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ABSTRACT

The present research examined the Effectraodr detection and time of decision making foruest feedback in
self-controlled conditions acquisition and retentiof Breaststroke. For this purpose, seventy fiudents studying
at Lahijan University were randomly divided intedigroups: teacher-controlled (TC), self-controlleefore (SCB),
self-controlled before with error detection (SCB+EDRelf-controlled after (SCA) and self-controllafter with
error detection (SCA+ED). The learners participatéa the pre-test, acquisition phase and retenti@st.t
Acquisition phase consisted of two sessions withla€ks of six trials; this was done separately dach segment
involving the Arm stroke, Leg kick and Coordinatiportions. For each segment of the retention testrners
participated in the test 48 hours after the sectrathing session. Data were analyzed by repeatedsomes and a 2
x 2 (time of decision making and error detectioMi@VA. Findings showed that the SCA and SCA+ED goup
performed better than the other groups. Furthermaie of the self-controlled groups, except for S@RBhibited
better performance than the TC group on the retentest. It can be concluded that the deciding tiondeedback
with the estimated error before receiving the dedeahfeedback resulted in better learning and rébent

Keywords. Self controlled, error detection, retention, leagjidecision making

INTRODUCTION

Over the years, researchers have examined thefraleggmented feedback on learning [16, 20, 21)viBus studies
showed that self-controlled learning has benefi@éfiects on learning processes. Therefore, therdittle
disagreement that learner-control practice is drtbemost important variables for motor learni2y) Researchers
have recently begun to examine the effects of cmitrol feedback on motor learning [12, 27]. It Hasen
demonstrated that self-controlled learning has @ ibipact on the effectiveness of practice [27]. et
investigation about the effectiveness of giving-sehtrolled feedback for motor learning was Titzestudy [26].
Another initiator study determined that one wagmhance the effectiveness of feedback is by pengittarners to
decide when they want to receive feedback compuaitid the yoked group (in the yoked group, eachregr
receives the same feedback schedule as a memlibe afelf-controlled group. Therefore, the amourd #me
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schedule of feedback received are same for botipgrahe only difference is that one group decttiesorder and
amount of feedback individually) [13]. Other resdarstudies found more advantages from learner-cibexdr

feedback during learning a timing task [27]. Furthere, a study demonstrated that allowing partitipdo choose
when they can use physical assistance devicesiskihsimulator task produced responses that werias to the

yoked condition [7].

Another topic related to self-controlled feedbaskhie amount of feedback and the reduction of faeklfrequency.
It has been suggested that KR (knowledge of regedidback) is used for motor learning in two wagg:a learner
needs KR to test a hypothesis about the correctobsbe previous response, and (b) each testepdnse
hypothesis" contributes to a better memory of tieaponse [16, 23]. Therefore, after finishing altrihe learner
will estimate how much success has been achieveeh,Tthe learner will assess the amount of coresstof the
estimation by comparing with the received KR. Frims comparison, a response hypothesis was deforethe
succeeding response [10]. Previous researchersdemenstrated that when participants were requoezbtimate
response errors during acquisition performancey greduced better retention performance than ppatits who
did not estimate the errors [1, 24].

The consensus is that a small amount of feedblaclite&KR is necessary for learning of a new skib,[19] that
would guide the upcoming responses. However, if partitipaeceive a high KR frequency during acquisititiey
fail to use additional memory processes that isoigmt for learning; this is referred to the "guida hypothesis"
[18, 21]. In contrast, when participants were pded with a lower KR frequency, it encouraged thenbécome
involved in additional learning processes (e.geyttvere able to detect the errors and amend theheiabsence of
feedback) and this, in turn, promoted memory dgwalent [10]. To investigate this prediction, resbars used
different plans for giving KR with variable frequaes. For example, they reduced or delayed the t€Rukency
with average feedback [28] or summary feedback;[48ine of them showed that a reduction in frequeasylted
in better performance [10]. Adams noted that whesn KR presentation was postponed, the learner Wigsta
strengthen only that which was learned from theiptes responses with KR [1].

In self-controlled practice, the learner receisggduced or delayed feedback that is more effeftir the learning
process. Regarding the benefits of self-controlistiback, one reason for this phenomenon is thetibmof self
control as a portion of self regulation that hagrbgreviously discussed in the verbal and cogniteaning
domains [4, 17, and 29]. It has been assumed thistself regulation promotes deeper processingetsvant
information because it augments the ability to detad correct errors [5]. Also, it has been sutggkthat giving
learners the control of practice regimen might éase their motivation [2], thereby promoting the wd self-
regulation strategies and encouraging the leatoeike charge of the learning process [9, 14]eOitivestigations
suggested that self-controlled feedback encourkaggrers to explore different movement strategresiamay be
more tailored to the learner's needs, relative obeg conditions [6, 27]. Recently, researchers hia@eome
interested in investigating the effects of selficoled feedback demonstrations with requestingteebr after the
trial. However, if an advantage of self-controlfegdback is that learners receive feedback whenwaat, and if
this preference is a function of their performaitea given trial, the learning benefits should lbeater if learners
can make a decision after, rather than beforerthe When learners have to decide before the, ttady do not
know what the outcome will be or whether they wied feedback. As mentioned before, learners withr e
detection after the trial perform better in retentirials than learners who do not estimate theire [24]. One
explanation is that error detection requires piguicts to create a “response hypothesis” aboypténdous response
and encourages them to use additional memory esd49]. This permits them to use the KR to testresponse
hypothesis [10]. Furthermore, the “stability hypedis” recommended by Lai et al. (2000) proposetdbaditions
that promote inter-trial response stability willhemce the learning [15]. Also it is noted that taigancement may
be caused by various manipulations like self-cdletio feedback and/or request-detecting errors aad c
subsequently be corrected [3].

According to the above arguments and as recommeind@tiviacowsky & Wulf's research [7], the mainrpose
of this study was to determine whether the effemftistime of decision making in self-controlled feedhk
(demanding feedback before or after performingad)twas congruent with error detection (with orthvaut error
reporting) in learning a complex task.
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MATERIALSAND METHODS

Participants:

Seventy five undergraduate students (age: 21 ¥&aps old) participated in the experiment. Inforncedsent was
obtained from all participants. None of them hadrb&ied the breaststroke, and anyone could floagaf least 1
minute on the water’s surface.

Apparatus and task:

Two video cameras (Model: Sony HVR-V1P, Japan) wesed; one moved on a railway and recorded the
movement from the next, to the learner and therotlas fixed in front of the learner (0.2 meters\abthe water’s
surface) at the edge of the pool. Three profeskiswanming coaches who had taught swimming counséhé
kinesiology department were recruited to preparehecklist of the details of the breaststroke anores¢hem.
Afterward, eight persons recruited for a pilot stud preview the reliability of the scoring proceduand the
checklist (using the interclass correlation coédfit). Then we divided the breaststroke into thresn segments
(Hand (Armstroke), Leg (Leg kick) and CoordinatioA} first, learners participated in the pre-tesfdse starting
the actual trial. Afterward, in the training phdsequisition), participants trained for 2 sessiaith 10 blocks each
in 6 trials; this was done separately for each sgninvolving the Hand (Armstroke), Leg (Leg kickhd
Coordination portions (second training session kad 24 hours after the first training session)eyrheld a kick-
board between their hips during the Hand movenserd, caught it between their palms during the Legemeent.
The rest time was 90 seconds between blocks. #tt fire asked learners to read the scaling tablaifiQtes before
we started teaching the related movement. Themtamational swimming coach showed participanesgkill for
the related segment (2 blocks x 6 trials) and aratbach described the main details simultaneoédtgrward, all
of the acquisition tests were given based on thitintions immediately after the last trial of gv&naining session.
To learn the Hand and Leg movements, the trainerg wold to focus on the Propulsion and RecovesBs. For
the Coordination segment, the trainers focused mpusion (fluency of movement), Efficiency of Arbeg
pressure and relative timing. For the Hand (Armstjand Coordination segments, the highest scosel®and the
lowest was zero. For the Leg segment (Leg kiclg), hlghest score was 24 and the lowest was zeredBas the
coaches scaling, the importance of three segmente wcored equally. Because the details of the Hartl
Coordination segments consisted of three scaledsitend the values were similar to the Leg segntbatscores
multiplied by two (x 2) to prevent errors in evaioa of the Hand and Coordination segments. Theeefthe
highest score for the Hand and Coordination wag124x 2) and the lowest was zero. For each seguietite
retention test, learners participated in the t8ghdurs after the second training session. Thernestved 2 blocks x
6 trials. All of the trials and tests were recordgdvideo camera, and evaluated and scored byhtke swimming
coaches already mentioned (every trial during th&ing and retention tests included one movementefich
particular segment).

Procedure:

Participants were randomly divided into five groughe teacher-controlled (TC) group received 30&gdBack in an
interval manner, as used in the Chiviacowsky & Wailidy [7]. Also, some researchers reported thathbst

performance in retention tests was 33% frequendgeaxdback [9]. The other four groups were self-palgd before

(SCB), self-controlled before with error detecti@®CB-ED), self-controlled after (SCA), and self-tmfed after

with error detection (SCA-ED). Participants in a#lf-controlled groups were informed that they walde to

control when they received feedback. The only ktinin was that they had to request feedback on Bdfials.

They were also informed that they eventually wolidde to do the tasks without receiving feedbackhin SCB

group, participants decided to receive feedbackuabimat performance before starting it. Howeverthia SCA

group, they decided to receive feedback afterHinig the trial, as in previous studies [7, 12]. Betror detection
(+ED) groups were asked to estimate scores of tpes®rmances before receiving any augmented feddbg

watching one round of those movements in slow matiat was recorded from the last 6 trials; this Wane after
10 seconds of finishing that block, forcing them dcore those performances within 60 seconds (afftier

estimation, the teacher was giving them the feddba80 seconds remaining). This error estimati@s wequested
only during blocks where the learner asked for feet.

To score the segments, we used rating scales vatloies (0 to 4) as mentioned in Thomas et alTlis scoring
was based on the segment that was being taughfinghecore that was used for the assessmentheaaverage of
the trials recorded by three observers (coaches) vélp of the videotape in each evaluation blquieest, at the
end of day 1 and also day 2 of training and indékayed-retention test). To assess the validityratidbility of the
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procedure, the experiment was first done with egghtjects who were divided into the same experiaiegroups,
and the results were evaluated as part of a filotysusing the interclass correlation coefficiant 0.88).

Statistical analysis

To assess the level of performance in the acquiisfthase in 5 (groups) x 2 training sessions, e as analyses
of variance with repeated measures and a 2 x 2 (6fndecision making and error detection) ANOVA &t
retention tests. Also descriptive analyses (me&@EM) were used to determine the average of perfoces To
quantify the results, we used the mean of scoremded by three observers from two videos recoatatifferent
places

RESULTS

Acquisition:
Average scores recorded in trainings were usedssess performance improvement. As described befoze,
analyzed the results of three segments (Hand, &abCoordination).

The Hand segment:

As shown in Figure 1, there was an improvementéscores produced by the groups as the trainogygssed. In
the first session, the differences between avesmgdes of the SCA-ED, SCA and SCB-ED groups were no
significant. Whereas performances of the SCB andyid@ips were weaker at the end of the acquisitenog. In

the second session, it was a significant differdmesveen the SCA-ED and other groupg4, 70) = 119.2p <
0.05. Performance of the SCB and TC groups waséhee, whereas there were significant differencésdsn
these two groups with the three othérg4, 70) = 47.9p < 0.05 and- (4, 70) = 20.58p < 0.05 respectively).

2.7 1
- —e— TC
& 2.2 1
c 2 --m--SCB
ﬁ —-a—- SCB+ED

1.7 4
©
% —e— SCA
T 124
< - 4 - SCA+ED
)
s 0.74
)

0.2 L] L] 1

Pre-test First session Second session
Group

Figure 1. Effectsof different feedback on Hand performance during the training period.

The Leg Segment:

As shown in Figure 2, the best performance atitise $ession was demonstrated by the SCA-ED grohere was
no significant difference between the TC and SCBupgs. Also, at the end of acquisition, SCA-ED mermabe
performed besf; (4, 70)= 40.90,p < 0.05 and the worst scores were produced by tharidCSCB groups.
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Figure 2. Effects of different feedback on Foot performance during thetraining period.

The Coordination Segment:

As shown in Figure 3, there was a significant défece between the SCA and SCA-ED groups with theetbther
groups F (4, 70) = 29.8p < 0.05 andr (4, 70) = 38.14p < 0.05, respectively] in the first session. In gezond
session, the SCA-ED group had the best scoresjtamds significantly different from the other graupn all
segments, there was a clear increase in the sdoriegy both the training and trial sessions, big thicrease had the
different levels.

2.7 4
<
(0] 2.2 1 —e— TC
£
L% 17 —-m--SCB
) .
_ . —-a—- SCB+ED
c ’ P Az‘/’
= 1.2 4 e - -
et - o % - —e—SCA
(] Ry ;—; —
B 074 - - 4 -SCA+ED
0.2 T T .
Pre-test First session Second session

Group
Figure 3. Effects of different feedback on Coordination performance during thetraining period.

Total acquisition (average of three segments):

In each segment, there were differences betweeprtirgest, and both the first and second sessioeadch group
(Figure 4). In the TC group, there was a signiftadifference F (4, 70) = 20.71p < 0.05] between the pre-test from
the first and second sessions, where0.05. In the SCB group, there was significaffedence F (4, 70)= 12.25,p

< 0.05, between the pre-test from the first andsdcsessiony) < 0.05, and also between the first session and
second session, whepe< 0.05. In SCB-ED, significant differences wereridJF (4, 70) = 58.19] between pre-test
from the first and second sessions, where0.05. Finally, in the SCA and SCA-ED groups, thefere significant
differences F (4, 70) = 73.71p < 0.05 & F (4, 70) = 129.57p < 0.05] between the pre-test and both first and
second sessions and also between the first semsibtihe second sessiq@x: 0.05.
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Figure 4. Differences between total (aver age of three segments) scores during the acquisition and retention periods.

In the pre-test, as shown in Figure 5, there wearesignificant differences between the groups. Dutine first
session, there were significant differendeq4, 70) = 23.05p < 0.05, between the TC and all the SCB-ED<(
0.05), SCA, p < 0.05), and SCA-EDp(< 0.05) groups. The SCB score was significantlfedént from SCB-EDf
< 0.05), SCA f < 0.05) and SCA-EDp(< 0.05) groups. The SCB-ED score was also diffefiemh the SCA-ED
score p < 0.05). During the second session (Figure 5).etlveere significant differences [(4, 70)= 14.41,p <
0.05] between TC and all the SCB-ED, SCA and SCAgt@ups, wherg < 0.05 for all groups. Also significant
differences were shown between SCB-ED with SCA 8Gd\-ED, p < 0.05 for all. All groups demonstrated an
increase in overall scores as the training periagjiessed. As shown in Figures. 1-3, performangethé® SCA
groups were better than others. Also, the SCB-EiPeswas not significantly different from either S@ASCA-ED

group.
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Figure 5. Differ ences between total (aver age of thr ee segments) scores during the acquisition and retention periods of every test.

Retention:

The retention test was done 2 days after the trgipieriod. As shown in Figure 4, in the TC groupréhwas a
significant difference between the pre-test andntibn test§ < 0.05). In the SCB group, there were significant
differences between the retention test and theagatesame as the first session result, wpeted.05 for both. Also,
significant differences were found between thentia test and the pre-tegp, € 0.05) in the SCB-ED group. In the
SCA group, there was a significant difference betwé¢he retention test and both the pre-test, aadsétond
session resultg < 0.05. In the SCA-ED group, the significant difece was seen between the retention test and
both the pre-test, and the second session repuit® 05).
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Comparison between retention tests:

Significant differences were found (Figure 5) il tietention tests between the group§4], 70) = 28.78p < 0.05].
There were significant differences in scores betwbe TC and all the SCB-ED, SCA and SCA-ED, SCB#i
SCA-ED groups, and also between SCB and TC grqugd)(05 for all). The SCA had higher scores thanSto®
group; although, the SCB-ED group was not signifiadifferent from the SCA-ED group.

DISCUSSION AND CONCLUSION

All self-controlled groups, except for the SCB gopperformed better than the TC group. Giving leesrdifferent
control of the practice regimen (e.g. self-congdIfeedback or error detection) might increase thetivation [2].
This may promote the use of self-regulation stigtefl4] and encourage participants to take chafgearning
process [5] or explore different movement strate{@?].

According to the acquisition period, the best penfance was observed in the second session ratreirttthe first
session or the pre-test. This confirms "the pragjoesof training” [9] and supports the “guidancepbthesis”,
which describes the important role of feedbackdoiding the performer to the correct movement f§o, this
increase in performance confirms the “stability diyesis” proposed that inter-trial response stigbihould
increase learning [17]. Another suggestion is thatsignificant difference between the SCA, SCR| &€ groups
might be the result of using error detection irdigally, whereas learners in the SCB group weregimed using
their error estimation before getting feedback A3, The other notion is that the subjects inS@B group might
pay more attention to the performance because dieeided to receive feedback before the trial. Haxethis
difference was not significant between the SCB-BEDug and the two SCA groups (SCA and SCA-ED). This
finding was similar to that obtained by Chiviacowsk Wulf [23]. It seems that learners in the SCB-BBup used
automatic intrinsic feedback. When learners exgedbese self-recognizing errors, they were fotcedompare
the errors with given feedback to test the corressnof error detection [16, 21]. Recent views otanéearning
have indicated that measures of performance daréiging are not generally good predictors of ldaagn learning,
whereas there are usually best evaluated with treteand/or transfer tests [3]. Therefore, we ued delayed-
retention test and showed that all self-controltedditions, except for the SCB group, caused béttning than
the teacher-controlled situation (TC). This findiwgs similar to those of Chiviacowsky & Wulf's syuf®3] who
found no significant difference between the twoug® during practice and retention, but the trantfst indicated
clear learning differences. Therefore, self-comgblconditions may be more tailored to the leasndémands
relative to yoked conditions. Also, it is possiliat such manipulation could affect cognitive léagndomains [14,
26] or promote deeper processing of relevant infdiom [13]. In particular, self control seems tchance the
learner's motivation, resulting in deeper informatiprocessing and improving retention [2]. Furthemn the
difference between the SCB-ED, SCA and SCA-ED gsoapd the TC was significant. Therefore, the leayni
process produced more progression in these groypgarently, this difference was the result of thdra
manipulations that mirrored the self-controlleddieack, request to estimate errors and subsequergction of
these errors mentioned in Bruechert's study [1&oAthe difference between the SCB and SCB-ED ggaould
be due to error detection after the trial. Thigliing supports the findings reported in a study iyn8en et al. [24].
One explanation is that the error estimation mabémnlearners to produce better retention thamérarwho do not
estimate the errors. The other finding is thatreestimation requests participants to create gptnese hypothesis"
[3, 16] about the previous response, and this eagas them to use additional memory processedhfd]|pgermits
them to use the KR to test these response hypattig8g Finally, it is plausible that error estinoat encourages
learners to attend to their intrinsic feedback eohpare that with extrinsic feedback. In this studg also showed
that the increase in both the relative timing det@nd movement components were the same as thenmeow width
and efficient pressure to water. Thus, manipulatiregtime of decision making (giving feedback aftes trial) and
also estimating the error have certainly affecterigeneralized motor program (relative timing dg}ar his finding
is in agreement with Chiviacowsky & Wulf's study3]2but is in contrast to those another study y@&jp found no
difference between SCB and SCA groups with respectelative timing tasks. The assumption is tha th
disagreements between the tasks (complex versydedimsed by Chiviacowsky & Waulf's study [8] maytiee
reason. Another assumption is that the restriaifaine amount of feedback (30%) may cause thereiffees. In this
parameterized learning study (width and pressuon)findings were consistent with Chiviacowsky & Waistudy
[8]. It differed from Chiviacowsky & Wulf (2005), o found no advantages using self-after for absdinting;
they used absolute timing tasks to assess thangashparameters. It may be due to the use of ¢exngkills in our
study compared to the simple task that they usezhrl be very beneficial to compare simple and derfasks in
the same situation as it allows the assessmeheddffectiveness of decision-making interactionggr detection.
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Also, as argued by Chiviacowsky & Wulf's study [28¢lf-controlled learners are free to decide hdi@mand
when to receive feedback. In this study, howevra,l€arners were required to give 30% feedbaclofbedr after).
This suggests that using self control without agstniction may help to understand various aspddtsifield.

In general, our findings showed the advantagesG# B the learning process. Also, it revealed #abr detection
in SCB had the same effects as SCB feedback ondughisition and retention tests. In conclusionAS@vith or
without error detection feedback— influenced comptevement skills.
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