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ABSTRACT

Current research was done to investigate the effect of reduced feedback on implicit process generation in learning a
throwing task. 24 female students werevoluntarily and randomly placed in two groups of without visual feedback
and with visual feedback. None of the groups were provided with throwing instructions. The groups exercised for
three days, while retention and transfer tests were held on the fourth day. Visual of the participants was
continuously checked based onShellen scale and using Sereo Optical 5000 visualtester. The results of statistical
analyses did not revealed a significant difference between the groups during acquisition, pretest, retention, accuracy
and speed of counting (P>0.05). However, there was a significant difference in transfer and verbal protocol
(P<0.05). It was concluded that the group without visual feedback has acquiredthe skill through implicit and
individual process of working memory. In other words, learning has led to implicit process generation in throwing
task via reduced feedback.
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INTRODUCTION

Skilled athletes have acquired their ability to @xe complex motor skills using automatic contra@camanisms
(1).During learning of Fitts and Posner (1973)rheas progress via relatively separate steps whey acquire a
skill. The task is implemented rather difficultlyuch that each component of the skill requires &tian(cognition
step). The learner will get at motor step later aiitithenachieve automatic step by noticeable eigerto execute
the skill with the least attention. Numerous chtastics distinguish automatic processes from aotomatic
(controlled) processes. The automatic processderied as empty capacity (Pashler, 1994; Shi&riBchneider,
1997), quick (Posner & Snyder, 1975), effortleseddn, 1988; Shiffrin& Snyder, 1977), autonomousmih no
need to attention (Kahneman & Treisman, 1984; Lod®88, and Pashler 1994)(2). AT the same time vaitid
automation of the skill, various compatibilitiesght appear along the information which is beingcpssed such
that some variations from declarative knowledgprtcedural knowledge will occur. Conventional afgmtees have
concentrated on the first step of Fitts and Poéb@73) and use rules and instructions from whiehldarners are
aware for training motor skill(3). However, thesea common technique among coaches behind thigidred
method which facilitates quick progress in motarféng and movement control. Implicit motor leamiis based
on this assumption that the positive results ofrliegy can be obtained by minimizing explicit infaation in
learning processes and thus, minimizing the nedaép information in the working memory. Implic#talrning is
generally considered as “a process by using witietbise of a complex and systematic knowledgeoisepsed and
generated independent from awareness” (4).Imphwtor learning was first introduced by Masters @P@ho
pointed that the exercise environment could becéffe in reliance to procedural knowledge and iduegion
ofexplicit control. Implicit motor learning occues a reduction in hypothesis testing behavior. éistrof the motor
learning methods, the learners employ strategisecéeed to motion and assess the effects of thasedbon
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feedback of the result. Explicit knowledge is acalated as a result of hypothesis testing beha@pecifically
during hypothesis testing, the learners useverdatnn how they have acquired the skills whicH Wé stored for
future implementationif assessed useful and willabandoned if rated useless (Allen &Reber, 198@negally
speaking, implicit motor learning leads to reductio the hypothesis testing behavior during motauésition and
thus unawareness of the learner from infrastrustacgjuired (5). The researches have shown thakitevhich is
learnt implicitly in comparison with the skill whicis acquired explicitly is much less exposed itufa and loss
under stress (Masters, 1992; Maxwell, Masters &sE&000; Lam, Maxwell & Masters, 2009); needs senall
attentional control (Masters, 1992; Maxwell, Mast& Eves, 2003); is resistant against aerobic amakmbic
fatigue (Poolton, Masters & Maxwell, 2007c, MastePoolton& Maxwell, 2009a); and is less susceptitile
forgetting (Allen &Reber, 1980; Poolton, Masters Maxwell, 2007¢)(3-10). These observations have been
demonstrated using different motor tasks includioff putting (Masters, 1992; Maxwell, Masters & Ey000),
forehand top spin on table tennis (Liao& MastefX)D), equilibrium (Orell, Eves, Masters, 2006) aads in rugby
(Poolton, Masters & Maxwell, 2007¢)(3-12). In retgeaars, some models of implicit learning have béeveloped
which involve reduction in the number of traditibrastructions and rules offered during learnin@)(lloading
working memory along with a secondary cognitivektédual task learning: Masters, 1992; Maxwell, Mast&
Eves, 2000; Bright & Fridman, 1998), reduction a®eution errors and conscious process (errorlemsiley:
Maxwell, Masters, Karr&Weedon, 2001; Poolton, Mast& Maxwell, 2005), prevention of providing visuahd
auditoryinformation to the learner (reduced feedbdearning: Masters, 2000; Maxwell, Masters & Eves,
2000&2003), providing skill rules by analogy (argydearning: Lam, Maxwell & Masters, 2009; Law, N&s &
Maxwell, 2003; Liao& Masters, 2001), prevention mitcome feedback at marginally perceptible thregshalf
awareness perception threshold (subliminal learnitgsters, Maxwell & Eves, 2009)(14-18). Howevemarhing
via reduced feedback is insufficiently examinederms of implicit process advantages and seeme tasbful in
sports and motor learning fields (8).

Reduced feedback learning is based on a similangstson to errorless learning, especially implledérning due to
decreased reliance on the working memory as it do¢study hypothetical rules about results of ekea (8).

Since there is no error in the errorless learnind since the least possible senses identifies ®iroreduced
feedback learning, the learner has just small médion about errors of execution results or hefse totally no
information on this field. Then, the learner wilkauanimplicit control model without further needaoworking

memory for hypothesis testing. Maxwell et al. (2D88plained reduced feedback learning in a setreft tests. All
participants should have hit golf balls by eithee®f the two methods or without feedback aboutetten result.
It was expected that the feedback access could éraa@uraged participants to be involved in the tiygsis testing
behavior (thus explicit learning) and thereby, mmizie feedback of the hypothesis testing behavious(tcause
implicit learning). In the first study, the resultsvealed no considerable difference between wstlitons. This
suggests that the reduced feedback group might beee involved in some explicit processes durirgri|g. In

the second study, all participants were asked ¢zw@e a visual search task during learning effdvictv prohibited
the learners of reduced feedback group from udiegntorking memory for processing sensory and pocpptive
feedback. The obtained results uncovered thatith@blsearch task has prevented creation of ekjlwiwledge in
the reduced feedback group which supports the hgsat of reduced feedback. The third study extertidedirst

two studies in two ways: first, it utilized a camitigroup which executed an irrelevant motor tasid aecond, it
measured acceleration of the golf club using amlacemeter during the shot as a dependent varahearning.

The final results emphasized that the learning@ics upon reduced feedback conditions.

As mentioned before, the assumption test leadsdonaulation of verbal knowledge related to thel skilworking
memory of the learner. The feedback from motiopeemlly visual feedback, is a tool utilized by tlearner for
evaluation of both skill and hypothesis testingarder to modify its performance error. The inforimatis
manipulated in the working memory and thus thernleabecomes dependent on the working memory. Haweve
using the working memory is decreased in reducedifack based on the model of reduced feedbackirgarn
Therefore, whenever the learners are asked to t#uei skill under secondary task conditions, ttoeig which has
not received the feedback must outperform the grebijch receives it as dependent on the working nrgn(®).
Thus, current work aims to investigate the effectemluced feedback model on implicit process gdimraby
elimination of the resultant visual feedback. Mehiley it has tried to study the effect of this mbda learning a
throwing task. In other words, the current reseavithtry to answer this question whether reduceddback affects
implicit process generation in learning a throwiagk.

MATERIALS AND METHODS
2.1. Participants

Some 24 female students with average ages of 22asyfrom Shahid Beheshti University participatedhis
survey voluntarily. All of them were right-handedthvhealthy visual and motor abilities. The papgmts had no
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previous experience in the task under study. Thesewandomly divided into 2 groups of 12 particiggamvith and
without visual feedback.

2.2. Apparatus and Tasks

The tools utilized in this research included resear-made task, visual manipulation apparatus nigdsport

institute of PadidarOmidFarda (Iran), visual accyrassessment scale of Snellen and Stereo Op0¢&4 Gisual

test apparatus made in USA for ensuring healthyaVisf the participants. The task used had twoetargvith the

second target being made for the task was compat&8 concentric circles 3 cm far from each otligach circle

had a specific score: the smallest circle has Tbescwith the rest 9 larger circles being ratednfr® to 1,

respectively. The first target was the area ofrigtthe ball to the ground. This area was locatea distance from
the first target parallel with the second targeteTball must have first hit this area and then gbeond target.
Scoring system for this task was such that if thik did not hit the ground inside this area, zeoinpwas given. If

the ball hit inside the area but did not hit theoswl target, zero point was considered. If the hidlinside the area
and then hit the second target, a point relevatitadit circle was gained.

2.3. Procedure

The participants were pretested using a 10 taskskbhith 5 chances of experimental tasks beforentl(&9).
Afterwards, the acquisition step including 3 daj/exercise was held with 5 blocks of 25 tasks iched@articipants
rested for 50 seconds between each block. Nonbkeofitoups were given instructions on how to thrbes ball.
Both groups exercised from distance of 3 m to #rgeat. Both groups had Visual manipulation apparatu eyes
though these apparatus were activated only forgtloeip of without visual feedback. The visual matdgion
apparatus were remotely blinded by the tester apgsin this group immediately after hitting thesfitarget, such
that the participant was unable to see his/herescbine visual manipulation apparatus was propeglighed to
solve the problems in the apparatus used by thearels of Maxwell, Masters & Eves (2003). One major
disadvantage of the apparatus utilized by Maxvidlisters & Eves (2003) was using translucent tedugylPlato
System. Application of translucent technology wisi@uipil of eyes when the glasses is dimmed, arsksld when
the glasses is cleared. As a result of these tisoalof the eyes is constantly changed which mike eyes tired,
and reduce visual and thus accuracy of task exetusiut the recently developed visual manipulatipparatus was
operated by opening and closing of a semi-opaqaphdagm which obscured the visual without intelingpthe
visual. When this apparatus was wore, it providedompletely normal visual being remotely controlledce
needed. Both groups were unaware that they wereygoiwrite after verbal protocol test. Each teaswomprised
of one block of 10 tasks. The participants atteihpteows from 3 m distance in the retention tesie Pparticipants
should have subtracted 3 values from 1000 alonb thitowing each time from the retention distandeeyl were
also informed that both their accuracy and speembohting were important and they must executdwloetasks as
proper as possible. At the end of experimentsptrécipants were asked to write down the all raled techniques
used during execution with as much detail as péessib

2.4, Statistical Analysis

Descriptive statistics used for data ordering, #red Kolmogorov-Smirnov test used for normal disttibn data.
Levine's test was used for homogeneity of varian@jance analysis (3daysx2groups) was used toyzmal
accuracy of throwing at the acquisition period; lehindependent T-test was utilized for comparing groups
during experiments, secondary task execution (sp@edaccuracy of counting), analysis of the numdferules
reported in the verbal protocol. SPSS 18 softwaae @mployed to analyze the information, while thected level
for showing significant statistical difference wamsidered as P<0.05.

RESULTS

3.1. Acquisition period

The results of mixed analysis of variance demotedréhat the main effect of exercise groups andrthm effect of
exercise days were significant (P<0.05). The resaft The Bonferroni post hoc test showed that thisr@o
significant difference between the groups (P=0.665)

Tablel. Statistical description of throwing accurayg variable during days of exercise (acquisition peod) with and without visual
feedback

Group First Day M+SD| Second Day M+SD  Third Day M+SD
with visual feedback 143.75+3.25 162.6+10.44 1749184
without visual feedback 141.94+86 155.83+8.45 165318.49
total 1423.37+3.30 159.12+9.88 168.12+10.19
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Table2.Summary of results obtained from mixed analsis of variance (2groupsx3days) for studying the fefct of exercise days with and
without visual feedback on accuracy of throwing

Source of Variation/Variable sum of squares degfdeeedom | mean sum of squares F Significahcen?

group 475.347 1 2415.544 6.617 0.017 0.231
days of exercise 8197 2 4098 64.801 0.0001 0[747
group x days of exercise 52.111 2 26.056 0.412 50.66| 0.18

3.2. Thetest phase

The obtained results demonstrated that there sgmificant difference between the groups duringtest, retention,
as well as accuracy and speed of counting (P>0A18Jough, there is a significant different betweeansfer test
and the number of reported rules (P=0.0001).

Table3. Statistical description of throwing accurag variable during days of exercise (acquisition sf® with and without visual feedback

Test/Group Without Visual Feedback M+SD  With Viskaledback M+SD
pretest 29.5833+7.92531 28+7.29882
retention 37.8333+5.85947 35.3333+4.84924
transfer 48.6667+5.98989 31.9167+5.83809

0.08253+0.14834
11.2506+3.51172
4.1667+1.11464

0.7918+0.1634
10.4059+4.99291
8.0833+1.5054

accuracy of counting
speed of counting
number of reported verbal rulg

S

Table4. Results of T-test for studying the performace of throwing accuracy with and without visual fedback in pretest, retention,

transfer, number of reported verbal rules, accuracyand speed of counting

Test/ Group Averagg Standard Deviation Erfor Degfdereedom| Significanceé T-value
pretest -1.58333 3.11024 22 0.616 -0.5p9
retention -2.5 2.19561 22 0.267 -1.139
transfer -16.75 2.414558 22 0.0001 -6.987
accuracy of counting -0.3347 0.6369 22 0.605 -0.925
speed of counting -0.8446[7 1.76213 22 0.636 -0.479
number of reported verbal rulgs 3.91667 0.54065 22 0.0001 7.244

DISCUSSION AND CONCLUSION

Current research was conducted to investigate ffleeteof reduced feedback on implicit process gatien in
learning a throwing task. At acquisition periode tlesults were indicative of an improved execufrom the first
session till the last session of exercise irrespedf  their groups. Meanwhile, no difference waserved between
the groups at retention test. These results weragneement with those obtained by Maxwell, MasteEges
(2003,study3), Poolton, Masters & Maxwell (2001a3m, Masters & Maxwell (2009a&2010b), Masters, Rowk
Maxwell (2008a), Asgari (2010) all of which incomated nodifferenceamong the groups during acqoisisitep
and retention conditions. During transfer test,dh@up without visual feedback outperformed theugraith visual
feedback, such that performance of the latter vemsetised for retention test while performance efftimer was
increased in this test. These results were in ageee with those addressed by Maxwell, Masters, &afeeden
(2001), Maxwell, Masters & Eves (2003,study3), Pam| Masters & Maxwell (2005&2007c), Lam, Masters &
Maxwell (2009b, 2010). Although, the results obégirhere in this work were rather different withgbaeported by
Maxwell, Masters & Eves (2003,studyl), whichshowtkdt the group without visual feedback had a worse
performance for transfer test while no differencaswioticed between the groups in Maxwell, Mastergv&es
(2003,study?) for the same test. It can be infefredh the resultsof this study that the group with@isual
feedback has acquired the skill upon implicit psscwith the implicit motor process being resisegdinst stress by
performance of the secondary task. The resultxefwing cognitive secondary task showed that thegs have
no significant difference in speed and accuracgoainting which implies the similar attention of bagroups to the
cognitive secondary task. These results were ireagent with those of Lam, Masters & Maxwell (2009a)
Maxwell, Masters & Eves (2003,study3). The resalso indicate that the groups do not process mufchiration
during execution of the skill. However, they aret mo agreement with those of Maxwell, Masters & Eve
(2003,studies1&2) who addressed a worse executiorthe reduced feedback group. Another factor whgch
considered as a sign of operating the implicit pescby Liao& Masters (2001) is the report of caumptihe verbal
rules in relation with skill execution rules. Oretbther hand the number of verbal rules indicatdependency of
execution to verbal rules and thus keeping empty wlorking memory from processing explicit rules idgr
execution of the skill. The results of the currettdy showed that the group without visual feedhackrporates
fewer rules in the verbal protocol as comparech&ogroup with visual feedback. This finding is greement with
researches conducted by McMahon & Masters (2002xwéll & Eves (2003,studies2&3), Poolton, Masters &
Maxwell (2007c), Masters, Poolton& Maxwell (2008apm, Masters & Maxwell (2009a). But Maxwell, Maste
Karr&Weedon (2001), and Maxwell, Masters & Evesq2&tudyl) did not addressed a significant diffeecim the
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report of verbal rules. On the other hand, onéhefreasons of lower performance of the group wighat feedback
could probably be creation of an added cognitived|lon the attentional resources of participantthis group.
Learning via reduced feedback might provide a nagmeropriate environment for making schema andamdfysis
of the skill due to reduction of hypothesis testargl error correction and thus, cleaning up thekingrmemory.
For confirming this explanation, Berry & Bradbef®®88) argue that application of declarative knowkdeeds the
working memory to be accessible, whereas it iglmtase for application of procedural knowledge afpropriate
working memory for making executive decisions isdzhon declarative executive rules, which is inappate for
processing the information of procedural knowledgeocedural knowledge is typically processed autimaidy
except interrupted by involvement of a controlledgess which is executed by the working memory.réfoee,
two parallel and independent processes are awailéddl execution of the skill. The declarative knedde
processing which is dependent on the working memang procedural knowledge processing which is @eec
automatically ad independent of the working mem@&taring, manipulation and reloading the expliciblwledge
occur in the working memory. Thus, the working meynoontributes to awareness execution of verbattoton
and hypothesis testing as well as trial and erehrabior. However, the implicit process is independeaf the
working memory. Maxwell, Masters & Eves (2003) slealvthat the decreased performance of the expdiaring
group indicates dependency of the participantsh& werbal knowledge. Furthermore, the results ef study
conducted by Masters, Poolton& Maxwell (2008a) sbdvhat the implicit learning of a skill protectetlearner
against decreased performance under complicatddiaeaenaking conditions. Lam, Masters & Maxwell (B&)
proposed almost similar discussions for the supigyiof the implicit group in execution of the trsfier test. They
argued that the groups might have applied an iitealt control in a different range towards eacteotbn the skill.
Based on constrained action hypothesis (McNeViea&Wulf, 2003; Wulf, McNevin& Shea, 2001), conasiibn
on personal mations (i.e. selection of internalug)causes an intentional interference in the ctimgoprocesses
which can also damage automatic control procesdate concentration on consequence of motion gedection of
external focus) causes a kind of automatic conwvbich can dominate unintentional processes andvatloe
participant to control the motions in a broademgeathus improvehis/her execution and learning (Wa007). If it is
assumed that the learner without visual feedbackceatrates on a sign whereas the learner with hiseaback
concentrates on several (internal) signs, thencanestate that there is a positive direction in garnson of groups
withvisual feedback and without visual feedbackfawor of the latter. Because,the attentional loath iess
processing error is clearly smaller than the cagmibad with more processing error.

Therefore, taking into account the results of aurreork it seems that the group without visual femck has
acquired the skill through implicit process whichindependent from the working memory. In other dgprthe
learning via reduced feedback leads to animpligtpss in the throwing task. Moreover, it can lseassed that the
method used for withholding the visual feedbacls @tiependent from the working memory here witmeed to
perform other simultaneous tasks for feedback rémlucAlthough generalization of the proposed mdthequires
further studies, it can still be recommended taheas and coaches for using the learning methadigir reduced
feedback whenever applicable in instruction androbof the motor skills.
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