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ABSTRACT

Adults benefit more from external focus than indééfocus when learning a new motor skill. Becawserers from
different age groups use different learning strésgthe purpose of this study was to investigdtetiner the effect
of varies attention focus between children and &sddiwenty children and eighteen adults were rariga@ssigned
to internal and external focus of attention praetigroups. Dart throwing done toward a static targedrticipants
performed 50 acquisition trials, 20 retention tgabnd 20 transfer trials. The results indicatettfarus of attention
varied between children and adults in accuracy sadability of the acquisition, retention, and trsfier phase and
in accuracy of the transfer phase (P<0.05). Thiglgtsuggests the need to develop appropriate smbectiteria of
participants according to their age. Physical thpists working with children should perhaps direlge tclient's
attention internally; however, further study is ded.
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INTRODUCTION

There are many factors which can influence thegperdince and acquisition of a motor skill. Focusattgntion on
aspects of the motor skill is an example. Motorevédr research has found that when utilizing sgigte which
enable no conscious attention to the execution afoctor task that often the performance of the tasknore
effectively carried out. Singer, Lidor, and Caurau@993) found that when using a non awarenessegira
(preplanning the movement and perform a task witlomscious attention) and a Five-Step Approachdfimg
oneself, imaging the act, focusing attention orue, ®@xecuting without thought, and evaluating tb§ aovices
demonstrated greater accuracy when performing adparinant overhand ball throw to a target versugleying
an awareness strategy (consciously attending tontfter action and execution) or a control conditfone’s own
approach) [1].

Research by Masters (1992), Maxwell, Masters, Brads (2000) have suggested that through performing
secondary task, such as random letter generatia@oner counting, learners can be distracted frorh ekecution
and efficiently perform their motor task [2-3]. Ather strategy which influences motor performance l@arning is
attentional focus (external vs. internal). Over thst ten years research by Wulf and colleagues athdr
researchers has found that through externally fogusttention away from the execution of a motektéoutcome
of the task or movement effect) performers are nmsrecessful than when they internally focus on tdmk
execution (movement of the task).
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Extensive amount of research has observed thidibehatilizing an external focus over an interriatus on motor
performance and learning. This effectiveness has lobserved among balancing tasks, such as onsinskiator
[4-5], a stabilometer [6-8], a 2-axis wobble bof®fl and on an inflated rubber disc [10]. This bigneas as well
been observed in sport-related tasks; for exanyasketball free-throw shooting [11], dart throwifi@-14], golf
chip/pitch shots [15-17], jogging [18], soccer stiog [19], tennis serves and returns [20-21].

In addition, this advantage has been observed taftks related to strength performance, such asistik biceps
curling [12, 22] and vertical jump-and-reach [1This advantage also has been demonstrated witksvéaisks
performed by special populations: children withapaing [23], young and elder adults with pursutbrdracking
[24], individuals with Parkinson’s disease and tcayrying [25], individuals with Parkinson’s diseasnd balancing
[26], stroke patients and performing occupatiohatapy tasks [27].

The skill level of the performer in executing sgiecmotor tasks while utilizing these attentionati, or variations
of these foci, has also been examined. It has baggested that despite the skill level (novice xpeet) of the
performer the use of an external focus still is enbeneficial; as long as the motor task is compleat not very
simple [28]. Although, findings from a few studibave suggested that an internal focus or a focushwielates
more to the motor skill being carried out and noinpletely on the movement effect (external or daak/skill-
focus) would be more favorable for novices; an ek focus entirely on a movement effect would obky
beneficial for experienced/skilled performers. Thetor tasks examined in these studies include: gjoth shots
[29], golf putting [30-31], soccer dribbling [34nd baseball batting [32-33].

One reason why novices should be more aware oéxtkeution of their performance is that they neetdécome
familiar with the movements of the motor skill befdhey can start attending to cues in the enviemni herefore,
according to these few studies the different atteat foci or variation of an external-like focusutd vary among
performers of different levels of expertise.

The rate of utilizing external forces and coordimgtthem with movement can be learned with no anesse [4]. It
has been found that through the use of an atteitfonus on a movement effect (external focus) araness of the
execution of a motor skill is enabled and enhartbeslearning and control of that motor skill. Thésdue to
automatic processes being allowed to increase@stian is directed away from the execution of tih@vement and
on the outcome that is produced [5]. An attentidioaus on the movement itself (internal focus) vdobk less
favorable according to the “constrained-action ligpsis” [6-7], because the motor system would Inébited and
the automatic control processes would be disrufeding motor learning, when instructions and festbon how
to use an external attentional focus are presehteaonstraint of the motor system and disruptibthe automatic
control processes could be avoided. The underlimmeghanism(s) though that influence this effect poerly
understood. Therefore, assessing other performeacables, such as arousal (awareness) and affsdtng of
pleasantness/unpleasantness), would be benetdiglp understand why the use of these attentfonainfluenced
motor learning.

It might be assumed that children are similar toic® players in their lack of experience, unfamitiawith tasks,
and limited motor repertoire [34]. In contrast, madults have had some exposure to a greater divefsmotor
tasks. In addition, young learners have difficsltiecusing their attention during motor performaff%s. However,
only one study has investigated (indirectly) foafisttention in children. In testing 4 differentitaing strategies,
including external focus of attention, Cohen- Naahnand Madkar (2001) reported that external fodusttention
interfered with the learning process, as exhibligdhe children’s inferior performance during tleention phase
[36]. They did not examine internal focus of attemf however. Therefore, the purpose of our studg t examine
the influence of focus of attention on the motorf@enance of children and adults. The results & tudy could
help clinicians to improve methods of training pats according to client age and experience. Wethgsized that
adults would benefit more from external focus @éation and that children would benefit more frawternal focus
of attention.
MATERIALS AND METHODS

Participants
Twenty children and 18 adults participated in #dtisdy. Twenty boys, 8.6 to 10.1 years of age (X958SD= 0.68),
with no known delays or developmental concerns,ewandomly selected from a mainstream elementdrgadc
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and then randomly assigned to 2 gro 10 in an internal focus group (average age=y@ats, SD= 0.51) and 10 in
an external focus group (average a8.5 years, SD= 0.52).

A convenience sample of Blults, 7.2 to 31.7 years of age (X=28.83, SD=3),3vere randomly divided into
groups: 9n an internal focus group (average = 28.55 years, SD=1.33) andrBan external foct group (average
age= 29.11 years, SD= 1)3&\l of the participants were unfamiliar with tlexperimental task. All of the adt
participants and the children’s pate provided informe consent.

Apparatus and Task

The task was to throw darts into the center ofreutar target, 1 m in diameter (Fig 1). As showrFigure 1, the
target's height and distance were altered accordimghe ag group and the experimental condition,
recommended in the Keogh te87]. In the acquisition and retention [#es, the target's distance was the st
whereas in the transfphase, the target’s distance was extend: the same amounglativeto the original distance
for children and adults.

Adults: 2.3-3m

~ Target distance
Children: 1.5-2m  —
j

= A
| Target height i
| Adults: 1.70 m T
| Childern: 1.22m
/"“'V-.__ |
~—
.

—

Figurel: The task setting

Ten standard soft-tip plastieead dari were used for each trial block. After each triald, the darts were collect:
from the target board by the experimenter and weegl again for the next trial blo

Procedure

The experiment was conducted in a quiet room. Raathe first(acquisition) phase, the experimenter spen
minutes with each participant to explain and dertrates the basic technique of throwing darts. Altiggpants were
given the same general instructions regarding dsk goal and the throwing position. Iructions for the internal
focus group were directed at movements of the sleopbrm, and fingers (eg, “attach your thumb, xnfileger, anc
third finger and then bend yoetbow”) (see Appendix for detail instructions). Instructions for the exter focus
group were directed #he target, the darts, and the di course (eg, “hold the dart”). Ee participant came for 2
consecutivedays (the entire study). On the f day, during the acquisition phagarticipants threw 50 times in
trial blocks (D throws per block). At tt end of each trial block, the experimentearked where the dart the
target, refreshed the focused instructi and removed the dariom the target. At the end of 1 acquisition phase,
each participantvas asked what her she focused on while practicing the task.

One day after the acquisition phase, both reterdiodt transfer phases were conducted. In the retemtihase
participants threw 20 darts (2 blocks of 10 thr@ash) from the same distance as in the accon phase. Several
minutes later, the transfer phase was conductedhioh participants threw 20 darts (2 blocks ofttifbws each
from a further distance. No further instructiong@vgiven in both retention and transfer phe
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Data Analysis

The dependent measures included: accuracy (me&l emcbr [MRE]) and variability or inconsistenchiyariate
variable error [BVE]) of throws. The MRE, analogotss absolute error in one-dimensional tasks, presidn
indication of the average deviation of the dartsfithe center of the target (in centimeters). Logeares indicate a
more accurate performance. The BVE, analogous t@ahla error (VE) in one-dimensional tasks, progiden
indication of the standard deviation of each of plagticipant’s throws from a typically positionetht. In order to
calculate those measurements, the distance ofrtbe/saon the X and Y axes (while the center oftdrget is the
zero point) were measured (in centimeters) (semdta in Table 1). In order to ensure that basetlififerences
between the 2 groups were not significant, thusdinwg confounding comparison of absolute retentiod transfer
test results, a 2-way analysis of variance (ANO\(pactice group x age group) was performed on itisé tfial
block for each of the dependent variables.

For the acquisition phase, these data were comlinéorm 5 blocks of trials (10 trials per blodky each of the 2
dependent measures to allow analysis of the chasgeactice progressed. For the retention andféapbases, an
average of all 20 trials was calculated for eacthef2 dependent measures.

For analysis of the acquisition phase, a 3-way AMOM 2 (practice group) x 2 (age group) x 5 (trial oe—
with repeated measures on the last factor was imeei on each of the dependent measures. For analfyshe
retention and transfer phases, a 2-way ANOVA—2djica group) x 2 (age group) — was performed orh exc
the dependent measures for each of the phaseshoPoStheffe'tests were performed if the ANOVAs were
significant to test for significant differences Wween the means. The level of significance was sedmfor all
statistical tests. All statistical analyses wergqrened using SPSS-18.

RESULTS
The results of the 2-way ANOVA indicated that therere no significant differences between groupbaseline
(Table 1). Therefore, performance of participanés \analyzed for each study phase separately. Rraliyitests of

the assumptions of the statistical tests, includingmality, homogeneity of variance, and multisaengphericity,
for the repeated-measures ANOVA were met.

Table 1: Analysis of Variance for Age and Practic&roup: Error (in Centimeters) From Center (MRE ) and Variance (BVE)

Source df MRE BVE
First trial block F P F P
Practice group 1,34 2.001 0.166 1.03 0.315
Age 1,34 4.035 0.053 0.006 0.938
Practice group x age 1,34 0.583 0.450 0.403 0.5B0
Acquisition phase
Practice grou 1,3¢ 4.96: 0.03:° 4.71¢ 0.037°
Age 1,34 3.084 0.088 6.703 0.014
Practice group x age 1,34 5.551 0.024 5.657 0.022
Trial block 4.36 6.462 0.001 | 5.307 0.00%
Trial block x practice group 4.36 1.829 0.127 1521 0.2
Trial block x ag 4.3€ 1.72¢ 0.14¢ 1.33: 0.261
Trial block x practice group xa 4.3¢€ 1.292 0.27¢ 0.95¢ 0.43¢
Retention phase
Practice group 1,34 5.864 0.021] 9.214 0.008
Age 1,34 | 22737 0.001 | 28.496 0.00%
Practice group x age 1,34 7.970 0.608 4.495 0.041
Transfer phase
Practice group 1,34 2.399 0.13] 4.69 0.038
Age 1,34 21.03 0.001 | 12555 0.001
Practice group x age 1,3 7.862 0.608 15.142 0.001
*MRE mean radial error, calculated as:
MRE=RE ¥, REi
RE=VXZ + Y
Where RE= radial error(distance between the throw and théecgnmm= number of trials, and=a particular trial.
P BVE= bivariate variable error, calculated as:
BVE=\/%2§‘:1(XL' —x )’ + i —ve)?
where k=number of trials,#a particular trial, and Xc and Yathe average distance from the X and Y
axes, respectively.
¢ P<.05. P<01.
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Acquisition Phase

The results of the ANOVA for the acquisition phasdicated there was significant interaction betwege and
focus of attention. In addition, either of the maffects for focus of attention or age group wasigicant (Tablel).
A significant main effect for trial blocks was fouridr the MRE and BVE measure. Collapsed overalleoth
variables, Based on post hoc analysis, participamtsoved significantly from trial block 1to trialdzks 3, 4, and 5.

A significant 3-way interaction was not found amaage, focus of attention, and trial block for batleasures
(MRE and BVE). Either of the Performance of thelleglwho practiced in the internal and externalugroup
improved significantly throughout subsequent thigicks(Table 3). In the children's practice groups, ratistically

consistent pattern of improvement was found altwegttial blocks for either internal or external dgmf attention.

Retention Phase

The results of the ANOVA for retention indicatedhtrage contributed a significant main effect inhbotitcome
measures (Tables 1 and 2). As expected, the gaeiifermed more consistently and accurately thancttiiren.
The interaction effect between age and focus eh#itin was significant (Table 3).

Table2: Means (Standard Deviations) of Analysis d¥ariance for Interaction of Age Group x Practice Group during the Acquisition

Phasé
Focus of Attention Trial Block
1 2 3 4 5
MRE
Adults | Internal 13.43(3.1)] 11.66(2.1]) 10.57(1.92)1.61(2.55)| 9.11(2.05)
External 13.91(5.55) 11.71(4.6%5) 9.75(3.64) 1@3®B() | 9.95(3.07)
Total 13.67(4.37 | 11.69(3.5 | 11.16(2.85 | 10.98(2.58 | 9.53(2.57
Children | Internal 10.78(3.07| 9.49(1.39)  10.23(3.6411.38(4.02)] 11.29(3.52
External 17.4(4.87)] 16.33(7.64) 15.33(4.84) 143%)| 14.18(5.42)
Total 14.09(5.21)| 12.91(6.39) 12.87(4.86) 12.8%(4} 12.73(4.69)
Total Internal 12.03(3.29) 10.52(2.04) 10.39(2.76)1.49(3.31)| 10.25(3.05
External 15.74(5.36) 14.14(6.66) 12.69(5.08) 1@4®l) | 12.17(4.86)
Total 13.89(4.77 | 12.33(5.1¢ | 11.54(4.2 | 11.97(3.67 | 11.21(4.12
BVE
Adults Internal 8.83(1.84) 8(1.51) 6.88(1.18) 7.999 6.44(1.63)
External 9.4(3.49) 7.97(2.54 6.24(1.24) 6.84().98 6.88(2.15)
Total 9.11(2.72) 7.98(2.02 6.56(1.22) 7.37(2 661636)
Children | Internal 7.7(3.04) 7.15(1.87] 7.6(3.26) 84(2.76) 8.35(3.27)
Externa 12.2(3.31 10.7(3.61 | 10.18(2.93 | 10.26(3.05 | 9.62(2.27
Total 9.95(3.86 | 8.93(3.34 | 8.89(3.29 | 9.05(3.09 9(2.87
Total Internal 8.23(2.54) 7.55(1.72 7.26(2.46) 7(2849) 7.44(2.74)
External 10.87(3.6) 9.4(3.37) 8.31(3.01) 8.6(2.9Y) 8.34(2.58)
Total 9.55(3.35) 8.48(2.8) 7.79(2.76) 8.25(2.7B) .8972.66)
# MRE=mean radial error, BVE=bivariate variable erro

Transfer Phase

The ANOVA during the transfer phase indicated aigicant 2-way interaction between age and pradjicrip for
the MRE measure (Table 3). In adults, the extefmals group was more accurate than the internalsfgroup,
whereas in the children, the internal focus gro@s wiore accurate than the external focus groupl€T3bEither
age or focus of attention affected the performasfdhie participants during the retention and tranghase. There
was an interaction effect between practice groupaage for the MRE and BVE measure.

DISCUSSION

We investigated the effect of focus of attention2imlifferent age groups: elementary school childead young
adults. In previous re-search [15, 29] it has bslkeown that external focus of attention is more Eeiad than
internal focus of attention for skill acquisitiomang adults. We investigated whether this alsotwasfor children.
Our results reinforced previous findings regarding advantage of external focus of attention (famughe action
results) over internal focus of attention (payirtg@tion to the body movements) in adults. Sigaifitdifferences
were found between the internal and external famfuattention among children, for advantage interfioaus of
attention in MRE and BVE during the retention arahsfer phase.
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Perkins-Ceccato et al. (2003) found that highlyls#tigolfers performed better with instructions external focus
of attention than with instructions on internal ismf attention [29]. Low-skilled golfers, howevperformed better
with instructions on internal focus of attentiomthwith instructions on external focus of attentiBeilock et al.,
(2002) suggested that that external focus of attermight be more beneficial for skilled athletésrnt for less-
skilled athletes due to the different level of maant automation they exhibit. Expert athletes haweee highly de-
veloped automatic motor skills than recreationbletes [30].

Table3: Means (Standard Deviations) of Analysis d¥ariance for Interaction of Age Group xPractice Graup during the Retention and
Transfer Phases'

Focus of Attention Retention Transfer
MRE BVE MRE BVE
Adults
Internal 9(1.59) 5.59(1.26) 12.81(1.52 8.43(0.99)
External 8.72(2.12) 6.03(1.33 11.57(3.64) 7.273).4
Total 8.86(1.82) 5.81(1.28) 12.19(2.67 7.85(1.55)
Children
Internal 10.39(1.79)% 7.12(1.18)} 1458(2.44)* 2@.7)*
External 14.12(2.92) 9.58(1.91 18.88(4.03) 12.29(2
Total 12.25(3.04) 8.35(1.99), 16.73(2.92)  10.22(B.L7
Total
Internal 9.73(1.8) 6.4(1.42) 13.74(2.19 8.31(2.02)
External 11.56(3.73) 7.9(2.43) 15.42(5.24) 9.8(B.2R
Total 10.65(3.03)| 7.15(2.11)] 14.58(4.08) 9.1(2.78)
# MRE=mean radial error, BVE=bivariate variable emo
* P<.05, significant difference between PracticeoGps in the children.

Our results concur with those of the studies byiRerCeccato et al (2003) and Beilock et al (2062)hich adults
benefited from external focus of attention, but,tlee children's groups, instructions aimed at mderfocus of
attention were more advantageous than those omexfecus of attention in the transfer phase, asimilar trend
seemed to show in the retention phase [29-30]. ¥eacgue that the adults had relatively more mexperience
than the children and thus performed the task raatematically, even though they had no specifi¢ taowing
experience. Consequently, children may be morelairto low-skilled adult players who have no expede with
such activities, exhibiting lower level of movemeuntomation [36].

One of the main weaknesses of existing work on dogliattention in instructional constraints is fladure to
precisely specify the skill level of participantsjth the ‘catch-all’ term learners being used tesa@de most
experimental groups [28]. Some studies have sugdektt the effects of attentional focus instruionay depend
on the skill level of participants and on the nataf the instructions provided [24, 28, 30, 33].

the present results appear to be more consisténttiaé proposal of Beilock et al. (2002), Gray (20Cand Wulf
(2007) that all forms of environmental attentiorh@ther attention is directed to an action effent) detrimental to
performance by less-skilled players because suttessll execution at this stage of expertise riegsl attention to
each of the component stages of the motor actjghskill-focused attention [28, 30, 32].

These observations are important, because thealhgtigve would expect that novices at the coordorasstage
would be more likely to benefit more from interfi@atus of attention instructions emphasizing movenaynamics
than external focus of attention instructions. Ased earlier, novices at the coordination stagdeafning are
learners who are still engaged in assembling bfasictional movement coordination patterns to aohiavtask.
Therefore, internal focus attention instructionaigchave been expected to enhance more succegséufyrmance
and learning because it would help performers josaidhe movement dynamics of the pattern cooratinaduring
the discovery of basic solution. On the other haadljanced beginners or adult are learners that hleady
assembled the basic functional movement patterrchwiihey then need to adapt to different environalent
conditions. Therefore, learners would benefit miooen an external focus emphasizing movement outsomkat
is, external focus instructions would be more bieredfthan internal focus instructions because theyld help
performers to understand the effects of varyingcontrolling) the basic patterns of movement origrenance.
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