959 924 1014
SD 1656 959 694 510 541 661 604 609 788 1043 56.1 658 83.2
Average3 M 3223 1335 567 610 586 593 538 587 886 1096 794 674 845
SD 2093 1540 585 479 506 648 503 492 641 975 594 649 652
Average 5 M 401.1 3430 1900 1255 996 726 549 577 755 1086 756 715 61.2
SD 2306 170.2 1816 1145 944 434 364 292 843 61.7 624 408 379

*IT = Immediate test, ITT = Immediate transfer test, RTT = Retention transfer test.

Table 2 FEach group’s mean and standard deviation of VE on each test

- Experimental phase

E eefl;?ck Pre Block IT* _ Retention  ITT* RTT*
condition test 1 B 3 4 5 6 Test 1 Test2 1 2
Free Task

100% KR M 734 998 510 534 450 412 483 429 514 529 457 380 445
SD 300 515 108 199 127 166 125 121 109 414 184 104 285
Average3 M 1430 1117 550 634 550 521 498 424 550 57.0 556 466 334
SD 763 601 221 138 150 140 201 91 176 225 240 168 6.1
Average5 M 975 1408 711 916 700 674 580 584 674 693 547 566 61.0
SD 378 830 227 589 299 301 182 193 199 303 199 255 276
Decided Task
100% KR M 1112 900 70.1 794 799 688 590 516 621 603 465 487 505
SD 626 436 313 335 194 277 214 204 392 218 182 143 235
Average3 M 990 1229 783 714 734 585 604 480 528 59.7 459 482 481
SD 356 623 265 187 361 228 236 145 141 154 104 180 172
Average5 M 993 1128 879 712 634 662 603 492 581 610 435 386 401
SD 565 447 339 239 262 246 259 199 232 255 140 140 152

*[T = Immediate test, ITT = Immediate transfer test, RTT = Retention transfer test.
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indicated that the means for blocks 1 to 3 were larger than these for blocks
5 and 6.

From these results of analysis of the data of the physical practice

phase, it could be seen that the free task led to a more accurate performance
than the decided task. On the other hand, it was indicated that the learners
in each condition performed with more stability. Specifically, 100% KR
showed more accurate and more stable performance during the physical
practice phase.
Analysis of retention tests To assess the learning effects of physical
practice, a 2 x 3 x 3 (task x feedback condition x immediate test and two re-
tention tests) ANOVA was used with repeated measures on the last vari-
able. The main effect of the last variable was significant on ICEl (Fy, 1 =
25.54, p < .001). The results of post hoc comparisons showed that the mean
of the immediate test was the lowest of any test, and that the mean of re-
tention test 2 was the highest of any test (Table 1). For VE (Table 2), the
main effect of the last variable was significant (/, 2 = 6.39, p < .05). The
mean of the immediate test was less than that of retention tests 1 and 2, as
seen by the results of the post hoc comparisons.

These results of the retention tests showed that there were no group on
task differences. However, it was indicated that a learner’s performance be-
came inaccurate and unstable with the progress of time after physical prac-
tice.

Analysis of transfer tests To assess the effects of learning of movement
parameterization over physical practice, we submitted dependent variables
for the transfer tests to a 2 (task) x 3 (feedback condition) x 3 (transfer
tests) ANOVA with repeated measures on the last variables. There were no
significant main effects and interactions on ICEl (Table 1). The VE (Table

2) indicated that the interaction between task and feedback condition was
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significant (I ¢ = 4.78, p < .05). The results of post hoc comparisons
showed that the mean of 100% KR was less than that of Avg 5 on the free
task, and the mean of the decided task was less than that of the free task on
Avg 5.

The results of analysis of transfer tests showed that a learner who was
given feedback after each trial performed with more stability than a learner
who was given the average time of three trials on the free task, and that
performance of the free task was more stable than that of the decided task
for Avg 5.

Analysis of error detection and error correction To consider the mecha-
nism of error detection and correction by physical practice, two correlation

scores were computed. Then Fisher’s r to Z’ transformation was performed

Table 3 Mean coefficient and standard deviation of correlation between es-
timated and objective error in movement parameterization

Free Task Decided Task
100% KR Average 3 Average 5 100% KR Average 3 Average 5

Experimental Phase

Pre test

M .16 .23 19 19 .16 .28

SD 19 19 .18 .28 .29 .25
Immediate Test

M .10 .09 21 .15 1 12

SD 24 .16 24 .20 .18 29
Retention test 1

M 24 17 .28 15 24 21

SD .18 21 .15 a1 19 11
Retention test 2

M 29 14 18 24 .30 22

SD .20 .20 22 .25 .16 .20
Immediate transfer test

M 2.09 1.86 224 1.36 1.35 1.61

SD 1.59 2.39 2.18 .95 1.23 1.65
Retention transfer test 1

M 1.18 1.97 1.85 1.34 1.59 1.09

SD .96 1.08 1.74 1.15 1.05 .81
Retention transfer test 2

M 117 1.39 1.57 1.55 1.00 2.39

SD 98 97 96 1.95 69 2.92

Note.-Score: after r to Z' transformation.
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to analyze all correlation scores (Table 3 and 4).

To assess the effects of physical practice, data collected on the pretest
and immediate test were analyzed with a 2 (task) x 3 (feedback condition)
x 3 (test) ANOVA with repeated measures on the last variable. For the
error detection mechanism (Table 3), the analysis indicated the main effect
of the test (I, ¢ = 4.50, p < .05), and the results of post hoc comparisons
indicated that the scores of the pretest were higher than that on the imme-
diate test. For the actual correction (Table 4), there were no significant
main effects or interactions.

To assess the retention tests, dependent variables for the error detec-
tion and correction were submitted to a 2 (task) x 3 (feedback condition) x

3 (test) ANOVA with repeated measures on the last variable. For the error

Table 4 Mean coefficient and standard deviation of correction between esti-
mated error and effective correction of movement parameterization
on the following trial

Free Task Decided Task
100% KR Average 3 Average 5 100% KR Average 3 Average 5

Experimental Phase

Pre test

M -.14 -.29 -.14 -.20 -.04 -.22

SD .21 15 16 .26 .26 21
Immediate Test

M -12 -12 -18 -13 -.04 -10

SD 13 .20 .23 .18 .25 .26
Retention test 1

M -10 -.05 -25 -17 -.15 -15

SD 17 .25 16 13 .29 15
Retention test 2

M -.34 -.20 -18 -23 -.15 -12

SD .25 .16 27 23 .23 24
Immediate transfer test

M .25 .34 27 42 .32 42

SD .24 .25 1 43 19 40
Retention transfer test 1

M 51 .38 27 40 .35 1.08

SD .51 .28 a1 44 14 2.20
Retention transfer test 2

M .54 .27 .25 42 43 44

SD .32 .22 12 .26 .32 .39

Note.-Score: after r to Z' transformation.
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detection mechanism (Table 3), the main effect of the test was significant
(F,, 13 = 6.96, p < .001), and the results of post hoc comparisons indicated
that the score of the immediate test was less than that of retention tests 1
and 2. For the actual correction (Table 4), the main effect of the test was
significant (Fy 12 = 4.48, p <.05). The score of the immediate test was sig-
nificantly more than that of retention test 2 from the results of post hoc
comparisons.

To assess the effects of learning movement parameterization over
physical practice, we submitted dependent variables for the transfer test to
a 2 x 3 x 3 (task x feedback condition x transfer tests) ANOVA with re-
peated measures on the last variable. The results showed that there were no
significant main effects or interactions on the score of both dependent vari-

ables.
IV. Discussion

In this study, the influences of length for average KR and task diffi-
culty using a barrier knock-down task (see Fig. 1) were examined. In addi-
tion, the effects of average KR on the learning of movement parameters
were studied.

The results were as follows: (1) through the physical practice phase,
each group’s performance, especially 100% KR, became more stable. On the
other hand, the free task led to more accurate performance than the decided
task; (2) There were no group differences and task differences with the
learning effects of physical practice; (3) In learning the movement parame-
ter, the free task led to more stabilized performance than the decided task
on the Avg 5 group, and the 100% KR led to more stabilized performance
than the Avg 3 group; (4) From the results of analysis of error detection

and error correction, there were no differences in mean error detection and
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error correction among six groups.

The results of this experiment indicated that all subjects’ performance
became more accurate and more stable, this tendency especially appeared on
the acquisition phase of the free task. However, task effects and feedback
effects were not clear from the results of the retention phase analysis and
the analysis of the relationship between estimated movement time and
movement time. This suggests that the effects of the average feedback
method were not apparent when the timing task became more difficult.
Therefore, the results showed in this experiment did not support the results
of Schmidt, et al. (1989), Yao, et al. (1994), and Butki and Hoffman (2003).
One possible explanation is that the task specificity in the present study led
to these results because internal feedback information is required more in
a barrier knock-down task than in the task used by Schmidt, et al. (1989),
Yao, et al. (1994), and Butki and Hoffman (2003). Wulf and Shea (2002)
pointed out that, in attempts to improve performance, the performer has to
rely on sources of intrinsic feedback, because of the likelihood of the learner
becoming dependent on the extrinsic feedback and neglecting the process-
ing of intrinsic feedback is reduced if task become more complex or diffi-

cult.
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